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Introduction

Drying shrimp is one of the storage methods that, while increasing the shelf life, leads to the production of a
versatile product with various uses, from consumption as snacks to use as one of the main components of foods.
Drying is preferred over other preservation methods because it offers numerous advantages, including extended
shelf life, enhanced microbial stability, convenient consumption, reduced transportation costs, increased value,
and product diversity.

To accurately model these processes and thus obtain information on factors such as shelf life and energy
consumption, it is necessary to determine the product’s initial and final temperatures, its geometry and
dimensions, and its thermo-physical characteristics. Simulation of different drying processes requires accurate
estimation of the effective moisture diffusion coefficient, which is highly dependent on temperature and
humidity. Its dependence can be shown by an equation with an Arrhenius structure as an empirical function of
humidity and temperature, or by considering the activation energy.

It is necessary to have sufficient knowledge about heat and mass transfer characteristics, such as diffusion or
penetration coefficient and the heat transfer coefficient to estimate the final temperature and drying time. This
study investigated the drying process of peeled farmed shrimp (Litopenaeus vannamei) using a convective hot air
dryer. Various parameters such as shrinkage and the effective moisture diffusion coefficient were examined.

Materials and Methods

A drying device was built to conduct experimental studies on drying shrimp samples. The experiments were
conducted on sliced shrimp meat samples at temperatures of 40, 50, and 60 degrees Celsius, with a constant air
velocity of 1.5 m/s. The experimental drying models were based on diffusion theory. In these models, it is
assumed that the resistance to moisture diffusion occurs from the outer layer of the food. In most cases, Fick's
second law was used to describe the phenomenon of moisture penetration.

The study used the standard method of immersion in toluene to measure volume changes in the samples.
During the drying process, the volume of the samples was measured at 45-minute intervals, and their volume
changes were calculated. To measure the moisture content of the samples, each test started by recording the
initial weight of the samples using a digital scale with an accuracy of £0.001 g. During the drying process, the
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samples were weighed each time their volume was measured.

Shrinkage during the drying process is commonly modeled by finding a relationship between shrinkage and
moisture, using linear and non-linear models. In most cases, effective permeability is defined as a function of
humidity and temperature. For this purpose, curve-fitting methods were employed to analyze the data collected
from experimental tests. The appropriate function was extracted by incorporating the Arrhenius equation, which
is applicable to most food items.

Results and Discussion

Based on the results of statistical indices, the linear model was the best model for depicting the relationship
between shrinkage changes versus moisture ratio changes among the various experimental models evaluated for
shrinkage and drying kinetics. Similarly, the Weibull distribution demonstrated superior performance in
expressing variations in moisture ratio over time. A moisture dependent experimental model was used to express
the variations in the apparent density of shrimp, resulting in a computed range of 1017-1117 kg m.
Furthermore, an Arrhenius equation was derived to express the effect of moisture content and temperature on the
effective diffusion coefficient of shrimp. According to the results, the effective diffusion coefficient of shrimp
exhibited variations ranging from 0.08 x10° m? s to 7.39x10° m? s*X. When deriving the effective diffusion
coefficient, the impact of the number of terms in Fick's second law on the variation of the moisture ratio was
studied. The findings revealed that increasing the number of terms beyond 100 did not significantly affect the
model’s outputs.

Conclusion

The linear model had the highest coefficient of determination (R?) among the evaluated shrinkage models, as
well as the lowest root mean square error and sum of square error (SSE). This makes it the most optimal model
for interpreting shrinkage at the tested temperature levels. The Weibull distribution experimental model proved
to be the most suitable for expressing changes in the moisture ratio of shrimp meat slices over time within the
evaluated temperature range. The Arrhenius model accurately predicts changes in the effective diffusion
coefficient of shrimp slices with respect to temperature and moisture content within the tested temperature range.
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Table 2- Empirical models for shrimp meat slabs shrinkage

Jow adlzo Awdid &0
Model equation Geometry Reference
1 s=a—+b Wil a9 Ochoa et al., 2002
Xo Slab, Cube, Cylinder
) B b X X S ‘4319:‘_" b Kaminski, Szarycz and
sTat <1 n X) texpey) Slab, Cylinder, Janowicz, 1996
Hemisphere
. é Véazquez, Chenlo,
3 s =a+bX + cXz + dexp(kX) 2 Moreira and Costoyas,
slab
1999
X X ozl b
4 s=a+b—+c()? Sl 9 Mayor and Sereno, 2004
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bX ozl dd
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Table 3- Extracted coefficients and statistical indices for different models of shrimp shrinkage

Joo B Cobi el po

Constant coefficients of models R? x RMSE SSE
Model
a b c d k
1 0.823 0.175 - - - 0.999 2.16E-05 0.0046 2.15E-05
2 0.132 -4.597 1.882 - - 0.981 0.0006 0.0260 0.0006
3 0.243 0.103 0.042 -2.2E-14 6.836 0.985 0.0005 0.0229 0.0005
4 0.183 0.790 0.260 - - 0.991 2E-05 0.0044 1.97E-05

5 0.313 1.192 - - - 0.985 0.0005 0.0234 0.0005
1.2
1
0.8

b3
Z 06
0.4
y =0.8232x + 0.1752
R2=0.9994
0.2
0
0 0.2 04 06 0.8 1 1.2
XIX,

b

o s

Fig.3. a) Dried shrimp meat slab samples and b) variations between experimental data and data of the selected model
(Model 1) for shrimp meat slab shrinkage
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Table 4- Constant coefficients of different models of shrimp meat slab drying

. O S SiS sled L Jxo ol ol po
o ol Drying temperature Constant coefficients of models
MOdel (oc) a b c k n
40 - - - 5.17E-05 -
Newton 50 - - - 6.15E-05 -
60 - - - 7.19E-05 -
Henderson 40 0.885 - - 4.41E-05 -
& Pabis 50 0.873 - - 5.19E-05 -
60 0.861 - - 5.97E-05 -
40 0.778 - 0.174 7.54E-05 -
Logarithmic 50 0.778 - 0.160 8.88E-05 -
60 0.783 - 0.0001 0.15 -
40 1.081 0.222 - 4.41E-05 -
Logestic 50 1.072 0.227 - 5.19E-05 -
60 1.062 0.233 - 5.97E-05 -
Twoderm 50 017 : : ooz -
exponential 60 0.196 ; - 0.0003 -
Simplified 40 0.885 1.18E-05 0.157 - -
Fick’s 50 0.873 1.39E-05 0.156 - -
diffusion 60 0.861 0.0003 2.39 - -
Wang & 40 -5E-05 8E-10 - - -
Singh 50 -5.6E-05 9.89E-10 - - -
60 -6.5E-05 0.128E-10 - - -
Weibull 40 0.074 -0.94 - 0.0006 0.76
distribution 50 0.049 -0.98 - 0.0011 0.71
60 0.016 -1.02 - 0.0016 0.68
16
0.9 ® 40 Expriment @ 50 Expriment
08 60 Expriment 40 Predict
07 —— 50 Predict —— 60 Predict
0.6
0.5
< 04
0.3
0.2
0.1
0
0 100 200 300 400 500 600 700
Time (min)

Jlog Joe b oo 4 Canmsd 00 st 9 (o88lg (oo sy Syt ylg05 — € SIS0
Fig.4. Diagram of actual and predicted relative humidity vs. time with Weibull model
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Table 5- Statistical indices of different models of shrimp meat slab drying

O SiS gled
Je o Drvi 2 2
rying temperature R X RMSE SSE
Model o
(°C)
40 0.986 0.0024 0.0491  0.0024
Newton 50 0.982 0.0029  0.0536  0.0028
60 0.983 0.0031  0.0562  0.0031
40 0.978 0.0009 0.0299  0.0008
Henderson & Pabis 50 0973 0.0012 0.0343 0.0011
60 0973 0.0011 0.0342 0.0011
40 0.996 0.0001 0.0118 0.0001
Logarithmic 50 0.993 0.0002 0.0168  0.0003
60 0.991 0.0003 0.0185 0.0003
40 0.979 0.0009 0.0299  0.0008
Logestic 50 0.973 0.0012 0.0343 0.0011
60 0.973 0.0012 0.0343 0.0011
40 0.996 0.0004 0.0216  0.0004
Two-term exponential 50 0.994 0.0006 0.0259  0.0006
60 0.994 0.0008 0.0282  0.0008
40 0.978 0.0009 0.0299  0.0008
Simplified Fick’s diffusion 50 0.973 0.0012  0.0343  0.0011
60 0973 0.0012 0.0343 0.0011
40 0.977 0.0019 0.0437 0.0019
Wang & Singh 50 0.965 0.0030  0.0543  0.0029
60 0961 0.0036 0.0596 0.0035
40 0.999 2.39E-05 0.0048 2.32E-05
Weibull distribution 50 0.998 7.2E-05 0.0083 6.97E-05
60 0.998 6.29E-05 0.0077 6.06E-05

5 5ol s Jlug Jae opicmen (Corzo & Bracho, 2008)
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Table 6- Experimental coefficients of Equation 6 at different drying temperatures

P Suis gled

Drying temperature (°C)

C: C R2

40
50
60

1193.7 -170.17 0.918
11879 -163.35 0.895
1182.3 -156.15 0.937
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Fig.5. Experimental data of shrimp density versus predicted data at different drying temperatures
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Fig.6. Effect of the constant diffusion coefficient on the approximate expansion of the diffusion equation:
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Table 7- Statistical indices obtained for estimating the coefficients of Equation 5 at different drying temperatures

S SuiS slod
Drying temperature R° RMSE  SSE
(©)
40 0.999 0.0082 6.78E-05
50 0.998 0.0158 0.0003

60 0.999 0.0108  0.0001
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Fig.7. Variations in the effective diffusion coefficient of shrimp versus changes in temperature and moisture content
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