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ABSTRACT

Pretreatment is widely used before drying of agro-products to inactivate enzymes, enhance drying process
and improve quality of dried products. In current work, the influence of various pretreatments on drying
characteristics and quality attributes of fruits and vegetables is summarized. They include chemical
solution (hyperosmotic, alkali, sulfite and acid, etc.) and gas (sulfur dioxide, carbon dioxide and ozone)
treatments, thermal blanching (hot water, steam, super heated steam impingement, ohmic and
microwave heating, etc), and non-thermal process (ultrasound, freezing, pulsed electric field, and high
hydrostatic pressure, etc). Chemical pretreatments effectively enhance drying kinetics, meanwhile, it
causes soluble nutrients losing, trigger food safety issues by chemical residual. Conventional hot water
blanching has significant effect on inactivating various undesirable enzymatic reactions, destroying
microorganisms, and softening the texture, as well as facilitating drying rate. However, it induces
undesirable quality of products, e.g., loss of texture, soluble nutrients, pigment and aroma. Novel
blanching treatments, such as high-humidity hot air impingement blanching, microwave and ohmic heat
blanching can reduce the nutrition loss and are more efficient. Non-thermal technologies can be a better
alternative to thermal blanching to overcome these drawbacks, and more fundamental researches are
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needed for better design and scale up.

1. Introduction

As incomes and urbanization increased, global food-con-
sumption dietary is transferring to protein-rich Western
diets, higher in meats, refined sugars, fats and oils (Popkin
et al, 2012). The global dietary shifts are threatening
human health, environmental sustainability, and biodiversity
(Tilman & Clark, 2014). While increasing fruits and vegeta-
bles consumption can mitigate this problem as they provide
substantial health benefits and reduce global agricultural
greenhouse gas emissions, reduce deforestation and can
help prevent many diet-related chronic diseases, such as
obese, type II diabetes, coronary heart disease and some
cancers (Westhoek et al., 2014; Stehfest, 2014).

Fresh fruits and vegetables are perishable and difficult to
preserve due to their high moisture content and tender texture.
Drying is one of the most common preservation methods for
extending the shelf life of fruits and vegetables by reducing the
water content to a level so as to prevent the growth and repro-
duction of microorganisms and to inactivate many of the mois-
ture-mediated deteriorative reactions (Mujumdar, 2014;
Omolola et al., 2017). Drying extensively reduces the weight
and volume of vegetables and brings benefits, such as minimiz-
ing packing, storage, and transportation costs (Kamiloglu et al.,
2016). In addition, drying agro-products into low water content

provides new products patterns such as vegetable crisps with
unique texture and physical properties.

Fruits and vegetables are usually subjected to physical or
chemical pretreatment before drying to shorten the drying
time, reduce the energy consumption and preserve the quality
of products (Yu et al,, 2017). The drying rate and quality of
products do largely relate to the pretreatments carried out
before drying process (Fernandes & Rodrigues, 2008).

Generally, agro-products drying is a time and energy con-
suming process, pretreatment effectively enhances drying pro-
cess. Ultrasonic waves has been used to enhance mass transfer
by creating microscopic channels in solid material through
unique mechanical fluctuation and cavitation effect that make
the moisture transport easier (Mothibe et al., 2010). Several
studies have confirmed that ultrasonic wave pretreatment could
increase the effective diffusivity of water in the plant tissues,
and reduce drying time by 10%-30% (Azoubel et al., 2010;
Cakmak et al., 2016; Fernandes & Rodrigues, 2008). Osmotic
dehydration has been widely applied before drying to reduce
the initial water content, and then decrease drying time and
energy consumption of fruits and vegetables (Rodrigues & Fer-
nandes, 2007a; Ruiz-Lépez et al,, 2010). Many kinds of fruits,
such as grapes, plums, and blueberries, are coved by a layer
wax on the skin, which impedes water diffusion through the
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peel. Dipping in chemical additive solution, such as sodium
hydroxide, ethyl or methyl oleate emulsions dissolves the waxy
layer, and consequently increases the drying rate (Bingol et al.,
2012; Doymaz & Pala, 2005; Sacilik et al., 2006). Blanching
enhances the drying rates due to structure softening and cell
wall destruction, leading to lesser resistance to moisture move-
ment during drying (Severini, et al., 2005; Leeratanarak et al.,
2006), which reduced the drying time and energy consumption
of sour cherry by 61.83%-74.73% and 43.35%-77.69%, respec-
tively (Gazor et al., 2014).

Color is one of the most important quality attributes of
foods as it is critical in the acceptance of food products by con-
sumers. It underwent a serious deterioration during drying,
largely caused by enzymatic and non-enzymatic browning. The
fresh fruits and vegetables with high content of polyphenols,
polyphenol oxidase (PPO) and peroxidase (POD) are prone to
enzymatic browning. Non-enzymatic browning includes a wide
number of reactions such as Maillard reaction, caramelisation,
chemical oxidation of phenols, and maderisation (Manzocco
et al., 2000). Thermal blanching, such as hot water, steam and
microwave blanching, is widely applied to inactivate the
enzymes responsible for unacceptable darkening and off-fla-
vors, thus preserving products’ color (Aratjo et al., 2016; Bai
et al., 2013; Severini et al., 2005). In addition, sulfuration pre-
treatment is one of the most frequently used methods for pre-
venting browning, as it retards both enzymatic and non-
enzymatic browning reactions (Li & Zhao, 2006; Miranda et al.,
2009), improve the color of products (Ahmed et al., 2010 a & b;
Davoodi et al., 2007). Furthermore, osmotic dehydration can
improve the color of mango chips and banana slices, as the
monosaccharide present in the plant tissue, which is a reactive
substance for browning reaction, is leached out with simulta-
neous sucrose uptake during osmotic dehydration (Tabtiang
etal., 2012; Zou et al., 2013).

Fruits and vegetables are excellent sources of antioxidant
compounds such as vitamins (especially vitamins C and E), fla-
vonoids and carotenoids, which are expected to offer protection
against cardiovascular diseases, cancer and age-related degener-
ative transformations, as shown by epidemiological studies
(Schieber et al., 2001). Pretreatments performed before drying
are desired to enhance retention of the antioxidant compounds.
For example, microwave blanching maintained the anthocya-
nin level of sweet potato (Liu et al., 2015), mitigated ascorbic
acid degradation of green asparagus (Hong & Lu, 2012). Ultra-
sonic pretreatment preserved the phenolic compounds in
mushroom (Cakmak et al., 2016). Pulsed electric fields pretreat-
ment yielded greater retention of carotenoid pigments of red
pepper (Won et al.,, 2014), inactivated ascorbic acid oxidase by
thus to minimize vitamin C degradation of dried crystal radish
(Liu et al, 2016). High hydrostatic pressure pretreatment
showed an improvement of the antioxidant activity of the aloe
(Vega-Galvez et al, 2011). In addition, pretreatment also
improve rehydration capacity and crispness of dried products
(Hiranvarachat et al., 2011; Rastogi, 2012; Doymaz & Ozdemir,
2014), and make for forming a uniform microstructure of tis-
sues (Jiang et al., 2015).

In sum, proper pretreatments can reduce the initial water
content, or modify the properties of tissue in some extent,
thereby increasing the drying rate, improving the quality of
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material; and inhibit the bio-enzymes, then minimize possible
deterioration reactions during drying and subsequent storage.
Therefore, the objectives of this review were to present an over-
view of the advances in pretreatment technologies (Fig. 1) of
fruits and vegetables before drying, and evaluate the effects of
different pretreatments on drying characteristics and quality
attributes of products, as well as discuss the future research
opportunities.

2. Chemical pretreatments
2.1 Liquid phase

2.1.1 Hyperosmotic solution

Osmotic dehydration is one of the most widely practiced pre-
treatments prior to drying to reduce energy consumption and
improve food quality (Torreggiani, 1993). It involves the
immersion of material in hypertonic solution (mainly sugar or
salt) for several hours. During osmotic pretreatment, plant cel-
lular structure acts as a semi-permeable membrane, counter-
current transfer of mass occurs: the solute flows into the prod-
ucts, while moisture is transferred from the interior to the
hypertonic solution (Ciurzynska et al., 2016), as shown in
Fig. 2. The driving force of water removal from food material
to the osmotic solution is the osmotic pressure difference
between food material and the hypertonic solution (Corzo &
Gomez, 2004).

Osmotic dehydration removes 10%-70% of water from
fruits and vegetables at ambient temperature without causing
phase changes, which offers an alternative way to reduce drying
time, and mitigate degradation of bioactive compounds from
thermal effects of drying (Ciurzynska et al., 2016; Rastogi et al.,
2002), as shown in Table 1. For example, Rodrigues & Fer-
nandes (2007a) found that osmotic dehydration pretreatment
with sucrose and mannitol reduced the drying time up to 6.3 h
compared to un-pretreated samples. Ghosh et al. (2006)
observed that the carrot slices pretreated with osmotic dehydra-
tion and then dried in hot air, obtained a better acceptability of
color, appearance and odor compared to the control samples.

During osmotic processing, besides of properties of the
material, the rate of mass transfer were greatly influenced by
the process conditions, such as processing temperature, con-
centration of solution, solution to solid mass ratio, and etc.
(Ahmed et al., 2016).

Increasing the concentration of solution, generally leads to
an increase in the water mass transfer coefficient between the
material and the solution owns to the increase in the osmotic
pressure gradient. Ruiz-Lépez et al. (2010) reported that, cha-
yote parallelepipeds pretreated with 10% and 25% NaCl solu-
tions (w/w), produced reduction in the initial moisture content
of 2.85 and 5.79 kg/kg (db), in drying time of 48.0% and 62.1%,
respectively. Similar results were reported by Oliveira et al.
(2016) and Brochier et al. (2015) for yacon dehydration. How-
ever, the sucrose in excess may increase the viscosity of solu-
tion, which may generate an additional resistance for the mass
enter the fruit. Teles et al. (2006) found that the mass transfer
coefficient for 45%, 55% and 65% sucrose were 42.10, 23.99
and 20.73 h/m?, respectively, confirmed the mass transfer coef-
ficients were decreased with the increase of osmotic solution
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Pretreatments of fruits / vegetables
prior to thermal drying

chemical

physical

‘ liquid phase ‘
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@ sulfur dioxide
® ozone
® carbon dioxide

® hot water
® steam
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® ohmic heat
® microwave

® ultrasonic field
® freezing

® high hydrostatic
pressure

® pulsed electric field

Figure 1. Pretreatment methods of fruits or vegetables prior to thermal drying.

concentration during osmotic dehydration of melons. Besides,
in order to avoid formation of local concentration gradients, a
constant mechanical agitation generally applied to homogenize
the osmotic solution (Fan et al., 2008).

Moreover, the solution to solid mass ratio is an important
factor, because of low values of this parameter may cause the
excessive dilution of the osmotic solution, and then lead to local
reduction of the osmotic driving force during the process. Teles
et al. (2006) found that the water mass transfer coefficient
between the melon fruits and the osmotic solution was higher
for the weight ratio of osmotic solution to fruit was 4:1 than
that of 2:1. Similar results were observed by Valdez-Fragoso
et al. (2007) for dehydration of pepper. Oliveira et al. (2016)
used a brine to sample ratio at least 25:1 during dehydration of
yacon slices, to avoid significant dilution of the solution by
water removal, however, it needs a great amount of solution.

Furthermore, the type of osmotic substance had significant
effect on the mass diffusion coefficients, since the smaller
molecular size enables its greater mobility in food (Oliveira
et al., 2016). The mass loss rate of yacon treated with sorbitol
solution was lowered than the glycerol, attributed to the sorbi-
tol (molar mass = 182.17 g/mol) has lower permeability in the
food matrix than glycerol (molar mass = 92.09 g/mol) (Broch-
ier et al., 2015).

Hyperosmotic solution
Osmatic
substances

//
‘ :
|1

Water
solubility
\ substances

s 3
Water

Advantage

® Reduce drying time

® Reduce energy consumption
® |mprove product’s quality

Disadvantage:

® Nutritional compounds loss

@ Difficulty in osmotic solution
management :

» dilution of the concentrated solution

» pollution by solids components

Figure 2. Osmotic dehydration of vegetables or fruits.

Additionally, increasing the temperature generally reduces
the solution viscosity, gives rise to a higher membrane perme-
ability, and then reducing the external resistance to mass trans-
fer (Oliveira et al., 2016). Brochier et al. (2015) found that,
increase of temperature caused a significant increase in effective
diffusivity during osmotic dehydration of yacon. However, high
temperatures may cause deterioration in texture and nutrition
of the food (Brochier et al., 2015; Mercali et al., 2011).

Besides, combined with other techniques, such as vacuum,
ultrasound and hydrostatic pressure, can enhance the mass
transfer rate and quality of dried products (Valdez-Fragoso
et al., 2007; Chandra & Kumari, 2015; Ciurzynska et al., 2016).
For example, osmotic dehydration combined with vacuum can
increase the dehydration process and prevent discoloration
caused by oxidative and enzymatic browning of fruits without
loss of antioxidants as the oxygen was expelled from the envi-
ronment (Zhao & Xie, 2004). Moreno et al. (2004) and Deng &
Zhao (2008) observed similar phenomenon in osmotic dehy-
dration of papaya and apple, respectively.

However, osmotic dehydration also has adverse effects on
the drying rate of some products, attributes to the increased
resistance to water flux caused by shrinkage and solutes uptake
(Nieto et al., 2001). Azoubel et al. (2009) and Nieto et al. (2001)
observed that, the drying rates of osmotic cashew apple and
mangos decreased, which aggravated by the increase of glucose
concentration. Moreover, osmotic dehydration caused a loss of
low molecular weight substances migrating from tissue into
osmotic solution, i.e., minerals, vitamins and pigments (Ciur-
zynska et al., 2016). Azoubel et al. (2009) found that, osmotic
pretreated cashew apple showed the vitamin C losses of 18.7%
due to the leaching of vitamin C from the product to the
osmotic solution. Novakovic et al. (2011) also observed that the
phenolic compounds and antioxidant activity of raspberry were
decreased after osmotic dehydration. Meanwhile, osmotic
dehydration pretreatment caused decrease of the hardness and
increase of the darkness of dried mandarin product (Pattanapa
et al., 2010).

In summary, though osmotic dehydration was often consid-
ered as a good energy saving method for the partial non-evapo-
rating removal of water from foods, but there are also some
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limitations to application of the osmotic dehydration as noted
above, especially changes related to leaching from the product
(color, acids, sugar, minerals, vitamins, etc.) should not be
neglected. Additionally, during osmotic dehydration, the most
important change is dilution of the concentrated solution, and
solution recycle caused additional processing step, especially
mixed solutes as it is more complex to adjust (Raoult-Wack,
1994). It also observed that as osmotic pretreatment proceeds,
turbidity, browning, content of insoluble solids as well as
microbial load in the osmotic solution increase gradually,
therefore, the recycle and management of a large amount of
osmotic solution is a tough issue, which must be paid more
attention (Ciurzynska et al., 2016).

2.1.2 Alkaline liquor

The alkaline dipping pretreatment is primarily used for whole
berry fruits, whose outer skin is covered by hydrophobic wax.
The wax coating consists largely of oleanolic acid, lead to a low
rate of moisture evaporation during drying, it presents as an
obstacle to drying (Serratosa et al., 2008). Dipping of berries
into alkaline emulsions of ethyl or methyl esters, sodium
hydroxide, and potassium carbonate for several minutes can
dissolve the wax layer, or destroy the microstructure in the epi-
cuticular wax layer (Bingol et al., 2012; Doymaz & Pala, 2002),
or even breakdown of intracellular bonding through de-esterifi-
cation of pectin (Esmaiili et al., 2007). And then enhance the
permeability of the skin to moisture, facilitate moisture diffu-
sion and increase the dehydration rate (Corona et al., 2016;
Doymaz & Altiner, 2012).

Alkali liquor dipping pretreatment accelerates the drying
rate and reduces the drying time, consequently decrease the
deterioration of quality of products, as listed in Table 1. Bingol
et al. (2012) showed that alkali dipping pretreatment (potas-
sium carbonate and ethyl oleate solutions at 60 °C for 2 and
3 min), improved the lightness (L* values) of dried grapes by
37%- 55%. The finding was similar to the reports by Doymaz
& Pala (2002) and Doymaz & Alter (2012) for grapes. In
terms of color-preserving of dipping treatment, the alkaline
emulsions might either suppress the activity of PPO or increase
drying rates, consequently enhances the sugar concentrations
close to the skin and therefore lowers the water activity, which
in turns slow down the browning reaction (Grncarevic &
Hawker, 2010).

The drying process accelerated by alkali dipping of berries
was influenced by the composition of chemical agents, concen-
tration, pH, temperature, and the dipping time (Esmaiili et al.,
2007). The drying time to obtain a same moisture content of
grapes pretreated with potassium carbonate plus ethyl oleate
was shorter than that in potassium carbonate plus olive oil,
indicated organic component of the dipping agent was more
influential than potassium carbonate for grape pretreatment. It
was consistent with results by Doymaz & Pala (2002) and Doy-
maz (2006). However, Tarhan (2007) observed that, ethyl oleate
solution had slighter accelerated drying process of plums, while
both KOH solution and NaOH solution significantly enhanced
weight loss rate, it may own to the variety difference between
grape and plum. Bingol et al. (2012) reported that, the drying
rate of grape increased with the temperature of the dipping
solution increased, and samples dipped for longer times

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 1413

obtained lower drying time, such as the dipping time at 30 and
40°C for 3 min reduced the drying time by 11 and 5 h, respec-
tively, compared to 2 min dipping. Similar results were
reported by Tarhan (2007) for plums treated at 60°C showed
higher weight loss rate than that at 23°C. However, when dip-
ping temperature at 50 and 60°C, there were no significant dif-
ference of drying time between grapes dipping for 2 and 3 min
(Bingol et al., 2012).

While alkaline liquor dipping pretreatment also has limita-
tions. Alkali dipping pretreatment may lead a leaching, degra-
dation and oxidation of ascorbic acid, owns to alkaline media
and effects of oxygen caused by micro-crack of epidermis.
Vasquez-Parra et al. (2014) found that, NaOH, olive oil and
K,CO; pretreatments significantly decreased the content of
vitamin C of dried cape gooseberries (ranging from 0.26 to 0.46
mg/g db.) relative to the untreated (more than 0.55 mg/g db.).
In addition, the residue of alkaline liquor in the dried products
may trigger food safety issues, and do harm to human’s health.
So alkaline liquor dipping technology should be applied only if
a major drying time reduction is needed (Carranza-Concha
etal., 2012).

2.1.3 Sulfite solution

Sulfitation or sulfuring has been widely used in the food indus-
try to reduce darkening during drying and prevent quality loss
during process and storage of foods (Miranda et al., 2009). It is
usually performed using sulfur dioxide gas or water-soluble sul-
fide salts such as potassium metabisulfite (K,S,0s), sodium
metabisulfite  (Na,S,0s) and sodium hydrogen sulfite
(NaHSO3). When SO, is absorbed into the fruit, it is converted
mainly to the bisulphate ion. Both enzymatic and non-enzy-
matic browning and microbial activity are prevented by using
sulfites at low concentration (Joslyn & Braverman, 1954). Sul-
fite inactivates PPO through the reaction between sulfite ions
and quinines, by thus to inhibit of PPO activity and deplete of
oxygen (Van Hal, 2000). It also acts as an antioxidant in pre-
venting loss of ascorbic acid and protecting lipids, essential oils,
and carotenoids against oxidative deterioration during process-
ing, and it has the advantages of maintaining color, preventing
spoilage, and preserving certain nutritive attributes (Mujumdar,
2006).

Sulfitation treatment has been widely used to improve qual-
ity (color, rehydration ratio, S-carotene content, and etc.) of
agro-products, such as apricot, tomato, apple, banana, potato
and carrot (Krokida et al., 2000; Latapi & Barrett, 2006; Mir
et al.,, 2009; El-Beltagy et al., 2007), as illustrated in Table 1.
Meanwhile, sulfitation facilitates drying through changing the
cell membranes permeability of fruits and vegetables (Lewicki,
1998). Peaches pretreated with 1% potassium meta bisulphate,
the drying rate and D,y were incresed by 12.5%-14.3% and
13.2%-15.5% compared to the untreated one (Kingsly et al,
2007). Karabulut et al. (2007) found that, sulfuring pretreat-
ment reduced the drying time of apricots by 3.6%-38.64%, and
the L* values of dried product increased, as compared to non-
sulphurated one. Mir et al. (2009) observed that, apricots pre-
treated with K,S,0s solution had higher retention ratio of
ascorbic acid and carotenoids.

There are various processing factors affects the uptake of
sulfites, such as performed forms (gas or solution), the
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concentration of solution, processing time, and the pH of the
soak liquor. For example, the extent of non-enzymatic brown-
ing of apricots was decreased with the increase of dipping time
and concentration of potassium meta-bisulphite solution (Mir
et al,, 2009). Notably, pretreatment of vegetables and fruits
with sulfur dioxide gas is impractical, by contrast, sulfite solu-
tions are preferred as the most practical method of controlling
absorption (Jayaraman & Gupta, 2006).

Although sulfite pretreatment has marked effects on main-
taining color of products, but it also causes a loss of some
water-soluble nutritional compounds, creates undesirable fla-
vor and soft texture. For example, metabisulfite pretreatment
caused the total loss of ascorbic acid apricots by leaching from
the fruit into the sulfite solution during the immersion treat-
ment (Garcia-Martinez et al., 2013). Moreover, sulfite is being
discarded and often forbidden by legislation. The most promi-
nent problem of sulfite pretreatment is the chemical residue in
the product, which can cause some health problems such as
asthmatic reactions in some sensitive individuals (Giiglii et al.,
2006; Kamiloglu et al., 2016; Taylor et al., 1986). New standards
for food additives by the Ministry of Health of the People’s
Republic of China has increased the standard for use of sulphur
treatments in food processing; the residue of sulfur dioxide,
potassium metabisulphite, sodium metabisulphite, sodium sul-
phite in food products has been strictly limited to 0.2g/kg of
dried vegetables, and 0.1 g/kg of dried fruits (Ministry of Health
of the People’s Republic of China, 2011). In addition, the Food
and Drug Administration requires a label declaration on any
food containing more than 10 ppm of sulfating agents since
1986, because of their alleged hazard to asthmatics (FDA
1986). As organic foods become increased popular, use of sul-
phite in food processing is being discouraged.

2.1.4 Acid liquor

Acid pretreatment also frequently used to improve the product
quality through inactivating of enzymes, enhancing pigment
stability and modifying texture of agro-products. The optimum
pH of polyphenol oxidase lies within the range of 6.0-7.0, so
the polyphenol oxidase activity can be inhibited when the
media pH is lowered to 3.0, consequently, the rate of enzymatic
browning decrease (Langdon, 1987). Moreover, the stability of
pigments, such as betalains and anthocyanins, can be enhanced
at acid condition (Ngamwonglumlert et al., 2016), and texture
of product can be maintain by using acid solution, due to their
chelating properties (Hiranvarachat et al., 2011).

Citric acid, as an organic acid, is the most commonly used as
anti-darkening agent and a texture-modifier of fruits and vege-
tables. Meanwhile, it has been confirmed that citric acid can
accelerate the drying process, as pectin loosening in acidic envi-
ronment, in turns promoting water removal (Hiranvarachat
et al, 2011). The effects of citric acid pretreatment on main-
taining color and enhancing drying rate of fruits and vegetables,
as summarized in Table 1, which was also influenced by the
concentration of solution, dipping time and temperature. Zhu
et al. (2007) reported that dipping time affect the L values of
apple cubes, for instant, 5-min dipping showed a higher L value
than 0.5- and 1-min dipping, attributed to long dipping treat-
ments resulted in better penetration; meanwhile, the decrease

in L value was reduced when acid solution concentration
increased.

Additionally, ascorbic acid as an antioxidant has been used
to pretreat agro-products before drying, as it can reduce the o-
quinones to colorless dihydroxyphenols, and form a barrier to
oxygen diffusion into the product (Santerre et al. 1988). Gener-
ally, the ascorbic acid is considered less effective in inhabiting
enzymatic browning, attributes to its insufficient penetration
into the cellular matrix, so it usually combined with citric acid.
Zhu et al. (2007) found that combined ascorbic acid and citric
acid was effective to slow down enzymatic browning rate of
apple cubes. Doymaz (2010), Kingsly et al. (2007) and Pan
et al. (2008) also confirmed that citric acid or ascorbic acid
shortened drying time or improved product color of sweet
potato slices, peach and banana, respectively.

In addition, acid dipping also involves in the loss of water
soluble nutrients by leaching into dipping solution and degra-
dation at acidic environment. For example, solid loss of apple
cubes was up to 19.28% when dipped in ascorbic acid + citric
acid for 10 min (Zhu et al., 2007). Besides, some pigments are
sensitive to acids, such as chlorophylls and carotenoids, using
acid solution may cause the pigments degradation and color
change. For example, the chlorophylls are prone to be pheo-
phytin at acidic condition, lead to the color changes from green
to olive brown (Ngamwonglumlert et al., 2016). Acid soaking
significantly reduced the pB-carotene retention of carrots by
29%-61%, as compared to water soaked samples (Hiranvara-
chat et al., 2011).

2.2 Gas phase

2.2.1 Ozone

Ozone (O;), highlights for its high oxidation potential (2.07
mV), generally used as a bactericide or fungicide, without resi-
due after the decontamination process by decomposing into
oxygen (Freitas-Silva & Souza, 2016). Ozone usually applied to
inactivate various bacteria, including Gram-negative and
Gram-positive vegetative and sporulated forms, as well as com-
ponents of the cell envelope, spores, fungal, or viral capsids at
relatively low concentrations and short contact times (Freitas-
Silva and Venancio, 2010).

Recently, ozone has been applied to reduce pesticide residue
of vegetables and fruits. Hwang et al. (2002) reported that
ozone wash reduced the residues of mancozeb and ethylene-
thiourea in fresh apples and their products. Antos et al. (2013)
treated blackcurrants with ozone before drying, the results
showed that, the utilization of ozone in a gaseous phase permit-
ted a 38% reduction of mancozeb residues, in comparison with
the initial concentration. For this reason, it is important to
develop efficient methods of food processing which would
enable a reduction in the active ingredient residues. Neverthe-
less, ozone may cause undesirable effect, it may promote oxida-
tive degradation of chemical constituents, causing loss of color,
change in aromaticity, and mischaracterization of the initial
quality of the food (Miller et al., 2013).

2.2.2 Carbon dioxide
Carbon dioxide (CO,) pretreatment shows dominant advan-
tages, because of its environment-friendliness and safety for



food as well as quality. Its general application form is called car-
bonic maceration (CM) technique, invented by Michel Flanzy
in 1934, it involves placing the samples into a closed tank with
a carbon dioxide-rich atmosphere, this adaptation is reflected
almost instantly inside plant materials by the transition from a
respiratory to fermentative anaerobic metabolism (Tesniere &
Flanzy, 2011). The CM results the fruits and vegetables occur
under the rich CO, anaerobic conditions, the cytoplasm pH
decrease, explosive cell rupture, modification of a cell’s mem-
brane, inactivation of key enzymes and extraction of intracellu-
lar substances, thus enhancing the drying rate (Gunes et al,
2005; Zhao et al. 2016). What’s more, acidic environments with
low pH value created by CM, and short drying time contributed
to higher retention of nutritional components (Zhao et al.
2016).

CM technique has been used for the pretreatment of sweet
potato, tomato and chili before drying, effectively enhanced
drying process and improved quality of dried products. Zhao
et al. (2016) confirmed that CM pretreatment reduced drying
time of sweet potato by 38.1%-34.6%, the retention of phyto-
chemicals (flavonoids, anthocyanin, total phenols, S-carotene
contents and vitamin C) and DPPH radical scavenging activity
of CM pretreatment samples were 13.83%-78.18% and
10.04%-14.09% higher than those of untreated, respectively.
Liu et al. (2014) found that CM pretreatment (0.2 MPa, 30 °C,
30 h) accelerated the drying rate of chili by 50%-85%, increased
the DPPH scavenging free radical capability, ferric reducing
antioxidant power, total phenol contents and vitamin C reten-
tion contents of the dried products by 70.1%-90.9%, 40.2%-
47.8%, 40.1%-60.0% and 112.7%-582.4%, as compared to those
direct-drying samples, respectively. Liu et al. (2011) applied
CM pretreatment (0.14 MPa, 36°C, 72 h) on grapes, the total
phenol content and drying rate of fermented grapes increased
by 48.3% and 44.6%, respectively, when compared with
untreated grapes.

Nevertheless, CM pretreatment induces an amount of anaer-
obic respiration (Chen et al., 2017), consequently changes the
texture and aroma of products. Turgut et al. (2017) verified
that CM reduced the drying time of tomato quarters, while, the
water activity and titratable acidity of CM pretreated samples
were significantly increased, and texture were lower than con-
trol one. Chen et al. (2017) reported that CM caused an accu-
mulation of acetaldehyde and ethanol, simultaneously changed
the aroma composition of dried jujube products.

Therefore, the CM pretreatment technique has great poten-
tial for accelerating the drying process and enhancing the qual-
ity of dried products, as well as free of harmful chemical
reagents residues. However, it usually involves in treating for
12 - 72 h, the low efficiency may hinder the application of CM.
Meanwhile, the deterioration of texture and flavor of product
may be unavoidable during CM pretreatment.

2.3 Other chemical pretreatment

Besides, there are also other pretreatments applied to foods
before drying, e.g. CaCl,, ethanol, edible coatings. Immersion
in CaCl, can increase the concentration of Ca®™ in the cell wall
and prevent the loss of firmness of plant tissues (Alonso et al.,
1997). Vega-Galvez et al. (2008) reported that red bell pepper
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pretreated by chemical solution containing CaCl,, the cell wall
did not rupture significantly after air-drying at 70 °C, a thick-
ening of the cell wall was observed, which enhanced firmness
more than twice of the dried sample. Zhao et al. (2016)
reported that 15% ethanol dipping pretreatment not only
reduced drying time by 51.61%, but also improved rehydration
ratio and color attributes of dried products by 26.74% and
18.99%, compared to untreated samples, respectively. In addi-
tion, the application of edible coatings pretreatments may
reduce the loss of aroma, color and nutrients by reducing oxy-
gen diffusion into the food, minimizing solute incorporation
and maintaining the integrity of product during drying (Oli-
veira et al., 2015). Lago-Vanzela et al. (2013) found that, starch
coatings pretreatment, resulted in dehydrated pumpkin with
better color and significantly higher retention of trans-«-caro-
tene and trans-fB-carotene than those without pretreatment.
Liu et al. (2014) treated purple-fleshed sweet potatoes with a
coating of sodium alginate for microwave-assisted spouted bed
drying, and found the coating changes the dielectric properties
of sweet potato cubes and shortens the drying time by 8-10
min.

In conclusion, although chemical pretreatments have advan-
tages of enhancing drying process, maintaining quality of prod-
ucts, however, residual alkali liquor, sulfite/sulfur dioxide in
foods causes food safety problems. As organic foods becoming
more and more popular, using of chemical additives in foods is
being discouraged (Dev et al., 2008). Moreover, disposal of
larger quantities of waste solution with corrosive chemicals is a
serious problem in practice as well. Furthermore, the water-sol-
uble nutrients such as ascorbic acid, minerals, sugars, etc., flow
out from the fruits into the solution during liquid phase
immersion pretreatment is also an unignorable issue. There-
fore, in order to improve the quality and safety of products, the
traditional chemical additive pretreatment technique needs to
be replaced by a more efficient, safe and controllable method.

3. Physical pretreatment
3.1 Thermal blanching

Thermal blanching is widely used prior to drying, its primary
goal is to inactivate the enzymes involved in the spoilage of
fresh agro-products, in addition to reduce the microbial load of
products so as to improve its conservation, to soften tissues for
facilitating drying process, and to eliminate intracellular air to
prevent oxidation.

3.1.1 Conventional hot water blanching

Hot water blanching is a common pretreatment used prior to
drying, it involves to immerse fresh products into hot water at
a constant temperature ranging from 70 to 100 °C for several
minutes (Guida et al.,, 2013). Generally, hot water blanching
has been used to prevent quality deterioration by inactivating
the enzymes, destroying microorganisms, or expelling intercel-
lular air from the tissues (Mukherjee & Chattopadhyay, 2007;
Neves et al., 2012; Xiao et al., 2012 & 2016). Meanwhile, it also
helps to accelerate drying rate by changing the physical proper-
ties of the samples such as the permeability of the cell
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membranes (Jangam, 2011), dissociating the wax on and form-
ing of fine cracks on the skin of products (Jayaraman & Gupta,
2006).

Currently, conventional hot water blanching is the most
popular and commercially adopted method, because of its sim-
ple equipment and easy operation. It has been widely applied
on pretreatment of agro-products to enhance the drying rate
and improve the product quality (Doymaz, 2015; Filho et al.,
2016; Cheng et al., 2015; Ando et al.,, 2016; Doymaz, 2014),
such as summarized in Table 2.

During hot water blanching process, the marked deteriora-
tion in food quality is also implicated in oxidase inactivation,
especially with the development of cooked off-flavors, color
alteration and the loss of thermo-sensitive compounds (Benl-
loch-Tinoco et al., 2013). On the one hand, processing for
agro-products with complete inactivation of oxidase is more
than adequate to those with activity of peroxidase left, as the
quality of the blanched products may be better than un-
blanched (Agiiero et al., 2008). As confirmed by Lavelli et al.
(2007), the content of «-Carotene, B-Carotene and Lutein in
blanched carrots were 51%, 76% and 87% higher than non-
blanched samples, due to the inactivation of peroxidase and lip-
oxidase activity. On the other hand, the considerable loss of sol-
uble nutrient substance by dissolving or leaching into blanching
water can’t be neglected, such as sugars, proteins, carbohy-
drates, water-soluble minerals and vitamin (Garba et al., 2015;
Mukherjee & Chattopadhyay, 2007). Furthermore, hot water
blanching had negative influence on the texture and micro-
structure of sample, which aggravated the loss of soluble nutri-
ent substance, even increased the drying time (Olivera et al.,
2008; Dandamrongrak et al., 2003; Badwaik et al., 2015).

In addition, hot water blanching generates large quantity of
waste water and increases the pollutant charge. So it is very
tempting for food industry to use alternative means of thermal
blanching such as steam blanching, high humidity hot air
impingement blanching, ohmic blanching, and microwave
blanching.

3.1.2 Steam blanching

To minimize nutrients especially the water-soluble nutrients
and solid content dissolves into hot water and reduce the waste-
water, steam blanching systems were developed to replace hot
water blanching. It is believed that the steam blanching contrib-
utes to retention of most minerals and water-soluble compo-
nents as compared with water blanching, due to its negligible
leaching effect.

Compared to hot water blanching, steam blanching for
equal treated time resulted in significantly higher ascorbic acid
retention (Lin & Brewer, 2005). Lin & Brewer (2005) reported
that, steam blanched peas had higher ascorbic acid content (22
mg/100 g) than water blanched peas (14 mg/100 g), slightly
lower than non-blanched peas (29 mg/100 g). It was also con-
firmed by Gamboa-Santos et al. (2012), that steam blanching
gave rise to carrots with higher retention of vitamin C (81.2%)
than those blanched in water at 60 °C (1.3%). What’s more,
steam blanching can significantly inactivate the biological
enzyme due to the high enthalpy contents. Steam blanching of
3 min gave low activities of 1.71% of PPO (Ndiaye et al., 2009),
while, immediately pasteurized at 85 °C for 3 min, the PPO

residual activity of mango pulp was about 50% (Vasquez-Cai-
cedo et al., 2007). Besides of oxidase inactivation, steam blanch-
ing increased the content of phytochemicals content in samples
by enhanced extraction of these components as a result of
increased permeability of cellular membrane, such as phenols
and ACNss in blueberries (Del et al., 2012).

However, during the steam blanching process, softening of
the tissue and undesirable quality changes often result from
long heating time due to the lower heat transfer in steam
blanching especially when the velocity of the steam is very low.
And during the early stage of steam blanching, steam con-
denses on the surface of the products, because of the product
temperature lower than the steam, which may result in non-
uniform blanching effects.

3.1.3 Superheated steam impingement blanching

With increasing in demand of high-quality products, it is very
important to minimize nutrient loss during the pretreatment,
the traditional hot water and steam blanching should be
replaced by novel techniques. Superheated steam impingement
blanching (SSIB), also called high humidity hot air impinge-
ment blanching (HHAIB), is a recently developed thermal
treatment technology, which combines the advantages of super-
heated steam blanching and impingement technologies. SSIB
has higher enthalpy, transfer heat rate and energy efficiency,
the heat transfer coefficient of SSIB was about 1403 W/(m?-K)
with velocity of 14.4 m/s, temperature of 135 °C, and relative
humidity of 35%, respectively, it is about 12 times of that of hot
air impingement at the same temperature and velocity (Du
et al., 2006). SSIB has advantages in a uniform, rapid and
energy-efficient blanching, as well as better product quality
retain (Specht, 2014; Xiao et al., 2014).

SSIB possesses an excellent capability of preventing brown-
ing and maintaining color by inactivating oxidase rapidly,
increasing drying rate by modifying the skin and pulp tissue
(Xiao et al., 2009 & 2012; Gao & Xiao, 2008). Recently, SSIB
technology has been applied to several vegetables and fruits
pretreatment, as illustrated in Table 2. Wang et al. (2017a)
applied HHAIB processing (110 °C, RH 30%-40%, air velocity
14.0 & 0.5 m/s) to red pepper, results showed that POD activity
rapidly decreased to 7% after 120 s; the drying time for
blanched samples were reduced by 17 h, as compared to non-
blanched peppers. Bai et al. (2013a) observed that the SSIB
completely inactivated PPO within 7 min at 90-120 °C of apple
quarters with thickness of 38 cm, while infrared radiation at
4000 W/ m?, fully inactivated PPO of 1.3 cm apple slices also
needed 7min; the retention of vitamin C more than 11% when
blanched at 90 °C for 7 min. Bai et al. (2013b) also reported
that SSIB effectively inactivated PPO activity at 110 °C for 90s,
reduced drying time by 12-25 h and improved color quality of
seedless grapes, which presented as desirable green-yellow or
green color.

SSIB technology is excellent of reducing time of oxidase
inactivation and minimizing nutrient loss. And therefore, it
will play an increasingly important role in agro-products proc-
essing. However, SSIB technology is still in its infancy, and fur-
ther studies are needed to design and testing of large SSIB
equipment for large-scale industrial operation, improve heating



1417

z
[©)
=
oc
=
=)
4
[a)
=
=<
w
]
=
w
O
(%]
a
o
o
'S
Z
wv
=
w
S
w
o
-
<
Y
=
o
9]

800¢ ‘oelX 3 0BD

600¢ “[e 19 oelX

T10T “[e 19 oeIX

600¢ “|e 1 Aoy

9L0T “[e 13 Zp3|S

600C “[e 13 U3pjoA

910z “[e 18 ofnely

000 “[e 32 epposy

2002 “e 19 yesbuoiwepueq

LL0Z ‘Mg Busyz

£10T “[e 19 |I9M

SLoz “le1e NGE>OD

7002 “[e 19 yesbuoiwepueq

910C “[e 19 opuy

S10Z “e 18 Buay)

910T “le 12 oy|i4

10z ‘zewfoq

‘panosdwi a19m s1npoid syi Jo adeys pue 10jod
9y) ‘pareArideul Aj919|dwod sem swAzua dhjoiny

"J0J0D 9|qRIISIP puUe ‘3INIXa} JaYOs

‘34n1on11s 1Pedwod snosusbowoy e paulelqo
Nq ‘% pue 9% | Aq awil bullip paseaidu|

‘9606 AQ Pasealdul Sem Xapul SSAUSHYM ‘%S¢ Aq
padnpai sem awiy bulkip ‘uiw 9 1oy buiyduelq usym
‘buiydue|q
191eM J0Y URY} $S3)| S3SSO| SPIde JIgJodse
‘s 09 ulyuMm AuAide asepixosad pajeandeul A|pidey

*A)1]1geIS 10]0d BY3 PIsealdUl pue ‘%8
01 dn uondwnsuod Ab1aua dy1dads 3y} paseasdsp
‘9%6'87 Aq Ajlewixew awiy bulkip ay) padnpay
Juawiealy buijioq pue buiyduelq
131em J0y 0} pasedwod ‘Aydeded juepixonue pue
‘sjouayd [e101 ‘sujueAdoyjue dLSWouoW [e10)
'S91e[0UISON|D UO 199)49 SAIPNPaI 1SBI| 3Y} PAdNpu|
's|ikydouojyd pue
Aydeded juepixoiue ) uiweyiA jo uoepelbap
9y} pasdnpai ‘adueleadde pue Jojod paroidwi
‘spnpoud
J0 40j0> panoidwi ‘Buiumoiq dnewAzus pajuaAdld
dwi buikip paseanul
U3A? ‘a3es bulkip anoidwi 03 pajiey buiyduelg

95 URY} PRIIMO| PIdE DICIOISE JO UO[UIIRI DY ]
%61
Aq pasnpas sem awin bulkip ays !(, Y-, _Bx-6y
8°0) Jaddad ysaiy ui ueyy (,_y-,_Bx-by

1) 91ed bulkip [enul Jaybiy pey saddad payduelg
"ol3e) uoneIpAyal paseanul

pue ‘o5i7| Uy} 10w awil buiip paseainsq
‘%901 Aq Auaisngip

ainjsiow panosdw pue o8 Aq a1es bulkip paseaidu|
“AjoA1dadsal ‘9509 pue 99| pue ueyy alow
Aq pasealdap 219M SIIIAIDR IseIRISI|AYIDW
uiad pue aueiquiawi [|33 Jo dduelpeded

‘9601 ueyl aiow Aq pasealdul sem a1el buihig
-91dwes payduelq
Yoy s W 0L X /879903, 0L X ¥E0L'C
3Iym ‘3|duies ysaiy ayi 1oy | S W . 0L X 90£9'y

01, 0L X 18ZL'L Jo dbues ayy ul pauea#°q ay|
%9871 -%¥ '8 JO SIUU0D
1eBns |e10) PadNPaI ING %9/ €T-%0Y L

JO S9XN|} JUR)SUOD J31em pajelodend paseanu|
"%0C

—0401 J0 uoneipAyas 13ybiy yum sjdwes paleasnaid

buifip uswabuidwi iy

buifip uswabuidwi iy

Buikip Juswsbuidwy oy

Buikip-1e o4

buifip
SAI1DIAUOD -9ABMODIN

Buikip Inoyum

buikip [euonusaauo)
buifip |euonnusauo)
Buifip dwnd jeay

uanlb oN

Buikip Jie JoH
Buifip Jie 104

buifip dwnd jeay

Buifip Jie 104

Buikip Jie 104

Buikip Jie 104

Buikip Jie JoH

"S/WOZ-€ 40 AUDO[IA J1e ‘%08
-9%01 Jo ANpiwny aAfea1 Japun
uIW 0b—S 10§ D,002-06 18 payduelg

‘A|21esedas
uiw G pue ¢ Joy Aupiwny
SNIIRIRI 9%SE PUB D, 0TL YHM paieai]
"AjaAndadsal
‘ulw g1 pue 6 ‘9 ‘¢ Joy Aupiuny
SAIIRJRI 9%GE pue D, OTL 18 payduelg

*A[aA10adsal
$08L pue 0Z1 ‘06 ‘09 ‘0€ 10} paydue|g
"Sawil}
Inoy pajeadal pue ‘(dwiy A19A3)
S €104 D, L F 66 433eM bBuljiog ay3
1an0 bujyduelq wesis ayy 01 paldalgns

‘ujw Q| Joj Ja1em
Buijioq jo 6 0ot aroge papuadsns
512101 JSMOJINED 3y} JO JaKe| 3|buls v

‘Ul | loj eq Sz€

101 e weajs Jajem Aq paypuelg
uw g

1oy weays buimolq £q Ino paried

“ulw ¢ Joj Ja3em bBuljiog u payduelg
J0 06 PUe 08 ‘0L
1e 135 sy1eq Jajem paj|isip ul pade|d

's08lL

10§ D, G/ 1€ 131eM 10y Ul pasiawiw|
‘ulw | 104

Dol F 08 1€ J33eMm Joy Ul pasiaww|

‘ulw ¢ Joy 193em buljioq ur payduelg

“ulw G 1o (3, 001
10 08 ‘0Z ‘09) 491eM 10y Ul pasisww|

‘ulw g Joj
(o LF06) 431eM 04 Yum paypuelg

‘ulw | Joy
(D, £°86) 121eM Buljiog Ul pasisWIW|

ulw | 104
Do LF08 e Ja1em 1oy ul pasiawiw|

Jaquindnd eas

o1ejod 199Mms

wep

11022019

saned| A3|sied

Jamoypine)

9|ey ebajen

101103 pue ojejod
‘eueueq ‘s|ddy
eueueg

snbesedsy

Jaddayg
dUIND

eueueg

j011R)

0yewo} Ay

upjdwing

spaas ueaq Aauply

(41SS)

Buiyoue|q yuswsbuidw

wea)s pajeaysadng

Buiyouelq weals

Buiyoue|q J33em JoH

93Ual9jay

uoISnPUOd Ulepy

poylaw buifig

ssa20.1d Juawieasnald

npoid

SPoyIsy

's3]qe3abaA pue syniy Jo saanque Aujenb pue sansuRRIRYd Bulkip uo suswWIealIaId Bulydue|g [ewdy) JO ST T dlqeL



1418 L-Z. DENG ET AL.

(abod 3xau uo panunuod)

S10z “[e 19 buerr

S10Z ‘udnopAIWaQ 1 1923

€10 ‘seuad 13 epalQ-ziny

SL0Z “e 32 N

0L0T “[e 13 IjE|lY

600T “[e 13 1|y

S00¢ ‘Auises 13 abuaes

0L0Z 19

€10T “|e 12 epinn

q/10z “|e 32 buepm

e/10¢ “|e 19 buem

geLoT “|e 12 teg

eELOT “|e 13 leg

‘Buiydue|q Ja3em J0Y UBY} 3IN1INIISOIIW
wiojlun aJow pauleyqo ‘ssaxoid gAW ay3 panoiduw

‘spnpoud Ayjenb Jaybiy paureigo

‘s 00€ 404 M 09€ YUM GAI 18 P331ONPU0D UsYM

‘asesalsajAyaw udad burieandeur ul gl ueyy

9AI1D3Y3 diow pue ‘(gD) buiydue|q [BUOIIUSAUOD
ueyy Jomoj a1am M 006 Pue 0€9 9y jo sawl gMIN

*191eM

10y Aq paydue|q sajdwes 03 pasedwod se ‘%9

-0405 AQ paseasdul poe J1gJodse Jo UoIURIRI Ay}
pue ‘jjey Inoge Aq pacnpai a1am sawil} bussadoid

'spnpoud paup

JO |9A3] uluefdoyue sy} paulejuew ‘swiy buikip
9y} padnpal ‘qod paieandeul Ajpides ul paynsay

‘solel uoisnyip
OAI1d9)Jo 9] pue Jajsuel} ssew sy} pasealdu|

‘%S, AQ padnpal sem 9,5z Inoge
40 550] JyBIaMm € Uleqo 03 Wi} UolRIPAYIP BY |

"(zHY §'£) Aouanbauy ybiy e 1e 3159MO|
pue (zH 09 pue 0g) sapuanbaly moj 1e 1saybiy
Buraq yuaind bupeusayje jo Aousnbaiy ayy 0}
palejal pue ‘a1el buikip ay3 paseasnur Ajpuedyiubis

"(%61°L£) Buyuelq

191em JO 1ey) uey) JIaMo| sem (9%08'S9 — %C0'8)

dlwyo Aq paieasy sjdwies Jo sso| ) ulwelA ‘qod
paieandeul A|pides buiyduelq 4a1em pue dIwyo yiog

"paniasaid |jom d1am

1npoid ay3 Jo ua3uod jousydAjod pue uraioid

'10]02 9y} ‘buIydUE|Q [PUOIIUSAUOD UBY) SIWIY
buissadoid 1a110ys 12 QOd Pue Odd Yiog pareAirdeu)

(%98

pue 9,95) buiseasdul awiy buifip pue (99z pue

9%€1) $s0] Juawbid pas pasned (s OFZ pue s 0L7)

Buiyoue|q 430 1nq ‘AjpAndadsal ‘Y € pue

'£'5 '€ 'L Aq padnpai sem s 081 ‘051 ‘0ZL ‘06 ‘09

‘0€ 1oy paypuelq sajdwies 1oy awil bulkip ‘s oz |
13)4e 95/ 0] Paseasdap sem A)IAIIE [enpisal JOd

'SQUO pajeasiun o} pasedwod

Y 0t 03 dn swiny buikip padnpal fa1em

10y Aq paydue|q sajdwes 03 pasedwod Ayaioe

JUBPIXOIUE JO SIN|BA pUE ‘IR JIGI0ISe pue
syuawbid pai jo uonualal Jaybiy paulelulew giss

'S06 10} D, 0L 38

Buiydue|q usym ‘suisies usaib 1o mojj9A-uaaib

3|qeAIsap papaIA pue buiumoiq dnewAzus

paxqIyul Apuedyiubis 5, G/-6S Jo sainjesadwal
buifip 1e y sz—z1 Aq pasnpas sawiny buikig

“(UnwiZ ‘sdlfs

WD €°1) PaJesul UeY) JOLIOYS Sem (Ulw G — ), 0ZL

‘Ul G- D, 0LL ‘UlW9 -2, 00L ‘Ul £ - D, 06
‘siouenb wd gg) pajeAndeul £|1e103 Odd 4O swil 3yl

“ulw | 1043, 001 38 paulejuiew

2Jnjesadwial J9UI DY} [13UN paleay

(QAW) Putlip  a19m sajdwies ‘A 008 40 Jamod yum
WINNJRA—-IARMOII|A USAO SABMOIIW ZHIN-0SHT © Ul palesH sniodsiq snoupby

(w
051—0) SWwn|oA Ja1em Buiyduelq
pue (s 00€-01) dwin Buiyuelq
Buikip Inoyum ‘(M 006-09€) Jamod aAemoDI jo118)

"M 059185 0/L pue ‘M 05/ 18

Bulfip INOYIM S 0SL ‘M 006 38 S GT1 10} PIARMOIDIN sueaq Ulaalo
buifip ‘M 00Z 3Indino ‘pm 007’1 1omod

paq painods- -anemonly  Indul ‘USAO D1ISIWOP B Ul PIWIOpId ojejod 19ams ysayy a|ding
‘ulw € 03
0 wouy wi Buneay pue ), 7 F 58

uoneipAyap dnowsQ 0} 09 sem ainjesadws} buiyouelg Kuagmens

'zH 06 Jo Aouanbaiy pue w/A 09
J0 ANIsudjul pIay JUI3[d YyM ‘Ui |
uonelpAysp cnowsQ Buunp ), g6 1e ssjdwes payduelg a|ddy
*KoAIRdSaI ‘ZHY 6/
pue ‘zH 09 ‘zH 0€ e Pa1PNpPUOd pue
‘Wwd/A S Jo yibuans pjay e pasn
I, 09 01 pIde dL % bulueuod
J101eI1pAYap pooy Aq paug uonn|os ul pajeay Ajjediwyo adein

‘(0. 001 pue
$81e) Buiyouelq Jarem pue (.58
Buikip paq pinj4  3e Wd/A OF pue §7) Bulydpuelq JIWYO
'S 00€ 10 0¥ ‘081 ‘0ZL ‘09 0
10j paulejuiew a1am sajdwes ), 7
F 08 01 paydeal 3|dwies ay} Jo 2100
Bulfip 1noyupy 9yl usym ‘wd/A 1 Jo yibuails ppei4 oYMy

‘(sovz pue ‘oL
‘081 ‘051 ‘0T ‘06 ‘09 ‘0€) suoneinp
[BIDABS PUB ‘%01 — %SE ANpiwny
dAneal JIe 10Y ), 01 | 2Imesadwial
buifip yuswabuidwi iy 'S/ G0 F 0L AUD0)IA A1y

S/W S0 F 0tL J0 AUDORA Jie yum
Bullip Juswabuidwi Jly  ‘ulw € pue g ‘| 10j D, OLL I8 paydue|g J1addad pay

(S 0T1 pue ‘06 ‘09 ‘0€)
suoneinp pue (3, 0zL pue ‘oLL ‘00L
Buikip Juswabuidwi a1y ‘06) Saanjesadwal ISP 18 paydue|g adeib ss9|paas
'S/W Q'L Sem AIDOJSA Jle pue ‘945
~%0% sem Aupiwiny aanea1 2, 071
pue L1 ‘00l ‘06 :s2Jnesadwiay
Bulk1p INOYIM JUISHIP INOJ YUM palealy sem djdwies 9|ddy

(GAW) Buiydue|q aaemonI

Buiyoue|q 1eay d1wyo



1419

z
[©)
=
oc
=
=)
4
[a)
=
=<
w
]
=
w
O
(%]
a
o
o
'S
Z
wv
=
w
S
w
o
-
<
Y
=
o
9]

soljouayd |e101 353YyB1Yy 'S 09 PUB G ‘0€ ‘SL 104 ZHW 05T

102 9Y1 paule1al s O 10) paydue|g usym ‘onel Buikip payipiwnysp Jo fouanbaly pue \\ 008 18 UsNO
‘buepueydbunoyd 3 |nyjideueneir | uoneIpAYal pue SANIAISNYIP 2INISIOW Pasealdu| pajsisse-dwind 1ea 9ABMOIDIW B Ul PAYDUR|C 2I9M SDARIT S9ARD| URQU( (*]) DIHDISD DJj2IU)

.51 18 Jd1em uj

"9|dwes jo s|ja> Paj00d SpIemialye pue uiw Gz 10}
0002 “|e 13 oualo paniasald |jam ‘sabueyd J10j0d pue ssauwLly padnpay uonelpAyap dnowsQ M 00f 01 pasodxa a1am 1ni Jo b 0oy Kuuagmens

‘spnpoud
paup Ul [2A3] uluefdoy1ue 3y} paulelulew (ISMIN)

pue ‘aw buikip ay3 pasnpal ‘ssadoid Buiip paq painods “Jamod wnwixew e

GLOZ “|e 1@ nn Buikip gSMIN 343 panoidwi Buiydue|q aABMODIN pajsisse aneMODIN ‘M 00Z Indino ‘a 0021 49mod indu) ojejod 199Mms
DUIJRY uoIsnpuod Ulely poyaw buikig ssa20.d Juawiealnald Npoid SpPOYIBN

(panupuod) -z 3jqel



1420 L-Z. DENG ET AL.

uniformity, and optimize of the SSIB process, to extend its
applications in the food industry (Xiao et al., 2014).

3.1.4 Ohmic heat blanching

Ohmic heating (OH) blanching is a thermal process in which
heat is internally generated by the passage of alternating electri-
cal current through a body such as a food system that serves as
an electrical resistance (Shirsat et al., 2004; Jakodb et al., 2010).
During ohmic heating, food products are placed between two
electrodes, and product temperature rapidly increases. OH has
immense potential for achieving rapid and relatively uniform
heating, reducing the treatment time that is critical to avoid
excessive thermal damage to labile substances (Zareifard et al.,
2003), providing microbiologically safety and high quality
foods, and causing electroporation of the cell membranes by
solubilizing the pectin substances which result in migration of
moisture more easily (Kulshrestha & Sastry, 2006). What’s
more, OH has advantages of energy efficiency and an environ-
ment friendly process, compared to conventional water blanch-
ing (Varghese et al., 2014).

OH can be used as an alternative fast blanching method
for fruits and vegetables (Icier et al., 2006), especially of
whole large vegetables and fruits where the process may be
accomplished in a relatively short time, usually few seconds,
regardless of the shape and the size of the product (Mizrahi,
1996). It has been used to inactivate oxidase and intensify
both heat and mass transfer (Kemp & Fryer, 2007; Zhong
& Lima, 2003) in certain fruits and vegetables, as well as
preserves nutritional and organoleptic quality of products
(Salengke & Sastry, 2005; Allali et al., 2009 & 2010; Icier,
2010), as summarized in Table 2. Guida et al. (2013)
observed that compared to hot water (100 °C) blanching,
ohmic (24 V/cm, 80 °C) blanching inactivated both POD
and PPO at 25% shorter processing times; the protein, poly-
phenolic and chlorogenic acid content of the product were
well preserved, which were at range of 9-128%, 53-78%
and 200-300% higher than water blanching samples, respec-
tively. Vikram et al. (2005) found that, the reaction rate
constants for vitamin C degradation of ohmic heated orange
juice was 32%, 46% and 52% lowered than conventional,
infrared and microwave heated samples at 50 °C,
respectively.

Ohmic blanching efficiency is related to electrical frequency,
field strength, voltage, particle size, ionic concentration, and
electrodes (Kaur & Singh, 2016). Salengke & Sastry (2005)
reported that, ohmic pretreatment at a low electrical frequency
is more conducive to subsequent drying, raisins dried for 30 h,
moisture contents of the samples were reduced from an initial
average value of 81.2% wet basis to 23.9%, 23.8%, 38.3%, and
44.97% wet basis for the 30 Hz, 60 Hz, 7.5 kHz pretreatments,
and no pretreatment, respectively. Allali et al. (2010) reported
that, ohmic heating enhanced mass transfer during the osmotic
dehydration of strawberry halves, water loss and sugar gain
rose with an increase of temperature and duration of ohmic
blanching. In addition, the blanching efficiency is dependent
on the energy generation, which is proportional to the square
of the local electric field strength and the electrical conductivity
of the product (Goullieux & Pain, 2005). Therefore, metal ions

or acidic solutions are often used to enhance the electric con-
ductivity (Xiao et al., 2017).

However, there are limitations of ohmic blanching should be
emphasized. For instance, the quality degradation may be
accelerated by the electrolysis of water, which yields hydrogen
at the cathode and oxygen at the anode (Sarkis et al., 2013); the
added ionic substances, such as acids and salts, can accelerate
corrosion of electrodes (Xiao et al, 2017); it is difficult to
achieve dynamic and static performance of the temperature
controlling, and heating uniformity for complex heterogeneous
foods (Sakr & Liu, 2014).

3.1.5 Microwave heating

Microwaves (MW) are electromagnetic waves with frequency
varies within 300 MHz to 300 GHz, and wavelengths range
from 1 mm to 1 m (Mujumdar, 2006; Chandrasekaran et al.,
2013). Microwave heating, as radiofrequency heating, is based
on the use of electromagnetic waves of certain frequencies to
generate heat in a material (Spigno, 2016), the electric energy
conversion is evaluated to be approximately 50% and efficiency
of MW heating can reach up to 65% (Nguyen et al., 2013). Dur-
ing microwave heating, the materials absorb microwave energy
and convert it into heat by dielectric heating caused by molecu-
lar dipole rotation and agitation of charged ions within a high-
frequency alternating electric field (Spigno, 2016), the heat gen-
erated volumetrically throughout a product rather than relying
on the slow conduction of heat through its surface (Regier &
Schubert, 2001; Rahath et al., 2016).

Compared to conventional heating, microwave blanching
(MWB) has faster heating rates as microwave heating takes
place within the wet biological materials, and it increases with
the effective output power used (Ranjan et al., 2016; Ruiz-Ojeda
& Penas, 2013). MWB requires lower processing time, has
higher heating efficiency and nutrient retention compared to
conventional methods (Krokida et al., 2000), and reduces the
drying time of agro-products, as summarized in Table 2. For
instance, pectin methylesterase residual activities of carrot slices
treated by water blanching and MWB for 300s were 0.099 and
0.0162 pmol/min/g, respectively; total pectin and total dry mat-
ter of MWB ones were 25%-50% and 40%-86% higher than
water blanching samples, respectively (Sezer & Demirdoven,
2015). Liu et al. (2015) also observed that HWB, SB, and MWB
treatments required 130, 110, and 60 s to reach 90% enzyme
activity degradation in purple flesh sweet potato, respectively;
MWB reduced the drying time and increased lightness (L
value) of samples by 28.6% and 24.42%-36.66%, compared to
SB and HWB, respectively; moreover, the anthocyanin reten-
tion of dried products treated by MWB (59.34%) were higher
than HWB and SB samples (53.55% and 40.37%, respectively).
Jiang et al. (2015) found MWB reduced the drying time of
Agaricus bisporus slices by 22% compared with that blanched
by hot water, the micro-structure of the MWB-treated sample
was more uniform than that of the HWB sample.

However, there are some drawbacks of MWB that impedes
its application. On the one hand, MW heating is very difficult
to have a homogeneous treatment, which is some points remain
at a lower temperature receiving an inadequate lethality while
others overheat (Vadivambal & Jayas, 2010). On the other
hand, the temperature is a not easily predictable or controllable



manner, as the typical frequencies of MW heating, the origin of
dielectric loss is due to ion conductivity and dipole orientation,
these effects are frequency dependent (Regier & Schubert,
2001), and effected by sample type, shape, size, composition,
moisture content, and etc. (Datta et al., 2005). Furthermore, the
limited penetration depth of microwave also worsens the non-
uniform heating of microwave heating (Koskiniemi et al.,
2011).

3.2 Non-thermal process

Thermal pretreatments have been reported to be responsible
for undesirable changes in quality attributes of fruits and vege-
tables, such as, tissue cell membrane disruption, protein dena-
turation, phytochemicals thermal degradation, poor firmness
and crispness (Lee et al., 2006; Belie et al., 2000). Due to their
important superiority in alleviating the quality degradation of
agro-products, non-thermal process techniques have attracted
increasing attention within the food industry (Rastogi, 2011).

3.2.1 Ultrasonic field

Ultrasound is a kind of mechanical waves with a frequency
between 20 kHz and 1 MHz, and which requires an elastic
medium to spread (Paniwnyk L., 2016). It is characterized by
the formation, growth, and collapse of bubbles when sound
waves are in contact with a liquid medium, this phenomenon is
called cavitation and there is generation of thousands of bub-
bles and cavities (Bermudez-Aguirre & Barbosa-Cédnovas,
2016). Ultrasound has been demonstrated to improve mass
transfer in food owns to exist direct (inertial flow and “sponge
effect”) and indirect effects (micro channel formation) (Miano
etal., 2015; Tao & Sun, 2015), caused by mechanical fluctuation
and cavitation effect of ultrasound (Beck et al., 2014; Fan et al.,
2008; Gamboa-Santos et al., 2014). Furthermore, ultrasonic can
be conducted at ambient temperature due to its low heating
effect, the heat-sensitive compounds of food can be well pro-
tected (Chemat et al., 2011).

The research of ultrasound pretreatment on agro-products
has received increasing interest (Rodrigues & Fernandes,
2007b; Schossler et al., 2012). Recently, ultrasound has been
commonly used as a pretreatment processing to assist drying of
agro-products, as illustrated in Table 3. Ultrasound has been
proved to enhance the drying rate by altering micro-structure
of plant tissue (Rodrigues & Fernandes, 2007b; Tao et al., 2016;
Tao & Sun, 2015), and improve quality of products by shorten-
ing drying time and increasing the extraction ability of com-
pounds (Cakmak et al, 2016). For instant, ultrasound
treatment lead to breakdown of cells in carrots, and longer
ultrasound treatment time resulted in greater structure destruc-
tion of carrot, as showed in Fig. 3 (Nowacka & Wedzik, 2016).
The ultrasound pretreatment reduced the drying time by 31%
in comparison to untreated apple cubes, the dried products
treated by ultrasound exhibited 6%-20% lower density, and
porosity of 9%-14% higher than untreated samples (Nowacka
et al, 2012). Tao & Sun (2015) showed that, the drying kinetic
increases with the increase of acoustic intensity within certain
limits, the ultrasonic efficiency is closely related to acoustic
intensity. What’s more, ultrasound pretreatment conduced to a
better color maintaining in dried carrots, and carotenoid
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contents in dried material treated with ultrasound at a fre-
quency of 21 kHz for 10 and 20 min were 2% and 24% higher
than untreated samples (Nowacka & Wedzik, 2016).

However, the structural damages of plant tissue simulta-
neously lead to decrease the phytochemicals content in prod-
ucts, as lacking of a barrier in the form of a compact layer of
cells on the surface contributed, and then facilitating leakage of
bioactive compounds from internal matrix to the external solu-
tion (Miano et al., 2015; Mieszczakowska-Frac et al., 2016;
Zhao et al., 2014). In the work performed by Mieszczakowska-
Frac et al. (2016), the ultrasound pretreatment modified the tis-
sue structure of apple, which caused high loss of polyphenol
(35%-54%), monomeric catechins (10%-34%), hydroxycin-
namic acids (55%), and dihydrochalcons (63%). Siucinska et al.
(2016) also observed that ultrasound pretreatment decreased
the anthocyanin content of sour cherries by 11.6%, and antioxi-
dant capacity deterioration rate during the first 8 weeks of stor-
age was higher (42.7%), while the antioxidant capacity
deterioration rate of non-sonicated sample was 35.9%. Similar
phenomenon was observed by Stojanovic & Silva (2007) when
they pretreated rabbiteye blueberries.

Ultrasonic pretreatment has advantages in reducing process-
ing time and maintaining product quality to some extent.
While, the ultrasonic technology is still in a stage of lab scale,
due to the complexity to scale-up the equipment to industry
size with the same working conditions and results. And the
most urgent issue is the intensity of cavitation decreases as the
medium is away from the tip of the sonotrode generating a
non-homogeneous process and also because the small diameter
of the sonotrode tip that has been designed to supply high
amplitudes (Peshkovsky et al. 2013). In addition, ultrasound
requires a coupling medium (such as gel, water or oil) to
spread, which intensifies the loss of phytochemicals by leaking
from plants tissues to the medium, and limits the application of
ultrasonic in food industry in turn. Therefore, a novel non-con-
tact ultrasonic technique, which takes air as the coupling
medium should be developed (Alvarez-Arenas, 2010), and con-
quer practical difficulties to meet large-scale needs of industry
as the radiating area of transducers is very small (Gallego-
Juarez et al., 1999).

3.2.2 Freezing

Freezing pretreatment usually conducted at —20°C for several
hours and then thawed to room temperature. During freezing,
large ice crystals are formed and result in a breakdown of the
cellular structure and setting of the porous structure (Sripinyo-
wanich & Noomhorm, 2013), that facilitates water migration
and enhance mass transfer. So, freezing has been utilized as
pre-drying treatment of fruits and vegetables to accelerate the
drying process, and maintain the product quality (Eshtiaghi
et al, 1994; Ando et al., 2016; Albertos et al., 2016).

In the study by Ando et al. (2016), the frozen-thawed
carrot roots had the higher drying rate than blanched and
non-treated samples, and the cell membrane capacitance of
frozen-thawed samples (1.71) significantly lowered than
fresh (3.24) and blanched at 60-80°C (2.74-2.97). It indi-
cated that physical destruction was caused by formation of
ice crystals during freezing, as shown in Fig. 4. Kowalska
et al. (2008) revealed that, freezing pretreatments before
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Figure 3. Cross section of carrot vascular tissue; untreated (a), ultrasound treated with frequency 21 kHz for 10 (b), 20 (c) and 30 (d) minutes, ultrasound treated with fre-

quency 35 kHz for 10 (e), 20 (f) and 30 (g) minues. (Nowacka & Wedzik, 2016).

osmotic dehydration of pumpkin gave higher water loss and
especially increased solids gain compared to the samples
without pretreatment. Pimpaporn et al. (2007) observed
that, freezing pretreatment improved the lightness, crispness
and also reduced the toughness of dried potato chips.
Besides, because of a faster heat transfer between frozen
cells, and water can rapidly evaporate from ice crystal state
under vacuum condition, so that, freezing has been usually
applied prior to vacuum drying to achieve a higher rate of
heat transfer (Shyu & Hwang, 2001).

Though freezing treatment reduced the drying time by 46%
compared to untreated banana, while the frozen samples exhib-
ited extensive browning, as color value was 58% lower than
control, resulted in product quality degradation (Dandamron-
grak et al., 2003). As for instant rice drying, freezing pretreat-
ment maintained the same textural properties to those of
freshly cooked rice, but it had adverse effects on the quality of
products resulted in high bulk density and shrinkage
(Rewthong et al., 2011).

In short, freezing pretreatment can enhance drying rate and
preserve the quality of products. However, the application of
freezing pretreatment is very limited partly due to it can’t inacti-
vate the enzymes responsible for browning reactions, and proba-
bly cause nutrition loss during thawing. In addition, it possess a
high operation cost only suitable for some high-value foods.

3.2.3 Pulsed electric field

Pulsed electric field (PEF) is one of non-thermal technology,
which involves the application of short-duration (from us to
ms) electric pulses of high-voltage fields usually in the range of
15-80 kV/cm to foods placed between two electrodes (Evrendi-
lek, 2016; Yan et al., 2017). PEF is usually applied on liquid or
semisolid foods to inactivate microorganisms and enzymes at
ambient and mild temperature conditions, without significantly
affecting the original color, flavor, texture, and nutritional value
of the food (Barbosa-Canovas et al., 1999; Ade-Omowaye et al.,
2001a). In recent years, it has been proved that PEF induced
membrane permeability of cells and tissue disintegration for

Figure 4. Microscopic images of phloem tissue of a fresh sample (a) and a frozen-thawed sample (b). (Ando et al., 2016).



improving mass transfer of plant materials (Knorr et al., 2011),
which can be achieved at moderate electric fields of 200-1000
V/cm and short treatment time within 107*-107% s (Fincan &
Dejmek, 2002; Lebovkaa et al., 2007).

PEF has been utilized to pretreatment of agro-products
(Toepfl et al., 2005), and has significant positive effect on
enhancing drying process of foods by improving the permeabi-
liation of cell membrances, and preserving food quality attrib-
utes by inactivating enzymes or shortening drying time
(Amami et al, 2008; Amami et al., 2005; Dev & Raghavan,
2012; Wiktor et al.,, 2014), as shown in Table 3. PEF pretreat-
ment increased the moisture diffusivity of red beetroot (Shyn-
karyk et al., 2008), improved the initial drying rate by 26% and
reduced the drying time by more than 14% of raphanus sativus
(Liu et al., 2016). Moreover, PEF slowed down the enzymatic
action of ascorbic acid oxidase (AAO) in carrot purée, thus
providing protection against vitamin C oxidation (Leong &
Oey, 2014; Liu et al,, 2016). It was also observed that the drying
time of PEF pretreated red peppers was reduced by 34.7% and
the color parameter b was increased by 10% compared to the
un-pretreated samples (Won et al., 2014). In addition, it
allowed a highly effective inactivation of microorganisms while
retaining product quality, contributed to low processing tem-
perature and short residence times (Toepfl et al., 2005).

An application of PEF for food drying pretreatment can
increase the drying rate and reduce drying time of more than
20% depending on the products (Ade-Omowaye et al., 2001a).
And it provides the tremendous potential to minimize undesir-
able changes in quality products at lower temperatures and
short residence times to retain the fresh-like character and
nutritional value of the products (Ranganathan et al., 2015).
However, PEF is incapable of inactivating enzymes at condi-
tions adequate for microbial inactivation (50-1000 kJ/kg) (Ter-
efe et al,, 2015; Jermann et al,, 2015), it also causes cell damage
and tissue softening (Faridnia et al., 2015), and the capital
equipment costs were expensive (account for 54% of the total
production cost) (Li & Farid., 2016), the foods have large par-
ticulates or relatively high electrical conductivity are not feasi-
ble (Ranganathan et al., 2015). Furthermore, material direct
contact with electrode may cause electro-chemical reactions
during PEF treatment, trigger corrode electrode and generate
toxic substances in turn, and more works are needed to develop
corrosion-resistant electrode.

3.2.4 High hydrostatic pressure

High hydrostatic pressure (HHP) is an innovative and emerg-
ing technology, which is a pressure-based technology. It
involves applying a high-pressure shockwave (ranging from
100 to 800 MPa) transmitted through water to materials for a
desired dwell time and temperature (Hulle & Rao, 2015; Ueno
et al., 2009). When fruits and vegetables are pretreated with
HHP, cell permeabilization induced by high-pressure may facil-
itate the diffusion and provide higher drying rates (Ueno et al.,
2009; Al-Khuseibi et al., 2005; Yucel et al., 2010).

The applications of HHP technology prior to drying to
decrease the drying time and minimize the deterioration of
quality are increasing recently, as summarized in Table 3. Hulle
& Rao (2015) showed that, HHP modified the texture of the
aloe vera cubes, and by thus enhanced the moisture transfer
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rates, decreased in drying time by up to 32% (treated at
400MPa and above), and improved rehydration ability by about
32% (500MPa for 10min) compared to un-pretreated samples.
Vega-Galvez et al. (2011) also found that HHP pretreatment
(350 MPa, 30s) increased the water diffusion coefficient by
22%, enhanced the antioxidant activity, modified the micro-
structure and texture of aloe vera gel. Assisted with osmotic
dehydration, HHP has been demonstrated to improve the dif-
fusion coefficients of water and soluble solids and thus in turn
accelerated the water loss of samples (Nunez-Mancilla et al.,
2011; Verma et al,, 2014; Rastogi et al,, 2000). Tedjo et al
(2002) revealed that, the HHP treated mangos had a higher red
intensity (a” values) and solid gain than the untreated samples.
However, during high pressure processing, plant materials
would suffer a great destruction of shape and structure. Hulle
& Rao (2015) revealed that, HHP enhanced the firmness of
aloe vera cubes with a maximum of up to 21% for the sample
treated at 500 MPa for 15 min. Ueno et al. (2009) showed that,
tissue softening induced by HHP treatment owned to destruc-
tion of cell membranes and partial liberation of cell substances.
Besides, the application of HHP systems in industrial scale-up
production is hindered by high equipment cost and low prod-
ucts throughput. The equipment cost of HHP systems is
account for 59% of the total production cost, and prices of
industrial scale HPP units vary from U$770,000 (55 L) to
U$3,150,000 (420 L) according to a study by Li & Farid (2016).
Moreover, more R&D is required to realize commercial appli-
cation in food industry, such as the inactivation of enzymes by
HHP is variable and uncertain, the serious destruction of struc-
ture and texture of solid plant materials, as well as pressurized
mediums may permeate into foods (Jermann et al., 2015).

3.3 Other techniques

Besides, there are also other physical treatments applied on
fruits and vegetables before drying, such as peel abrasion, skin
puncturing and infrared heating. Matteo et al. (2000) indicated
that, superficial abrasion of the grapes peel reduced the drying
time by 61%, as compared to untreated grapes. Similarly, Adi-
letta et al. (2015) also found that the drying time of red grapes
with abraded peel was reduced by about 67% and the dried
product had higher rehydration capacity compared to
untreated grapes. Yong et al. (2004) reported that pinholes and
drilled holes improved the drying rate of potato, cassava,
dragon fruit and red chilli, and it was increased by the diameter
and density of the holes. Zhang et al. (2012) indicated that the
drilling hole pretreatment significantly decreased the drying
time (16%-31%), and reduce red pigment loss as well as brown-
ing of pepper. However, either peel abrasion or skin puncturing
is impracticable in industrial scale because the operation pro-
cesses of both pretreatments are tedious, laborious, and costly.
Infrared radiation energy with specific wavelengths can pen-
etrate into product and directly heat water or desired compo-
nents to achieve the purposes of blanching and the energy
transfer is highly efficient (Nakamura, 1969; Rastogi, 2012).
Shewale & Hebbar (2017) observed that infrared radiation pre-
treatment reduced the drying time of apple slices by nearly
23%, and improved the retention of ascorbic acid and total phe-
nolic content with about 82%-90% and 72%-74%, respectively,
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when compared with the samples treated by potassium metabi-
sulphite. Though infrared heating has advantages over conven-
tional heating under similar conditions, such as short heating
time, simple and compact equipment, significant energy saving,
and inactivating enzymes (Bingol et al., 2014, 2012; Rastogi,
2012), there are drawbacks limit the application of infrared
heating pretreatment, such as its poor penetrate deep in prod-
uct with only a few millimeters below the surface of the sample,
and causing serious water loss (up to 49%) of samples (Xiao
etal., 2017).

4. Future trends

The novel thermal and non-thermal pretreatments may
become the trends of developing of pre-drying treatment tech-
nology in the future. However, there are still many aspects need
to be improved of these pretreatment techniques:

For novel thermal blanching, such as SSIB, MWB and OH,
they are all still in the early stage of development, and usually
used on small-scale for test. The most difficult problems hinder
large-scale industrial application, are the non-uniform heating,
and limited penetration depth of MWB. The temperature con-
trol system designs via mathematical modeling should be
approached to improve the heating uniformity of blanching
equipment, or even suit for complex heterogeneous foods. And
with development of computer technology, material science,
sensor technology, and online detection technology, there is
scope for development of smart control system (Su et al., 2015).
Equipped blanching facility with smart control system may
realize the dynamic regulating of blanching conditions, mini-
mize the energy consumption and quality deterioration.

For novel non-thermal technologies, such as ultrasonic, PEF
and HHP, they have been conducted on small laboratory scales.
A novel non-contact ultrasonic technique, corrosion-resistant
electrode, and large-scale inexpensive equipment should be
developed to meets the requirements of industrial production.
Additionally, non-thermal pretreatments fail to efficiently inac-
tivate the oxidases in plant materials, hence, combine with ther-
mal pretreatment can achieve to the enzyme inactivation.
Therefore, hybrid technology should be developed to better uti-
lize of these techniques.

It is noted that, non-thermal pretreatments enhance drying
process mainly by improving the permeabilization of cell mem-
branes or destroying structure and texture of tissue. Micro-
structure is a key for revealing the properties changes during
processing (Xiao and Gao, 2012). Many of the undesirable
quality attributes changes such as brown discoloration, textural
changes, off-flavors, nutritional loss are closely ralated with the
microstructure changes during processing (Niamnuy et al,
2014). However, the relationships between microstructure
changes and the evolution of macro physic-chemical properties
of foods such as texture, color, rehydration ratio, reactions dur-
ing pretreatment and drying have rarely been reported. There-
fore, more investigation is needed to explore the relationships
between pretreatments, microstructure, and physic-chemical
properties of products so as to provide the opportunity to man-
age structure formation and tailor functional properties of food
by selecting suitable pretreatment technologies and optimize
the processing conditions.

5. Conclusions

In the production of dried food, the drying rate is crucial to
reduce food quality deterioration and energy requirements.
Pretreatment is an important operation commonly employed
before drying to increase drying rate, maintain quality, and
decrease microbial load of products. Diverse pretreatment tech-
niques reviewed here, all of them have merits and demerits.
Osmotic dehydration reduced the initial water content, drying
time, as well as energy consumption, but detrimental to prod-
uct quality, e.g., loss of minerals, vitamins, and pigments sub-
stances due to migration from tissue into osmotic solution.
Chemical additives dipping techniques have advantages of
enhancing drying process and maintaining quality of foods;
while the residues in the food may cause food safety problems.
Conventional blanching treatments effectively inactivate vari-
ous enzymes, soften the texture and destroy microorganisms,
accordingly enhance the quality and facilitate drying rate. How-
ever, it was described as unfavorable since causing undesirable
changes of products, viz. loss of texture, soluble nutrients, pig-
ment and aroma. Novel blanching treatments, such as high-
humidity hot air impingement blanching, microwave and
ohmic blanching could reduce the nutrition loss and are more
efficient in comparison. Furthermore, novel non-thermal tech-
nologies can be a better alternative to thermal blanching to
overcome the drawbacks of heat-sensitive compounds degrada-
tion. Nonetheless, the capital and running costs should be
involved to evaluate the techno-economics. In order to bridge
the gap between laboratory research and industrial applications
of different pretreatments technologies, future research needs
are discussed and identified.
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