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ARTICLE INFO ABSTRACT

Article history:

Received 7 January 2020
Received in revised form 22 May study of methylene blue (MB) as a probe molecule into the composite muscle tissue of salmon
2020 (Salmo salar) was performed using an image-processing technique. The concentration pro-
Accepted 4 June 2020 file was determined in the middle sagittal plane by considering the muscle fiber orientation
Available online 17 June 2020 angle (). The mean value of the angle was 6=31+1.2°, and the fractional anisotropy values

A simple method to study the diffusion of a probe molecule into muscle tissue, which con-
siders real composite architecture and anisotropy, was proposed. An anisotropic diffusion

showed an anisotropic behavior for all samples tested. The presence of the discontinuity
between muscle and connective tissue was characterized by the distribution coefficient.
The simulation using the generalized minimum residual method iterative solver in COM-
SOL Multiphysics™ software described the anisotropic condition of the tissue with root

Keywords:

Anisotropic diffusion
Salmon composite muscle
Image processing mean square values of less than 27%. Significant differences were found in effective dif-
fusion coefficient values between the muscle and connective tissue at 2°C (p-value <0.05).
Further studies may consider other diffusing molecules and muscle tissues.

© 2020 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Mass transfer modeling
Diffusion coefficient
Distribution coefficient

1. Introduction oprotection, flavoring, acidification, texture effects and color

(Alizadeh et al., 2009; Cabrer et al., 2002; Goeller et al., 2004;

Studies of the mass transfer phenomena of compounds (addi-
tives and gases) through meat and fish tissue provide relevant
information about processing time, microbiological stability,
and organoleptic characteristics, and they also yield infor-
mation about the interaction between products and polymer
coatings over time (Bencze Rgra et al., 2004; Gémez-salazar
et al,, 2015; Graiver et al., 2006). In this sense, a variety of
solutes for different purposes have been infused into fish
muscle to provide protection against loss of protein function-
ality due to long-term storage at refrigeration temperatures.
Marinating and brining techniques are used to provide cry-

* Corresponding author.
E-mail address: w.silvav@utem.c (W. Silva-Vera).
https://doi.org/10.1016/j.fbp.2020.06.004

Simpson et al., 2018; Wang et al., 2000), and several solutes
are commonly used for these applications, including sodium
chloride, calcium chloride, lemon juice, citric acid, acetic acid,
and tripolyphosphates. Additionally, the generation of protein
hydrolysates obtained from food proteins has attracted atten-
tion because of their valuable, multifunctional and healthy
technological characteristics (i.e., antioxidative, antihyperten-
sive, anti-inflammatory, water retention, and bitter blocking
capabilities), which make them promising new ingredients
that can be infused into muscle tissue (Zhang et al., 2018). To
ensure a maximum and even effect throughout the tissue, it
is essential to understand the diffusion mechanisms within
the tissues of interest. Thus, many studies have focused on
the diffusion processes of solutes into fish muscle by applying
Fick’s law of diffusion, using assumptions or approximations

0960-3085/© 2020 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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emulsifying properties of soy protein isolate
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ARTICLE INFO ABSTRACT

Article history:

Received 12 January 2020

Received in revised form 2 May 2020
Accepted 29 July 2020

Available online 8 August 2020

The effects of dual-frequency ultrasound pretreatments with different energy irradiation
modes, including energy-gathered ultrasound (EGU), energy-divergent ultrasound (EDU) and
slit ultrasound (SU) on the solubility and emulsifying properties of soy protein isolate (SPI)
were investigated. The surface hydrophobicity, intrinsic fluorescence spectra, and circular
dichroism spectra of SPI were determined. Results revealed that all ultrasonic pretreatments
increased the solubility of SPI significantly (P < 0.05). Ultrasonic pretreatments with EDU and
SU could not improve the emulsifying activity (P > 0.05). The emulsion stability index of SPI

Keywords:
treated by EGU was higher than those of EDU and SU with the same ultrasonic time and

power density. Changes in surface hydrophobicity and intrinsic fluorescence showed the
unfolding of protein and exposure of hydrophobic groups as a result of action of ultrasound.
The CD spectra of SPI pretreated by optimal EGU, EDU and SU showed that dual-frequency
ultrasound induced the decrease of B-sheet contents and increase of a-helix and random
coil contents significantly (P < 0.05). In conclusion, the influence of EGU on the structural
and emulsifying properties of SPI was more significant than those of EDU and SU.

© 2020 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Soy protein isolate
Ultrasound

Energy irradiation mode
Solubility

Structure

Emulsifying properties

face film (Foegeding and Davis, 2011). However, the compact
globular structure of native soy protein isolate (SPI) always lim-

1. Introduction

In the soybean oil extraction industry, a large number of defat-
ted soy flakes are obtained and typically ground into meal
for animal feed. Soybean meal contains about 35-45% (w/w)
protein, which is rich in essential and balanced amino acids
(Van Etten et al., 1959). The use of soybean protein has been
of increased interest, primarily attributed to its high nutri-
tional value, steady supply, and low cost compared to other
cereal protein (Chen et al.,, 2012). One important functional
property of protein is its ability to stabilize emulsions by
adsorbing to the interface between air and water or oil and
water, hence lowering the interfacial tension of the inter-

its its interfacial and emulsifying properties (Fernandez-Avila
and Trujillo, 2016). Therefore, a more efficient modification
method should be developed to overcome the shortcoming.
In recent years, ultrasound technology was widely applied
in the extraction of target compounds, production of bioac-
tive peptides and modification of biological molecules. Owing
to its cavitation, thermal and mechanical effects, ultrasound
can unfold protein structure and improve its functional prop-
erties (Chengetal., 2019; Yang et al., 2018). Acoustic cavitation
is considered as the most important factor that influences
the ultrasonic treatment effect (Leighton, 1995). The sensi-

* Corresponding author at: School of Food and Biological Engineering, Jiangsu University, 301 Xuefu Road, Zhenjiang 212013, Jiangsu,

China.
E-mail address: hlr888@ujs.edu.cn (L. Huang).
https://doi.org/10.1016/j.fbp.2020.07.021
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eco-design of a milk evaporation process
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ARTICLE INTFO ABSTRACT

Article history:
Received 10 April 2020
Received in revised form 13 June

The cleaning phase is seldom included in the eco-design of food processes, since few clean-
ing kinetics models exist. The goal of this study was to investigate benefits of including
a cleaning kinetics model, which considers three major operating parameters of cleaning
2020 (concentration, temperature and flow rate), in the eco-design of a food process. To this end,
Accepted 31 July 2020

Available online 11 August 2020

we developed an eco-design approach for a dairy evaporator process that includes both
production and cleaning phases. A cleaning kinetics model was selected to predict clean-
ing duration as a function of the operating parameters of cleaning. Cleaning duration also

Keywords: depends on the fouling surface density, which depends on the duration of the production
Eco-design phase. Fouling surface density was predicted using three hypothetical fouling kinetics laws.
Cleaning After optimization, environmental and economic improvements were observed in process
Kinetics performance. The evaporation process is optimized at a high cleaning temperature (95 °C),
Model a flow-rate similar to that used during the production phase and a low caustic soda con-
Evaporation centration (<2%). This study highlights that to optimize food processes in a more precise

way, cleaning kinetics should be included and used to identify parameters that influence
performance of the overall process.
© 2020 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Dairy sector

1. Introduction Eco-design and optimization of food processing have
attracted much attention in the past two decades (Stefanis
et al., 1997; Banga et al., 2008; Erdogdu, 2008; Sharma et al.,

2012). Ecodesign is an environmental management approach

Cleaning-in-place (CIP) is commonly used in the food industry
to ensure hygienic safety of foods and recover plant perfor-

mance; however, it has high operating and investment costs
(Tamime, 2009) and environmental impacts (Eide et al., 2003).
This is particularly true in the dairy industry, which has long
non-production periods dedicated to CIP (4-6 h per day) and
a huge volume of effluents generated by CIP (50-95% of the
volume of waste sent to the wastewater treatment facility,
regardless of the type or size of the plant or equipment (Marty,
2001; Sage, 2005)).

* Corresponding author.

that aims atintegrating environmental issues into the product
development process, in order to improve the environmental
performance of a product across its entire life cycle. However,
the CIP procedure has rarely been considered. The literature
indicates that three approaches have been used to address
CIP in the eco-design of food processes, but none of them has
included cleaning kinetics models, which represent the major
operating parameters of cleaning:

e The first approach uses Life Cycle Assessment to identify
the alternative CIP procedure with the lowest environmen-
tal impacts by comparing multiple CIP procedures (Eide and

E-mail address: genevieve.gesan-guiziou@inrae.fr (G. Gésan-Guiziou). Ohlsson, 1998; Eide, 2002; Eide et al., 2003). This approach
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