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ABSTRACT

Traditional food processing techniques can no longer meet the ever increasing demand for high
quality food across the globe due to its low process efficiency, high energy consumption and low
product yield. This review article is focused on the mechanism and application of Infrared (IR) and
ultrasound (US) technologies in physical processing of food. We herein present the individual use
of IR and US (both mono-frequency and multi-frequency levels) as well as IR and US supported
with other thermal and non-thermal technologies to improve their food processing performance.
IR and US are recent thermal and non-thermal technologies which have now been successfully
used in food industries to solve the demerits of conventional processing technologies. These
environmentally-friendly technologies are characterized by low energy consumption, reduced
processing time, high mass-transfer rates, better nutrient retention, better product quality, less
mechanical damage and improved shelf life. This work could be, with no doubt, useful to the
scientific world and food industries by providing insights on recent advances in the use of US
and IR technology, which can be applied to improve food processing technologies for better
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quality and safer products.

Introduction

Food processing is the transformation of raw plant or animal
materials into consumer-ready products, with the aim of
stabilizing food products by preventing or reducing negative
changes in quality (Hogan, Kelly, and Sun 2005). The knowl-
edge of chemistry, microbiology, and physical composition
is paramount for successful processing of food (MacDonald
and Reitmeier 2017). Food processing technology has wit-
nessed recent advancements from the normal traditional
processing technologies to some novel physical processing
technologies due to some contemporary issues; like increase
in consumer demand for healthy-hygienic and high quality
food, low processing efficiency, low product yield and high
energy consumption (Ma et al. 2019). The physical food
processing technologies are categorized in three forms; ther-
mal (microwave, radio frequency, infrared, ohmic and high
pulse light), non-thermal (magnetic field, electric field,
ultra-high pressure and ultrasonic and laser technologies)
and rapid detection (electronic nose, artificial vision and
electronic tongue) (Ma et al. 2019).

Ultrasound (US), a non-thermal processing technology,
is sound waves that have frequencies higher than the

threshold of human hearing (>20kHz). It is usually divided
into two types based on the frequency range; low energy
(frequencies > 100kHz and intensity < 1 W/cm?) and high
energy or powers US (frequencies ranging from 20-500 kHz
and intensities > 1 W/cm?) (Rojas et al. 2016; Carrillo-Lopez
et al. 2017; Dabbour et al. 2018). It can also be classified
based on its intensity into: low intensity US (frequencies
between 5-10 MHz, power level less than 1W/cm?) and
high intensity US (frequencies ranging from 20-100 kHz,
power levels ranging from 10-1000 W/cm?) (Jambrak et al.
2009; Awad et al. 2012). The low energy or low intensity
US (Figure 1) is used for diagnostic purposes in food
processing, while the high energy or high intensity US
technology is used as an alternative to the traditional food
processing technology (Jambrak et al. 2009; Rojas et al.
2016; Azam et al. 2020). Some of the processing operations
in the food industry, which have witnessed the application
of US includes; drying, fermentation, enzymolysis, enzyme
inactivation, extraction, filtration, frying, purification,
washing, defoaming, emulsification, tenderization, detox-
ification, viscosity modification, degassing, desalination,
and pasteurization. The recent advances in the application
of US have covered not only mono frequency, but
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Figure 1. US frequency range and its application. © 2020 S M Roknul Azam et al. All Rights Reserved. Reproduced with permission from Elsevier. (Azam et al. 2020).

multi-frequency modes (Kwaw et al. 2018). US have also
been combined with other technologies in form of ther-
mosonication (US+heat), manosonication (US +hydrostatic
pressure) and manothermosonication (hydrostatic pres-
sure +heat+ US) (Liu et al. 2019). Alenyorege et al. (2019¢)
investigated the effect of multi-frequency US in washing
of fresh Chinese cabbage. They concluded that US-assisted
washing improved the greenish leaf appearance and notice-
able visual color. Otu et al. (2018) studied the application
of dual frequency US technology in the extraction and
desalination of Sorghum bicolor leaf sheath polysaccharides,
higher extraction yield and desalination levels were
achieved.

Infrared radiation (IR) heating, a thermal physical pro-
cessing technology, falls within the wavelength range 0.78-
1000 um (Rastogi 2012). This physical processing technology
has many advantages, including high energy efficiency,
higher transfer capacity, lower operational costs, instant,
uniform and faster heating, fast regulation response, better
processing control, lack of heating of the surrounding air,
equipment compactness, better retention of vitamins and a
lower sample flavor loss. It is also used with other thermal
technologies like the microwave in drying, tempering, baking
and roasting due to its weak penetration power, fracturing
and unwanted swelling after prolonged exposure (Ekezie
et al. 2017). IR heating has been utilized in some processing
operations like; drying, blanching, roasting, inactivation of
microorganisms and enzymes, frying, disinfection, and peel-
ing. Wu et al. (2018a) applied the catalytic IR heating to
blanch sweet potato chips prior to frying. They observed
that IR treatment reduced 13.79% of the sample oil com-
pared to the conventional method of blanching (hot-water
blanching).

There have been many earlier review studies on applying
US and IR-heating in physical food processing. For example,
Chemat, Zill-e-Huma, and Khan (2011) summarized the
importance of ultrasound technology in physical processes
like filtration, defoaming, depolymerization, degassing,

cooking, cutting, demoulding and extrusion, pickling, thaw-
ing, drying, freezing, sterilization, pasteurization, emulsifi-
cation, tenderization, food preservation, inactivation of
enzymes and microorganisms and extraction. Chandrapala
et al. (2012) have a review report on the application of US
in emulsification, filtration, viscosity modification, diary
production, and tenderization. Onwude, Hashim, and Chen
(2016) summarized the application of thermal technologies
(microwave and IR) in drying of agricultural crops. Azam
et al. (2020) have a review study on the application of US
in the detoxification (pesticides removal) from fresh vege-
tables. Bhargava et al. (2021) carried out a review study
on the application of US in physical processes like; filtra-
tion, freezing and crystallization, thawing, pickling/brining,
drying, degassing, depolymerization, foaming, cutting, ster-
ilization/pasteurization, rehydration and extraction.

As noticed, the review reports mentioned above have
mostly been focused on the application of the US alone in
processing of foods. US food processing combined with
other novel technologies like infrared, microwave, pulsed
electric field, ultraviolet light, hydrostatic high pressure etc,
is covered by these review. Recent review reports of the use
of US in the food processing have not covered fermentation,
enzymolysis, frying and cleaning which are important food
processes. US and IR have recently been combined for food
processing operations like drying, frying, inactivation of
enzymes, decontamination etc which showed better process-
ing performance. Also, there are no much information on
the usage of IR heating devices and some IR-assisted tech-
nologies in regard to the physical processing of food.
Therefore, this study covers the use of US, IR and other
assisted novel technologies in physical processing of food.

Ultrasound as a physical tool in food processing

Acoustic cavitation is a phenomenon that happens as a result
of the interaction between a liquid, liquefied gas and
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Figure 2. Acoustic cavitation phenomena © 2015. Gregory Chatel et al. All Rights Reserved. Reproduced with permission from Elsevier. (Chatel, Novikova, and Petit 2016).

ultrasonic waves, when the ultrasonic waves travel through
the liquid medium (Chandrapala et al. 2012; Yagoub, Ma,
and Zhou 2017; Jiang et al. 2020). Two phenomena occur
during bubble growth in acoustic cavitation prior to implo-
sion, compression and rarefaction (Qiu et al. 2020).
Cavitation is generated as a result of the oscillatory effect
produced by compression (positive pressure) and rarefaction
(negative pressure) in the ultrasonic wave (Figure 2). The
application of power US (a non-thermal technology) in
physical food processing normally creates acoustic cavitation
and hydrodynamic cavitation, which lead to mechanical,
thermal and chemical effects; like growth and collapse of
cavities, generation of high local energy densities, high tem-
perature, local pressure, high stress near the bubble wall,
strong acoustic streaming, micro jets near the solid surface,
and generation of free radicals (Qiu et al. 2019; Cheng et al.
2019; Yu, Tu, et al. 2020). Merone et al. (2020) revealed
that the use of US can reduce the total energy consumption
of a process by percentages reaching up to 70% and the life
cycle analysis by 58-82%. US can be applied in three (3)
methods; directly to the product, coupling with a device,
and submerging in an ultrasonic bath (Majid, Nayik, and
Nanda 2015). Its application also causes desirable chemical
reactions like the cross linking of protein during the for-
mation of microcapsules and modification of the function-
ality of food ingredients which in some cases is not desirable
(Chandrapala et al. 2012; Cheng et al. 2019). US has been
increasingly used in the food industry for the physical pro-
cessing and biomass conversion due to the following advan-
tages: low consumption of energy, low cost, reduced
processing time, low environmental pollution (i.e. a green
energy source), higher mass transfer rates of solvents and
raw materials, protection of the nutritional content, low
utilization of materials and better quality product with
improved shelf life (Arzeni et al. 2012; Oladejo et al. 2018;
Ji, Yu, Yagoub, et al. 2020). US have also been used to
improve food quality and reduce processing duration in
food industries (Kaveh et al. 2018; Fallavena, Ferreira
Marczak, and Mercali 2020). Application of multi-frequency
US technology in food processing has been increasingly
used in recent studies. Researches revealed that both
mono-frequency and multi-frequency generates temperatures,
pressure or shear forces that affect the functionality of the

protein and its structure. But, the multi frequency produces
a series of waves that cause a higher cavitational effect on
the properties of food than the mono frequency (Cheng
et al. 2019; Golly et al. 2020). US have also been used with
other thermal (microwave, radio frequency, infrared) and
non-thermal (ultra-high pressure and electric field) technol-
ogies to further improve the drying performance and quality
of the dried product (Guo et al. 2020). One of the key
advantages of using US in food processing is that it can be
applied to a product at low temperature without affecting
the texture of the product (Kaveh et al. 2018) (Figure 3).

Fermentation

Fermentation is a renowned natural means of preserving or
safeguarding food and beverages, in order to enhance its
nutritional value, destroy undesirable constituents, improve
digestibility, and inhibition of undesirable microorganisms
(Chaves-Lépez et al. 2020). Food fermentation is a natural
method of food preservation; it principally entails chemical
alteration or conversion of complex organic compounds into
simpler compounds by microorganisms and enzymes
(Olaniran and Abiose 2019). Traditionally, production of
fermented products like cultured milk, Kimchi, cereal paste
is time and energy consuming (Olaniran and Abiose 2018;
Olaniran et al. 2020). In recent times, fermentation tech-
niques are being applied in production and extraction of
several bioactive compounds for chemical, pharmaceutical
and food industries (Galvdn-D’Alessandro and Carciochi 2018).

In food industry, the use of low-frequency US can
increase the rate of fermentation, mass-transfer, wine mat-
uration, aging and other food processing operations
(Chandrapala 2015; Khandpur and Gogate 2016). Kwaw
et al. (2018) evaluated the US-assisted lactic acid fermen-
tation of mulberry juice. They found that US improved the
phytochemical content, volatile profile, odor activity and
sensory characteristics of the juice. Low-intensity US serves
as a physical tool to analyze physiochemical properties and
to monitor changes during food production due to its advan-
tage of exerting little or no physical and chemical modifi-
cations in the material. Power US has also been applied to
food fermentation to enhance the productivity and process
efficiency in the food industry (Guimarées et al. 2019). US
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Figure 3. Schematic diagrams of the flat sweep frequency and pulsed ultrasound (FSFPU) device, i. Computer control panel, ii. ultrasound generator, iii. ultra-
sound bath and iv. ultrasound vibration plate. © 2020 Xin Xu et al. All Rights Reserved. Reproduced with permission from Elsevier. (Xu et al. 2020).

have proven to be a very effective and innovative technology
for food processing. It has been used for liquid fermentation
by sonolysis to reduce microbial-enzymatic activity
(Alenyorege et al. 2019a). US, as emerging non-thermal
technology, is extensively used to control some unwanted
microorganisms, inactivate certain enzymes, reduce fermen-
tation time, increase cellular growth and its proliferation
while stimulating enzyme activities, accelerate acidification
and increase the substrate-transfer rate of the fermented
milk during processing (Gholamhosseinpour and Hashemi
2019). Fermentation is a very significant step during the
steam bread production. In this context, US-aided dough
fermentation has been studied by Luo et al. (2018), aiming
to improve the quality of the steamed bread, such as hard-
ness, and specific volume, and to extend its shelf life. Ruan
et al. (2020) noticed that the application of US accelerated
the fermentation process and improved Saccharomyces cer-
evisiae cell growth, thereby facilitating rupturing of probiotic
bacteria cells to release intracellular enzymes which pro-
motes the hydrolysis of substrate producing peptides in
soybean meal. Sonication has been used to improve flavor
of soy sauce, an indispensable fermented seasoning in the
cuisines of countries around the world which involves koji
and moromi fermentation, resulting in its distinctive aroma
and taste (Gao et al. 2019). US-assisted fermentation was
used for reducing ethanol production using vyeast
(Hanseniaspora sp) and it showed favorable efficiency in
stimulating the biomass growth during production of alco-
holic beverages (Al Daccache et al. 2020). The use of a
combination of autoclave, US and microwave for the treat-
ment of milk during fermentation significantly increases the
viability of L. acidophilus (Gholamhosseinpour et al. 2020).

Pulsed electric field (PEF) combined with US is quite novel
technology with potential for partial or full replacement of
conventional heating processes due to its ability to inactivate
microorganisms and enzymes with/without a very slight
increase in food temperature. Due to its optimistic effects
on living cells, applying the PEF and low intensity US tech-
nology to fermentation has also received attention at the
sub-lethal level (Galvdn-D’Alessandro and Carciochi 2018).

The use of high-intensity US (HIUS) in fermented-dairy
processing can improve viability of probiotics, oligosaccha-
rides concentration, and taste, without the addition of pre-
biotics, and significantly shorten the processing duration.
For example, HIUS accelerates proteolysis and reduces the
ripening time during production of cheese, leading to prod-
ucts of enhanced nutritional properties, containing bioactive
peptides and having better texture. Also, HIUS can change
the structure of prebiotics and facilitates the availability of
probiotics depending on the processing parameters, such as
processing time, pulse-mode, food composition, etc.
(Guimardaes et al. 2019). HIUS has been used in yoghurt
processing to improve the hydrolysis of lactose, which stim-
ulates growth of probiotic bacteria, thus shortens the fer-
mentation time (Akdeniz and Akalin 2019).

Enzymolysis

Sustainable product development and processes have become
very important, because it guarantees environmental pro-
tection, safety and continuity (Vanegas et al. 2018; Fakayode
et al. 2020; Baah et al. 2021). There is a global look-away
from using chemical and emission processes; instead



attention has been drawn to green processes and products.
Green and sustainability are new terms that are currently
being involved in the energy production field (Minutillo,
Perna, and Sorce 2020; Armijo and Philibert 2020; Rajendran
and Baskar 2021), environmental remediation (Inyinbor,
Adekola, and Olatunji 2019; Karri, Sahu, and Meikap 2020;
Ji, Jiang, et al. 2020), constructions (Almalkawi, Balchandra,
and Soroushian 2019; Javed et al. 2020), agricultural pro-
duction (Y. Liu et al. 2020; Wei et al. 2021) and various
other production and preservation processes (H. Zhang et al.
2020; Mosca et al. 2020; B. Wang et al. 2020; Do and
Kim 2020).

Green production and preservation in the food industry
is premised on healthy food for consumers, food integrity,
process sustainability and environmental protection (Ashaolu
and Ashaolu 2020; Ji, Yu, Chen, et al. 2020; Fakayode et al.
2021). Food processing or preservation techniques requiring
high temperature, high water consumption and lengthy pro-
cesses are giving way for new and green technologies
(Chemat et al. 2017). For instance, processes utilizing ultra-
sound (US), microwave, supercritical fluid, pulse electric
field, controlled pressure and enzymes may be faster, reduce
energy, reduce water consumption and increase food sanctity
(Chemat et al. 2017). A multiphase food processing tech-
nique such as enzymolysis utilizes enzymes in food
extraction, separation and purification (Umego et al. 2021).

Food hydrolysis is carried out by acids (acid hydrolysis)
or enzymes (enzymolysis). Huge wastewater generation cou-
pled with complex by-products that accompanied acid
hydrolysis has given enzymolysis a huge preference over
acid hydrolysis (Jin et al. 2020). Enzymolysis has found
great use in various food processing techniques as well as
many other extraction and purification processes. Of great
importance is the application of enzymolysis in protein
extraction, purification and structural modification.

Protein extraction is a preliminary stage in protein quan-
tification (Ippoushi et al. 2020). The protein extraction is
a more suitable technique for quantification of plant proteins
due to complex constituents of plants. Protein extraction
and separation processes, which are well-known techniques,
could enhance protein quality and safety as extraction pro-
cesses affect techno-functional and structural properties of
proteins (Hadidi, Ibarz, and Pouramin 2021). Although many
methods of extraction exist, enzymolysis comes with unique
characteristics such as ensuring that the functional proper-
ties and nutritive qualities of a specific protein are not
altered (Dabbour et al. 2019). Enzymolysis may also enhance
protein digestibility and solubility via development of bio-
active peptide having antioxidant characteristics (Braspaiboon
et al. 2020). Enzymolysis has a few shortcomings such as a
sluggish hydrolysis rate, unexhausted enzyme utilization and
protein conversion resulting in inefficient hydrolysis process
(Wang et al. 2015). Therefore, various pre- and co-treatments
are being introduced into enzymolysis to maximize the pro-
cess. For instance, Ma et al. (2018) found out that ultra-
sound pretreatment during the enzymolysis of pectin could
bring about a higher level of galactose in pectin hydrolysate.
Wang, Meng, et al. (2016) also discovered that the
co-treatment during the enzymolysis of rapeseed protein
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with dual frequency US improved the hydrolysis rate by
increasing the surface area of immobilized enzyme, modi-
fying the molecular structure of protein, and enhancing
solid solubility. Details of these processes are discussed below.

Localized-enzymolysis, with or without sonication, has
been used to modify sunflower protein. Alcalase served as
the enzymolytic agent and conditions included variations in
the degree of hydrolysis. Various physical properties such
as turbidity, color and lightness of both sonicated and
unsonicated samples are improved. However, the sonication
effect was seen in improved capacity of oil absorption. As
it is observed, the hydrolysate from the sunflower protein
has a more flexible structure compared with the unhydro-
lyzed sunflower protein. Peptides obtained from the hydro-
lyzed sunflower protein have sizes less than or equal to
3kDa (Dabbour et al. 2020). US with dual frequency slit
has been employed to enhance the efficiency of enzymolysis
viz-a-viz conformational features of gluten from corn meal,
which has led to an increase in the solubility rate of the
protein. The dual frequency US has also changed the sec-
ondary structure of corn gluten, as seen in the decrease in
a-helix and an increase in P-sheet (Y. Wang et al. 2020).
Dabbour et al. in another study established the possible
functionalities and conformational changes as well as anti-
oxidant properties that US-assisted enzymolysis may input
unto sunflower protein. Their experimental conditions were
designed to involve varied hydrolysis degrees and a dual
frequency sonication. Properties such as emulsion stability,
foaming properties and solubility are greatly enhanced. They
also reported that sonication significantly influenced the
structure of both isolates from sunflower meal protein and
its hydrolysate derivatives (Dabbour et al. 2019). Ma et al.
(2018) explored the application of US in enzymolysis of
pectin. They noticed that US improved the enzymolysis
efficiency, the pectinase affinity with pectin, and the inhib-
itory activity of the hydrolysis products against HT-29 colon
cancer cells and made the substrate more accessible to the
enzyme as well. Enzymolysis supported with dual frequency
US has also been used in potato protein hydrolysis. In addi-
tion to the US pretreatment, other conditions such as vari-
able temperatures and varying substrate concentrations were
employed in their study in order to understand enzymolysis
kinetics and thermodynamics. Increased temperature was
reported to positively enhance the rate of potato protein
hydrolysate formation; however the hydrolysate produced
by traditional enzymolysis compared effectively with that
produced by US assistance (Cheng et al. 2017). Zhou et al.
(2017) used heat and US separately and in combination as
a pretreatment prior to the enzymolysis of corn meal gluten.
The system pH was maintained constant throughout the
entire period of the hydrolysis. Spectroscopy and microscopy
analyses were performed to detect changes in the
micro-structure and surface morphology of gluten as a result
of US and heat pretreatments. The preheating treatment
greatly increased the quantity of the hydrolyzed gluten pro-
tein, while the heat-US pretreatment gave the best improve-
ment in enzymolysis (Zhou et al. 2017). Enzymolysis aided
by a counter-current US was employed to hydrolyze the
porcine cerebral protein-isolate. Conditions include variation
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in substrate concentrations amongst others. The work mainly
focused on investigating there action kinetics and thermo-
dynamics. The single frequency counter-current US pretreat-
ment enhanced the hydrolysis reaction speed and the energy
required for pretreated samples compared with the tradi-
tional enzymolysis. The thermodynamic study indicates that
the energy required for US pretreated samples has been
greatly reduced (Zou et al. 2016). The work of Wang and
his colleagues also reported on the dual-frequency US-assisted
enzymolysis of rapeseed protein. They mainly focused on
studying the mechanism of enzymolysis; hence the enzyme
was immobilized and separated from the system. Scanning
electron microscopy analysis was conducted to examine the
surface morphology of the enzyme, Alcalase. The degree of
hydrolysis was improved at all US frequencies used.
Roughness and rupturedness characterized the surface of
immobilized enzyme (Wang, Meng, et al. 2016). The struc-
tural representation and kinetics of rice protein enzymolysis
have also been reported. In their report, US with alkali
pretreatments preceded enzymolysis. The structural repre-
sentation studies include surface hydrophobicity as well as
functional group analysis. Fluorescence peaks showed that
both US and US-alkali pretreatment increased the rice pro-
tein hydrophobicity. Structural changes were reported,
proved by shifting in Fourier Transformed Infrared absorp-
tion bands (Li, Yang, Zhang, Ma, Qu, et al. 2016). In a
similar study, ultrasound and alkali-US pretreatment have
been established to enhance the degree of hydrolysis as well
as protein eluting characteristics (Li, Yang, Zhang, Ma,
Liang, et al. 2016). A multi-frequency ultrasound pretreat-
ment was used in the enzymolysis of wheat germ protein
(Yang, Li, Li, Oladejo, Wang, et al. 2017) and rice protein
(Yang, Li, Li, Oladejo, Ruan, et al. 2017).

The rice protein was subjected to enzymolysis-irradiation
processing in terms to improve its antioxidant activity.
A report showed that while enzymolysis increased the
amino acid content of rice protein and the amino acid
depletion of rice protein hydrolysate was directly propor-
tional to the degree of irradiation. Moreover, the improve-
ment in the antioxidant activity of the rice protein
hydrolysate is credited to the electron beam irradiation
(Li, Wang, et al. 2019). Pan et al. employed thermal pre-
treatment to the Lotus seed protein enzymolysis. Their
approach followed the optimization of common parame-
ters such as pH, temperature and substrate concentration.
Their results indicated that the thermal treatment of such
substrate by a temperature greater than 81°C could result
in aggregation of protein, therefore hampering hydrolysis.
The degree of hydrolysis of a thermally treated substrate
was higher at temperature ranging between 50°C and
60°C (Pan et al. 2016). Thermal treatment and/or US
have also been used as pretreatment methods for the
enzymolysis of hemp seed protein isolate. Antioxidant
studies of hydrolysate were studied amongst other things.
Moderate US frequency enhanced hydrolysis compared
with higher frequency and temperature. Scavenging prop-
erties of samples pretreated with low US frequency were
also reported to be better than those with thermal pre-
treatment (S. Wang et al. 2019).

In food processing, residual chemicals could be elimi-
nated by enzymolysis, hence enhance safety of food. Some
challenges met with the traditional enzymolysis are being
overcome by various pretreatment techniques. However,
proper understanding of the possible effect of pretreatment
on specie of interest is of great importance. In the thermal
treatment, the system temperature should be well controlled
to prevent the denaturation and aggregation of the protein,
which can affect enzymolysis. In the same vein, enzyme
characteristics under the ultrasonic action must be
understood.

Drying

Drying is a process of moisture reduction of a product,
which occurs as a result of thermodynamic difference
between a product and the environment (Kaveh,
Abbaspour-Gilandeh, and Chen 2020). Reduction in mois-
ture content decreases microbial activity responsible for food
spoilage; also it facilitates handling, transportation and fur-
ther processing or utilization (Jahanbakhshi, Yeganeh, and
Momeny 2020; Huang et al. 2020). It has been regarded as
the oldest method of food preservation, which is still very
much used even in recent times by the food industry
(Abbaspour-Gilandeh, Kaveh, and Jahanbakhshi 2019;
Ojediran et al. 2020). In drying of food product, the drying
rate, moisture diffusivity, activation energy, heat and mass
transfer rates, the total energy consumed by the system and
product, and the quality of the dried product is crucial to
food industries (H. Wang et al. 2019; Amanor-Atiemoh et al.
2020). Traditional drying of food products has disadvantages:
quality mortification, obstreperous ambient conditions,
non-uniformity in the dried product, long drying duration,
product contamination, and high energy consumption
(Dehghannya et al. 2019; Feng, Xu, et al. 2020; Feng, Ping
Tan, et al. 2020). Over the years, researchers have developed
different drying technology to help improve the drying per-
formance. One of those evolutions is the introduction of
US with other assisted technologies, which has tremendously
been adopted by food industries (Arvanitoyannis,
Kotsanopoulos, and Savva 2017). US applications as a pre-
treatment measure in drying have witnessed huge advance-
ment (Zhou et al. 2021). The use of US in drying is driven
by a phenomenon called “sponge effect,” promoting moisture
diffusion from the product core to the surface. The intra-
cellular and extracellular cavitation of moisture on food
products creates new micro channels, causing reduction of
moisture (Bhargava et al. 2021).

Many researchers have studied the benefits and demerits
of US assisted dryers for food products. For example,
Baeghbali, Ngadi, and Niakousari (2020) studied the drying
kinetic and physiochemical properties of okra slices dried
by an US and IR-assisted conductive hydro-dryer
(USIRCHD), freeze-dryer and oven dryer. The conductive
hydro-dryer was used with or without the assistance of US
or IR (US+IR+, US+IR-, US-IR-, and US-IR+). US fre-
quency, power and temperature used were 28kHz, 166 W
and 82.5°C respectively. US+IR+dried okra slices had the



lowest color difference as compared to US-IR+, US+IR-,
US-IR-, oven and freeze drying. The drying rate increased
in the beginning of the drying process for US+IR+and
US-IR+, while at the later end US controlled the drying
process. The freeze-dried slices had better preserve the
microstructure, followed by US+IR-, US+IR+, US-IR+,
US-IR- and oven dried slices. US and IR application main-
tained the rheological properties of the okra. The vitamin
C content of US+IR- dried slices was higher as compared
to US-IR-, US+IR+, and US-IR+, and comparable with
freeze dried sample. Guo et al. (2020) evaluated a US-assisted
infrared dryer for moisture reduction of carrot cubes. It was
observed that the US assisted dried cubes had higher drying
rates, higher rehydration capacity but had no significant
effect (p>0.05) on the vitamin C, shrinkage ratio and color
of the dried product. Y. Li et al. (2020) explored the use
of US-assisted vacuum dryer in drying of hawthorn fruit
juice. Four US generators were coupled to the vacuum dryer,
intensities used were 15.29, 20.38, 22.93, and 24.46 kW/m?,
frequency (43kHz) and power (600 W). Results showed that
increased US intensity increased the drying rate, retention
of total flavonoid content and antioxidant activity, and
decreased color degradation. Although, it was noticed that
the increase in the US power of the US-assisted heat-pump
dryer would cause structural damage and weaken the seed
viability (Yang et al. 2020). US-assisted fluidized bed drying
reduced the energy consumption, toughness and ultimate
compressive strength of grains (Abdoli et al. 2018). In sum-
mary, US-assisted dryers can be effectively used in the food
industry since it produces better microstructure and rheo-
logical properties, color retention, total flavonoid content
and antioxidant activity retention, higher drying rate and
rehydration potential, reduced energy consumption, reduced
toughness and ultimate compressive strength.

Moreover, the influence of sonication and chemical pre-
treatment (ethanol, glucose, distilled water and other osmotic
solution) of food product, dried with non-ultrasonic assisted
dryer and ultrasound-assisted dryer have also been investi-
gated by many researchers. Rojas, Silveira, and Augusto
(2020) studied the drying of ethanol pretreated rectangular
apple slices using an ultrasonically assisted hot air dryer.
Ethanol pretreatment was carried out at 25°C for different
duration (0, 10, 20 and 30min). Drying with the US-assisted
hot air-dryer was carried out with or without US at 50°C
and air velocity of 1m/s. US frequency and power density
was 21.77kHz and 20.5kW/m? Their result revealed an
increase in the ethanol pretreatment time combined with
the inclusion of US in the course of drying lessened the
drying time by 55-70%, increased the mass transfer coef-
ficient (55%) and the moisture diffusivity. The rehydration
capacity of the US-dried slices was found to increase with
increasing the ethanol pretreatment time, till reached 20 min,
and then declined. The antioxidant activity of hot air dried
un-pretreated slices was higher compared with the ultra-
sonically dried ethanol pretreated slices. Application of US
to the hot air drying of pretreated slice slightly increased
the antioxidant activity. Ethanol pretreatment time decreased
the shrinkage level of the slice. Similarly, Li, Zhang, and
Wang (2020) explored the pulsed fluidized bed,
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microwave-freeze drying of Chinese yam pretreated using
a sonicated osmotic solution. It was revealed that the
increase in the US power levels (1.52, 2.28 and 3.04 W/g)
increased the drying and mass transfer rate and reduced
the energy consumption during drying. Also, the quality
parameters determination showed that the pretreated samples
possessed better color and texture, enhanced antioxidant
capacity, lessened bitterness and sourness compared with
untreated slice. Santos et al. (2021) assessed the convective
drying of carrot pretreated with the sonicated ethanol solu-
tion. The sample pretreated with the sonicated ethanol
showed an improved rehydration capacity, reduced drying
time (~50%) and the energy consumption (42-62%), and
preserved carotenoid content. Hot air dried glucose soni-
cated sweet potato cubes showed a higher antioxidant capac-
ity and lower vitamin C degradation, but lower total phenolic
and flavonoid content (Rashid et al. 2020). In conclusion,
it is noticed that the use of non-sonicated and the sonicated
solution as a pretreatment step in the course of drying have
been so far successful (higher drying rate, moisture diffu-
sivity, lower shrinkage ratio, better color, texture, less bit-
terness and sourness, preserved carotenoid content), but the
sonicated solution offered enhanced rehydration ratio. Also,
some of the demerits include lower total phenolic content
and total flavonoid content.

Researchers have also studied the use of single and
multi-frequency (dual and tri- sweeping frequencies) US,
both as pretreatment measure and as an integral part of
most dryers. Xu et al. (2020) pretreated okra slices using a
flat sweep-frequency and pulsed ultrasound device (SFPUS)
prior to vacuum pulsation drying. Results revealed that okra
slices treated with the sweep period (18-180ms), amplitude
(x1kHz), frequency (40kHz) and the power density (25 W/L)
had the highest water diffusion. Slices treated with SFPUS
showed the shortest drying time, higher total phenolic con-
tents, antioxidant capacity, hardness and frangibility but
lower chlorophyll degradation, total color change, and no
distinct change (p>0.05) on the total flavonoid content.
Similarly, Osae et al. (2019) revealed that a sweep-frequency
osmosonication pretreatment of ginger slices led to better
color, and higher inactivation of enzyme (peroxidase and
polyphenol oxidase). Pretreatment of melon with a single
frequency US (25kHz) in an ethanol solution, although
lessened the drying time, but reduced the bioactive com-
pounds (da Cunha et al. 2020). Feng et al. (2019) studied
the use of tri-frequency (20, 40, and 60kHz) US assisted
osmo-dehydration pretreatment for garlic slices prior to
catalytic infrared drying. It resulted in better shrinkage,
surface roughness, flavor, color, microbial content but
reduced allicin content. The allicin in garlic helps to reduce
inflammation and offer antioxidant benefits when consumed.
Dual-frequency treated sweet potato slices presented higher
drying rate, surface color, enzyme inactivation (Rashid et al.
2019). In summary, the literature showed that applying both
single and multi-frequency US reduced the drying time,
better color, texture, microbial content, reduced enzymatic
browning but only the sweeping frequency application was
still able to preserve the bioactive compounds of the food
material after drying.
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US technology has been combined with other thermal
and non-thermal technologies for sample pretreatment. For
example, Wiktor et al. (2019) used the US in combination
with pulsed-electric field (PEF) pretreatment prior to con-
vective drying of carrot cubes. Different combinations were
used, US+PEF and PEF+US. Two methods of sonication
were used, namely immersion sonication (iUS) and contact
sonication (cUS). The PEF+iUS pretreated sample had a
higher water diffusion coefficient, soluble solid loss, total
carotenoid, and a shorter drying time, but the total color
difference was negatively affected. Strawberries were pre-
treated with US combined with ultra-high pressure prior to
vacuum-freeze drying. Results showed that the pretreated
strawberry had a higher value of total anthocyanin, total
flavonoid, total phenolic content, diphenylpicrylhydrazyl (%
DPPH), hydroxyl (-OH) radical- scavenging assay, redness
and hardness. This reveals that the combination of US with
other non-thermal technologies had an enhanced effect on
the drying kinetic and quality properties of the food except
that it affects the color. Xu et al. (2021) studied US-assisted
thawing (UST), ultrasound assisted freeze-thawing (FUST)
and US-assisted freeze air thawing (FAUST), freeze air thaw-
ing (FAT) prior to vacuum freeze-drying of okra. It was
observed that FUST and FAUST pretreated samples had
shorter drying time and less energy consumption. The UST
treated sample retained most of the quality properties (fla-
vor, color, hardness, and frangibility). The UST and FAT
showed the best dry matter, lower chlorophyll and higher
total phenolics, flavonoids, and pectin, and antioxidant
potential.

Frying

Around the world fried foods are very popular arising
from their unique organoleptic properties (flavor, color,
texture and aroma), affordability and availability (Zhang,
Zhang, and Adhikari 2020). Frying is a cooking method
where fat or oil is used as the heat-transfer medium, in
direct contact with the food (Devi et al. 2020). Frying is
a heat- and mass-transfer process causing moisture

Oil mass transfer

Frying oil

Batch fryer with potato slices

Figure 4. Heat and mass transfer during deep-fat frying.

evaporation from the food product (Figure 4). The forma-
tion or absence of a crust determines the mechanism and
kinetics of water loss during frying (Sharifimehr,
Soltanizadeh, and Goli 2019). Several phenomena take
place simultaneously during frying; cooking (thermal reac-
tions induce processes such as gelatinization of starch,
denaturation of proteins, hydrolysis, development of flavors,
Maillard browning and caramelization), dehydration (mois-
ture loss), and changes in the fat content, texture and the
food structure of the food (Dourado et al. 2019).Three
basic frying types exist, namely pan frying, stir frying and
deep fat frying. The deep fat frying is lately becoming a
large-scale industrial operation in the production of prod-
ucts like; French fries, potato chips, etc., due to advantages
such as a low cost and ease of operation (Giinal-Kéroglu
et al. 2019; C. Liu et al. 2020). One of the major disad-
vantages of deep-fat frying is the high amount of oil uptake
of the fried products, which negatively affect its nutritional
quality and causes health issues such as cancers, diabetes,
cardiovascular diseases, obesity and hypertension (Liberty,
Dehghannya, and Ngadi 2019; K. Deng et al. 2019).
Deep-fat fried products are usually high in calories, satu-
rated and trans fats (Song et al. 2020). The attractive color,
captivating fragrance and appealing flavor of fried foods
is as a result of Maillard reactions (Zhang et al. 2019; Liu
et al. 2019). Maillard reactions are complex physical and
chemical relationships between food ingredients and the
heating oil (usually above 120°C) (J. Li et al. 2020). It can
also be a channel for the emergence of a possible acryl-
amide issue. Acrylamide (C;H;NO), which is cancerous, is
a substance formed when asparagine reacts with reducing
sugars at high temperatures (Antunes-Rohling et al. 2018;
Schouten et al. 2020).

The oil uptake by fried foods amongst other character-
istics has been identified as the major factor causing specific
health concerns (Yu, Li, et al. 2020; Pandey, Ravi, and
Chauhan 2020). Oil absorption has been noticed by several
researchers to be more pronounced during the cooling pro-
cess of the fried products, which is because of condensation
of water vapors in the pores of the food causing ingestion
of oil from the surface into the pores (Ayustaningwarno

Heat Trasfer

Water vapour
transfer

Single potato slice during frying



et al. 2020; Ghaitaranpour et al. 2020). Oil-uptake by fried
products can be classified into; surface oil, absorbed oil and
structural oil (C. Zhang et al. 2020). Studies have been
centered on ways to produce healthy fried products con-
taining less oil by modifying the food surface, frying tech-
niques and the post-frying de-oiling. Some of the non-thermal
technologies used so far in the reduction of oil absorption
by fried foods includes, US, radio-frequency and pulsed
electric field. The US pretreatment was reported by Oladejo
et al. (2017) to reduce the oil uptake of potatoes by about
71.47%, Amaral et al. (2017) and Konopacka et al. (2017)
suggested that it is a good alternative to reduce or avoid
loss of food quality.

US have been applied by researchers in frying basically
for modification of the food surface prior to frying and
as an integral component of new frying equipment. Su,
Zhang, Zhang, et al. (2018) evaluated the energy efficiency
and quality of fried potato chips using a vacuum fryer,
microwave-vacuum fryer, US-assisted vacuum fryer and
US assisted-microwave vacuum fryer. US (300 and 600 W)
and microwave (1000 W) power levels were used. Palm
oil at a temperature of 90°C was used for the frying
operation. Their result showed that US-assisted
microwave-vacuum frying of potato chips reduced the
frying time (by 36.4-54.5%), water activity, and volume
shrinkage, and improved the moisture diffusivity (by 60.5-
144.5%), texture properties, and color due to the increase
in the US power from 300 W to 600 W; the energy con-
sumption and oil absorption were respectively reduced by
34.9-48.3% and 27.4-32.3% compared to the vacuum fry-
ing alone. Although more porous microstructure was
revealed with the use of ultrasound, this is because of the
“vibration effect” created. In addition, Islam et al. (2019)
also noted that the use of US-assisted microwave vacuum
fryer improved significantly (p <0.05) the chlorophyll and
vitamin C content of fried edamame as compared to the
use of vacuum and microwave vacuum fryer. Al Farug,
Zhang, and Adhikari (2019) observed that the application
of US in microwave-vacuum frying of apple slices increased
significantly (p <0.05) the rate of moisture evaporation
and retards Maillard reaction, which usually serve as an
entry-point for acrylamide in fried foods. Su, Zhang,
Bhandari, et al. (2018) revealed that the total anthocyanin
of the purple-fleshed potato was better retained (about
79.51%) when fried with US-assisted-microwave vacuum
fryer at US and microwave power levels of 600 and 800 W.
Furthermore, Sun, Zhang, and Fan (2019) studied the
effects of both microwave vacuum fryer and US-assisted
microwave-vacuum frying on the quality of the oil. They
observed that the use of in microwave-vacuum frying
delayed the deterioration of the oil. It was concluded by
Devi, Zhang, and Law (2018) that ultrasonically fried
products usually have the best matrices. Islam, Zhang, and
Mujumdar (2019) discovered that the vitamin C and chlo-
rophyll in ultrasonically fried edamame were retained by
72-80% at a storage temperature of 10°C and by 54-73%
at 25°C.

Ultra-sonication in distilled water, salt solution, citric
solution and oil prior to frying has also been investigated.
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Antunes-Rohling et al. (2018) found that the use of
ultra-sonication in water prior to deep frying can reduce
the acrylamide content of fried potatoes up to 90% com-
pared to potatoes, fried directly or up to 50% as compared
to potatoes blanched in water. D. Su et al. (2020) studied
the effects of different pretreatment media (distilled water,
salt solution and oil) with the application of US at different
power levels. It was observed that potato chips pretreated
with US with water and oil as media showed significantly
(p<0.05) higher moisture diffusivity, lower oil uptake, hard-
ness, shrinkage, total color change and water activity during
microwave-assisted vacuum frying. Ran et al. (2019) found
that carrots pretreated with microwave heating at 400 W for
2min and ultra-sonication in salt solution before frying
showed higher dielectric properties and reduced frying time.
The US pretreatment also wears away the surface starch
granules, reduced the penetration surface oil and structure
oil content by about 27.3% (Zhang et al. 2021).

Decontamination

Contamination of food products, especially fruits and veg-
etables, have posed a major hurdle to food industries, mar-
keters and public health (Paomephan et al. 2018; Alenyorege
et al. 2019a). The food borne disease outbreaks in the
United States (from 2004-2013) was majorly due to the
consumption of fresh and freshly cut produce (Dolan,
Bastarrachea, and Tikekar 2018). Food may be contaminated
at different stages; on-farm, at harvest, during handling/
transport, at storage, or during processing (Kilicli et al.
2019). In food industry, sanitization has been used as a
critical food safety measure for reducing food related illness,
improving quality and increasing shelf life (Alenyorege et al.
2019a; Alenyorege et al. 2020). Food contaminants mostly
include microbes (Listeria innocua), bacteria (Escherichia
coli), fungi (mycotoxins), viruses (Norovirus), dirt and pes-
ticides (like captan) (Chen, Zhang, and Yang 2020). Over
the years these foodborne contaminants have been treated
and reduced with chemical sanitizers, novel thermal and
non-thermal technologies (Dasan, Yildirim, and Boyaci
2018; Mahendran et al. 2019; Owusu-Ansah et al. 2020).
Although chemical sanitizers, especially chlorine-based san-
itizers, have been noted for their inability to reach portions
of the plant harboring the bacterial cells, their reaction
with food products can stimulate the production of car-
cinogenic halogenated disinfection by-products which
include; trihalomethanes, haloacetic acids, haloketones and
chloropicrin (Alenyorege et al. 2019b). Improper disposal
of the used chemical solvents causes environmental hazards
(Koubaa, Mhemdi, and Fages 2018). Some of the non-thermal
technologies which have been frequently used for decon-
tamination of food products are; US, low intensity electric
current, pulsed light, ultraviolet light, pulsed-electric field,
non-thermal plasma (like corona discharge plasma and cold
plasma), hydrodynamic cavitation, ionizing radiation, ozo-
nation and high hydrostatic pressure processing (Choi,
Puligundla, and Mok 2017; Mahendran et al. 2019; Savi
et al. 2020).
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One of the major advantages of using US in food pro-
cessing is its ability to initiate physical and chemical changes
in food without the application of heat (Salve, Pegu, and
Arya 2019). US application in food processing aims at elim-
inating the negative quality effects caused by the thermal
processing like denaturation of protein, degradation of vita-
mins and lactose, poor sensory attributes, discoloration, etc.
(Guimaries et al. 2018; Bahrami et al. 2020). US is a non-
toxic and environmentally friendly technology. The inacti-
vation mechanism of US is a result of bursting of the
cavitation bubbles induced by changes in pressure created
ultrasonic waves (Dolan, Bastarrachea, and Tikekar 2018).
Ultra-sonication washing has been used alone for the decon-
tamination of food products by using various levels of inten-
sity (low and high intensity) and frequency modes
(mono-frequency, dual-frequency, tri-frequency and sweeping
frequency). Alenyorege et al. (2019¢) studied the application
of multi-frequency US in inactivation of Escherichia coli on
fresh cabbage. Three treatment conditions were evaluated;
sweeping frequency (28+2, 40+2, and 68+2kHz), fixed
frequency (28, 40, and 68kHz) and combined fixed fre-
quency (28+40, 68+28 and 40+ 68kHz). These treatments
were conducted at 600 W, water temperature of 20°C, pulse
on and off time of 15 and 5s, and time of 30min. The
fixed frequency US washing (40kHz) showed the highest
reduction in the population size of E. coli (>3 log CFU/g)
with an improvement in the product quality. Mono-frequency,
dual frequency and tri-frequency US has been explored by
Alenyorege et al. (2019¢) for inactivation of natural micro-
biota like total bacteria, yeasts and molds on tomato. They
found that the tri-frequency US washing had the highest
reduction of the natural microbiota (>1.5 log CFU/g).
Alenyorege et al. (2020) reported that the tri-frequency US
posed the undesirable changes in the volatile compounds
and physicochemical properties of cabbage. Guimaries et al.
(2018) evaluated the usefulness of high intensity US (HIUS)
at various power levels (0, 200, 400 and 600 W) for the
inactivation of aerobic mesophilic heterotrophic bacteria,
total and thermotolerant coliforms and yeasts and molds in
prebiotic whey beverage. The efficacy of HIUS microbial
inactivation at 600 W was similar to high-temperature
short-time treatment (75°C for 15s), although HIUS
enhanced the kinetic stability of whey beverage, decreased
the whey protein denaturation and polysaccharides gelation.
The use of US-assisted technology for decontamination of
food materials has been more pronounced in the food indus-
try due to the inability of US-alone to inactivate some
pathogenic bacteria like Listeria monocytogenes. A 5-log
microbial reduction in 30s is needed by most food indus-
tries (Dolan, Bastarrachea, and Tikekar 2018). Tan, Rahman,
and Dykes (2017) explained that a sonication treatment at
20kHz was able to reduce Salmonella Typhimurium ATCC
14028 cells on all plant material surfaces (between 0.5 and
1 logCFU/cm?) except for bacteria surfaces without pectin
and xyloglucan. The synergistic effect of sweeping frequency
US (40 +2kHz) and sodium hypochlorite solution (100 mg/L)
was discovered to be more effective in the reduction of
Listeria innocua (about 2.06 logCFU/g more) when

Incident radiation Reflected radiation

Absorbed radiation

Potato chips

Transmitted radiation

Figure 5. Mechanism of IR radiation rays on food material.

compared to the individual treatments (Alenyorege et al.
2020). Dolan, Bastarrachea, and Tikekar (2018) also noted
that >5 log CFU/mL of Listeria innocua was reduced by the
combination of low frequency US (20kHz) and 40 mM zinc
oxide within 8 min, which was an improvement to the indi-
vidual treatments. The combination of the low-intensity
electric current and US reduced the decontamination time
of lettuce by 40% (Kilicli et al. 2019). Pesticides like captan,
thiamethoxam and metalaxyl residues on tomato have effec-
tively decontaminated by the combination of US and electric
current, up to 95.06% (Cengiz et al. 2018). Huang et al.
(2018) discovered that the cross-contamination of foods
during washing could be reduced by using a combination
of US and surfactants. US-assisted washing like US + ultra-
violet light and US + ultraviolet + acidic electrolyzed water
washing significantly reduced Listeria monocytogenes and
natural microbiota on salmon fillets, although it affected
the color and odor (Miks-Krajnik et al. 2017). The summary
of the review is as presented in Table 1.

Infrared heating as a physical tool in food
processing

IR radiation also known as electromagnetic waves is a form
of energy generated from the passage of electrons in atoms
and molecules (Rastogi 2012). IR radiation is divided into
three (3) sections based on wavelengths; near-infrared (NIR)
(0.78-1.4 um), mid-infrared (MIR) (1.4-3pm) and
far-infrared (FIR) (3-1000um) (Rastogi 2012). There are
basically two (2) types of IR heating devices; IR heaters
fired by gas emitters and electrical lamps (Feng et al. 2018).
The gas-fired emitters are usually used for commercial large
power source unlike the electrical IR lamps (Wu et al. 2017).
During the incidence of IR rays on the surface of food
material during physical processing, part of the rays pene-
trates while the other part is reflected. The penetrated rays
are further divided into two categories; absorbed and trans-
mitted rays as presented in Figure 5. The absorbed rays
have direct effect on the food material, which activate the
molecular movement, leading to a temperature rise. Higher
absorptivity reflects higher efficiency in the IR heating pro-
cess (Lee 2019). IR heating method has been used for wide
range of applications in food industry including; drying,
peeling, roasting, pasteurization, inactivation of
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microorganisms etc (Sakare et al. 2020). Food components
have varied ranges of absorption intensities at different
wavelengths. The incident radiative energy predicts the type
of the energy absorption mechanism based on the wave-
length range. FIR energy is generally known to be more
absorbed by food molecules followed by MIR and NIR. The
radiative energy directed on the food surface may cause
changes in the electronic, vibration, and rotational states of
food molecules (Gani, Quadri, and Ayaz 2018).The absorp-
tion of IR is usually through the mechanism of changes in
the molecular and vibration state causing radiative heating.
Most food materials have high transmissivity and low
absorptivity (Krishnamurthy et al. 2008). IR heating relies
on the energy spectrum released from the emitters which
are at different wavelengths while some part of the radiation
relies on the temperature source and the lamp emission.
Heat generated by IR energy placed close to the surface of
food material is transferred to the inside by either conduc-
tion or convection. Thermal and engineering properties of
food predict the temperature and the time required for any
physical processing operation (Aboud et al. 2019).

Peeling

Peeling is one of the first physical operations in food indus-
try for processing of fruits and vegetables (Kate and Sutar
2020), involves the removal of the outer coat or skin (peri-
carp). It is an important process operation in food industry
for optimal product development particularly in production
of canned fruits and vegetables (Eskandari et al. 2018).The
nutritive value and taste of the final canned food is affected
by peeling operation (Li et al. 2014). Lye and steam peeling
method have been most commercialized especially lye peel-
ing due to its higher products yield and better product
quality (Rock et al. 2012; Wongsa-Ngasri and Sastry 2015;
Wang et al. 2018). Although, the disadvantage such as waste
of water resources by steam peeling and environmental pol-
lution by lye peeling has led to the search for more inno-
vative and environmental friendly peeling methods (Gao
et al. 2018; Pan et al. 2019). Waste water from lye peeling
holds very high salinity (100-200g/L), Ph, organic loads,
and some nutrients content of the food, resulting in negative
environmental impacts (Li, Pan, et al. 2014). Recently, there
have been the evolvement of other peeling technology such
as; enzymatic peeling, freeze-thaw peeling, ohmic peeling,
power ultrasound assisted-lye peeling and IR dry peeling.
Ohmic, freeze-thaw and power ultrasound assisted-lye peel-
ing still requires a base solution (either water or chemical
solution) for its peeling operation, which still remains a
concern (Silva-Vera et al. 2020). Enzymatic peeling though
is a chemical and water free method but has some disad-
vantages such as high peeling loss, low production yields,
not cost effective and feasibility issues (Andreou et al. 2020).

IR dry peeling has stood out due to following reasons;
low penetration depth, uniform and fast surface heating,
high heat-transfer rate, reduced processing time and energy
consumption, minimum disruption of the edible inner part
and texture, improved product quality and safety, improved

firmness, lower peeling loss, higher peeling easiness, and
peelability. Peels can be used for value-added products
(Mohammadi et al. 2019; Vidyarthi et al. 2020).The peeling
methods used retards further usage of the peels for pro-
duction of value added products (Rahmawati et al. 2018).
Two types of IR emitters are usually used for dry peeling;
electric and catalytic emitter. Catalytic IR emitter uses nat-
ural gas which reacts with oxygen in the presence of a
catalyst (usually platinum). This type of emitter has lower
operational cost since natural gas is cheaper as compared
with electricity cost. The major processing parameters which
affect IR dry peeling performance are the radiation intensity
or power, emitter’s distance or gap, heating time and the
product size (Wang, Venkitasamy, et al. 2016). IR-peeling
has been carried out in three basic methods by researchers;
(1) IR-heating followed by manual peeling, (2) a pilot scale
IR equipment connecting the separate IR heating unit and
the peeling device (abrasive mechanism), (3) the pilot scale
IR equipment that combined an IR heater and an abrasive
peeling device in one single unit. In the later the IR- heating
and peeling operation is carried out simultaneously. For
IR-heating followed by manual peeling; Li, Zhang, et al.
(2014) studied the effect of catalytic IR heating on the man-
ual peeling performance of clingstone peaches. The surface
temperature and the peak-wavelength of the emitter were
500°C and 3.7 pum, respectively. The processing conditions
were heating time (60, 90, 120, 150, and 180s) and emitters
gap (90, 115, and 140 mm). Results showed that IR-peeling
out-performed the conventional lye-peeling method.
Clingstone peaches processed at the heating time of 180s
and emitter’s gap of 90mm had the highest peelability
(84 mm?/100 mm?), peeling yield (90g/100g), lowest surface
temperature (<45°C) at 16 mm deep, uniform and rapid
surface heating. Although, the peeled product had similar
firmness and color as wet lye-peeling. Wang et al. (2016)
evaluated the use of electric IR heating on the manual peel-
ing performance of jujubes. The processing variables were
radiation intensities (5.25, 5.66 and 6.07 W/cm?), emitter’s
gap (75, 80, and 85mm) and heating time (40, 50, and 60s).
There results revealed that IR-peeling presented low peeling
loss and color change as compared to hot lye-peeling.
Radiation intensity of 5.25W/cm?, emitter’s gap of 75mm
and heating duration of 56s showed the highest peelability
(96%), peeling easiness (3.8), and the lowest moisture loss
(1.29%), and surface temperature (115°C). IR peeling had
low peeling loss, and color change as compared to lye-peeling.
Lower peeling loss, color change, surface temperature, vol-
atile oil loss and highest peeling efficiency and firmness
was also reported by Kate and Sutar (2018) for ginger rhi-
zome. Also IR heating device using four catalytic IR emitters
was used by Shen et al. (2020) for pears prior to manual
peeling; they found out that IR-heating for 99s presented
the highest product quality, the lowest peeling loss, better
peeling easiness, and a relatively thin cooking-ring. In the
use of a pilot scale IR equipment consisting of a separate
IR heating unit and a peeling device, Eskandari et al. (2018)
revealed that the radiation power (1600 W), heating time
(3min), abrasive shaft clearance (4mm), shaft speed
(200rpm) and the abrasive path (36cm) led to the best



peeling performance for hazelnut. Peeled tomato samples
using IR heating produced desirable quality such as firmer
product and appealing surface integrity and peels can be
used for value-added products (Pan et al. 2015). Mohammadi
et al. (2019) used a combined IR-heating and peeling device
for kiwi fruit. The processing parameters were radiation
power (250-850W), emitter gap (10-70mm) and heating
time (45-125s). It was discovered that this peeling method
resulted in a significant reduction in the weight loss, surface
temperature and the color difference and maintained firm-
ness over the lye peeling.

Decontamination

Decontamination is the process of reducing spoilage micro-
organisms from the devices, surfaces and the environment,
thereby hindering them from possible infection of vulnerable
sites (Dasan et al. 2017; T. Wang et al., 2017). The produc-
tion of food voids of contaminants that is safe for human
consumption has been one of the major hurdles faced by
food industries. Recent studies have shown that over 2 bil-
lion people are exposed to contaminated food and yearlyl
out of every 10 people suffer from at least one foodborne
illness (Katsigiannis, Bayliss, and Walsh 2021). Fresh produce
like lettuce, strawberry, pepper, tomato etc., is normally
contaminated with Listeria monocytogenes, Escherichia coli,
Salmonella spp (Ziuzina et al. 2020). Amongst this various
contaminants, Listeria monocytogenes is more pronounced
in food processing factories since it is transferred to the
food material via contact with contaminated processing
equipment. This psychotropic microbe grows in aerobic or
anaerobic conditions over a wide range of pH (4.1-9.6) and
high concentration of salts of about 13% (Horita et al. 2018).
Pankaj, Shi, and Keener (2018) also noted that some fungi
species belong to genera like Aspergillus, Fusarium and
Penicillium, produce toxins contaminating stored food prod-
ucts during storage. Aflatoxins are one of the most wide-
spread contaminants in food crops like maize, tree nuts,
dried fruits, spices, and groundnuts, including meat and
milk products (Udomkun et al. 2017; A. Liu et al. 2020;
Roohi, Hashemi, and Mousavi Khaneghah 2020). They are
very toxic, cause quality and nutritional degradation, car-
cinogenic, and are not degraded by normal food processing
techniques (Sen, Onal-Ulusoy, and Mutlu 2019; Shirani,
Shahidi, and Mortazavi 2020; Jubeen et al. 2020). Around
the globe 28% of liver cancers are associated with the con-
sumption of food crops like maize and peanuts contaminated
by aflatoxins (Deng et al. 2020). Lacombe et al. (2017) noted
that viruses like Norovirus, which is associated with raw,
consumed foods are the leading cause of foodborne out-
breaks. Several thermal blanching techniques have been used
for decontamination purposes in processed foods. The most
commonly used method is the dry- or wet-heat treatment,
which is done by heating foods at 71.06°C for 15s, followed
by drying at 205°C for 5-6s. This thermal treatment reduces
contaminants and improves the shelf life, but exerts detri-
mental effects on nutritional content and organoleptic prop-
erties (Molnér et al. 2018; Rifna et al. 2019; Lee, Park, and

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 13

Min 2020). Stratakos and Grant (2018) noted that the ther-
mal treatment was very effective for inactivating Escherichia
coli and other pathogens.

A set of novel thermal technologies like IR heating, radio
frequency heating, microwave heating, ohmic heating and
instant control pressure drop have developed to help combat
the shortcomings of the conventional heat treatment for
decontamination (Mandal, Singh, and Singh 2018). These
novel thermal technologies deliver the volumetric heat gen-
erated directly to the food without heating the surrounding
air. Their inactivation mechanisms are similar to that of
microwave heating and ultraviolet light, which is basically
relying on the destruction of DNA, RNA, ribosomes, cell
envelopes and the protein in the microbial cell (Rifna et al.
2019). IR heating has achieved higher energy efficiency,
uniform heating and shorter heating duration for inactiva-
tion of microorganism with less quality reduction when
compared with other heating methods (Lara et al. 2019).
Siciliano et al. (2017) realized that the residual aflatoxin on
hazelnut was lower when subjected to infrared heating than
hot air. An increase in the IR-heating temperature signifi-
cantly reduced the formation of Aspergillus flavus and
Aspergillus niger on mung bean by about 5.3 logCFU/g
(Meenu, Guha, and Mishra 2017). Bowie et al. (2019)
showed that a sample treated with IR heating (at a wave-
length of 3.2um, emitter-product distance of 110 mm, and
a heating time of 30s) had the highest reduction in amounts
of molds (3.11 log CFU/g) and bacteria (1.09 log CFU/g).
However, IR-heating has a disadvantage of the low pene-
tration depth, hence becoming less efficient when treating
thick food materials (Lao et al. 2019). This shortcoming of
infrared-heating alone has been improved by its combination
with other assisted novel technologies and tempering con-
ditions. Wang et al. (2014) discovered that infrared heating
combined with tempering (60°C for up to 120 min) reduced
Aspergillus flavus growing on rough rice (2.5-8.3 logCFU/g).
Venkitasamy et al. (2017) and Venkitasamy et al. (2018)
applied sequential infrared-hot air drying and tempering
condition for the reduction of Enterococcus faecium on
Pistachios and almond nuts. They found out that the max-
imum reduction of the shell (6.1 logCFU/g) and kernel
(5.41 logCFU/g) was presented at treatments of IR-1h
+ tempering-2 h + hot-air drying-5h and
IR-2h + tempering-1h + hot air drying-4h respectively.
Wilson et al. (2017) reported that the growth of molds on
the shelled corn was significantly reduced by the combina-
tion of IR and tempering. IR-heating cum tempering has
been found not to affect the product quality. For instance,
Fu et al. (2019) noted that grape seeds treated with
IR-heating and tempering showed a high oil yield. Similarly,
Shavandi, Kashaninejad, et al. (2020) and Shavandi, Taghdir,
et al. (2020) observed that IR-heating combined with tem-
pering or holding reduced the growth of Bacillus cereus on
cardamom seeds and paprika powder, to an acceptable level,
without affecting the quality characteristics. Some other
novel technologies have been combined with IR-heating to
improve its inactivation power and treatment time.
Shankarrao Shirkole et al. (2021) stated that the synergistic
effect of IR and microwave heating reduced Salmonella
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Typhimurium (7.389 log) and Aspergillus flavus (6.182 log)
formed on paprika powder; despite that an increase in the
power levels, inhibits the antioxidant capacity and altered
the color. The inactivation time of ultraviolet light for
Escherichia coli on chili flakes was reduced by 50% by the
combined treatment of IR and ozone (Watson et al. 2020).
The summary of the review is as presented in Table 2.

Inactivation of enzymes

Enzymes are protein molecules present in all living things.
They act as biocatalysts regulating the rate at which chem-
ical reactions proceed (Lopes et al. 2018). Blanching is a
pre-processing operation used in food industry aiming at
inactivation of enzymes, such as peroxidase, polyphenolox-
idases, lipase, lipoxygenase, pectin methylesterase, alliinase
and y-glutamyl transpeptidase and phenolase (Xanthakis
et al. 2018; Zhao et al. 2020). The main purpose of blanch-
ing is to passivate the deteriorative enzymes, remove the
air in the food tissue, reduce microbial numbers, modify
the cell structure, so as to prevent discoloration, improve
texture, increase drying performance and extract phyto-
chemicals (X. Zhang, Shi, et al. 2020; H. Wang, Fang,
et al. 2020).

Amongst the numerous inherent enzymes in food, per-
oxidase (POD) and polyphenol oxidase (PPO) being the
most stable and available in high concentrations, are the
major cause of food spoilage (Pellicer and Gémez-Lépez
2017; Jamali et al. 2018; Li, Wu, et al. 2019). PPO and POD
enzymes degenerate hydrogen peroxide, which is an inhibitor
of lipoxygenase, and they generate free radicals in the course
of oxidation that can hamper the unsaturated fatty acids
and cause oxidative rancidity by advancing oxidation of free
fatty acids (Baltacioglu, Bayindirli, and Severcan 2017;
Poudel and Rose 2018). The activity of POD and PPO is
usually measured as a yardstick for determining the effec-
tiveness of the inactivation method (Huang et al. 2019;
Chutia et al. 2019). Inactivation of POD and PPO helps to
prevent possible biochemical reactions leading to quality
deteriorations in the food; like poor sensory properties,
off-flavor generation, poor nutritional quality, poor textural
properties and undesirable color changes (Wang et al. 2017¢;
Akgiin and Unliitiirk 2017; Jiang et al. 2018). PPO is the
precursor of browning, discoloration and poor sensory qual-
ity of food during further processing and storage while POD
catalytic reaction produces off-flavor in foods (Chutia et al.
2019; Jiang et al. 2021).

Blanching has been carried out with both thermal (infra-
red, microwave, roasting, hot-water, steam, radio-frequency,
high-humidity hot air impingement) and non-thermal (cold
plasma, high-pressure, gamma-irradiation, pulse electric
field, ultraviolet light and sonication) technologies for
enzyme inactivation (Tolouie et al. 2018; Tian et al. 2018;
Chutia et al. 2019). Most of the non-thermal technologies
have not been adopted by food industry due to their high
cost, complexity and difficulty in scaling up (Pankaj, Misra,
and Cullen 2013). Hot water or steam heating medium is
the conventionally used wet-blanching method of most food

industries, but requires high temperature for excellent
enzyme inactivation (L.-Z. Deng et al. 2019; H. Wang,
Zhang, et al. 2020). This high temperature could affect the
texture, color and the nutritional value of the food (Gong
et al. 2019; Y. Su et al. 2020). Also, a large volume of the
sample requires longer blanching time, which has an adverse
effect on food quality (Ling, Lyng, and Wang 2018).
Dry-blanching methods like infrared (IR), microwave and
radio frequency heating have been suggested obtaining better
blanching efficacy, waste water elimination and better prod-
uct (Gong et al. 2019).

IR heating is a dry blanching method recently used in
the food industry; the energy is transmitted directly to the
surface of the sample without heating the surrounding air
(Chen et al. 2018). It is a versatile, simple and effective
technology which transfers energy by electromagnetic wave
to food (Bingol et al. 2014). IR heating reduces the nutrient
loss, pigment alterations, and the weight loss better than
the conventional hot water and steam blanching methods
(Jamali et al. 2018). It has been successfully applied alone
or combined with other thermal and non-thermal technol-
ogies for inactivation of spoilage enzymes in food products.
Feng et al. (2018) compared the influence of catalytic IR
heating and hot water blanching method on the inactivation
of POD in garlic slices. The processing variables of the
IR-heating used were the temperature (95, 115 and 135°C),
emitter to sample distance (10.5, 16.2 and 21.6cm), slice
thickness (3, 5 and 7mm) and the blanching time (30, 60,
90 and 1205s).The results revealed that increasing the heating
temperature and/or reducing the sample thickness during
catalytic IR blanching improved the POD inactivation. Also,
better garlic quality was obtained from IR heating than hot
water blanching. IR heating of potato slices, prior to frying,
was completely inactivated PPO in 180s (Wu et al. 2018).
Chen et al. (2018) found out that the IR pretreatment before
drying significantly (p <0.05) reduced the POD residual
activity. It was reported that the relative-humidity convective
drying had higher efficiency in the inactivation of PPO and
POD than freeze drying, infrared drying and microwave
drying; although, it led to lower quality ginger slices (Osae
et al. 2020). In addition, J. Wang et al. (2017) noted that
hot water, microwave, infrared and high humidity hot air
impingement blanching methods all inactivated PPO and
POD (Figure 6), but hot water blanching reduced the quality
of red bell pepper. Wu et al. (2018) discovered that inacti-
vation of PPO by IR-heating was faster for thinner potato
slices. However, 90% reduction in the activity of PPO and
POD in bitter gourd was longer for the IR-heating method
(8 min) than hot water and steam (2-3min) blanching meth-
ods; considering that the inactivation of PPO was easier
than POD (Nalawade, Sinha, and Hebbar 2018). Introduction
of airflow during IR-heating reduced the blanching time
required for complete inactivation of PPO on French fries
by about 21% when compared with hot water blanching
(Bingol et al. 2014). Li, Wu, et al. (2019) also reported that
the combination of IR heating and steam blanching showed
enhanced inactivation of POD and PPO activity. Hot water
blanching was effective for inactivation of pectin methyles-
terase than IR blanching (Aghajanzadeh, Kashaninejad, and



Table 2. IR and IR-assisted blanching for decontamination of food.
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Product

Processing conditions

Target contaminant

Significant findings

References

Rough rice

Pistachios nuts

Mung bean

Shelled corn

Hazelnuts

Almond

Grape seeds

Cardamom seeds

Nil
Rough rice
Chili flakes

Paprika powder

Paprika

IR heating at 60°C for 1min
followed by tempering at
60°C for 5, 10, 20, 30, 60, or
120 min

Sequential IR-hot air (HA) drying
and tempering (T) conditions
were used; HA-6h, IR-4h,
IR-Th+HA-5h, IR-2h+HA-4h,
IR-Th+T-1h+HA-5h,
IR-Th+T-2h+HA-5h,
IR-2h+T-1h+HA-4h, and
IR-2h+T-2h+HA-4 h.

IR intensity (0.299 kW/m?),
heating temperature (50, 60
and 70 °C) and heating time
(5min)

Catalytic IR heating to surface
temperature of 90 C and
tempering at 50, 70 and 90 ‘C
for 2, 4 and 6h.

IR roasting temperature (140°C),
roasting time (20 and 40 min).
Hot air roasting temperature
(120-170°C) and time (20 and
40 min)

Sequential IR and hot air (HA)
drying method was used for
decontamination in this
design; IR-3h, IR-2h+HA-1h,
IR-1h+HA-2h, and HA-5h.
Tempering time was 2h.
IR-heating temperature
(60-135°C), tempering
temperature (60-75°C) and
tempering time (10-60 min)

IR power (100, 200, and 300W),
emitter to sample distance (5,
10, and 15cm) and holding
(0-15min)

IR and pulsed UV efficacy was
compared.

IR wavelengths (3.2, 4.5 and
5.8um), heating time (10, 20
and 30s), and emitter to
product distance (110, 275
and 440 mm). Tempering was
at 60°C for 4h

Combined IR, UV and ozone
pretreatment was used before
fluidized bed drying.

IR heating power (100, 200 and
300W), emitter to sample
distance (5, 10 and 15cm)
and holding time (0-10min)

Combined microwave (MW) and
IR heating method was used.

Aspergillus flavus

Enterococcus faecium

Aspergillus flavus and
Aspergillus niger

Mold

Aspergillus flavus

Enterococcus faecium

Aerobic bacteria and
mold-yeast

Bacillus cereus

Escherichia coli

Mold and bacteria

Escherichia coli

Bacillus cereus

Salmonella typhimurium
and Aspergillus flavus

IR radiation heating+tempering for

120 min showed the highest
Aspergillus flavus reduction of
2.5-8.3 logCFU/g.

The highest reductions in
population size of Enterococcus
faecium on both the shell and
the kernel was presented by
blanching treatments of
IR-Th+T-2h+HA-5h and

IR-2h+T-1h+HA-4 h respectively

IR heating at 70 °C for 5min
showed the highest and
significant reduction of the
contaminant (5.3 log).

IR-heating coupled with tempering
significantly reduced the
microbes on corn

Both roasting method at
temperature of 140°C and
exposure time of 40 min was
effective to detoxification.
Although the residual aflatoxins
was lower for infrared than hot
air

IR-2h+HA-1h and 2h tempering
treatment presented the largest

reductions in the population size
of Enterococcus faecium on the

hulls, shells and kernels

IR-heating at 135°C and
subsequent tempering at
75°C for 60 min showed the
highest reduction in the
microbial count.

IR blanching of the seeds reduced
the Bacillus cereus counts to
acceptable levels without
affecting its quality.

Escherichia coli 0157:H7 with 4par
strain was most resistant to IR
treatment while 5par strain
presented the most resistant to
pulsed UV treatment.

IR-treated sample at wavelength
(3.2 um), emitter to product
distance (110mm), and heating
time (30s) had the highest

reduction in mold (3.11 log) and

bacteria (1.09 log) count.

IR and ozone blanching completely

reduced the inoculated

Escherichia coli in the sample in
< 20min unlike UV which was <

40min. Combined treatment in
the order of UV-IR followed by
ozone showed a slightly better

performance than ozone assisted

by UV-IR.

IR heating with power (200W),
emitter to sample distance
(5cm) and holding time (1 min)

showed the highest reduction in

Bacillus cereus (2.3 log)

There was a high reductions in
both Salmonella typhimurium
and Aspergillus flavus after
MW-IR heating

Wang et al. (2014)
Venkitasamy et al.

(2017)

Meenu, Guha, and

Mishra (2017)

Wilson et al. (2017)

Siciliano et al. (2017)

Venkitasamy et al.
(2018)

Fu et al. (2019)

Shavandi, Kashaninejad,
et al. (2020)

Chintagari, Jadeja, and

Hung (2019)

Bowie et al. (2019)

Watson et al. (2020)

Shavandi, Taghdir, et al.
(2020)

Shankarrao Shirkole
et al. (2021)
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Figure 6. Blanching effects on the inactivation of PPO and POD. HWB: hot water blanching; MWB: microwave blanching; IRB: infrared blanching; HHAIB: high humidity
hot-air impingement blanching; CK: without blanching. © 2017 Jun Wang et al. All Rights Reserved. Reproduced with permission from Elsevier. (J. Wang et al. 2017).

Ziaiifar 2016). A summary of the effects of US, IR, and
other assisted technologies are shown in Figure 7.

Conclusions

In this overview, the potential use of US (both mono and
multi-frequency levels), US-assisted technology, IR and
IR-assisted technology in physical processing of food has been
elaborated. The following key advantages useful to food indus-
tries could be achieved by applying the US and IR to food

processing. These advantages include reduced processing time
and energy consumption, minimum disruption of food tex-
ture, improved product quality, enhanced process efficiency,
and improved food safety. There are fewer studies on the
combination of IR with other novel thermal or non-thermal
technologies in food processing, as some earlier studies
observed that it could reduce the blanching time. Also, the
development of IR-large scale equipment is still lacking. US
supported with other novel technologies improve food pro-
cessing efficiency, especially when combined with microwave
heating. Although, when the processing conditions are not
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Figure 7. Effects of ultrasound, infrared, and other assisted technologies on food processes.

well monitored it can as well affect the food quality. Since
the IR heating technology is characterized by a low penetra-
tion depth, it could be combined, in a pilot-scale equipment,
with other non-thermal technologies like US to perform
physical operations like peeling, blanching, fermentation etc.
There is a need for the application of artificial intelligence
modeling-approach to better understanding of how several
processing variables interact simultaneously; for their easy
integration to the industrial large-scale.

Acknowledgements

The authors are grateful for the support provided by the National Key
Research and Development Program of China (2017YFD0400903-01,
2016YFD0400705-04) and Science and Technology Major Project of
Anhui (18030701152).

Disclosure statement

The authors declare that there no conflicts of interest.

ORCID

Cunshan Zhou () http://orcid.org/0000-0001-9119-3941

Clinton Okonkwo () http://orcid.org/0000-0002-2189-2840
Adejumoke Inyinbor () http://orcid.org/0000-0001-8321-3148
Abu ElGasim A Yagoub () http://orcid.org/0000-0002-6279-6361
Abiola Olaniran () http://orcid.org/0000-0001-8212-862X

References

Abbaspour-Gilandeh, Y., M. Kaveh, and A. Jahanbakhshi. 2019. The effect
of microwave and convective dryer with ultrasound pre-treatment on
drying and quality properties of walnut kernel. Journal of Food
Processing and Preservation 43 (11):e14178. doi: 10.1111/jfpp.14178.

Abdoli, B., D. Zare, A. Jafari, and G. Chen. 2018. Evaluation of the
air-borne ultrasound on fluidized bed drying of shelled corn:
Effectiveness, grain quality, and energy consumption. Drying
Technology 36 (14):1749-66. doi: 10.1080/07373937.2018.1423568.

Aboud, S. A, A. B. Altemimi, A. R. S. Al-Hilphy, L. Yi-Chen, and F.
Cacciola. 2019. A comprehensive review on infrared heating appli-
cations in food processing. Molecules 24:4125. doi: 10.3390/mole-
cules24224125.

Aghajanzadeh, S., M. Kashaninejad, and A. M. Ziaiifar. 2016. Effect
of infrared heating on degradation kinetics of key lime juice phys-
icochemical properties. Innovative Food Science ¢ Emerging
Technologies 38:139-48. doi: 10.1016/j.ifset.2016.09.027.

Akdeniz, V., and A. S. Akalin. 2019. New approach for yoghurt and
ice cream production: High-intensity ultrasound. Trends in Food
Science & Technology 86:392-8. doi: 10.1016/j.tifs.2019.02.046.

Akgiin, M. P, and S. Unliitiirk. 2017. Effects of ultraviolet light emit-
ting diodes (LEDs) on microbial and enzyme inactivation of apple
juice. International Journal of Food Microbiology 260:65-74. doi:
10.1016/j.ijfoodmicro.2017.08.007.

Al Daccache, M., M. Koubaa, D. Salameh, R. G. Maroun, N. Louka,
and E. Vorobiev. 2020. Ultrasound-assisted fermentation for cider
production from Lebanese apples. Ultrasonics Sonochemistry
63:104952. doi: 10.1016/j.ultsonch.2019.104952.

Al Faruq, A., M. Zhang, and B. Adhikari. 2019. A novel vacuum
frying technology of apple slices combined with ultrasound and
microwave. Ultrasonics Sonochemistry 52:522-9. doi: 10.1016/j.ult-
sonch.2018.12.033.

Alenyorege, E. A, H. Ma, ]. H. Aheto, A. A. Agyekum, and C. Zhou.
2020. Effect of sequential multi-frequency ultrasound washing process-
es on quality attributes and volatile compounds profiling of fresh-cut
Chinese cabbage. LWT 117:108666. doi: 10.1016/j.1wt.2019.108666.

Alenyorege, E. A., H. Ma, I. Ayim, F. Lu, and C. Zhou. 2019a. Efficacy
of sweep ultrasound on natural microbiota reduction and quality
preservation of Chinese cabbage during storage. Ultrasonics
Sonochemistry 59:104712. doi: 10.1016/j.ultsonch.2019.104712.

Alenyorege, E. A., H. Ma, I. Ayim, J. H. Aheto, C. Hong, and C. Zhou.
2019b. Reduction of Listeria innocua in fresh-cut Chinese cabbage
by a combined washing treatment of sweeping frequency ultrasound
and sodium hypochlorite. LWT 101:410-8. doi: 10.1016/j.
lwt.2018.11.048.


http://orcid.org/0000-0001-9119-3941
http://orcid.org/0000-0002-2189-2840
http://orcid.org/0000-0001-8321-3148
http://orcid.org/0000-0002-6279-6361
http://orcid.org/0000-0001-8212-862X
https://doi.org/10.1111/jfpp.14178
https://doi.org/10.1080/07373937.2018.1423568
https://doi.org/10.3390/molecules24224125
https://doi.org/10.3390/molecules24224125
https://doi.org/10.1016/j.ifset.2016.09.027
https://doi.org/10.1016/j.tifs.2019.02.046
https://doi.org/10.1016/j.ijfoodmicro.2017.08.007
https://doi.org/10.1016/j.ultsonch.2019.104952
https://doi.org/10.1016/j.ultsonch.2018.12.033
https://doi.org/10.1016/j.ultsonch.2018.12.033
https://doi.org/10.1016/j.lwt.2019.108666
https://doi.org/10.1016/j.ultsonch.2019.104712
https://doi.org/10.1016/j.lwt.2018.11.048
https://doi.org/10.1016/j.lwt.2018.11.048

18 C.ZHOU ETAL.

Alenyorege, E. A., H. Ma, 1. Ayim, J. H. Aheto, C. Hong, and C. Zhou.
2019c. Effect of multi-frequency multi-mode ultrasound washing
treatments on physicochemical, antioxidant potential and microbi-
al quality of tomato. Journal of Food Measurement and
Characterization 13 (1):677-86. doi: 10.1007/s11694-018-9980-4.

Almalkawi, A. T, A. Balchandra, and P. Soroushian. 2019. Potential
of using industrial wastes for production of geopolymer binder as
green construction materials. Construction and Building Materials
220:516-24. doi: 10.1016/j.conbuildmat.2019.06.054.

Amanor-Atiemoh, R., C. Zhou, H. Wahia, A. T. Mustapha, M. T.
Rashid, G. Sampson, A. Amoa-Owusu, H. Ma, and R. Zhou. 2020.
Acoustically-aided osmo-dehydration pretreatments under pulsed
vacuum dryer for apple slices: Drying kinetics, thermodynamics,
and quality attributes. Journal of Food Science 85 (11):3909-19. doi:
10.1111/1750-3841.15484.

Amaral, R. D. A, I. Achaerandio, B. C. Benedetti, and M. Pujola.
2017. The influence of edible coatings, blanching and ultrasound
treatments on quality attributes and shelf-life of vacuum packaged
potato strips. LWT - Food Science and Technology 85:449-55. doi:
10.1016/j.lwt.2017.03.062.

Andreou, V., G. Dimopoulos, E. Dermesonlouoglou, and P. Taoukis.
2020. Application of pulsed electric fields to improve product yield
and waste valorization in industrial tomato processing. Journal of
Food Engineering 270:109778. doi: 10.1016/j.jfoodeng.2019.109778.

Antunes-Rohling, A., S. Ciudad-Hidalgo, J. Mir-Bel, J. Raso, G. Cebrian,
and 1. Alvarez. 2018. Ultrasound as a pretreatment to reduce acryl-
amide formation in fried potatoes. Innovative Food Science &
Emerging Technologies 49:158-69. doi: 10.1016/j.ifset.2018.08.010.

Armijo, J., and C. Philibert. 2020. Flexible production of green hy-
drogen and ammonia from variable solar and wind energy: Case
study of Chile and Argentina. International Journal of Hydrogen
Energy 45 (3):1541-58. doi: 10.1016/j.ijhydene.2019.11.028.

Arvanitoyannis, I. S., K. V. Kotsanopoulos, and A. G. Savva. 2017. Use
of ultrasounds in the food industry-methods and effects on quali-
ty, safety, and organoleptic characteristics of foods: A review. Critical
Reviews in Food Science and Nutrition 57 (1):109-28. doi:
10.1080/10408398.2013.860514.

Arzeni, C., K. Martinez, P. Zema, A. Arias, O. E. Pérez, and A. M.
R. Pilosof. 2012. Comparative study of high intensity ultrasound
effects on food proteins functionality. Journal of Food Engineering
108 (3):463-72. doi: 10.1016/j.jfoodeng.2011.08.018.

Ashaolu, T. J., and J. O. Ashaolu. 2020. Perspectives on the trends,
challenges and benefits of green, smart and organic (GSO) foods.
International Journal of Gastronomy and Food Science 22:100273.
doi: 10.1016/}.ijgfs.2020.100273.

Awad, T. S., H. A. Moharram, O. E. Shaltout, D. Asker, and M. M.
Youssef. 2012. Applications of ultrasound in analysis, processing
and quality control of food: A review. Food Research International
48 (2):410-27. doi: 10.1016/j.foodres.2012.05.004.

Ayustaningwarno, E, R. Verkerk, V. Fogliano, and M. Dekker. 2020.
The pivotal role of moisture content in the kinetic modelling of the
quality attributes of vacuum fried chips. Innovative Food Science &
Emerging Technologies 59:102251. doi: 10.1016/j.ifset.2019.102251.

Azam, S. M. R.,, H. Ma, B. Xu, S. Devi, M. A. B. Siddique, S. L.
Stanley, B. Bhandari, and J. Zhu. 2020. Efficacy of ultrasound treat-
ment in the removal of pesticide residues from fresh vegetables: A
review. Trends in Food Science & Technology 97:417-32. doi:
10.1016/j.tifs.2020.01.028.

Baah, C., D. Opoku-Agyeman, I. S. K. Acquah, Y. Agyabeng-Mensah,
E. Afum, D. Faibil, and F. A. M. Abdoulaye. 2021. Examining
the correlations between stakeholder pressures, green production
practices, firm reputation, environmental and financial perfor-
mance: Evidence from manufacturing SMEs. Sustainable
Production and Consumption 27:100-14. doi: 10.1016/j.
spc.2020.10.015.

Baeghbali, V., M. Ngadi, and M. Niakousari. 2020. Effects of ultrasound
and infrared assisted conductive hydro-drying, freeze-drying and
oven drying on physicochemical properties of okra slices. Innovative
Food Science & Emerging Technologies 63:102313. doi: 10.1016/j.if-
set.2020.102313.

Bahrami, A., Z. Moaddabdoost Baboli, K. Schimmel, S. M. Jafari, and
L. Williams. 2020. Efficiency of novel processing technologies for
the control of Listeria monocytogenes in food products. Trends in
Food Science & Technology 96:61-78. 61-78. doi: 10.1016/j.
tifs.2019.12.0009.

Baltacioglu, H., A. Bayindirly, and E Severcan. 2017. Secondary struc-
ture and conformational change of mushroom polyphenol oxidase
during thermosonication treatment by using FTIR spectroscopy.
Food Chemistry 214:507-14. doi: 10.1016/j.foodchem.2016.07.021.

Bhargava, N., R. S. Mor, K. Kumar, and V. S. Sharanagat. 2021.
Advances in application of ultrasound in food processing: A review.
Ultrasonics Sonochemistry 70:105293. doi: 10.1016/j.ult-
sonch.2020.105293.

Bingol, G., B. Wang, A. Zhang, Z. Pan, and T. H. McHugh. 2014.
Comparison of water and infrared blanching methods for process-
ing performance and final product quality of French fries. Journal
of Food Engineering 121:135-42. doi: 10.1016/j.jfoodeng.2013.08.001.

Bowie, R., G. Atungulu, A. Oduola, S. Wilson, and Z. Mohammadi-Shad.
2019. Impact of selected infrared wavelengths on inactivation of
microbes on rough rice. Discovery, the Student Journal of Dale
Bumpers College of Agricultural, Food and Life Sciences 20 (1):13-20.
https://scholarworks.uark.edu/discoverymag/vol20/iss1/6.

Braspaiboon, S., S. Osiriphun, P. Peepathum, and W. Jirarattanarangsri.
2020. Comparison of the effectiveness of alkaline and enzymatic
extraction and the solubility of proteins extracted from
carbohydrate-digested rice. Heliyon 6 (11):e05403. doi: 10.1016/j.
heliyon.2020.e05403.

Carrillo-Lopez, L. M., A. D. Alarcon-Rojo, L. Luna-Rodriguez, and R.
Reyes-Villagrana. 2017. Modification of food systems by ultrasound.
Journal of Food Quality 2017:1-12. doi: 10.1155/2017/5794931.

Cengiz, M. E, M. Baglar, O. Basangelebi, and M. Kiligli. 2018. Reduction
of pesticide residues from tomatoes by low intensity electrical cur-
rent and ultrasound applications. Food Chemistry 267:60-6. doi:
10.1016/j.foodchem.2017.08.031.

Chandrapala, J. 2015. Low intensity ultrasound applications on food
systems. International Food Research Journal 22 (3):888-95.

Chandrapala, J., C. Oliver, S. Kentish, and M. Ashokkumar. 2012.
Ultrasonics in food processing. Ultrasonics Sonochemistry 19 (5):975-
83. doi: 10.1016/j.ultsonch.2012.01.010.

Chatel, G., L. Novikova, and S. Petit. 2016. How efficiently combine
sonochemistry and clay science?Applied Clay Science 119:193-201.
doi: 10.1016/j.clay.2015.10.019.

Chaves-Lopez, C., C. Rossi, F. Maggio, A. Paparella, and A. Serio.
2020. Changes occurring in spontaneous maize fermentation: An
overview. Fermentation 6 (1):36. doi: 10.3390/fermentation6010036.

Chemat, F, N. Rombaut, A. Meullemiestre, M. Turk, S. Perino, A.-S.
Fabiano-Tixier, and M. Abert-Vian. 2017. Review of green food
processing techniques. Preservation, transformation, and extraction.
Innovative Food Science & Emerging Technologies 41:357-77. doi:
10.1016/j.ifset.2017.04.016.

Chemat, F, Zill-e-Huma, and M. K. Khan. 2011. Applications of ul-
trasound in food technology: Processing, preservation and ex-
traction. Ultrasonics Sonochemistry 18 (4):813-35. doi: 10.1016/j.
ultsonch.2010.11.023.

Chen, F, M. Zhang, and C. Yang. 2020. Application of ultrasound
technology in processing of ready-to-eat fresh food: A review.
Ultrasonics Sonochemistry 63:104953. doi: 10.1016/j.ult-
sonch.2019.104953.

Chen, J., C. Venkitasamy, Q. Shen, T. H. McHugh, R. Zhang, and Z.
Pan. 2018. Development of healthy crispy carrot snacks using se-
quential infrared blanching and hot air drying method. LWT 97:469-
75. doi: 10.1016/j.lwt.2018.07.026.

Cheng, Y., P. O. Donkor, X. Ren, ]. Wu, K. Agyemang, I. Ayim, and
H. Ma. 2019. Effect of ultrasound pretreatment with mono-frequency
and simultaneous dual frequency on the mechanical properties and
microstructure of whey protein emulsion gels. Food Hydrocolloids.
89:434-42. doi: 10.1016/j.foodhyd.2018.11.007.

Cheng, Y., Y. Liu, J. Wu, P. Ofori Donkor, T. Li, and H. Ma. 2017.
Improving the enzymolysis efficiency of potato protein by simulta-
neous dual-frequency energy-gathered ultrasound pretreatment:


https://doi.org/10.1007/s11694-018-9980-4
https://doi.org/10.1016/j.conbuildmat.2019.06.054
https://doi.org/10.1111/1750-3841.15484
https://doi.org/10.1016/j.lwt.2017.03.062
https://doi.org/10.1016/j.jfoodeng.2019.109778
https://doi.org/10.1016/j.ifset.2018.08.010
https://doi.org/10.1016/j.ijhydene.2019.11.028
https://doi.org/10.1080/10408398.2013.860514
https://doi.org/10.1016/j.jfoodeng.2011.08.018
https://doi.org/10.1016/j.ijgfs.2020.100273
https://doi.org/10.1016/j.foodres.2012.05.004
https://doi.org/10.1016/j.ifset.2019.102251
https://doi.org/10.1016/j.tifs.2020.01.028
https://doi.org/10.1016/j.spc.2020.10.015
https://doi.org/10.1016/j.spc.2020.10.015
https://doi.org/10.1016/j.ifset.2020.102313
https://doi.org/10.1016/j.ifset.2020.102313
https://doi.org/10.1016/j.tifs.2019.12.009
https://doi.org/10.1016/j.tifs.2019.12.009
https://doi.org/10.1016/j.foodchem.2016.07.021
https://doi.org/10.1016/j.ultsonch.2020.105293
https://doi.org/10.1016/j.ultsonch.2020.105293
https://doi.org/10.1016/j.jfoodeng.2013.08.001
https://scholarworks.uark.edu/discoverymag/vol20/iss1/6
https://doi.org/10.1016/j.heliyon.2020.e05403
https://doi.org/10.1016/j.heliyon.2020.e05403
https://doi.org/10.1155/2017/5794931
https://doi.org/10.1016/j.foodchem.2017.08.031
https://doi.org/10.1016/j.ultsonch.2012.01.010
https://doi.org/10.1016/j.clay.2015.10.019
https://doi.org/10.3390/fermentation6010036
https://doi.org/10.1016/j.ifset.2017.04.016
https://doi.org/10.1016/j.ultsonch.2010.11.023
https://doi.org/10.1016/j.ultsonch.2010.11.023
https://doi.org/10.1016/j.ultsonch.2019.104953
https://doi.org/10.1016/j.ultsonch.2019.104953
https://doi.org/10.1016/j.lwt.2018.07.026
https://doi.org/10.1016/j.foodhyd.2018.11.007

Thermodynamics and kinetics. Ultrasonics Sonochemistry 37:351-9.
doi: 10.1016/j.ultsonch.2017.01.034.

Chintagari, S., R. Jadeja, and Y.-C. Hung. 2019. Resistance of various
Shiga-toxin producing Escherichia coli (STEC) strains and serogroups
to infra-red and pulsed UV radiation and effect of nalidixic acid ad-
aptation. LWT 102:356-63. doi: 10.1016/j.1wt.2018.11.094.

Choi, S., P. Puligundla, and C. Mok. 2017. Effect of corona discharge
plasma on microbial decontamination of dried squid shreds includ-
ing physico-chemical and sensory evaluation. LWT 75:323-8. doi:
10.1016/j.1wt.2016.08.063.

Chutia, H., D. Kalita, C. L. Mahanta, N. Ojah, and A. J. Choudhury.
2019. Kinetics of inactivation of peroxidase and polyphenol oxidase
in tender coconut water by dielectric barrier discharge plasma. LWT
101:625-9. doi: 10.1016/j.lwt.2018.11.071.

da Cunha, R. M. C,, S. C. R. Branddo, R. A. B. de Medeiros, E. V.
da Silva Junior, J. H. Fernandes da Silva, and P. M. Azoubel. 2020.
Effect of ethanol pretreatment on melon convective drying. Food
Chemistry 333:127502. doi: 10.1016/j.foodchem.2020.127502.

Dabbour, M., R. He, H. Ma, and A. Musa. 2018. Optimization of
ultrasound assisted extraction of protein from sunflower meal and
its physicochemical and functional properties. Journal of Food
Process Engineering 41 (5):€12799. doi: 10.1111/jfpe.12799.

Dabbour, M., R. He, B. Mintah, J. Xiang, and H. Ma. 2019. Changes
in functionalities, conformational characteristics and antioxidative
capacities of sunflower protein by controlled enzymolysis and ul-
trasonication action. Ultrasonics Sonochemistry 58:104625. doi:
10.1016/j.ultsonch.2019.104625.

Dabbour, M., J. Xiang, B. Mintah, R. He, H. Jiang, and H. Ma. 2020.
Localized enzymolysis and sonochemically modified sunflower pro-
tein: Physical, functional and structure attributes. Ultrasonics
Sonochemistry 63:104957. doi: 10.1016/j.ultsonch.2019.104957.

Dasan, B. G., B. Onal-Ulusoy, J. Pawlat, J. Diatczyk, Y. Sen, and M.
Mutlu. 2017. A new and simple approach for decontamination of
food contact surfaces with gliding arc discharge atmospheric
non-thermal plasma. Food and Bioprocess Technology 10 (4):650-61.
doi: 10.1007/s11947-016-1847-2.

Dasan, B. G., T. Yildirim, and I. H. Boyaci. 2018. Surface decontam-
ination of eggshells by using non-thermal atmospheric plasma.
International journal of Food Microbiology 266:267-73. doi: 10.1016/j.
ijfoodmicro.2017.12.021.

Dehghannya, J., S. Kadkhodaei, M. K. Heshmati, and B. Ghanbarzadeh.
2019. Ultrasound-assisted intensification of a hybrid intermittent
microwave - Hot air drying process of potato: Quality aspects and
energy consumption. Ultrasonics 96:104-22. doi: 10.1016/j.ul-
tras.2019.02.005.

Deng, K., J. Chen, Y. Tian, S. Miao, and B. Zheng. 2019. Optimization
of process variables on physical and sensory attributes of Shiitake
(Lentinula edodes) slices during vacuum frying. Innovative Food
Science ¢ Emerging Technologies 54:162-71. doi: 10.1016/j.if-
set.2019.04.009.

Deng, L.-Z., Z. Pan, A. S. Mujumdar, J.-H. Zhao, Z.-A. Zheng, Z.-].
Gao, and H.-W. Xiao. 2019. High-humidity hot air impingement
blanching (HHAIB) enhances drying quality of apricots by inacti-
vating the enzymes, reducing drying time and altering cellular
structure. Food Control 96:104-11. doi: 10.1016/j.food-
cont.2018.09.008.

Deng, L.-Z., Y. Tao, A. S. Mujumdar, Z. Pan, C. Chen, X.-H. Yang,
Z.-L. Liu, H. Wang, and H.-W. Xiao. 2020. Recent advances in
non-thermal decontamination technologies for microorganisms and
mycotoxins in low-moisture foods. Trends in Food Science &
Technology 106:104-12. doi: 10.1016/j.tifs.2020.10.012.

Devi, S., M. Zhang, R. Ju, and B. Bhandari. 2020. Recent development
of innovative methods for efficient frying technology. Critical
Reviews in Food Science and Nutrition 60:1-16. doi:
10.1080/10408398.2020.1804319.

Devi, S., M. Zhang, and C. L. Law. 2018. Effect of ultrasound and
microwave assisted vacuum frying on mushroom (Agaricus bisporus)
chips quality. Food Bioscience 25:111-7. doi: 10.1016/j.tbio.2018.08.004.

Do, T. N,, and J. Kim. 2020. Green C2-C4 hydrocarbon production
through direct CO2 hydrogenation with renewable hydrogen: Process

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 19

development and techno-economic analysis. Energy Conversion and
Management 214:112866. doi: 10.1016/j.enconman.2020.112866.

Dolan, H. L., L. J. Bastarrachea, and R. V. Tikekar. 2018. Inactivation
of Listeria innocua by a combined treatment of low-frequency ul-
trasound and zinc oxide. LWT 88:146-51. doi: 10.1016/j.
lwt.2017.10.008.

Dourado, C., C. Pinto, F. J. Barba, J. M. Lorenzo, I. Delgadillo, and J.
A. Saraiva. 2019. Innovative non-thermal technologies affecting po-
tato tuber and fried potato quality. Trends in Food Science &
Technology 88:274-89. doi: 10.1016/j.tifs.2019.03.015.

Ekezie, F-G. C., D.-W. Sun, Z. Han, and J.-H. Cheng. 2017.
Microwave-assisted food processing technologies for enhancing prod-
uct quality and process efficiency: A review of recent developments.
Trends in Food Science & Technology 67:58-69. doi: 10.1016/j.
tifs.2017.05.014.

Eskandari, J., A. M. Kermani, S. Kouravand, and P. Zarafshan. 2018.
Design, fabrication, and evaluation a laboratory dry-peeling system
for hazelnut using infrared radiation. LWT 90:570-6. doi: 10.1016/j.
lwt.2018.01.004.

Fakayode, O. A., E. A. A. Aboagarib, C. Zhou, and H. Ma. 2020.
Co-pyrolysis of lignocellulosic and macroalgae biomasses for the
production of biochar - A review. Bioresource Technology 297:122408.
doi: 10.1016/j.biortech.2019.122408.

Fakayode, O. A., B. A. Yusuf, C. Zhou, Y. Xu, Q. Ji, J. Xie, and H.
Ma. 2021. Simplistic two-step fabrication of porous carbon-based
biomass-derived electrocatalyst for efficient hydrogen evolution re-
action. Energy Conversion and Management 227:113628. doi:
10.1016/j.enconman.2020.113628.

Fallavena, L. P, L. D. Ferreira Marczak, and G. D. Mercali. 2020.
Ultrasound application for quality improvement of beef biceps fem-
oris physicochemical characteristics. LWT 118:108817. doi: 10.1016/j.
lwt.2019.108817.

Feng, Y., C. Ping Tan, C. Zhou, A. E. A. Yagoub, B. Xu, Y. Sun, H.
Ma, X. Xu, and X. Yu. 2020. Effect of freeze-thaw cycles pretreat-
ment on the vacuum freeze-drying process and physicochemical
properties of the dried garlic slices. Food Chemistry 324:126883.
doi: 10.1016/j.foodchem.2020.126883.

Feng, Y., B. Wu, X. Yu, A. E. A. Yagoub, E Sarpong, and C. Zhou.
2018. Effect of catalytic infrared dry-blanching on the processing
and quality characteristics of garlic slices. Food Chemistry 266:309—
16. doi: 10.1016/j.foodchem.2018.06.012.

Feng, Y., B. Xu, A. ElGasim, A. Yagoub, H. Ma, Y. Sun, X. Xu, X. Yu,
and C. Zhou. 2020. Role of drying techniques on physical, rehy-
dration, flavor, bioactive compounds and antioxidant characteristics
of garlic. Food Chemistry 343:128404. doi: 10.1016/j.food-
chem.2020.128404.

Feng, Y., C. Zhou, A. ElGasim A. Yagoub, Y. Sun, P. Owusu-Ansah,
X. Yu, X. Wang, X. Xu, J. Zhang, and Z. Ren. 2019. Improvement
of the catalytic infrared drying process and quality characteristics
of the dried garlic slices by ultrasound-assisted alcohol pretreatment.
LWT 116:108577. doi: 10.1016/j.1wt.2019.108577.

Fu, R., Z. Xiao, Z. Pan, and H. Wang. 2019. Effects of infrared radi-
ation combined with heating on grape seeds and oil quality. Food
Science and Technology International= Ciencia y Tecnologia de Los
Alimentos Internacional 25 (2):160-70. doi: 10.1177/1082013218808902.

Galvan-D’Alessandro, L., and R. Carciochi. 2018. Fermentation assist-
ed by pulsed electric field and ultrasound: A review. Fermentation
4 (1):1. doi: 10.3390/fermentation4010001.

Gani, G., T. Quadri, and T. Ayaz. 2018. Infrared heating of food-A
review. International Journal of Advance Research in Science and
Engineering 7 (4):845-64.

Gao, R, E Ye, Z. Lu, J. Wang, X. L. Shen, and G. Zhao. 2018. A
novel two-step ultrasound post-assisted lye peeling regime for to-
matoes: Reducing pollution while improving product yield and
quality. Ultrasonics Sonochemistry 45:267-78. doi: 10.1016/j.ult-
sonch.2018.03.021.

Gao, X., J. Zhang, E. Liu, M. Yang, S. Chen, F. Hu, H. Ma, Z. Liu,
and X. Yu. 2019. Enhancing the taste of raw soy sauce using low
intensity ultrasound treatment during moromi fermentation. Food
Chemistry 298:124928. doi: 10.1016/j.foodchem.2019.05.202.


https://doi.org/10.1016/j.ultsonch.2017.01.034
https://doi.org/10.1016/j.lwt.2018.11.094
https://doi.org/10.1016/j.lwt.2016.08.063
https://doi.org/10.1016/j.lwt.2018.11.071
https://doi.org/10.1016/j.foodchem.2020.127502
https://doi.org/10.1111/jfpe.12799
https://doi.org/10.1016/j.ultsonch.2019.104625
https://doi.org/10.1016/j.ultsonch.2019.104957
https://doi.org/10.1007/s11947-016-1847-2
https://doi.org/10.1016/j.ijfoodmicro.2017.12.021
https://doi.org/10.1016/j.ijfoodmicro.2017.12.021
https://doi.org/10.1016/j.ultras.2019.02.005
https://doi.org/10.1016/j.ultras.2019.02.005
https://doi.org/10.1016/j.ifset.2019.04.009
https://doi.org/10.1016/j.ifset.2019.04.009
https://doi.org/10.1016/j.foodcont.2018.09.008
https://doi.org/10.1016/j.foodcont.2018.09.008
https://doi.org/10.1016/j.tifs.2020.10.012
https://doi.org/10.1080/10408398.2020.1804319
https://doi.org/10.1016/j.fbio.2018.08.004
https://doi.org/10.1016/j.enconman.2020.112866
https://doi.org/10.1016/j.lwt.2017.10.008
https://doi.org/10.1016/j.lwt.2017.10.008
https://doi.org/10.1016/j.tifs.2019.03.015
https://doi.org/10.1016/j.tifs.2017.05.014
https://doi.org/10.1016/j.tifs.2017.05.014
https://doi.org/10.1016/j.lwt.2018.01.004
https://doi.org/10.1016/j.lwt.2018.01.004
https://doi.org/10.1016/j.biortech.2019.122408
https://doi.org/10.1016/j.enconman.2020.113628
https://doi.org/10.1016/j.lwt.2019.108817
https://doi.org/10.1016/j.lwt.2019.108817
https://doi.org/10.1016/j.foodchem.2020.126883
https://doi.org/10.1016/j.foodchem.2018.06.012
https://doi.org/10.1016/j.foodchem.2020.128404
https://doi.org/10.1016/j.foodchem.2020.128404
https://doi.org/10.1016/j.lwt.2019.108577
https://doi.org/10.1177/1082013218808902
https://doi.org/10.3390/fermentation4010001
https://doi.org/10.1016/j.ultsonch.2018.03.021
https://doi.org/10.1016/j.ultsonch.2018.03.021
https://doi.org/10.1016/j.foodchem.2019.05.202

20 C.ZHOU ETAL.

Ghaitaranpour, A., M. Mohebbi, A. Koocheki, and M. O. Ngadi. 2020.
An agent-based coupled heat and water transfer model for air fry-
ing of doughnut as a heterogeneous multiscale porous material.
Innovative Food Science & Emerging Technologies 61:102335. doi:
10.1016/j.ifset.2020.102335.

Gholamhosseinpour, A., and S. M. B. Hashemi. 2019. Ultrasound pre-
treatment of fermented milk containing probiotic Lactobacillus plan-
tarum AF1: Carbohydrate metabolism and antioxidant activity. Journal
of Food Process Engineering 42 (1):€12930. doi: 10.1111/jfpe.12930.

Golly, M. K., H. Ma, D. Yuqing, L. Dandan, J. Quaisie, J. A. Tuli, B.
K. Mintah, C. S. Dzah, and P. D. Agordoh. 2020. Effect of multi-
frequency countercurrent ultrasound treatment on extraction opti-
mization, functional and structural properties of protein isolates
from walnut (Juglans regia L.) meal. Journal of Food Biochemistry
44 (6):e13210. doi: 10.1111/jfbc.13210.

Gong, C., Y. Zhao, H. Zhang, J. Yue, Y. Miao, and S. Jiao. 2019.
Investigation of radio frequency heating as a dry-blanching method
for carrot cubes. Journal of Food Engineering 245:53-6. doi: 10.1016/j.
jfoodeng.2018.10.004.

Guimaraes, J. T., C. F. Balthazar, H. Scudino, T. C. Pimentel, E. A.
Esmerino, M. Ashokkumar, M. Q. Freitas, and A. G. Cruz. 2019.
High-intensity ultrasound: A novel technology for the development
of probiotic and prebiotic dairy products. Ultrasonics Sonochemistry
57:12-21. doi: 10.1016/j.ultsonch.2019.05.004.

Guimardes, J. T,, E. K. Silva, V. O. Alvarenga, A. L. R. Costa, R. L.
Cunha, A. S. SantAna, M. Q. Freitas, M. A. A. Meireles, and A.
G. Cruz. 2018. Physicochemical changes and microbial inactivation
after high-intensity ultrasound processing of prebiotic whey bever-
age applying different ultrasonic power levels. Ultrasonics
Sonochemistry 44:251-60. doi: 10.1016/j.ultsonch.2018.02.012.

Giinal-Kéroglu, D., S. Y. Turan, M. Kiralan, and M. F. Ramadan. 2019.
Enhancement of sunflower oil stability during deep-frying using
extracts from olive oil by-products and soy lecithin. Dspace.balike-
sir.edu.tr. https://hdl.handle.net/20.500.12462/10721.

Guo, Y., B. Wu, X. Guo, F. Ding, Z. Pan, and H. Ma. 2020. Effects of
power ultrasound enhancement on infrared drying of carrot slices:
Moisture migration and quality characterizations. LWT 126:109312.
doi: 10.1016/j.1wt.2020.109312.

Hadidi, M., A. Ibarz, and S. Pouramin. 2021. Optimization of ex-
traction and deamidation of edible protein from evening primrose
(Oenothera biennis L.) oil processing by-products and its effect on
structural and techno-functional properties. Food Chemistry
334:127613. doi: 10.1016/j.foodchem.2020.127613.

Hogan, E., A. L. Kelly, and D.-W. Sun. 2005. High pressure processing
of foods: An overview. In Emerging Technologies for Food Processing
ed. D.-W. Sun, pp. 3-32. London, UK: Academic Press. doi: 10.1016/
b978-012676757-5/50003-7.

Horita, C. N., R. C. Baptista, M. Y. R. Caturla, J. M. Lorenzo, E J.
Barba, and A. S. SantAna. 2018. Combining reformulation, active
packaging and non-thermal post-packaging decontamination tech-
nologies to increase the microbiological quality and safety of cooked
ready-to-eat meat products. Trends in Food Science & Technology
72:45-61. doi: 10.1016/j.tifs.2017.12.003.

Huang, D., K. Men, D. Li, T. Wen, Z. Gong, B. Sunden, and Z. Wu. 2020.
Application of ultrasound technology in the drying of food products.
Ultrasonics Sonochemistry 63:104950. doi: 10.1016/j.ultsonch.2019.104950.

Huang, K., S. Wrenn, R. Tikekar, and N. Nitin. 2018. Efficacy of
decontamination and a reduced risk of cross-contamination during
ultrasound-assisted washing of fresh produce. Journal of Food
Engineering 224:95-104. doi: 10.1016/j.jfoodeng.2017.11.043.

Huang, M., M. Zhang, and B. Bhandari. 2018. Synergistic effects of
ultrasound and microwave on the pumpkin slices qualities during
ultrasound-assisted microwave vacuum frying. Journal of Food
Process Engineering 41 (6):e12835. doi: 10.1111/jfpe.12835.

Huang, Z., Q. Zhou, W. Wu, J. Wan, and A. Jiang. 2019. Thermal
kinetics of enzyme inactivation, color changes, and allicin degra-
dation of garlic under blanching treatments. Journal of Food Process
Engineering 42 (3):€12991. doi: 10.1111/jfpe.12991.

Inyinbor, A. A, F A. Adekola, and G. A. Olatunji. 2019. Copper
scavenging efficiency of adsorbents prepared from Raphia hookeri

fruit waste. Sustainable Chemistry and Pharmacy 12:100141. doi:
10.1016/j.5¢p.2019.100141.

Ippoushi, K., Y. Tanaka, M. Wakagi, and N. Hashimoto. 2020.
Evaluation of protein extraction methods for pB-conglycinin quan-
tification in soybeans and soybean products. LWT 132:109871. doi:
10.1016/j.1wt.2020.109871.

Islam, M. M., M. Zhang, B. Bhandari, and Z. Guo. 2019. A hybrid vac-
uum frying process assisted by ultrasound and microwave to enhance
the kinetics of moisture loss and quality of fried edamame. Food and
Bioproducts Processing 118:326-35. doi: 10.1016/j.fbp.2019.10.004.

Islam, M., M. Zhang, and A. S. Mujumdar. 2019. Low temperature
vacuum frying of edamame assisted by ultrasound and microwave:
Effects on the kinetics of oil and product storage properties. Drying
Technology 39 (5):608-12. doi: 10.1080/07373937.2019.1700272.

Jahanbakhshi, A., R. Yeganeh, and M. Momeny. 2020. Influence of
ultrasound pre-treatment and temperature on the quality and ther-
modynamic properties in the drying process of nectarine slices in
a hot air dryer. Journal of Food Processing and Preservation
44 (10):e14818. doi: 10.1111/jfpp.14818.

Jamali, S. N., M. Kashaninejad, A. A. Amirabadi, M. Aalami, and
M. Khomeiri. 2018. Kinetics of peroxidase inactivation, color and
temperature changes during pumpkin (Cucurbita moschata)
blanching using infrared heating. LWT 93:456-62. doi: 10.1016/j.
1wt.2018.03.074.

Jambrak, A. R, V. Lelas, T. J. Mason, G. Kresi¢, and M. Badanjak.
2009. Physical properties of ultrasound treated soy proteins. Journal
of Food Engineering 93 (4):386-93. doi: 10.1016/j.jfood-
eng.2009.02.001.

Javed, U., R. A. Khushnood, S. A. Memon, E E. Jalal, and M. S. Zafar.
2020. Sustainable incorporation of lime-bentonite clay composite
for production of ecofriendly bricks. Journal of Cleaner Production
263:121469. doi: 10.1016/j.jclepro.2020.121469.

Ji, Q, H. Jiang, X. Yu, A. E.-G. A. Yagoub, C. Zhou, and L. Chen.
2020. Efficient and environmentally-friendly dehydration of fructose
and treatments of bagasse under the supercritical CO2 system.
Renewable Energy 162:1-12. doi: 10.1016/j.renene.2020.07.123.

Ji, Q, X. Yu, L. Chen, A. E. A. Yagoub, and C. Zhou. 2020. Aqueous
choline chloride/y-valerolactone as ternary green solvent enhance
AI(III)-catalyzed hydroxymethylfurfural production from rice waste.
Energy Technology 8 (12):2000597. doi: 10.1002/ente.202000597.

Ji, Q, X. Yu, A. E.-G. A. Yagoub, L. Chen, and C. Zhou. 2020. Efficient
removal of lignin from vegetable wastes by ultrasonic and
microwave-assisted treatment with ternary deep eutectic solvent.
Industrial Crops and Products 149:112357. doi: 10.1016/j.ind-
crop.2020.112357.

Jiang, H., B. Ling, X. Zhou, and S. Wang. 2020. Effects of combined
radio frequency with hot water blanching on enzyme inactivation,
color and texture of sweet potato. Innovative Food Science ¢
Emerging Technologies 66:102513. doi: 10.1016/j.ifset.2020.102513.

Jiang, M., X. Bai, J. Sun, and W. Zhu. 2021. Implication of ultrasonic
power and frequency for the ultrasonic vacuum drying of honey.
Drying Technology 39 (10):1389-12. doi:
10.1080/07373937.2020.1750026.

Jiang, Y., S. Wang, F. He, Q. Fan, Y. Ma, W. Yan, Y. Tang, R. Yang,
and W. Zhao. 2018. Inactivation of lipoxygenase in soybean by
radio frequency treatment. International Journal of Food Science &
Technology 53 (12):2738-47. doi: 10.1111/ijfs.13885.

Jin, J., H. Lin, A. E. A. Yagoub, S. Xiong, L. Xu, and C. C. Udenigwe.
2020. Effects of high power ultrasound on the enzymolysis and
structures of sweet potato starch. Journal of the Science of Food and
Agriculture 100 (8):3498-506. doi: 10.1002/jsfa.10390.

Jubeen, F, E. Sher, A. Hazafa, F. Zafar, M. Ameen, and T. Rasheed.
2020. Evaluation and detoxification of aflatoxins in ground and tree
nuts using food grade organic acids. Biocatalysis and Agricultural
Biotechnology 29:101749. doi: 10.1016/j.bcab.2020.101749.

Karri, R. R,, J. N. Sahu, and B. C. Meikap. 2020. Improving efficacy
of Cr (VI) adsorption process on sustainable adsorbent derived
from waste biomass (Sugarcane bagasse) with help of ant colony
optimization. Industrial Crops and Products 143:111927. doi:
10.1016/j.indcrop.2019.111927.


https://doi.org/10.1016/j.ifset.2020.102335
https://doi.org/10.1111/jfpe.12930
https://doi.org/10.1111/jfbc.13210
https://doi.org/10.1016/j.jfoodeng.2018.10.004
https://doi.org/10.1016/j.jfoodeng.2018.10.004
https://doi.org/10.1016/j.ultsonch.2019.05.004
https://doi.org/10.1016/j.ultsonch.2018.02.012
https://hdl.handle.net/20.500.12462/10721
https://doi.org/10.1016/j.lwt.2020.109312
https://doi.org/10.1016/j.foodchem.2020.127613
https://doi.org/10.1016/b978-012676757-5/50003-7
https://doi.org/10.1016/b978-012676757-5/50003-7
https://doi.org/10.1016/j.tifs.2017.12.003
https://doi.org/10.1016/j.ultsonch.2019.104950
https://doi.org/10.1016/j.jfoodeng.2017.11.043
https://doi.org/10.1111/jfpe.12835
https://doi.org/10.1111/jfpe.12991
https://doi.org/10.1016/j.scp.2019.100141
https://doi.org/10.1016/j.lwt.2020.109871
https://doi.org/10.1016/j.fbp.2019.10.004
https://doi.org/10.1080/07373937.2019.1700272
https://doi.org/10.1111/jfpp.14818
https://doi.org/10.1016/j.lwt.2018.03.074
https://doi.org/10.1016/j.lwt.2018.03.074
https://doi.org/10.1016/j.jfoodeng.2009.02.001
https://doi.org/10.1016/j.jfoodeng.2009.02.001
https://doi.org/10.1016/j.jclepro.2020.121469
https://doi.org/10.1016/j.renene.2020.07.123
https://doi.org/10.1002/ente.202000597
https://doi.org/10.1016/j.indcrop.2020.112357
https://doi.org/10.1016/j.indcrop.2020.112357
https://doi.org/10.1016/j.ifset.2020.102513
https://doi.org/10.1080/07373937.2020.1750026
https://doi.org/10.1111/ijfs.13885
https://doi.org/10.1002/jsfa.10390
https://doi.org/10.1016/j.bcab.2020.101749
https://doi.org/10.1016/j.indcrop.2019.111927

Kate, A. E., and P. P. Sutar. 2018. Development and optimization of
novel infrared dry peeling method for ginger (Zingiber officinale
Roscoe) rhizome. Innovative Food Science & Emerging Technologies
48:111-21. doi: 10.1016/j.ifset.2018.05.021.

Kate, A. E., and P. P. Sutar. 2020. Effluent free infrared radiation as-
sisted dry-peeling of ginger rhizome: A feasibility and quality at-
tributes. Journal of Food Science 85 (2):432-41. doi:
10.1111/1750-3841.15009.

Katsigiannis, A. S., D. L. Bayliss, and J. L. Walsh. 2021. Cold plasma
decontamination of stainless steel food processing surfaces assessed
using an industrial disinfection protocol. Food Control 121:107543.
doi: 10.1016/j.foodcont.2020.107543.

Kaveh, M., Y. Abbaspour-Gilandeh, and G. Chen. 2020. Drying kinet-
ic, quality, energy and exergy performance of hot air-rotary drum
drying of green peas using adaptive neuro-fuzzy inference system.
Food and Bioproducts Processing 124:168-83. doi: 10.1016/j.
tbp.2020.08.011.

Kaveh, M., A. Jahanbakhshi, Y. Abbaspour-Gilandeh, E. Taghinezhad,
and M. B. E. Moghimi. 2018. The effect of ultrasound pre-treatment
on quality, drying, and thermodynamic attributes of almond kernel
under convective dryer using ANNs and ANFIS network. Journal
of Food Process Engineering 41 (7):¢12868. doi: 10.1111/jfpe.12868.

Khandpur, P, and P. R. Gogate. 2016. Evaluation of ultrasound based
sterilization approaches in terms of shelf life and quality parameters
of fruit and vegetable juices. Ultrasonics Sonochemistry 29:337-53.
doi: 10.1016/j.ultsonch.2015.10.008.

Kilicli, M., M. Baslar, M. Z. Durak, and O. Sagdic. 2019. Effect of
ultrasound and low-intensity electrical current for microbial safety
of lettuce. LWT 116:108509. doi: 10.1016/j.1wt.2019.108509.

Konopacka, D., ]. Cybulska, A. Zdunek, B. Dyki, A. Machlanska, and
K. Celejewska. 2017. The combined effect of ultrasound and enzy-
matic treatment on the nanostructure, carotenoid retention and
sensory properties of ready-to-eat carrot chips. LWT - Food Science
and Technology 85:427-33. https://doi.org/10.1016/j.1wt.2019.108509.
doi: 10.1016/j.1wt.2016.11.085.

Koubaa, M., H. Mhemdi, and J. Fages. 2018. Recovery of valuable
components and inactivating microorganisms in the agro-food in-
dustry with ultrasound-assisted supercritical fluid technology. The
Journal of Supercritical Fluids 134:71-9. doi: 10.1016/j.supf-
1u.2017.12.012.

Krishnamurthy, K., H. K. Khurana, J. Soojin, J. Irudayaraj, and A.
Demirci. 2008. Infrared heating in food processing: An overview.
Comprehensive Reviews in Food Science and Food Safety 7 (1):2-13.
doi: 10.1111/j.1541-4337.2007.00024.x.

Kwaw, E., Y. Ma, W. Tchabo, A. S. Sackey, M. T. Apaliya, L. Xiao, M.
Wu, and E Sarpong. 2018. Ultrasonication effects on the phyto-
chemical, volatile and sensorial characteristics of lactic acid fer-
mented mulberry juice. Food Bioscience 24:17-25. doi: 10.1016/j.
bi0.2018.05.004.

Lacombe, A., B. A. Niemira, J. B. Gurtler, J. Sites, G. Boyd, D. H.
Kingsley, X. Li, and H. Chen. 2017. Nonthermal inactivation of
norovirus surrogates on blueberries using atmospheric cold plasma.
Food Microbiology 63:1-5. doi: 10.1016/j.fm.2016.10.030.

Lao, Y., M. Zhang, B. Chitrakar, B. Bhandari, and D. Fan. 2019.
Efficient plant foods processing based on infrared heating. Food
Reviews International 35 (7):640-63. doi:
10.1080/87559129.2019.1600537.

Lara, L. M., S. A. Wilson, P. Chen, and G. G. Atungulu. 2019. The
effects of infrared treatment on physicochemical characteristics of
vegetable soybean. Heliyon 5 (1):e01148. doi: 10.1016/j.heliyon.2019.
e01148.

Lee, E. H. 2019. A review on applications of infrared heating for food
processing in comparison to other industries.

Lee, H. S., H. H. Park, and S. C. Min. 2020. Microbial decontamina-
tion of red pepper powder using pulsed light plasma. Journal of
Food Engineering 284:110075. doi: 10.1016/j.jfoodeng.2020.110075.

Li, J., J. Shi, X. Huang, T. Wang, X. Zou, Z. Li, D. Zhang, W. Zhang,
and Y. Xu. 2020. Effects of pulsed electric field pretreatment on
frying quality of fresh-cut lotus root slices. LWT 132:109873. doi:
10.1016/j.1wt.2020.109873.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 21

Li, L., M. Zhang, and W. Wang. 2020. Ultrasound-assisted osmotic
dehydration pretreatment before pulsed fluidized bed microwave
freeze-drying (PFBMFD) of Chinese yam. Food Bioscience 35:100548.
doi: 10.1016/j.tbi0.2020.100548.

Li, S., X. Yang, Y. Zhang, H. Ma, Q. Liang, W. Qu, R. He, C. Zhou,
and G. K. Mahunu. 2016. Effects of ultrasound and ultrasound
assisted alkaline pretreatments on the enzymolysis and structural
characteristics of rice protein. Ultrasonics Sonochemistry 31:20-8.
doi: 10.1016/j.ultsonch.2015.11.019.

Li, S., X. Yang, Y. Zhang, H. Ma, W. Qu, X. Ye, R. Muatasim, and A.
O. Oladejo. 2016. Enzymolysis kinetics and structural characteristics
of rice protein with energy-gathered ultrasound and ultrasound
assisted alkali pretreatments. Ultrasonics Sonochemistry 31:85-92.
doi: 10.1016/j.ultsonch.2015.12.005.

Li, T, L. Wang, D. Sun, Y. Li, and Z. Chen. 2019. Effect of
enzymolysis-assisted electron beam irradiation on structural char-
acteristics and antioxidant activity of rice protein. Journal of Cereal
Science 89:102789. doi: 10.1016/].jcs.2019.102789.

Li, X., Z. Pan, G. G. Atungulu, D. Wood, and T. McHugh. 2014.
Peeling mechanism of tomato under infrared heating: Peel loosen-
ing and cracking. Journal of Food Engineering 128:79-87. doi:
10.1016/j.jfoodeng.2013.12.020.

Li, X., A. Zhang, G. G. Atungulu, M. Delwiche, R. Milczarek, D. Wood,
T. Williams, T. McHugh, and Z. Pan. 2014. Effects of infrared ra-
diation heating on peeling performance and quality attributes of
clingstone peaches. LWT - Food Science and Technology 55 (1):34-
42. doi: 10.1016/j.1wt.2013.08.020.

Li, Y., X. Wang, Z. Wu, N. Wan, and M. Yang. 2020. Dehydration of
hawthorn fruit juices using ultrasound-assisted vacuum drying.
Ultrasonics Sonochemistry 68:105219. doi: 10.1016/j.ult-
sonch.2020.105219.

Li, Y., Z. Wu, X. Wang, E Yu, and M. Yang. 2019. Effects of combined
infrared and steam blanching on enzyme inactivation and product
quality of Chrysanthemum indicum L. flower. Journal of Food
Processing and Preservation 43 (10). doi: 10.1111/jfpp.14119.

Liberty, J. T., J. Dehghannya, and M. O. Ngadi. 2019. Effective strat-
egies for reduction of oil content in deep-fat fried foods: A review.
Trends in Food Science ¢ Technology 92:172-83. doi: 10.1016/j.
tifs.2019.07.050.

Ling, B, J. G. Lyng, and S. Wang. 2018. Effects of hot air-assisted
radio frequency heating on enzyme inactivation, lipid stability and
product quality of rice bran. LWT 91:453-9. doi: 10.1016/j.
lwt.2018.01.084.

Liu, A., Y. Zheng, L. Liu, S. Chen, L. He, X. Ao, Y. Yang, and S. Liu.
2020. Decontamination of aflatoxins by lactic acid bacteria. Current
Microbiology 77 (12):3821-30. doi: 10.1007/s00284-020-02220-y.

Liu, C.,, N. Grimi, N. Lebovka, and E. Vorobiev. 2020. Impacts of
preliminary vacuum drying and pulsed electric field treatment on
characteristics of fried potatoes. Journal of Food Engineering
276:109898. doi: 10.1016/j.jfoodeng.2019.109898.

Liu, Y, J. Li, Y. Cheng, and Y. Liu. 2019. Effect of frying oils’ fatty
acid profile on quality, free radical and volatiles over deep-frying
process: A comparative study using chemometrics. LWT 101:331-41.
https://doi.org/10.1016/j.jclepro.2019.118483. doi: 10.1016/j.
Iwt.2018.11.033.

Liu, Y.,, D. Sun, H. Wang, X. Wang, G. Yu, and X. Zhao. 2020. An
evaluation of Chinas agricultural green production: 1978-2017.
Journal of Cleaner Production 243:118483. https://doi.org/10.1016/j.
lwt.2018.11.033. doi: 10.1016/j.jclepro.2019.118483.

Lopes, L. C,, I. V. Branddo, O. C. Sanchez, E. Franceschi, G. Borges,
C. Dariva, and A. T. Fricks. 2018. Horseradish peroxidase biocata-
lytic reaction monitoring using near-infrared (NIR) spectroscopy.
Process Biochemistry 71:127-33. doi: 10.1016/j.procbio.2018.05.024.

Luo, D,, R. Wu, J. Zhang, K. Zhang, B. Xu, P. Li, Y. Yuan, and X. Li.
2018. Effects of ultrasound assisted dough fermentation on the
quality of steamed bread. Journal of Cereal Science 83:147-52. doi:
10.1016/j.jcs.2018.07.016.

Ma, X., D. Wang, W. Chen, B. B. Ismail, W. Wang, R. Ly, T. Ding, X.
Ye, and D. Liu. 2018. Effects of ultrasound pretreatment on the
enzymolysis of pectin: Kinetic study, structural characteristics and


https://doi.org/10.1016/j.ifset.2018.05.021
https://doi.org/10.1111/1750-3841.15009
https://doi.org/10.1016/j.foodcont.2020.107543
https://doi.org/10.1016/j.fbp.2020.08.011
https://doi.org/10.1016/j.fbp.2020.08.011
https://doi.org/10.1111/jfpe.12868
https://doi.org/10.1016/j.ultsonch.2015.10.008
https://doi.org/10.1016/j.lwt.2019.108509
https://doi.org/10.1016/j.lwt.2019.108509
https://doi.org/10.1016/j.lwt.2016.11.085
https://doi.org/10.1016/j.supflu.2017.12.012
https://doi.org/10.1016/j.supflu.2017.12.012
https://doi.org/10.1111/j.1541-4337.2007.00024.x
https://doi.org/10.1016/j.fbio.2018.05.004
https://doi.org/10.1016/j.fbio.2018.05.004
https://doi.org/10.1016/j.fm.2016.10.030
https://doi.org/10.1080/87559129.2019.1600537
https://doi.org/10.1016/j.heliyon.2019.e01148
https://doi.org/10.1016/j.heliyon.2019.e01148
https://doi.org/10.1016/j.jfoodeng.2020.110075
https://doi.org/10.1016/j.lwt.2020.109873
https://doi.org/10.1016/j.fbio.2020.100548
https://doi.org/10.1016/j.ultsonch.2015.11.019
https://doi.org/10.1016/j.ultsonch.2015.12.005
https://doi.org/10.1016/j.jcs.2019.102789
https://doi.org/10.1016/j.jfoodeng.2013.12.020
https://doi.org/10.1016/j.lwt.2013.08.020
https://doi.org/10.1016/j.ultsonch.2020.105219
https://doi.org/10.1016/j.ultsonch.2020.105219
https://doi.org/10.1111/jfpp.14119
https://doi.org/10.1016/j.tifs.2019.07.050
https://doi.org/10.1016/j.tifs.2019.07.050
https://doi.org/10.1016/j.lwt.2018.01.084
https://doi.org/10.1016/j.lwt.2018.01.084
https://doi.org/10.1007/s00284-020-02220-y
https://doi.org/10.1016/j.jfoodeng.2019.109898
https://doi.org/10.1016/j.jclepro.2019.118483
https://doi.org/10.1016/j.lwt.2018.11.033
https://doi.org/10.1016/j.lwt.2018.11.033
https://doi.org/10.1016/j.lwt.2018.11.033
https://doi.org/10.1016/j.lwt.2018.11.033
https://doi.org/10.1016/j.jclepro.2019.118483
https://doi.org/10.1016/j.procbio.2018.05.024
https://doi.org/10.1016/j.jcs.2018.07.016

22 . C.ZHOU ETAL.

anti-cancer activity of the hydrolysates. Food Hydrocolloids 79:90-9.
doi: 10.1016/j.foodhyd.2017.12.008.

Ma, X, T. Yan, E Hou, W. Chen, S. Miao, and D. Liu. 2019. Formation
of soy protein isolate (SPI)-citrus pectin (CP) electrostatic complex-
es under a high-intensity ultrasonic field: Linking the enhanced
emulsifying properties to physicochemical and structural properties.
Ultrasonics Sonochemistry 59:104748. doi: 10.1016/j.ult-
sonch.2019.104748.

MacDonald, R., and C. Reitmeier. 2017. Food processing. Understanding
Food Systems :179-225.

Mahendran, R., K. R. Ramanan, F. J. Barba, J. M. Lorenzo, O.
Lopez-Fernandez, P. E. S. Munekata, S. Roohinejad, A. S. SantAna, and
B. K. Tiwari. 2019. Recent advances in the application of pulsed light
processing for improving food safety and increasing shelf life. Trends in
Food Science & Technology 88:67-79. doi: 10.1016/j.tifs.2019.03.010.

Majid, I, G. A. Nayik, and V. Nanda. 2015. Ultrasonication and food
technology: A review. Cogent Food & Agriculture 1 (1):1071022.
doi: 10.1080/23311932.2015.1071022.

Mandal, R., A. Singh, and A. P. Singh. 2018. Recent developments in
cold plasma decontamination technology in the food industry.
Trends in Food Science ¢ Technology 80:93-103. doi: 10.1016/j.
tifs.2018.07.014.

Meenu, M., P. Guha, and S. Mishra. 2017. Coupled heat and moisture
transfer of a single mung bean grain based on IR heating.
International Journal of Modeling, Simulation, and Scientific
Computing 08 (02):1740001. doi: 10.1142/S1793962317400013.

Merone, D., D. Colucci, D. Fissore, N. Sanjuan, and J. A. Carcel. 2020.
Energy and environmental analysis of ultrasound-assisted atmo-
spheric freeze-drying of food. Journal of Food Engineering 283:110031.
doi: 10.1016/j.jfoodeng.2020.110031.

Miks$-Krajnik, M., L. X. James Feng, W. S. Bang, and H.-G. Yuk. 2017.
Inactivation of Listeria monocytogenes and natural microbiota on
raw salmon fillets using acidic electrolyzed water, ultraviolet light
or/and ultrasounds. Food Control 74:54-60. doi: 10.1016/j.food-
cont.2016.11.033.

Minutillo, M., A. Perna, and A. Sorce. 2020. Green hydrogen produc-
tion plants via biogas steam and autothermal reforming processes:
Energy and exergy analyses. Applied Energy 277:115452. doi:
10.1016/j.apenergy.2020.115452.

Mohammadi, Z., M. Kashaninejad, A. M. Ziaiifar, and M. Ghorbani.
2019. Peeling of kiwifruit using infrared heating technology: A
feasibility and optimization study. LWT 99:128-37. doi: 10.1016/j.
Iwt.2018.09.037.

Molnér, H., I. Bata-Vidacs, E. Baka, Z. Cserhalmi, S. Ferenczi, R.
Tomoskozi-Farkas, N. Addanyi, and A. Székdcs. 2018. The effect of
different decontamination methods on the microbial load, bioactive
components, aroma and colour of spice paprika. Food Control.
83:131-40. doi: 10.1016/j.foodcont.2017.04.032.

Mosca, L., J. A. Medrano Jimenez, S. A. Wassie, F. Gallucci, E. Palo,
M. Colozzi, S. Taraschi, and G. Galdieri. 2020. Process design for
green hydrogen production. International Journal of Hydrogen Energy
45 (12):7266-77. doi: 10.1016/j.ijhydene.2019.08.206.

Nalawade, S. A., A. Sinha, and H. U. Hebbar. 2018. Infrared based
dry blanching and hybrid drying of bitter gourd slices: Process
efficiency evaluation. Journal of Food Process Engineering 41
(4):€12672. doi: 10.1111/jfpe.12672.

Ojediran, J. O., C. E. Okonkwo, A. J. Adeyi, O. Adeyi, A. E Olaniran,
N. E. George, and A. T. Olayanju. 2020. Drying characteristics of
yam slices (Dioscorea rotundata) in a convective hot air dryer:
Application of ANFIS in the prediction of drying kinetics. Heliyon
6 (3):e03555. doi: 10.1016/j.heliyon.2020.e03555.

Oladejo, A. O., H. Ma, W. Qu, C. Zhou, B. Wu, B. B. Uzoejinwa, D.
I. Onwude, and X. Yang. 2018. Application of pretreatment methods
on agricultural products prior to frying: A review. Journal of the
Science of Food and Agriculture 98 (2):456-66. doi: 10.1002/jsfa.8502.

Oladejo, A. O., H. Ma, W. Qu, C. Zhou, B. Wu, X. Yang, and D. L.
Onwude. 2017. Effects of ultrasound pretreatments on the kinetics
of moisture loss and oil uptake during deep fat frying of sweet
potato (Ipomea batatas). Innovative Food Science ¢ Emerging
Technologies 43:7-17. doi: 10.1016/j.ifset.2017.07.019.

Olaniran, A. F, and S. H. Abiose. 2018. Proximate and antioxidant
activities of bio-preserved ogi flour with garlic and ginger.
F1000Research 7:1936. doi: 10.12688/f1000research.17059.1.

Olaniran, A. F, and S. H. Abiose. 2019. Nutritional evaluation of
enhanced unsieved ogi paste with garlic and ginger. Preventive
Nutrition and Food Science 24 (3):348-56. doi: 10.3746/
pnf.2019.24.3.348.

Olaniran, A. E, S. H. Abiose, H. A. Adeniran, S. O. Gbadamosi, and
Y. M. Iranloye. 2020. Production of a cereal based product (Ogi):
Influence of co-fermentation with powdered garlic and ginger on
the microbiome. Agrosearch 20 (1):81-93. doi: 10.4314/agrosh.
v20i1.8S.

Onwude, D. I., N. Hashim, and G. Chen. 2016. Recent advances of
novel thermal combined hot air drying of agricultural crops. Trends
in Food Science & Technology 57:132-45. doi: 10.1016/j.
tifs.2016.09.012.

Osae, R., G. Essilfie, R. N. Alolga, E. Bonah, H. Ma, and C. Zhou.
2020. Drying of ginger slices—Evaluation of quality attributes, en-
ergy consumption, and kinetics study. Journal of Food Process
Engineering 43 (2). doi: 10.1111/jfpe.13348.

Osae, R., C. Zhou, B. Xu, W. Tchabo, H. E. Tahir, A. T. Mustapha,
and H. Ma. 2019. Effects of ultrasound, osmotic dehydration, and
osmosonication pretreatments on bioactive compounds, chemical
characterization, enzyme inactivation, color, and antioxidant activ-
ity of dried ginger slices. Journal of Food Biochemistry 43 (5):e12832.
doi: 10.1111/jfbc.12832.

Otu, P. N. Y,, J. Haonan, Z. Cunshan, and Y. Hongpeng. 2018. Sorghum
bicolor L. leaf sheath polysaccharides: Dual frequency
ultrasound-assisted extraction and desalination. Industrial Crops and
Products 126:368-79. doi: 10.1016/j.indcrop.2018.10.032.

Owusu-Ansah, P, X. Yu, R. Osae, A. T. Mustapha, R. Zhang, and C.
Zhou. 2020. Inactivation of Bacillus cereus from pork by thermal,
non-thermal and single-frequency/multi-frequency thermosonication:
Modelling and effects on physicochemical properties. LWT
133:109939. doi: 10.1016/j.1wt.2020.109939.

Pan, A.-D., H.-Y. Zeng, G. B. E C. Alain, and B. Feng. 2016.
Heat-pretreatment and enzymolysis behavior of the lotus seed pro-
tein. Food Chemistry 201:230-6. doi: 10.1016/j.foodchem.2016.01.069.

Pan, Z., H. El-Mashad, C. Venkitasamy, R. Khir, and T. H. McHugh.
2019. Infrared research and development improve food healthfulness,
quality, and safety while saving energy and water in food process-
ing. Journal of Food Science 84 (7):1665-7. doi:
10.1111/1750-3841.14742.

Pan, Z., X. Li, R. Khir, H. M. El-Mashad, G. G. Atungulu, T. H.
McHugh, and M. Delwiche. 2015. A pilot scale electrical infrared
dry-peeling system for tomatoes: Design and performance evalua-
tion. Biosystems Engineering 137:1-8. doi: 10.1016/j.biosyste-
mseng.2015.06.003.

Pandey, A. K., N. Ravi, and O. P. Chauhan. 2020. Quality attributes
of vacuum fried fruits and vegetables: A review. Journal of Food
Measurement and Characterization 14 (3):1543-56. doi: 10.1007/
511694-020-00403-6.

Pankaj, S. K., N. N. Misra, and P. J. Cullen. 2013. Kinetics of tomato
peroxidase inactivation by atmospheric pressure cold plasma based
on dielectric barrier discharge. Innovative Food Science & Emerging
Technologies 19:153-7. doi: 10.1016/j.ifset.2013.03.001.

Pankaj, S. K., H. Shi, and K. M. Keener. 2018. A review of novel
physical and chemical decontamination technologies for aflatoxin
in food. Trends in Food Science & Technology 71:73-83. doi:
10.1016/j.tifs.2017.11.007.

Paomephan, P., A. Assavanig, S. Chaturongakul, N. C. Cady, M.
Bergkvist, and N. Niamsiri. 2018. Insight into the antibacterial prop-
erty of chitosan nanoparticles against Escherichia coli and Salmonella
typhimurium and their application as vegetable wash disinfectant.
Food Control 86:294-301. doi: 10.1016/j.foodcont.2017.09.021.

Pellicer, J. A., and V. M. Gémez-Lopez. 2017. Pulsed light inactivation
of horseradish peroxidase and associated structural changes. Food
Chemistry 237:632-7. doi: 10.1016/j.foodchem.2017.05.151.

Poudel, R., and D. J. Rose. 2018. Changes in enzymatic activities and
functionality of whole wheat flour due to steaming of wheat ker-


https://doi.org/10.1016/j.foodhyd.2017.12.008
https://doi.org/10.1016/j.ultsonch.2019.104748
https://doi.org/10.1016/j.ultsonch.2019.104748
https://doi.org/10.1016/j.tifs.2019.03.010
https://doi.org/10.1080/23311932.2015.1071022
https://doi.org/10.1016/j.tifs.2018.07.014
https://doi.org/10.1016/j.tifs.2018.07.014
https://doi.org/10.1142/S1793962317400013
https://doi.org/10.1016/j.jfoodeng.2020.110031
https://doi.org/10.1016/j.foodcont.2016.11.033
https://doi.org/10.1016/j.foodcont.2016.11.033
https://doi.org/10.1016/j.apenergy.2020.115452
https://doi.org/10.1016/j.lwt.2018.09.037
https://doi.org/10.1016/j.lwt.2018.09.037
https://doi.org/10.1016/j.foodcont.2017.04.032
https://doi.org/10.1016/j.ijhydene.2019.08.206
https://doi.org/10.1111/jfpe.12672
https://doi.org/10.1016/j.heliyon.2020.e03555
https://doi.org/10.1002/jsfa.8502
https://doi.org/10.1016/j.ifset.2017.07.019
https://doi.org/10.12688/f1000research.17059.1
https://doi.org/10.3746/pnf.2019.24.3.348
https://doi.org/10.3746/pnf.2019.24.3.348
https://doi.org/10.4314/agrosh.v20i1.8S
https://doi.org/10.4314/agrosh.v20i1.8S
https://doi.org/10.1016/j.tifs.2016.09.012
https://doi.org/10.1016/j.tifs.2016.09.012
https://doi.org/10.1111/jfpe.13348
https://doi.org/10.1111/jfbc.12832
https://doi.org/10.1016/j.indcrop.2018.10.032
https://doi.org/10.1016/j.lwt.2020.109939
https://doi.org/10.1016/j.foodchem.2016.01.069
https://doi.org/10.1111/1750-3841.14742
https://doi.org/10.1016/j.biosystemseng.2015.06.003
https://doi.org/10.1016/j.biosystemseng.2015.06.003
https://doi.org/10.1007/s11694-020-00403-6
https://doi.org/10.1007/s11694-020-00403-6
https://doi.org/10.1016/j.ifset.2013.03.001
https://doi.org/10.1016/j.tifs.2017.11.007
https://doi.org/10.1016/j.foodcont.2017.09.021
https://doi.org/10.1016/j.foodchem.2017.05.151

nels. Food Chemistry 263:315-20. doi:
chem.2018.05.022.

Qiu, W.-Y.,, W.-D. Cai, M. Wang, and J.-K. Yan. 2019. Effect of ultra-
sonic intensity on the conformational changes in citrus pectin un-
der ultrasonic processing. Food Chemistry 297:125021. doi: 10.1016/].
foodchem.2019.125021.

Rahmawati, L., D. Saputra, K. Sahim, and G. Priyanto. 2018. Effect of
infrared radiation on chemical and physical properties on Duku’s
peel. Potravinarstvo 12 (1). doi: 10.5219/985.

Rajendran, N., and G. Baskar. 2021. Process optimization, green chem-
istry balance and technoeconomic analysis of biodiesel production
from castor oil using heterogeneous nanocatalyst. Bioresource
Technology 320 (Pt A):124347. doi: 10.1016/j.biortech.2020.124347.

Ran, X., M. Zhang, Y. Wang, and B. Bhandari. 2019. Dielectric prop-
erties of carrots affected by ultrasound treatment in water and oil
medium simulated systems. Ultrasonics Sonochemistry 56:150-9. doi:
10.1016/j.ultsonch.2019.04.016.

Rashid, M. T., M. A. Jatoi, B. Safdar, A. Wali, R. M. Aadil, F Sarpong,
and H. Ma. 2020. Modeling the drying of ultrasound and glucose
pretreated sweet potatoes: The impact on phytochemical and func-
tional groups. Ultrasonics Sonochemistry 68:105226. doi: 10.1016/j.
ultsonch.2020.105226.

Rashid, M. T., H. Ma, M. A. Jatoi, B. Safdar, H. S. El-Mesery, E.
Sarpong, Z. Ali, and A. Wali. 2019. Multi-frequency ultrasound and
sequential infrared drying on drying kinetics, thermodynamic prop-
erties, and quality assessment of sweet potatoes. Journal of Food
Process Engineering 42 (5):e13127. doi: 10.1111/jfpe.13127.

Rastogi, N. K. 2012. Infrared heating of fluid foods. In Novel Thermal
and Non-Thermal Technologies for Fluid Foods ed. P. ]. Cullen, B.
K. Tiwari, V. P. Valdramidis, pp. 411-32. San Diego: Academic
Press. doi: 10.1016/b978-0-12-381470-8.00013-x.

Rifna, E. J., S. K. Singh, S. Chakraborty, and M. Dwivedi. 2019. Effect
of thermal and non-thermal techniques for microbial safety in food
powder: Recent advances. Food Research International (Ottawa, Ont.)
126:108654. doi: 10.1016/j.foodres.2019.108654.

Rock, C., W. Yang, R. Goodrich-Schneider, and H. Feng. 2012.
Conventional and alternative methods for tomato peeling. Food
Engineering Reviews 4 (1):1-15. doi: 10.1007/s12393-011-9047-3.

Rojas, M. L., T. S. Leite, M. Cristianini, I. D. Alvim, and P. E. D. Augusto.
2016. Peach juice processed by the ultrasound technology: Changes in
its microstructure improve its physical properties and stability. Food
Research International 82:22-33. doi: 10.1016/j.foodres.2016.01.011.

Rojas, M. L., I Silveira, and P. E. D. Augusto. 2020. Ultrasound and
ethanol pre-treatments to improve convective drying: Drying, rehy-
dration and carotenoid content of pumpkin. Food and Bioproducts
Processing 119:20-30. doi: 10.1016/j.tbp.2019.10.008.

Roohi, R., S. M. B. Hashemi, and A. Mousavi Khaneghah. 2020.
Kinetics and thermodynamic modelling of the aflatoxins decontam-
ination: A review. International Journal of Food Science & Technology
55 (12):3525-32. doi: 10.1111/ijfs.14689.

Ruan, S., J. Luo, Y. Li, Y. Wang, S. Huang, F. Lu, and H. Ma. 2020.
Ultrasound-assisted liquid-state fermentation of soybean meal with
Bacillus subtilis: Effects on peptides content. Process Biochemistry
91:73-82. doi: 10.1016/j.procbio.2019.11.035.

Sakare, P.,, N. Prasad, N. Thombare, R. Singh, and S. C. Sharma. 2020.
Infrared drying of food materials: Recent advances. Food Engineering
Reviews 12 (3):381-98. doi: 10.1007/s12393-020-09237-w.

Salve, A. R., K. Pegu, and S. S. Arya. 2019. Comparative assessment
of high-intensity ultrasound and hydrodynamic cavitation process-
ing on physico-chemical properties and microbial inactivation of
peanut milk. Ultrasonics Sonochemistry 59:104728. doi: 10.1016/j.
ultsonch.2019.104728.

Santos, K. C,, J. S. Guedes, M. L. Rojas, G. R. Carvalho, and P. E. D.
Augusto. 2021. Enhancing carrot convective drying by combining eth-
anol and ultrasound as pre-treatments: Effect on product structure,
quality, energy consumption, drying and rehydration kinetics. Ultrasonics
Sonochemistry 70:105304. doi: 10.1016/j.ultsonch.2020.105304.

Savi, G. D., T. Gomes, S. B. Canever, A. C. Feltrin, K. C. Piacentini,
R. Scussel, D. Oliveira, R. A. Machado-de-Avila, M. Cargnin, and
E. Angioletto. 2020. Application of ozone on rice storage: A math-

10.1016/j.food-

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 23

ematical modeling of the ozone spread, effects in the decontami-
nation of filamentous fungi and quality attributes. Journal of Stored
Products Research 87:101605. doi: 10.1016/j.jspr.2020.101605.

Schouten, M. A., J. Genovese, S. Tappi, A. Di Francesco, E. Baraldi,
M. Cortese, G. Caprioli, S. Angeloni, S. Vittori, P. Rocculi, et al.
2020. Effect of innovative pre-treatments on the mitigation of acryl-
amide formation in potato chips. Innovative Food Science & Emerging
Technologies 64:102397. doi: 10.1016/j.ifset.2020.102397.

Sen, Y., B. Onal-Ulusoy, and M. Mutlu. 2019. Aspergillus decontami-
nation in hazelnuts: Evaluation of atmospheric and low-pressure
plasma technology. Innovative Food Science & Emerging Technologies
54:235-42. doi: 10.1016/j.ifset.2019.04.014.

Shankarrao Shirkole, S., A. Sadashiv Mujumdar, R. Jayabalan, and P.
Prakash Sutar. 2021. Dry pasteurization of paprika (Capsicum an-
nuum L.) by short time intensive microwave-infrared radiation:
Inactivation of Salmonella typhimurium and Aspergillus flavus con-
sidering quality degradation kinetics. Food Chemistry 338:128012.
doi: 10.1016/j.foodchem.2020.128012.

Sharifimehr, S., N. Soltanizadeh, and S. A. H. Goli. 2019.
Physicochemical properties of fried shrimp coated with
bio-nano-coating containing eugenol and Aloe vera. LWT 109:33-9.
doi: 10.1016/j.1wt.2019.03.084.

Shavandi, M., M. Kashaninejad, A. Sadeghi, S. M. Jafari, and M.
Hasani. 2020. Decontamination of Bacillus cereus in cardamom
(Elettaria cardamomum) seeds by infrared radiation and modeling
of microbial inactivation through experimental models. Journal of
Food Safety 40 (1):e12730. doi: 10.1111/jfs.12730.

Shavandi, M., M. Taghdir, S. Abbaszadeh, M. Sepandi, and K.
Parastouei. 2020. Modeling the inactivation of Bacillus cereus by
infrared radiation in paprika powder (Capsicum annuum). Journal
of Food Safety 40 (4):e12797. doi: 10.1111/jfs.12797.

Shen, Y., R. Khir, D. Wood, T. H. McHugh, and Z. Pan. 2020. Pear
peeling using infrared radiation heating technology. Innovative Food
Science ¢ Emerging Technologies 65:102474. doi: 10.1016/j.if-
set.2020.102474.

Shirani, K., F. Shahidi, and S. A. Mortazavi. 2020. Investigation of
decontamination effect of argon cold plasma on physicochemical
and sensory properties of almond slices. International Journal of
Food Microbiology 335:108892. doi: 10.1016/j.ijfoodmicro.2020.108892.

Siciliano, I., B. Dal Bello, G. Zeppa, D. Spadaro, and M. Gullino. 2017.
Static hot air and infrared rays roasting are efficient methods for
aflatoxin decontamination on hazelnuts. Toxins 9 (2):72. doi:
10.3390/toxins9020072.

Silva-Vera, W., N. Avendafno-Mufoz, H. Nunez, C. Ramirez, S.
Almonacid, and R. Simpson. 2020. CO2 laser drilling coupled with
moderate electric fields for enhancement of the mass transfer phe-
nomenon in a tomato (Lycopersicon esculentum) peeling process.
Journal of Food Engineering 276:109870. doi: 10.1016/j.jfood-
eng.2019.109870.

Song, G., L. Li, H. Wang, M. Zhang, X. Yu, J. Wang, J. Xue, and Q.
Shen. 2020. Real-time assessing the lipid oxidation of prawn
(Litopenaeus vannamei) during air-frying by IKnife coupling rapid
evaporative ionization mass spectrometry. Food Control. 111:107066.
doi: 10.1016/j.foodcont.2019.107066.

Stratakos, A. C., and I. R. Grant. 2018. Evaluation of the efficacy of
multiple physical, biological and natural antimicrobial interventions
for control of pathogenic Escherichia coli on beef. Food Microbiology
76:209-18. doi: 10.1016/j.fm.2018.05.011.

Su, D,, W. Ly, Y. Wang, L. Wang, and D. Li. 2020. Influence of mi-
crowave hot-air flow rolling dry-blanching on microstructure, water
migration and quality of pleurotus eryngii during hot-air drying.
Food Control 114:107228. doi: 10.1016/j.foodcont.2020.107228.

Su, Y., M. Zhang, B. Bhandari, and W. Zhang. 2018. Enhancement of
water removing and the quality of fried purple-fleshed sweet pota-
to in the vacuum frying by combined power ultrasound and mi-
crowave technology. Ultrasonics Sonochemistry 44:368-79. doi:
10.1016/j.ultsonch.2018.02.049.

Su, Y., M. Zhang, B. Chitrakar, and W. Zhang. 2020. Effects of
low-frequency ultrasonic pre-treatment in water/oil medium simu-
lated system on the improved processing efficiency and quality of


https://doi.org/10.1016/j.foodchem.2018.05.022
https://doi.org/10.1016/j.foodchem.2018.05.022
https://doi.org/10.1016/j.foodchem.2019.125021
https://doi.org/10.1016/j.foodchem.2019.125021
https://doi.org/10.5219/985
https://doi.org/10.1016/j.biortech.2020.124347
https://doi.org/10.1016/j.ultsonch.2019.04.016
https://doi.org/10.1016/j.ultsonch.2020.105226
https://doi.org/10.1016/j.ultsonch.2020.105226
https://doi.org/10.1111/jfpe.13127
https://doi.org/10.1016/b978-0-12-381470-8.00013-x
https://doi.org/10.1016/j.foodres.2019.108654
https://doi.org/10.1007/s12393-011-9047-3
https://doi.org/10.1016/j.foodres.2016.01.011
https://doi.org/10.1016/j.fbp.2019.10.008
https://doi.org/10.1111/ijfs.14689
https://doi.org/10.1016/j.procbio.2019.11.035
https://doi.org/10.1007/s12393-020-09237-w
https://doi.org/10.1016/j.ultsonch.2019.104728
https://doi.org/10.1016/j.ultsonch.2019.104728
https://doi.org/10.1016/j.ultsonch.2020.105304
https://doi.org/10.1016/j.jspr.2020.101605
https://doi.org/10.1016/j.ifset.2020.102397
https://doi.org/10.1016/j.ifset.2019.04.014
https://doi.org/10.1016/j.foodchem.2020.128012
https://doi.org/10.1016/j.lwt.2019.03.084
https://doi.org/10.1111/jfs.12730
https://doi.org/10.1111/jfs.12797
https://doi.org/10.1016/j.ifset.2020.102474
https://doi.org/10.1016/j.ifset.2020.102474
https://doi.org/10.1016/j.ijfoodmicro.2020.108892
https://doi.org/10.3390/toxins9020072
https://doi.org/10.1016/j.jfoodeng.2019.109870
https://doi.org/10.1016/j.jfoodeng.2019.109870
https://doi.org/10.1016/j.foodcont.2019.107066
https://doi.org/10.1016/j.fm.2018.05.011
https://doi.org/10.1016/j.foodcont.2020.107228
https://doi.org/10.1016/j.ultsonch.2018.02.049

24 C.ZHOU ETAL.

microwave-assisted vacuum fried potato chips. Ultrasonics
Sonochemistry 63:104958. doi: 10.1016/j.ultsonch.2020.104958.

Su, Y., M. Zhang, W. Zhang, C. Liu, and B. Adhikari. 2018. Ultrasonic
microwave-assisted vacuum frying technique as a novel frying meth-
od for potato chips at low frying temperature. Food and Bioproducts
Processing 108:95-104. doi: 10.1016/j.fbp.2018.02.001.

Sun, Y., M. Zhang, and D. Fan. 2019. Effect of ultrasonic on deteri-
oration of oil in microwave vacuum frying and prediction of frying
oil quality based on low field nuclear magnetic resonance (LF-NMR).
Ultrasonics Sonochemistry 51:77-89. doi: 10.1016/j.ult-
sonch.2018.10.015.

Tan, M. S. E, S. Rahman, and G. A. Dykes. 2017. Sonication reduces
the attachment of Salmonella typhimurium ATCC 14028 cells to
bacterial cellulose-based plant cell wall models and cut plant ma-
terial. Food Microbiology 62:62-7. doi: 10.1016/j.fm.2016.10.009.

Tian, Y., S. Wang, W. Yan, Y. Tang, R. Yang, and W. Zhao. 2018.
Inactivation of apple (Malus domestica Borkh) polyphenol oxidases
by radio frequency combined with pulsed electric field treatment.
International Journal of Food Science & Technology 53 (9):2054-63.
doi: 10.1111/ijfs.13781.

Tolouie, H., M. A. Mohammadifar, H. Ghomi, A. S. Yaghoubi, and M.
Hashemi. 2018. The impact of atmospheric cold plasma treatment
on inactivation of lipase and lipoxygenase of wheat germs. Innovative
Food Science & Emerging Technologies 47:346-52. doi: 10.1016/j.if-
set.2018.03.002.

Udomkun, P., A. N. Wiredu, M. Nagle, J. Miiller, B. Vanlauwe, and
R. Bandyopadhyay. 2017. Innovative technologies to manage af-
latoxins in foods and feeds and the profitability of application
- A review. Food Control 76:127-38. doi: 10.1016/j.food-
cont.2017.01.008.

Umego, E. C., R. He, W. Ren, H. Xu, and H. Ma. 2021.
Ultrasonic-assisted enzymolysis: Principle and applications. Process
Biochemistry 100:59-68. doi: 10.1016/j.procbio.2020.09.033.

Vanegas, C. A. L., G. A. Cordeiro, C. P. de Paula, R. E. C. Ordoiiez,
and R. Anholon. 2018. Analysis of the utilization of tools and
sustainability approaches in the product development process in
Brazilian industry. Sustainable Production and Consumption 16:249-
62. doi: 10.1016/j.spc.2018.08.006.

Venkitasamy, C., M. T. Brandl, B. Wang, T. H. McHugh, R. Zhang,
and Z. Pan. 2017. Drying and decontamination of raw pistachios
with sequential infrared drying, tempering and hot air drying.
International Journal of Food Microbiology 246:85-91. doi: 10.1016/j.
ijfoodmicro.2017.02.005.

Venkitasamy, C., C. Zhu, M. T. Brandl, F. . A. Niederholzer, R. Zhang,
T. H. McHugh, and Z. Pan. 2018. Feasibility of using sequential
infrared and hot air for almond drying and inactivation of
Enterococcus faecium NRRL B-2354. LWT 95:123-8. doi: 10.1016/j.
lwt.2018.04.095.

Vidyarthi, S. K., H. M. El Mashad, R. Khir, R. Zhang, G. Sun, R.
Tiwari, and Z. Pan. 2020. Viscoelastic properties of tomato peels
produced from catalytic infrared and lye peeling methods. Food
and Bioproducts Processing 119:337-44. doi: 10.1016/j.fbp.2019.11.019.

Wang, B., G. G. Atungulu, R. Khir, J. Geng, H. Ma, Y. Li, and B. Wu.
2015. Ultrasonic treatment effect on enzymolysis kinetics and ac-
tivities of ACE-inhibitory peptides from oat-isolated protein. Food
Biophysics 10 (3):244-52. doi: 10.1007/s11483-014-9375-y.

Wang, B., R. Khir, Z. Pan, H. El-Mashad, G. G. Atungulu, H. Ma, T.
H. Mchugh, W. Qu, and B. Wu. 2014. Effective disinfection of rough
rice using infrared radiation heating. Journal of Food Protection 77
(9):1538-45. doi: 10.4315/0362-028X.JFP-14-020.

Wang, B., T. Meng, H. Ma, Y. Zhang, Y. Li, J. Jin, and X. Ye. 2016.
Mechanism study of dual-frequency ultrasound assisted enzymoly-
sis on rapeseed protein by immobilized alcalase. Ultrasonics
Sonochemistry 32:307-13. doi: 10.1016/j.ultsonch.2016.03.023.

Wang, B., C. Venkitasamy, F. Zhang, L. Zhao, R. Khir, and Z. Pan.
2016. Feasibility of jujube peeling using novel infrared radiation
heating technology. LWT - Food Science and Technology 69:458-67.
doi: 10.1016/j.lwt.2016.01.077.

Wang, B., S. Zhao, E Tan, H. Li, R. Chu, X. Wang, H. Sun, and M.
Zhang. 2020. A novel green production process of citric acid on

the pilot scale by directly recycling its extraction effluent. Journal
of Cleaner Production 277:124068. doi: 10.1016/j.jclepro.2020.124068.

Wang, H., X.-M. Fang, P. P. Sutar, J.-S. Meng, J. Wang, X.-L. Yu, and
H.-W. Xiao. 2020. Effects of vacuum-steam pulsed blanching on
drying kinetics, colour, phytochemical contents, antioxidant capac-
ity of carrot and the mechanism of carrot quality changes revealed
by texture, microstructure and ultrastructure. Food Chemistry
338:127799. doi: 10.1016/j.foodchem.2020.127799.

Wang, H., Q. Zhang, A. S. Mujumdar, X.-M. Fang, ]. Wang, Y.-P. Pei,
W. Wu, M. Zielinska, and H.-W. Xiao. 2020. High-humidity hot air
impingement blanching (HHAIB) efficiently inactivates enzymes,
enhances extraction of phytochemicals and mitigates brown actions
of chili pepper. Food Control 111:107050. doi: 10.1016/j.food-
cont.2019.107050.

Wang, H., Q.-S. Zhao, X.-D. Wang, Z. Hong, and B. Zhao. 2019.
Pretreatment of ultrasound combined vacuum enhances the con-
vective drying efficiency and physicochemical properties of okra
(Abelmoschus esculentus). LWT 112:108201. doi: 10.1016/j.
1wt.2019.05.099.

Wang, J., X.-H. Yang, A. S. Mujumdar, D. Wang, J.-H. Zhao, X.-M.
Fang, Q. Zhang, L. Xie, Z.-]. Gao, and H.-W. Xiao. 2017. Effects of
various blanching methods on weight loss, enzymes inactivation,
phytochemical contents, antioxidant capacity, ultrastructure and
drying kinetics of red bell pepper (Capsicum annuum L.). LWT
77:337-47. doi: 10.1016/j.1lwt.2016.11.070.

Wang, S., J. Wang, F. Xue, and C. Li. 2019. Effects of heating or ul-
trasound treatment on the enzymolysis and the structure charac-
terization of hempseed protein isolates. Journal of Food Science and
Technology 56 (7):3337-46. doi: 10.1007/s13197-019-03815-5.

Wang, T., R. Khir, Z. Pan, and Q. Yuan. 2017. Simultaneous rough
rice drying and rice bran stabilization using infrared radiation heat-
ing. LWT 78:281-8. doi: 10.1016/j.1wt.2016.12.041.

Wang, W., L. Wang, Y. Feng, Y. Pu, T. Ding, X. Ye, and D. Liu. 2018.
Ultrasound-Assisted Lye Peeling of Peach and Comparison with
Conventional Methods. Innovative Food Science & Emerging
Technologies 47:204-13. doi: 10.1016/j.ifset.2018.02.016.

Wang, Y., Z. Zhang, R. He, D. Liu, B. Kumah Mintah, M. Dabbour,
and H. Ma. 2020. Improvement in enzymolysis efficiency and chang-
es in conformational attributes of corn gluten meal by dual-frequency
slit ultrasonication action. Ultrasonics Sonochemistry 64:105038. doi:
10.1016/j.ultsonch.2020.105038.

Watson, I., P. Kamble, C. Shanks, Z. Khan, and N. E. Darra. 2020.
Decontamination of chilli flakes in a fluidized bed using combined
technologies: Infrared, UV and ozone. Innovative Food Science &
Emerging Technologies 59:102248. doi: 10.1016/j.ifset.2019.102248.

Wei, H., Y. Wang, Z. Jin, F. Yang, J. Hu, and M.-T. Gao. 2021.
Utilization of straw-based phenolic acids as a biofugicide for a green
agricultural production. Journal of Bioscience and Bioengineering 131
(1):53-60. doi: 10.1016/j.jbiosc.2020.09.007.

Wiktor, A., M. Dadan, M. Nowacka, K. Rybak, and D. Witrowa-Rajchert.
2019. The impact of combination of pulsed electric field and ultra-
sound treatment on air drying kinetics and quality of carrot tissue.
LWT 110:71-9. doi: 10.1016/j.lwt.2019.04.060.

Wilson, S. A, A. A. Okeyo, G. A. Olatunde, and G. G. Atungulu.
2017. Radiant heat treatments for corn drying and decontamination.
Journal of Food Processing and Preservation 41 (5):e13193. doi:
10.1111/jfpp.13193.

Wongsa-Ngasri, P.,, and S. K. Sastry. 2015. Effect of ohmic heating on
tomato peeling. LWT - Food Science and Technology 61 (2):269-74.
doi: 10.1016/j.1wt.2014.12.053.

Wu, B., J. Wang, Y. Guo, Z. Pan, and H. Ma. 2018. Effects of infrared
blanching and dehydrating pretreatment on oil content of fried
potato chips. Journal of Food Processing and Preservation 42
(3):e13531. doi: 10.1111/jfpp.13531.

Xanthakis, E., E. Gogou, P. Taoukis, and L. Ahrné. 2018. Effect of
microwave assisted blanching on the ascorbic acid oxidase inactivation
and vitamin ¢ degradation in frozen mangoes. Innovative Food Science
& Emerging Technologies 48:248-57. doi: 10.1016/j.ifset.2018.06.012.

Xu, X., L. Zhang, Y. Feng, A. ElGasim, A. Yagoub, Y. Sun, H. Ma,
and C. Zhou. 2020. Vacuum pulsation drying of okra (Abelmoschus


https://doi.org/10.1016/j.ultsonch.2020.104958
https://doi.org/10.1016/j.fbp.2018.02.001
https://doi.org/10.1016/j.ultsonch.2018.10.015
https://doi.org/10.1016/j.ultsonch.2018.10.015
https://doi.org/10.1016/j.fm.2016.10.009
https://doi.org/10.1111/ijfs.13781
https://doi.org/10.1016/j.ifset.2018.03.002
https://doi.org/10.1016/j.ifset.2018.03.002
https://doi.org/10.1016/j.foodcont.2017.01.008
https://doi.org/10.1016/j.foodcont.2017.01.008
https://doi.org/10.1016/j.procbio.2020.09.033
https://doi.org/10.1016/j.spc.2018.08.006
https://doi.org/10.1016/j.ijfoodmicro.2017.02.005
https://doi.org/10.1016/j.ijfoodmicro.2017.02.005
https://doi.org/10.1016/j.lwt.2018.04.095
https://doi.org/10.1016/j.lwt.2018.04.095
https://doi.org/10.1016/j.fbp.2019.11.019
https://doi.org/10.1007/s11483-014-9375-y
https://doi.org/10.4315/0362-028X.JFP-14-020
https://doi.org/10.1016/j.ultsonch.2016.03.023
https://doi.org/10.1016/j.lwt.2016.01.077
https://doi.org/10.1016/j.jclepro.2020.124068
https://doi.org/10.1016/j.foodchem.2020.127799
https://doi.org/10.1016/j.foodcont.2019.107050
https://doi.org/10.1016/j.foodcont.2019.107050
https://doi.org/10.1016/j.lwt.2019.05.099
https://doi.org/10.1016/j.lwt.2019.05.099
https://doi.org/10.1016/j.lwt.2016.11.070
https://doi.org/10.1007/s13197-019-03815-5
https://doi.org/10.1016/j.lwt.2016.12.041
https://doi.org/10.1016/j.ifset.2018.02.016
https://doi.org/10.1016/j.ultsonch.2020.105038
https://doi.org/10.1016/j.ifset.2019.102248
https://doi.org/10.1016/j.jbiosc.2020.09.007
https://doi.org/10.1016/j.lwt.2019.04.060
https://doi.org/10.1111/jfpp.13193
https://doi.org/10.1016/j.lwt.2014.12.053
https://doi.org/10.1111/jfpp.13531
https://doi.org/10.1016/j.ifset.2018.06.012

esculentus L. Moench): Better retention of the quality characteristics
by flat sweep frequency and pulsed ultrasound pretreatment. Food
Chemistry 326:127026. doi: 10.1016/j.foodchem.2020.127026.

Xu, X., L. Zhang, Y. Feng, C. Zhou, A. E. A. Yagoub, H. Wahia, H.
Ma, J. Zhang, and Y. Sun. 2021. Ultrasound freeze-thawing style
pretreatment to improve the efficiency of the vacuum freeze-drying
of okra (Abelmoschus esculentus (L.) Moench) and the quality
characteristics of the dried product. Ultrasonics Sonochemistry
70:105300. doi: 10.1016/j.ultsonch.2020.105300.

Yagoub, A. A., H. Ma, and C. Zhou. 2017. Ultrasonic-assisted extraction
of protein from rapeseed (Brassica napus L.) meal: Optimization of
extraction conditions and structural characteristics of the protein.
International Food Research Journal 24 (2):621-29.

Yang, X, Y. Li, S. Li, A. O. Oladejo, Y. Wang, S. Huang, C. Zhou, Y.
Wang, L. Mao, Y. Zhang, et al. 2017. Effects of multi-frequency ultra-
sound pretreatment under low power density on the enzymolysis and
the structure characterization of defatted wheat germ protein. Ultrasonics
Sonochemistry 38:410-20. doi: 10.1016/j.ultsonch.2017.03.001.

Yang, X., Y. Li, S. Li, A. O. Oladejo, S. Ruan, Y. Wang, S. Huang, and
H. Ma. 2017. Effects of ultrasound pretreatment with different fre-
quencies and working modes on the enzymolysis and the structure
characterization of rice protein. Ultrasonics Sonochemistry 38:19-28.
doi: 10.1016/j.ultsonch.2017.02.026.

Yang, Z., Z. Yang, F. Yu, and Z. Tao. 2020. Ultrasound-assisted heat
pump intermittent drying of adzuki bean seeds: Drying character-
istics and parameter optimization. Journal of Food Process Engineering
43 (10):e13501. doi: 10.1111/jfpe.13501.

Yu, X, L. Li, J. Xue, J. Wang, G. Song, Y. Zhang, and Q. Shen. 2020.
Effect of air-frying conditions on the quality attributes and lipid-
omic characteristics of surimi during processing. Innovative Food
Science & Emerging Technologies 60:102305. doi: 10.1016/j.if-
set.2020.102305.

Yu, X, S. Tu, Y. Li, A. E. A. Yagoub, H. Ma, and C. Zhou. 2020. Effects
of single- and tri-frequency ultrasound on self-assembly and charac-
terizations of bionic dynamic rat stomach digestion of pepsin-soluble
collagen from chicken leg skin. Food Research International (Ottawa,
Ont.) 137:109710. doi: 10.1016/j.foodres.2020.109710.

Zhang, C., W. Zhao, W. Yan, M. Wang, Y. Tong, M. Zhang, and R.
Yang. 2020. Effect of pulsed electric field pretreatment on oil con-
tent of potato chips. LWT 135:110198. doi: 10.1016/j.Iwt.2020.110198.

Zhang, H., L. Wang, J. Van Herle, F. Maréchal, and U. Desideri. 2020.
Techno-economic comparison of green ammonia production pro-

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 25

cesses. Applied Energy 259:114135. doi:
gy.2019.114135.

Zhang, J., P. Yu, L. Fan, and Y. Sun. 2021. Effects of ultrasound treat-
ment on the starch properties and oil absorption of potato chips.
Ultrasonics Sonochemistry 70:105347. doi: 10.1016/j.ult-
sonch.2020.105347.

Zhang, N., B. Sun, X. Mao, H. Chen, and Y. Zhang. 2019. Flavor
formation in frying process of green onion (Allium fistulosum L.)
deep-fried oil. Food Research International (Ottawa, Ont.) 121:296—
306. doi: 10.1016/j.foodres.2019.03.006.

Zhang, X., Q. Shi, T. Gao, Z. Zhang, C. Guo, H. Fu, and Y. Wang.
2020. Developing radio frequency blanching process of apple slice.
Journal of Food Engineering 273:109832. doi: 10.1016/j.jfood-
eng.2019.109832.

Zhang, X., M. Zhang, and B. Adhikari. 2020. Recent developments in
frying technologies applied to fresh foods. Trends in Food Science
& Technology 98:68-81. doi: 10.1016/j.tifs.2020.02.007.

Zhao, B., J. Shang, L. Liu, L. Tong, X. Zhou, S. Wang, Y. Zhang, L.
Wang, and S. Zhou. 2020. Effect of Roasting Process on Enzymes
Inactivation and Starch Properties of Highland Barley. International
Journal of Biological Macromolecules 165 (Pt A):675-82. doi:
10.1016/j.ijbiomac.2020.09.180.

Zhou, C., J. Hu, X. Yu, A. E. A. Yagoub, Y. Zhang, H. Ma, X. Gao,
and P. N. Y. Otu. 2017. Heat and/or ultrasound pretreatments mo-
tivated enzymolysis of corn gluten meal: Hydrolysis kinetics and
protein structure. LWT 77:488-96. doi: 10.1016/j.1wt.2016.06.048.

Zhou, C., Z. Wang, X. Wang, A. E. Yagoub, H. Ma, Y. Sun, and X.
Yu. 2021. Effects of tri-frequency ultrasound-ethanol pretreatment
combined with infrared convection drying on the quality properties
and drying characteristics of scallion stalk. Journal of the Science
of Food and Agriculture 101 (7):2809-17. doi: 10.1002/jsfa.10910.

Ziuzina, D., N. N. Misra, L. Han, P. J. Cullen, T. Moiseev, J. P. Mosnier,
K. Keener, E. Gaston, 1. Vilard, and P. Bourke. 2020. Investigation
of a large gap cold plasma reactor for continuous in-package de-
contamination of fresh strawberries and spinach. Innovative Food
Science ¢ Emerging Technologies 59:102229. doi: 10.1016/j.if-
set.2019.102229.

Zou, Y., Y. Ding, W. Feng, W. Wang, Q. Li, Y. Chen, H. Wu, X. Wang,
L. Yang, and X. Wu. 2016. Enzymolysis kinetics, thermodynamics
and model of porcine cerebral protein with single-frequency coun-
tercurrent and pulsed ultrasound-assisted processing. Ultrasonics
Sonochemistry 28:294-301. doi: 10.1016/j.ultsonch.2015.08.006.

10.1016/j.apener-


https://doi.org/10.1016/j.foodchem.2020.127026
https://doi.org/10.1016/j.ultsonch.2020.105300
https://doi.org/10.1016/j.ultsonch.2017.03.001
https://doi.org/10.1016/j.ultsonch.2017.02.026
https://doi.org/10.1111/jfpe.13501
https://doi.org/10.1016/j.ifset.2020.102305
https://doi.org/10.1016/j.ifset.2020.102305
https://doi.org/10.1016/j.foodres.2020.109710
https://doi.org/10.1016/j.lwt.2020.110198
https://doi.org/10.1016/j.apenergy.2019.114135
https://doi.org/10.1016/j.apenergy.2019.114135
https://doi.org/10.1016/j.ultsonch.2020.105347
https://doi.org/10.1016/j.ultsonch.2020.105347
https://doi.org/10.1016/j.foodres.2019.03.006
https://doi.org/10.1016/j.jfoodeng.2019.109832
https://doi.org/10.1016/j.jfoodeng.2019.109832
https://doi.org/10.1016/j.tifs.2020.02.007
https://doi.org/10.1016/j.ijbiomac.2020.09.180
https://doi.org/10.1016/j.lwt.2016.06.048
https://doi.org/10.1002/jsfa.10910
https://doi.org/10.1016/j.ifset.2019.102229
https://doi.org/10.1016/j.ifset.2019.102229
https://doi.org/10.1016/j.ultsonch.2015.08.006

	Ultrasound, infrared and its assisted technology, a promising tool in physical food processing: A review of recent developments
	ABSTRACT
	Introduction
	Ultrasound as a physical tool in food processing
	Fermentation
	Enzymolysis
	Drying

	Frying
	Decontamination

	Infrared heating as a physical tool in food processing
	Peeling
	Decontamination
	Inactivation of enzymes

	Conclusions
	Acknowledgements

	Disclosure statement
	ORCID
	References



