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BOILING, STEAMING OR RINSING?
(THE PHYSICS OF CHINESE CUISINE)

Some physical aspects of Chinese cuisine are didu¥ge start from the cultural

and historical particularities of Chinese cuisind #meir food production technolo-

gies. What is the difference between raw and bailedt? What is the difference in
the physical processes of heat transfer duringeithe steaming of dumplings or
during cooking them in boiling water? Why is it pise to cook meat stripes in

a "hot pot" in ten seconds, whilst baking a turkeyuires several hours? This article
is devoted to a discussion of these questions.

Keywords: complex organic molecules, proteins, damplingsf bransfer, temper-
ature conductivity, Fourier law, Newton’s law ofatimg

Globalization, which is rapidly taking place thréwagit the world, is vividly
manifested by the ubiquitous availability of distedsvarious cuisines from all
over the world. Of course, as a rule, these halyesmme semblance of the true
masterpieces of culinary art: in addition to thi#l sikthe cook, the creation of the
latter requires the corresponding products. Asfamiliar Italian gastronomic
critic, Sergio Grasso, says, "food does not gogeraon, this person should travel
to food."

Chinese cuisine is one of the richest and mostdstimg cuisines in the
world. Here everything, or, well, almost everythimgn be eaten. And the ways
of cooking are very different. One of the auth@&¥) had a chance during a visit
to Shanghai to open a small door into this wideldvand, under the guidance of
the two other authors, make some first steps leifyg interested not only in the
exotic tastes but also in the underlying unusugbgal processes.

Speaking about Chinese cuisine, the first things¢bme to mind, probably,
are the dumplings, worldwide the most popular Cégndish, which you can eat
in Chicago, Canberra, or Moscow. Dumplings are bosd all over China,
especially in Jiangnan region of China (close ® Ylangtzi Delta). Three types
of dumplings are commonly seen, especially in Shangnd Suzhou, namely,
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Siaulon Pay SantsieMoedeuandWonton Made of a thin dough, filled with
pork, the fat of which melts into the soup whenkemh and served with Chinkiang
vinegar, they are all pretty much the same. Thet sigsificant difference is the
method of their heat treatmeiSantsieMoedeu (large size dumpings) are pan-
fried, this process is called in Shangt@antsie’. Wonton dumplings are boiled

in 100°C, whereasSiaulon dumplings are processed also at 100°C, but in an
atmosphere of saturated steam in small bamboo stgd@skets which are called
"Siaulon" (see Fig. 1).

Fig. 1. The three kinds of dumplings in Jiangnann&hThe left one is Santsie Moedeu,
the middle one is Siaulon Pau and the right ongasiton

Hotpotis also a popular type of Chinese cuisine. Oridirgain Mongolia
more than 1,000 years ago and gaining its popylarithe times of the Qing
Dynasty all over the country, hotpot boasts a profountbinys During its spread,
hotpot was diversified into many variationBeijing hotpot lays particular
emphasis on the soup base and sa@emgqing hotpoboasts a stimulating and
refreshing Ma La’ (“ B#”, “numb and spicy”) flavor, an€Chaoshan hotpot

is famous for its deliberately-prepared thin-cuttto, named Shuan Yangrdu

(“ WZ*EE") in Chinese.

When enjoying hotpot, one puts ingredients sudieasballs, fish balls, crab
meat, or vegetable slices into the elaborately gmegpsoup base and waits for it
to be done. After picking it up and dipping it hretsauce, delicious food is ready
to eat. The whole process is callethti” (“&”, “to boil”) in Chinese, and takes
5-10 minutes or so, when applied to meat ballsegetables. Remarkably, in the
meantime, another process can be used to geteaatitfkind of food in the same
hotpot, but much quicker. In Chinese it is callegshuan” (“J#l”, “rinse” or

“instant-boil”). It consists of soaking the thinicsliced beef or mutton in the
boiling soup. Surprisingly in only 10 seconds thieesl beef changes it colour

4 The Qing dynasty was the last imperial dynastgZbiha, established in 1636 and ruling China
from 1644 to 1912 with a brief, abortive restoratin 1917. It was preceded by the Ming dynasty
and succeeded by the Republic of China.
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from pink to white or gray, indicating that thecsliis ready to eat. The beef slice
becomes ready even without being let go of by Hupsticks (see Fig. 2).

Fig. 2. Cooking in the hotpot

Today, cooking has become not only a giant industog only an art, but
also a vast field of science. Here, biology, chémpiphysics, economics, ethics
and many more intersect. The tasks of this scianeénfinite. All the time, new
methods of cooking appear. We will not even triigbthem here — neither those
for the frying of meat, nor those for baking turkepr even the preparation of
a BBQ on charcoal, none of them will be discusser hinstead let's talk about
the physical processes underlying cooking in trergdes of the dishes described
above - about the physics of boiling, steaming, ‘@mding in hotpot”.

Boiling
What is the essence of the process of boiling mea&¥eryday language,
raw meat should become cooked. And what does thértscientifically"?

folded proteins proteins unfold proteins compactify

f i beginning [ 4 boild meat |t
} L._ofboiling | |

Fig. 3. Protein denaturation

Meat, basically, consists of complex organic maai@cules called proteins
(the type of protein varies depending on the tyigaent). In raw meat, the protein
molecules are in a state of long entangled chaits 8). In the course of heat
treatment, the temperature rises and these chiaighgen, and when the tem-
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perature reaches valuq, Bpecific for each type of meat, they are comfiadti
into a kind of "carpet". This process is calledtpino denaturation. It occurs at
relatively low temperatures: for meat it is 55~8pa@d for fish the temperature
is even lower. In any case, anyone who has evene@athicken soup can be sure
that boiling it at 100°C turns out to be sufficidat completely compacting the
proteins in the meat.

From the point of view of physics, the states aft@ins in raw meat and
boiled meat differ in their energy.

To turn the protein from its native state to theaterated one, an energy
barrier must be overcome (Fig. 4). At room tempgagatthis barrier is high. In
the process of cooking, the temperature rises.eSpandingly the energy of the
protein changes, as is shown in Fig. 4. Havingheddhe top of the "hill", the
protein falls down to the new state — a denaturetejn — the meat is cooked!
This is what happens in a pot of boiling séup.
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Fig. 4. A schematic presentation of the process
how protein overcomes the energy barrier when
the temperature increases

So, the first task of the cook when boiling meatarms of physics is to
increase the temperature throughout the voluméeptece to at least the tem-
perature of denaturation.

5 It should be noted that in recent years becastidaable to cook meat at relatively low temper-
atures, the so-called "sous-vide" method. The riseglaced in a thermostat with a temperature
somewhat lower than that of denaturation. Eachragmanacromolecule lack energy alone to
jump over the barrier. However, it can occasiondlgrrow" it from the environment. So, grad-
ually (it takes a long time - many hours, maybeneazelay), all bulk of the meat transfers into the
denaturated state.
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Fig. 5. Penetration of heat in the spherically
symmetrical piece of meat

In the light of the above, we formulate the simplesdel of the process
of meat cooking. Let a spherically symmetric hommgmis piece of meat
(radiusR) with an initial temperatur@, and a thermal conductivity coefficiert
be placed in an environment where a fixed tempegdiizis maintained. How
much time does it take for the temperature of tleatm the center of the ball to
reachTy? (Fig. b)

In mathematical physics, the process of heat tearisside a sphere is de-
scribed by a complicated differential equation [1]

aT@.t) _ x @ (,0TC.1)
ot pcar\| or

(1)

whereT(r, t) is the temperature at a poirat timet, « is the thermal conductivity
of the meatpis its density, and is the specific heat. Since the water is boilimg i
a saucepan, the temperature at the surface ofptieres at any instant of time
remains constant and equal to 100°C

TG = R,vt) = 100°C ()

We took the meat from the refrigerator, so at thee twhen it was dropped
into the water, the temperature was 4°C throughswolume:

T(vr.t = 0) = 4°C 3)

Equations (1)-(3) determine the problem of a défgial equation with
boundary conditions. How to deal with them is welbwn for mathematicians,
and knowing the numerical values of the thermabcetivity of meat, its density
and specific heat, they will be able to accuratgliye a recipe for cooking broth.
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Nevertheless, let's try to figure out the answeolngselves using the method
of dimensional analysis. The temperature of deatitur of meat is the same order
of magnitude as the boiling point of water (it dif from it by only 20~25%).
Therefore, we assume that the time of "deliverythef necessary temperature to
the center of the solid sphere depends only anaterial parameters: the thermal
conductivity of the meat, its density, specific head radius. Therefore, we seek
the dependence of the required time on the siteeagphere in the form:

r = x%pPcrR® @)
By comparing dimensions, we write:

[r] = KI°[P)P [T [R)° (5)

K= (kg - m)/
The dimension of the thermal conductivity (s* -°C) . Sub-
stituting this and the dimensions of all the otbleysical values into equation (5),

and then comparing them on the right and left hside, we find:# = —1 |
f=y=16=2  Thus, we conclude that

=c.PCpz
r—C‘,KR ()

WhereCo is an unknown constant of the order of urBiybstituting the
—nacW P _ 9 K] '/,
= 0.45 /(m 2 :c) ,p =11x10% /n13 c 2.8 /.'tkg .°C) |

1

quantities

c 2
we find that for the mee = /pc = 1.5x 107 ™ Is- This value is called the
coefficient of temperature conductivity. Conseqlyerda half kilogram piece of
meat should be cooked for about an hour and aTiadf estimate is in some way
exaggerated, since we do not distinguish here dhwérature of denaturation
from the boiling point of water, but the order oAgmitude is correct.

Returning to the dumpling whose diameter is abootr2 we find that it
should be cooked for several minutes, which cooedp to our life experience.

Steaming

Now let's discuss the physical aspects of the patipa of Siaulon
dumplings. Here, a meat ball of radius R (our madehe dumpling) is placed
into an atmosphere of saturated steam at 100°Cprdssure here is atmospheric
pressure, i.e. equal to 1 atm. Formally, $i@ulondumpling can be considered
here as under the same boundary conditions asah®ndumpling in the boiling
water. Indeed, it is taken from the same refrigeratnd is placed into an
environment with a temperature of 100°C. Thereftnamn the point of view of
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a mathematician, the propagation of heat inStaeilondumpling is described by
the same equation (1) with the boundary conditi@)sand (3). Therefore, if
condition (2) is satisfied, then the temperatugritiution inside it will be the
same as for theontondumpling of the same size, and its preparatiomniishtake
about the same time. However, a physicist is oligeanswer: how is one to
ensure a temperature of 100°C on the surface @ithdondumpling?

In the case of a "wonton" this was easy: even thdognediately after its
placement in the pan the boiling around it templyrée&rminates. Due to the high
heat capacity of the water, its good heat condiigticonvection, and the con-
stantly supplied heat to the pan, the water witixgickly boil again thus provid-
ing condition (2) and hence, the required heat flow the dumpling.

Fig. 6. A schematic representation of the procéskimpling steaming in the phase
diagram of water. The environment ensures not thdyheat flow but also the negative
feedback suppressing its fluctuations

In the case of the "Siaulon”, cooked in an atmospbésaturated steam, the
mechanism of the heat transfer into the dumplingoisso evident. How in this
case is the boundary condition (2) ensured. Herddlat transfer has a completely
different character from the one discussed in ttevipus section. At the first
moment, the vapor molecules near the still coltbserof the "Siaulon” are locally
in the state of a strongly supersaturated vapoeyT¥egin to condense on the
surface rapidly increasing its temperature up eoambient temperature, 100°C
(Fig. 6). Assuming that the temperature jump ocougsvery narrow region close
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to the surface, we return to the same equationvith) boundary conditions (2)
and (3). l.e., the temperature distribution ingltke"Siaulon” should change with
time in the same way as in the case of the "Wontamiled in the water.

Consequently, the heat flix

qR.t) = -K[

aT(r,t)
or =R

(7)

at its surface should be the same. Yet, now this f§ provided not by the
thermal conductivity of the water, but by the maeiles of the vapor “landing” on
1cn? of the surface during 1 second:

tu,
qR.) =T m@) =T —22NG).
Ny (8)
Herel is the specific heat of evaporatiV®) isrtheber of molecules
condensed per secorm(®) s their mNa;, s the Avogaumber#H0 s

the molecular mass of water. Thus, the number décates "landing” from the
steam atmosphere on a square centimeter of "Siapérrsecond is

N@®)= N, X {GT(), t)]
r- }l‘:{zo or r=R (9)
Perfect! Mathematicians can find this number byisgl the complicated
equation, the "Siaulon" itself "feels" what heatxfit needs to keep the tempera-
ture at 100 ° C on the surface ... It remains @alynderstand from where the
molecules of the vapor learn how many of them ghoahdense in a given second
at a square centimeter of the "Siaulon” surface.

Let's suppose that at some tiN({) + 6N instealV(®) mide@on-

dense. The firsNE)  of them are hospitably absorheth® “Siaulon” — in fact,

they are necessary to keep in harmony a centignadace and still a cold inner
part. The remainingN are personsrion gratd — they were not expected here,
the temperature conductivity of the “Siaulon” does allow their heat released

6 A basic way for heat to enter the substance isrthkeconduction [2,3]. When two objects with
different temperature are in contact, heat flovesrfrthe one with high temperature to the one
with low temperature. A basic model to study thdreeductivity is a slab of material of thick-
ness.

The rate of thermal conduction is measured byhta flux density, which is the amount of heat

BB EEZR

Experimentally, and inversely proportional to kxegth. The coefficient is written in the gradient.
The equation above is called “Fourier’s law”.
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to penetrate into the dumpling. What do they havda? To take off again? Too
troublesome, so they stay on the surface locatlyessing its temperature (see
Figure 6). As a consequence, the point that reptegbe local balance of the
vapor and water moves up along their coexistemee liet us notice that the pres-
sure in the system remains the same, equal to .ITékenefore, above the selected
square centimeter, the vapor locally ceases tahgated. As a result, the next
moment there will land somewhat fewer molecules ttiee required amount.
Consequently, the surface temperature will go down.

Exactly the same mechanism works also in the chffeabfewer than the
required number of molecules condense onto thecaiher second than would
return the temperature back to 100°C (see Figsigh a mechanism of self-reg-
ulation is called negative feedback.

L, =
S L(t; —>

Fig. 7. A schematic of temperature penetration ins@mi-space

Let us note the important culinary difference betwéoiling and steaming
of dumplings. In the former case water penetratesa dumpling due to the dif-
fusion process. Interacting with its filling it etes a tasty juice. Due to the same
diffusion, but in the opposite direction, this jeipartially flows out from the
dumpling to the surrounding liquid, transforming tlater into a diluted broth. In
the case of steaming the dumplings the ambientr@mvient is the saturated
steam. Once condensed at the surface of a dunmpkngater also diffuses into
its bulk, but there is no inverse process. Herejiice of the steamed dumpling
is richer than that of the boiled dumpling.
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Rinsing
At the beginning of this article we discussed thet'pot" and the different
ways of cooking meat in it. Yet there still remaihe mystery as to why the same
amount of meat in the form of a meatball or a #ice differs in its cooking time
by up to ten times. Why the oil soup base “Hongyimuthe Chongging pot boils
much earlier than the water soup “Qingtang” usedsirChaoshan and Beijing
versions? We will try to answer these questionewel

On cooking times

“Shuan” and “Zhu” is actually the same thermal psxcwhich was discussed
in the previous sections. Here heat conductivity @nvection provide a constant
temperature 100°C on the surface of the objecthmad enters inside it, raising
the internal temperature. So, what causes thisrggrdifference in time between
rinsing the thin-cut beef and boiling the meatb@Hl® answer requires an inspec-
tion of the thermal process of boiling.

With the time of “Zhu” everything is clear: the way heat propagation in
the ball, which can serve as a meatball model, lveady discussed (cooking of
the Wonton dumpling and we can use Eg. (6) to estimate the correspgtiche.
The cooking time of the “Shuan” process requirgmegte consideration.

We consider a body occupying the semi-sjx > 0 (se@)PWe assume
its density, heat capacity, and heat conductivaybt P-¢.X | and with a
temperaturTo  at the initial momet = 0 . Now let usngeathe temperature

atits surfacd =0 tTy  and fix it. Fig. 7 shows how thmperature evolves
with time in the bulk of the body. We can see tiet penetrates into the medium

little by little. One can introduce characterisltingthl-(f) to describe the propa-
gation of the temperature front with time. Retugnto Fourier law (see Eg. (9))

and replacing the thickne:Ax by the characteristigth L@ substituting
Q =mcAT | andm = pAL() | one finds

CPAL@AT _ AT
At UL

Solving this equation with respectZ®)
Kt
Le~ [ = JaE .
(10)

Solution of the exact differential equation desioigbthe process confirms
our qualitative consideration [4] and gives an &V coefficient in (20):
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L@) = Jaxt

Hence, we found that heat penetrates into the meHdiuthe square-root law

-
of time, the parametd = /cp s called the thermal giffity or coefficient of
temperature conductivity The time of the establishment of the temperzTy e

. . ~L?
in the slab of the thickneL can then be evaluz’ /'T;(
Now we can return to a comparison between thengnsime of a thin-cut

beef versus the boiling time of a meatball. We mersan@ X & rectangular slice

of thickness@ and a meatball of rad® 5 out ofstume volume of meat.

During the boiling process, temperature should pateeinto specimen up to
the farthest point from the surface. Thus, the ireguiength for thin-cut slices
and meat balls are respectively half its thickreessits radius. The times for them
to be done are

(&

‘7
(¢/2) R?
Tslice ™ Thall™

X X (11)

The ratio between their cooking times is

Thall N(—’-_R)
d

Tslice

The size of a thin-cut sliced beef in China tydicag @ x b = 3 X 15cm
and its thickness is 1mm, which is marvelously .tidut of the same volume of

3
4R /3 .

beef, usin@?d = we can make a beef ball whose ragR = 1.0cm

2R/ _
.The ratic” /d = 29 and the estimated difference in cogkimes is

(I Thall ) —
\Tslice / ggp. (12)

Stop! As we have mentioned above the common timethe ball and the
slice to be cooked are 5 minutes and 10 secoed#h& realistic value for the ratio
is

7 Thermal diffusivity is a physical quantity thatstribes the rate of change (align) the temperature
of the substance in a non-equilibrium thermal psses.
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( Thall ) —
real

\Tslice.

(13)

This number differs by an order of magnitude with)( this is too much. The
reason for this discrepancy is our assumptionghatf the cooking time is spent
on "delivery" of the necessary temperature thrahghwhole volume of the meat.
However, we ignored the time required for carrying the denaturation process
itself. In most cases, this timTdenat. , iS SO short thaan be neglected with
respect to the “delivery” time. Yet, the “Shuan’opess is so quick that the
denaturation time cannot be neglected and has aoldhed to

5 2
a','")
' ("2
¥

. Tslice = Tdenat T

r;lice : LY ¢ (14)

where the temperature conductivity of the beef iskeh as
Xbeet = 1.5x107m?*s™  The value of the second term in (14) is only

)/

4 ~0.5s , While one rinses it in the hotpot around 10 séeolft is why
we conclude that all this time is required for dhemical reaction of denaturation
i.e. Tdenat™~10s | Of course, this value is negligibly smalihqeared with that
required to increase the temperature throughoutritiee meatball volume above
the denaturation point, but it turns out to be dwani when rinsing a slice of meat
in a hot pot. The new estimeTslice™~10s Tpa1~220s  agrees well witik Ch
nese experience.

Table 1. Comparison among three ways of cooking ioeed above
— boiling, steaming and rinsing

Boiling Steaming Rinsing
slze RadiusR RadiusR Thicknessl & @, b
Cooking time - RZ“ '(“TT,'( vas RZ.‘ f‘.ﬂ,‘( o 12 ‘/.ﬁ;(
The Way Thermal conductivity Latent heat of the con- Thermal conductivity
of heat transfer = & natural convection densing steam & forced convection
Environment Boiling water/diluted  Saturated steam Boiling soup-base

broth
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On soup bases

Besides the process of boiling sliced beef itsb#, soup-base also contains
some physics in it. First of all, it differs strdpdgrom the diluted aquatic broth
formed during the boiling of dumplings(see aboVédi)e soup-base for the hot pot
is prepared in advance, mixing water with oil anleo ingredients. Below we
discuss some of its specific properties which &lgee interesting physical rea-
sons.

“Qingtang” soup base is commonly used in the Bgifmd Chaoshan hot-
pots. It constitutes a mix of water with a smallcamt of oil, salt and other con-
diments. Contrarily, for cooking in a Chonggingattthe “Hongyou” (spicy oil)
soup base serves. A large fraction of “Hongyou”ps@uoil stewed with chili
powder, Chinese prickly ash, etc. The remaining igaa small portion of water.
If one starts to heat both soups simultaneoustypthsoup-base will start to boil
much earlier than the water soup. It seems to theratrange, since the boiling
point of oil (if any) is much higher than that o&ter. Actually, what boils here is
not the oil, but the small portion of water in $@up. Hence, the Hong You soup
starts to boil at the boiling point of water ingtea that one of oil.

There are two reasons which explain why the “Homdysoup needs
a shorter time to boil.

The first is that the specific heat capacitiesibAnd water are respectively

o == 3 l/‘I = 3]
Coil =210 / (kg - °C) gpgwater = 4-2x10 /(kg *°C) | so that less than
half the heat is needed to raise the temperatutbeobil soup base from room
temperature to 100.

The second reason concerns heat dissipation. Toess of the heat dissi-
pation is due to both heat conduction and convegitocesses. In the latter en-
ergy is transferred by the movement of a heatestanbe as a result of differences
in densities of lower and higher layers.

The heat flux at the surface is loosely describebéwton’s law of cooling,
which claims that the latter is proportional to ttemperature difference:
q = hAT.

The coefficientt is called the heat transfer ce&ffit and describes how
violent the convection is. The typical values of theat transfer coefficient for
boiling water and oil are respectively2.5x 10%~25 x 10? and
0.05x 10*~1.5x 10% in units of W - m2K™ | The significant difference &
may be explained by the viscosity and the poor t&aductivity of oil. As a result,
the heat dissipation at the interface between ilheap and air is two orders of
magnitude less than that in the case of water soup.

Manman Ch#

8 {8181z -“eat slowly”, Chinese version of “enjoy your meal”
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GOTOWA C, GOTOWAC NA PARZE CZY MO 7ZE PLUKA C?
(FIZYKA KUCHNI CHI NSKIEJ)

W artykule zostaly przedyskutowane niektére aspkltohni chiskiej. Autorzy zaczyngjod omo-
wienia szczeg6tow kuchni atskiej i technologii produkcjtywnosci. Autorzy zadaj nastpujace
pytania: jaka jest mhica pomeédzy misem surowym a gotowanym? Jaka jeghnica w fizyce
procesu przenoszenia ciepta podczas pgeigania kluskow na parze wodnej a w getej s wo-
dzie? Dla czego jest mliwe przyrzdzanie kawatkow ngsa w "gogcym garnku" w cigu kilku
sekund, podczas gdy po to, aby upiec indyka potijieety kilku godzin? Artykut ten udziela odpo-
wiedzi na te i inne pytania.

Stowa kluczowe:ztozone molekuty organiczne, proteiny, kluski, przerse ciepta, przewod-
nictwo temperaturowe, prawo Fouriera, Newtonowgkavo chtodzenia
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