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Figure 2. Comparison between experimental salt concentration and model-predicted values during
cheese brining using different mass transfer models (Diffusion, Semi-infinite, Azuara, Peleg,
Zugarramurdi—Lupin, and Weibull).

Table 1. Estimated parameters and goodness-of-fit statistics of mass transfer models for salt uptake in
cheese during brining.

Model Parameter Value
D (m?/h) 1.8x107
Diffusion Model R? 0.960
RMSE 0.011
D (m?/h) 5.0x1077
Semi-infinite Model R? 0.999
RMSE 0.001
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Figure 3. Predicted salt concentration profiles across the cheese thickness at different brining times (6—46 h)
based on the diffusion model developed by COMSOL Software

OLL G oo 20 8l 0 B E 550> a0 348 e 503 S
oo L S 95 Gos BA) el (gl o)
53 S e a5 sdeny 450l Sl S
OLsl S Olzman bl ol asly il A=l >y
yvu:jouézj\::ﬁjcb.ﬂqwﬁj&ﬁ
358 JalS s 4 55 @ catin (ki SIS S g
03l 7 pdsa sddodalin S0 Ll oo
S sl G 4 S S5k agr AS (S0
JLE.:J.‘LSLAJ;J”T)})J)M‘J)jﬂé)ﬁﬁt)w‘)k{jéﬁﬁbw
oAl S e 0Ll S bn g edipicals o

)ls Clas SIS (oS gl

296

032 056 Sdass sode iluand Sl Jol> it IS
ChlE w555 a5 das o QLS |y JpmaslS Sl50le 5 55 S
Sap A 5 Y00 Cae Ol Dl o 1 ey 50 S
SO lajlased 5o oS sblles LIS s sal 4
(0 5\ lassy) dyl b sl Jolie 5o s e stalin
S35 53 S3U 55 sl a5 TS Sl 358
el i s ) ST Jlwe b oles o e
Ao 4 So33 b i ClE Ghls Slaes 4 e Culis
S cllE 0Ll S G s Kbyl ) sl e
sl Jol e 53 S5 pe 358 oS S o AT 503 0
G T B 0l (55 b sl 48 Jlis el

358y e Sl Sl Rh Blesl 4 s s S ager



VE40 ;a0 s YW 0,95 VO oyl

C)‘)’v" Lgl.lb @W}f}lﬁw

- .
0.25%
0.18
0.16
0.2
0.4}
0.12
0.15
0.1
0.08}
{01
0.06
0.04] 0.05
0.02
0F 0
- —
0.25
0.18
0.16
0.2
0.14
0.12
0.15
0.1
0.08
4 0.1
0.06
0.04] 0.05
0.02
0F 0

t=20d

0.2

0.15

41 0.1

0.05

t=48d

Figure 4. Two-dimensional numerical simulation of salt diffusion in cheese at four brining times.
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Figure 5. Three-dimensional surface plot illustrating the variation of salt concentration in
cheese as a function of brining time and sample thickness
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Salting is one of the most important stages in cheese production,
significantly influencing the rheological, microbiological, and
sensory properties of the final product. In cheese, controlling salt
uptake and distribution is particularly important because its porous
structure and high moisture content make it highly sensitive to
osmotic changes. To analyze the kinetics of salt uptake, six
mathematical models were applied in this study, including the
diffusion model, semi-infinite model, Azuara model, Peleg model,
Zugarramurdi—Lupin model, and Weibull model. The salt diffusion
experiments were designed under one-dimensional conditions in
order to be consistent with the assumptions of analytical models,
particularly the semi-infinite diffusion model. Salt concentration was
measured at 4-hour intervals using the Volhard titration method. The
results indicated that the semi-infinite model provided the highest
accuracy among the theoretical models (R? = 0.999), while the
Weibull model showed the best performance among the empirical
models (R> = 0.996). The classical diffusion model exhibited the
lowest accuracy due to the assumption of a constant diffusion
coefficient and its limited compatibility with the experimental
geometry. In addition, numerical simulation based on the solution of
Fick’s second law using COMSOL software demonstrated that the
salt diffusion front gradually progresses from the surface toward the
interior over time, leading to a more uniform concentration
distribution within the cheese. These findings indicate that
appropriate modeling can serve as an effective tool for predicting salt
mass transfer behavior and optimizing the cheese brining process.
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