
Journal of Physics Special Topics
An undergraduate physics journal

P2 3 The Mass-Entropy Relation

J. Fuller, P. Clevely, N. Sowter

Department of Physics and Astronomy, University of Leicester, Leicester, LE1 7RH

October 31, 2025

Abstract

In this paper, we investigate the local entropy change of The Eucharist, or Holy Communion,

comparing the impacts from the use of leavened and unleavened bread and comparing this to

the number of church-goers. We find that the impact of unleavened bread on the congregation

is greater than the impact of leavened bread, increasing the entropy of the rite significantly with

more attendees. We find the total entropy change for Orthodox Christians to be 2.4 × 109 J/K

per communion, and for Catholics, the entropy change is 1.3× 1010 J/K per communion. And the

Eucharist is consistent with the laws of thermodynamics.

Introduction

Holy Communion is a rite that is performed
in most churches of Christian denominations.
The rite involves church-goers and clergy con-
suming a form of bread and wine, usually a
small wafer of bread and a sip of wine or grape
juice, as in (1 Corinthians 11:23-25) [1], Jesus
Christ proclaims that these are his body and his
blood. The spiritual and metaphorical meaning
of this is important to all Christians, but some
denominations, specifically Catholics [2][3], be-
lieve that during Holy Communion, bread and
wine literally become the flesh and blood of
Christ. It was, in part, the practice of commu-
nion that led to the first major schism in the
Christian faith, with eastern churches using leav-
ened bread, while western churches preferred to
use unleavened bread, with both decisions be-
ing based on different theological reasoning [4].
In this paper, we investigate the local entropy
change of an eastern and western Holy Commu-
nion and compare the results.

Method

To find an entropy change for a Holy Commu-
nion, we start by finding the energy change due
to the shift in material from bread to flesh. This
is expressed as the following:

∆Qbread = (uflesh − ubread)m (1)

Where ∆Qbread is the total change in energy.
ubread and uflesh are the mass energy densities
before and after the transubstantiation, and m
is the constant mass of the sample.
A standard unleavened communion wafer has

a typical mass of 0.3 g and an energy content of
3682 J [5]. For leavened bread, we take a store-
bought bloomer as representative with a 0.3 g
sample having an energy content of 2994 J.
Taking the assumption that the mass is un-

changed, we then find the energy content of the
same mass of flesh. Taking a typical human cell
to be representative flesh, we find its molecular
composition [6] and take the energy density of
flesh as the composition weighted average of the
energy densities of the molecular components [7].



Through this, we estimate that flesh has a mass
energy density uflesh = 8000 J/g.

For the energy change of the wine turning to
blood, we modify Equation 1 to find our change
in terms of volume energy densities σ and con-
stant volume V :

∆Qwine = (σblood − σwine)V (2)

From the nutritional information of a bottle of
weak, store bought, wine we estimate it to have
a volume energy density σwine = 3290 J/mL and
the energy density of blood is known to be about
σblood = 2929 J/mL [8]. For a fixed volume of
wine V , we assume that a single sip is equivalent
to approximately 5mL.
Summing Equations 1 and 2, we can calculate

the total energy change of the bread-flesh and
wine-blood systems for a single congregant ∆Q.
Doing so, we find that ∆QCatholic = −3.09 kJ
and ∆QOrthodox = −2.4 kJ, and so both transub-
stantiation reactions are exothermic and energy
is released. We can determine the change in tem-
perature in the church ∆T due to a communion
with N congregants as [9]:

∆T =
−N∆Q

C
(3)

Where C is the total heat capacity of the envi-
ronment, if we assume the majority of the heat
is transferred to the air and N congregants, then
we can express this as [9]:

C(N) = ρairVchurchcair +Nmpersoncperson (4)

where the density of air ρair [10] and specific heat
capacity of air cair [11] are well known, as is true
of the heat capacity of a human cperson [12]. We
estimate the average human mass to be 65 kg and
the volume of a church hall to be 500m3 [13]
Using our determined temperature change

∆T , and assuming the church can be treated
as isobaric, we find the entropy change due to
communion as a function of the size of the con-
gregation to be [9]:

∆S(N) = C(N) ln
T0 +∆T (N)

T0
(5)

Figure 1: Number of congregation attendees compared
to entropy change in J/K. Red represents leavened bread
and blue represents unleavened bread. Note that the y-
axis ranges from 0 to 2000 and the x-axis has a range 0
to 200, being representative of a standard village church.

Discussion & Conclusion

From the comparison between leavened and
unleavened bread in Figure 1, we can see a diver-
gence in the entropic impact of the two different
instances of Holy Communion. The unleavened
practice leads to a greater local change than that
of the leavened practice. With a growing num-
ber of congregants, the divergence becomes more
noticeable.
Taking into account the total number of Or-

thodox and Catholic Christians in the world
(291, 580, 000 and 1, 272, 775, 000 respectively)
[14], we can find the total entropy change for Or-
thodox Christians to be 2.4 × 109 J/K per com-
munion. For Catholics the entropy change is
1.3× 1010 J/K per communion.

We note that as transubstantiation occurs, the
sacraments become more ordered as they release
energy, and there is a small decrease in the en-
tropy, but this does not offset the entropy change
from the released heat, and so Holy Communion
is consistent with the laws of thermodynamics,
namely [9]:

∆Suniverse ≥ 0 (6)
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