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Abstract

Industrial production of bakery products allows somers to get fresh bread at any time of the ddgwever,
there are many problems connected with storagecanting of bread before distributing it to the firagl
network. Microbiological safety requirements andrkeing necessitates the packaging of bread ihtwsfafter
baking. However, this is only possible when thedshkread has cooled. Rate of cooling is, therefoeey
critical parameter. Low cooling rates can limit guotion capacity in a bakery, while higher cooliages can
lead to higher moisture evaporation rate and resulgreater weight loss of the product. The mogstur
distribution in bread at the end of cooling carmatssult in water condensation on the film, whielm accelerate
fungal growth. The principal objective of this wdskto study the effect of cooling conditions orahand mass
transfer in bread, and asses their influence onymtoquality. Experiments were carried out with t@hpan
bread which was prepared in a laboratory. Cooliag wndertaken in ambient environment (2612 °C, RH®
by placing the hot product on a rack, as well aa olimatic cabinet with controlled temperaturepmindity and
level of convection. A mathematical model basedrourier’s second law for heat transfer and the 'Biskcond
law for the mass transfer was developed to similast and mass transfer processes in the breatycdugoling,
and validated using experimental data. The modelaide to predict mass and volume changes
during the ,cooling” time.
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Introduction

Heat and mass transfer in bakery products produaimxurs during proofing, baking and
post-baking cooling. Several works are availablgéh@ literature on the modelling of heat
transfer during baking, for example, DeVries etdaveloped a quantitative model for heat
transport in dough and crumb during baking (de\/ri€88).

Modelling of simultaneous heat and water transpotiie baking process can be also found in
Sablani (1988) work. Zanoni (1993) represented ltesaf thorough study on the baking
process modelling (Zanoni, 1994). In 2007 Wagndrlipbed an article concerning water
transport in bread during baking (Wagner, 2007).

In the other words there is a lot of informatiomiable in literature, which describes heat and
mass transfer in bread during baking, but theeelack of knowledge in the modelling of the
bakery products cooling. In 1993 van Sluis usenhiéefelement computer program designed
for the simulation of the cooling of bovines cas=s and adapted his model to bakery
products (van der Sluis, 1993).

Heat and mass transfers are taken into accountgclaificthg and freezing can be simulated.
The heat transfer on the surface takes into acdbentonvection and the radiation, but not
the evaporation. N. Hamdami in this paper deterthitieermo-physical properties, including
apparent and true densities, specific heat, enthalpy défective thermal conductivity
separately for crumb and crust of partly baked dbgtmdami, 2004).

This study is an attempt to develop a mathematwaldimensional model which takes into
account thermo-physical properties of fresh bakesad and heat and mass transfer by
convection, radiation and evaporation in orderredjrt mass loss and time of cooling, and to
show the influence of each kinds of heat transfethe duration of cooling process.

Materials and Methods

Experiments were carried out with white pan breddctv was baked from scratch in a
laboratory and then cooled by natural and forced/ections.
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Dough was prepared based on the straight-doughd lone&ing recipe (Finney, 1984) which
is given in Table 1.

Table 1
Bread formula
Baker’s, % Ingredients Weight, g
100 Bread flour 1160
62 Water 742
2 Yeast (fresh) 24
3 NFDM 35
3 A.P. Shortening 35
6 Gran. sugar 70
2 Salt 23
Total Weight ~2085

Mixing was done in VMI spiral mixer (France). Dougéas rounded and left for rest for
7 minute at ambient temperature and final mouldgdgua Sorensen 'New Universal. Mark 2'
moulder (England) and then loaded into slightly agexl unlidded rectangular tins
(100x100x300 mm). Tins were placed in an Acrivaovidrg Cabinets (UK) for final proofing
(40°C, 70% RH) for 1 hour. Baking was performed in adérick Bone gas-fired reel oven
(UK) set at 244 °C for 30 min without steam injectiwith leads covered tins to achieve
rectangular shape of final loaf.

Cooling of bread was considered as finished whentéimperature at the bread geometrical
centre reached 25 °C.

Temperature measurements in the middle of the cramthe crust surface and air near the
surface were made by thermocouples connected tamt Gata-acquisition system (UK) each
second during 12000 seconds.

Weight loss measurements were carried out usingetlevl PE 3600 precision scale; the
volume of bread was measured by using of a lasérmater. Such system allows to
determinate the bread volume without any contasthsas in the case of rapeseed
displacement methods. The volume of the breads measured just after baking, and in
3 hours after baking. Each bread sample was planed rotating plateau (60 rpm). A laser
beam installed on a rotating arm was then useddasore the volume of the bread without
contact. The accuracy of volume measurement ubisgetjuipment was estimated to +0.4%
according to 3 repetitions with the same loaf.

Bread moisture during chilling is determined gragirically by taking samples from the
crumb and heating them for 1.5 hours at 130 °C.

Results and Discussion

Modelling is based on the Fourier's second lawhieat transfer and the Fick’s second law for
the mass transfer.

Rectangular shaped bread loaf with dimensions 1®0xm00 mm x 300 mm was chosen for
model development. Two dimension geometry alongaxig is shown on a Figure 1.
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Figure 1. Cross-section dimensions

For modelling the grid containing 20 points in xday coordinates, and the time step for
30 seconds are used.

The heat diffusion equation (1):
T AT) [OZT asz

a pye, (TW)[ X T ) )
where:
/1(T) - is the thermal conductivity, W (m K)
p, - isthe density of bread, kgin
Cy, — is the specific heat of bread, J (kg'K)

As a boundary conditiom(T) is defined taking into account heat transfer bywveation,
radiation and evaporation.

—z(T)[Z—U :—A(T)[%j —a (T,-T, )+eo (T4 =T, )+

x=L y=L
+ﬁ ng (W)(ps(T’W)_ pext(Tiw))i (2)
where:
- is the heat transfer coefficient, W{i)™*;
- is the emissivity of bread surface;
- is the Stefan—Boltzmann constant;

(04
&
O
T,  —isthe air temperature near the bread surface, K
T - is the temperature of bread surface, K;

p - is the mass transfer coefficient, h s

P, Pey— are the partial vapour pressure on bread sudadeear the bread surface, Pa.

P =8y P, ©
where:
a,. — isthe water activity at the surface;
ps — is the saturating vapour pressure at the breddce and can be faund from
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[183036—

381644j
Antoine’s law as pd =1333e

T,—4613

(4)

Partial vapour pressure in the air near the brea@dee p,,, depends on relative humidity of
the ambient aiH,:

pext = H ext pegxtl (5)
where:
ps. - is the saturating vapour pressure in the amlaien
(18.3036— 381644 j (6)
pg = 1333 e Tey—46.13
ex " ]

The mass transfer equation:

(7)

where:
W - is local moisture contentV surface = 0.1;
D(W) - is mass diffusion coefficient,ns™.

ow) (W) —ow) (] perw-pTw) @
X x=L 8y y=L

The initial condition concerned mainly the temperatdistribution in the crumb at the end of

baking. The experimental temperature distributi@s wnplemented in the code.

The initial temperature was constant and equalstin the sample, except close to surface

where it was decreasing frompfto Tp with a linear relationship through a 1 cm thickses

layer.

The local water content was decreasing with a tiegalution from W,ax in the center to \y/

at 1 cm under the surface, and then frogt®W\pi, until the surface.

The initial conditions parameters given in table 2.

Table 2
Parameters of initial conditions
Parameter Value Units
To 372.00 K
Tso 415.00 K
Wo 0.70 g water / g dry matter
W max 0.78 g water / g dry matter
W nin 0.10 g water / g dry matter

The solution of equations (1) and (2) based onbitnendary and initial conditions derived
from field experiments have allowed us to obtaima@hematical model of convective bread
cooling.
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Figure 2. Comparison between calculated and measudealata of the temperature

in the middle of the crumb

The two curves have some distinction; this indisa@elack of precision in the physical
parameters of heat transfer.

The quadratic average of the difference betweemig@sured and calculated values was used
to quantify the discrepancy between model and éxert (9).

m= \/% i (Texp - Tcal )2 = 281, (9)

i-1

where:
N - is the number of measured points at the cemtdeon the surface.

Future work with the model will include improvind several physical parameters, such as
thermal conductivity and mass diffusion coefficia@ftthe bread, and also it is necessary to
carried out modeling with a 3-D geometry.

Received model was used for studying the effeanass transfer coefficient on the time of
cooling and mass changing. The influence of diffeteeat transfer coefficient value on the
calculated duration of cooling 1kg bread loaf witie two modes: with evaporation,
convection and radiation, without evaporation (amtion and radiation only), the mass of
evaporated moisture, and duration of evaporatiergafen in Table.3.

Table 3
Calculated duration of cooling 1kg loaf
Parameter Value

Heat transfer coefficienta, W (m° K)™ 10.0 | 15.0| 20.0] 25.00 30.4
Time of cooling, min 139.0| 106.0f 89.0 80.C 73.0
Time of cooling (excluding evaporation), min| 83.0 73.0 68.0 65.0 64.(
Mass loss, g 33.7 26.7 21.3 17.0 13.7
Time of mass changing, min 69.0 | 47.0 35.0 27.0 21.(

Conclusions

1. During the cooling process at low heat transfeiffaoents the evaporation of moisture
has a significant effect on the duration of cooli(p%). At high heat transfer
coefficients the same effect on the duration ofgheress is small — only 12%. Number
of evaporated moisture is low (1 to 3 percent ef iass loaf), and at high heat transfer
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coefficients the moisture is evaporated duringfitst third of the process only, because
of the rapid cooling of the surface. At low heansfer coefficients the moisture is
evaporated during almost the entire process.

2. The model showed good agreement with experimeatia df the temperature changing
during cooling process. For high cooling rates tieat evaporates the moisture only
during the first third of the process, becauseheftapid cooling of the surface. At low
heat transfer coefficients the moisture is evagaraiuring almost the entire process.
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