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Impact of ultrasound and blanching on functional properties of hot-air dried and

freezedried onions

ABSTRACT: The aim of this study was to investigate the effettultrasonic
treatment and blanching prior to hot-air drying drekze drying of onions on the
retention of bioactive compounds (total phenolicgal flavonoids, and quercetin).
Onion slices were treated either with ultrasoun@@tkHz and different amplitude
levels (24.4-61 um) for 1, 3 and 5 min or with lalimg using hot water at 70 for

1, 3 and 5 min. The ultrasound treatment improvied tetention of bioactive
compounds (especially quercetin) and accordingéy dahtioxidant activity in onion
slices dried either by freeze drying or hot-air idgy This is ascribed to the
destruction of the original tissue structure byagdbund and thus higher extraction
ability of the studied phytochemicals. Comparingadound treated samples, freeze
dried onions had a higher retention of bioactivenpounds than hot-air dried ones.
Blanched and ultrasound treated dried onions etdadbisimilar colour change.
Therefore, ultrasound treatment is a potentialriadtive to conventional blanching
before drying of onion slices.

Keywords: Ultrasound treatment; Thermal blanching; Antioxidantivity; Drying;

Colour.

1. INTRODUCTION
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Dried onions are found in different forms — flakeshinced, chopped and
powdered — of extensive demand in several parteeofvorld (Sarsavadia, Sawhney,
Pangavhane, & Singh, 1999).

Sonication is a promising non-thermal technologyhia food industry (Tiwari et
al., 2010). Ultrasound treatments (US treatments) wsed to induce desirable
chemical and physical changes in foods and canostigpveral processes, such as
drying, osmotic dehydration, extraction, mixing, sification, filtration,
crystallization, thawing and freezing (Marcuzzord3sini, Debeaufort, & Sensidoni,
2010). Ultrasonic waves cause rapid compressioms expansions to plant cells,
which leads to the formation of bubbles in the satgd sample and its surroundings.
The resulting rapid and short pressure and temyrerahifts in the product leads to
changes of viscosity and surface tension, destgogell walls, forming microscopic
channels and free radicals, and producing sonodatsniScientific evidence exists to
support both the positive and the negative impattsitrasound treatment on the
retention of bioactive compounds in various fruitdavegetables, although the
particular effect depends on the process conditem$ specificity of the material
involved (Mieszczakowska-Re, Dyki, & Konopacka, 2016). Advantages of power
ultrasound include reduction in processing time #ffective removal of occluded
oxygen in juices, and lower energy consumption ({Kndenker, Heinz, & Lee,
2004).

The responses of plants to abiotic stresses, sachiS3 associated with the

production of stress signalling molecules (i.ecte@ oxygen species — ROS) activate
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the expression of genes involved on the primary sexbndary metabolism of the
plant (Jacobo-Velazquez, Gonzalez-Aguero, & Cissiievallos, 2015). These genes
are associated with an increase in the activitgnalymes related with the biosynthesis
of secondary metabolites and with the accumulattdbnsecondary metabolites
(Jacobo-Veladzquez et al., 2015). For this reasd,chh be used as an approach to
increase the extractability of bioactive compoudswacka & Wedzik, 2016), for
instance, found a 12.5% higher extractability ofot@noid from carrots after the
application of US at 21 kHz. Ultrasound has alsowsh higher extraction rates of
phenolic compounds from carrot pomace and stravdsefdabbar et al., 2015). Power
ultrasound has also potential as a means of pasenvdue to the microbial
inactivation ascribed to cavitation, as the resglfpressure shifts contributes to cell
disruption. Ancillary chemical effects, such as fobemation of free radicals as a
consequence of the sonochemical reaction, alsorilbote to the microbial cell
disruption (Kadkhodaee & Povey, 2008).

The most popular drying methods for onions arednotrying and freeze drying.
Hot-air drying involves exposure of the productaacontinuously flowing hot air
stream. It produces dehydrated products with & $ifelof up to one year, but their
quality is usually lower than that of the origifiabdstuff (Ratti, 2001). Freeze-drying
is based on dehydration by sublimation of watemfra frozen product. Due to the
absence of liquid water and the low temperaturgaired for freeze drying, most of
the deterioration and microbiological reactionsratarded resulting in a final product

of high quality (Rawson et al., 2011). However, thality of a dehydrated product
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depends also on the pre-treatments employed beliyiag (Negi & Roy, 2000).
Hot-water blanching (heating of a product with ater for a short period) has also
been reported to reduce drying time up to a cedpération temperature. Similarly to
other thermal processes, blanching affects the erdration of some bioactive
compounds in vegetables (Rawson et al., 2011).

Given the possible detrimental effects of blanchongthe quality of onions, it is
necessary to develop alternative pre-treatmentgplace blanching. Despite power
ultrasound has been extensively reviewed in frusseffects on quality parameters
have not been studied in thin sliced onions.

The present study investigated the effect of ubines and blanching
pre-treatments prior to hot-air drying and freergrd) on the retention of bioactive
compounds (total phenolics, total flavonoids, andividual flavonoids), colour and

antioxidant activity of onions.

2. MATERIALSAND METHODS

2.1 Chemicals

Gallic acid, methanol, acetonitrile, ethanol, pstas acetate, aluminium chloride
(AICI3), ferric chloride, 2,2-Diphenyl-1-picrylhydrazyl DPPH),
2,4,6-tripyridyl-s-triazine (TPTZ), hydrogen chlde (HCI),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxyltda(Trolox), and trifluoroacetic

acid (TFA) were obtained from Sigma (Sigma Aldriétrklow, Ireland). Quercetin
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4'glucoside (Q 4 G), quercetin 3,4’ diglucoside (84’ D) and quercetin (Q)

standards were purchased from Extrasynthese (Geeegx, France).

2.2 Sample preparation

Fresh organic onions were obtained from the Kins&gistems field trial carried
out at Teagasc, Kinsealy (53° 25N, 6° 10W), Dublialand and stored af@ for a
maximum of 24 h prior to analysis. After hand-peglionions were vertically sliced

(5 mm thickness) using a Berkel 800 meat slicerkBecompany, Indiana, USA).

2.3 Ultrasound and blanching pre-treatments

One kg of fresh organic onion slices (thicknessapproximately 1 cm) were
obtained from 10 skin-peeled onion bulbs (variétyskin). In each treatment, 50 g of
onion slices were mixed with 100 mL of distilledtemat 70C in a 200 mL beaker.

Ultrasound (20 kHz) was irradiated to 50 g of onstines mixed with 100 mL of
water at 78C with an ultrasonic probe (@19 mm) connected talmsonic generator
(VC 1500, Sonics and Materials Inc., USA). The ggeinput was controlled by
setting the amplitude of the sonicator probe. Bstd parameters of amplitude (power
output of 40%, 60% and 80%, equivalent to 24.47 4hd 61 um) and processing
time (1, 3 and 5 min) were varied with pulse damnatof 5 s on and 5 s off. The

ultrasound probe was submerged to a depth of 25ntonthe sample. All treatments
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were carried out in triplicate. The ultrasound diges ranged between 0.06 and 0.59
W/mL.

For the blanching pre-treatment, carried out adtevely to the-US treatment, 50
g of onion slices were mixed with 100 mL of distdl water at AT for 1, 3 and 5

min. All treatments were carried out in triplicate.

2.4 Preparation of extractsfrom dried onions

Control (fresh), sonicated and blanched slices veéteer freeze-dried or hot-air
dried. Hot-air drying of sonicated, blanched andreated (control) samples was
carried out in a laboratory scale hot-air drier 86G6/333, Gallenkamp, UK) at 60C
and 0.3 m/s for 8 h. Pre-treated and control sasnple50 g were placed in a
perforated basket (300 x 400 mm; perforation siz& » 5 mm), which was inserted
in the drying chamber. Each sample was dried segardreeze-drying was carried
out in a Cuddon freeze-drier (FD80, Cuddon Freege Blenhein, New Zealand) at
0.064 mbar for 72 h. After freeze dried or hot-diried, the samples were
vacuum-packed in polypropylene bags and store20&€C-until analysis.

The leaching water resulting from the ultrasound étanching pre-treatments
were also freeze-dried or hot-air dried, accordthe drying method selected for the
onion slices. The dry weights were used to caleulla¢ transfer of material from the
onions into the cooking water. For this, the dreedons were blended by a kitchen

blender (Kenwood Ltd, Havant, UK). Then, 1 g of thlended sample was mixed
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with 10 mL of methanol (80%) and homogenised a0@d,rpm using an Omni-prep
multi-sample homogeniser (Omni International, USAhe homogenized sample
suspension was shaken overnight with a V400 MulétuVortexer (Alpha
laboratories, North York, Canada) at 1500 rpm amnrotemperature. The sample
suspension was centrifuged (MSE Mistral 3000i, $a@gllenkamp, Leicestershire,
UK) at 3000 g for 15 min and immediately filterechraugh 0.22 um

polytetrafluoethylene filters. The extracts wergtkat -26C until further analysis.

2.5 Analysis of total phenolics (TPC)

The total phenolic content was determined using Rbkn-Ciocalteau method
with slight modifications (Singleton, Orthofer, &amuela-Raventos, 1999) using a
spectrophotometer (Shimadzu UV-1700, Shimadzu Catjpm, Kyoto, Japan) at 735
nm. Aqueous gallic acid (10-400 mg/L) was used t@amdard. The results were

expressed as gallic acid equivalents per dry weiffeample (mg GAE/g DW).

2.6 Analysis of total flavonoid content (TFC)

The total flavonoid content was determined by thethod described by Lin and

Tang (2007) using a spectrophotometer at 415 nnerc@tin (Q) was used to build

the standard calibration curve. The total flavonadntent was expressed as
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milligrams of quercetin equivalents per gram of evgight (DW) (mg quercetin/g

DW).

2.7. Analysis of antioxidant activity

2.7.1 Ferric Reducing Antioxidant Power (FRAP) assay

The FRAP assay was carried out based on the meégh8dratil et al. (2006) with
slight modifications. The FRAP solution was frespigpared on the day of use by
mixing acetate buffer (pH 3.6), ferric chloride widn (20 mM) and TPTZ solution
(10 mM TPTZ in 40 mM HCI) in a proportion of 10:1:fespectively. Subsequently,
the FRAP solution was heated, while protected flighit, until a temperature of 37°C.
Appropriate dilutions of onion extracts were preghusing methanol. The sample
extract (100uL), or blank (100uL methanol) and Trolox standard dilutions (10
Trolox of appropriate concentration) were mixedm800uL of FRAP solution in a
micro-centrifuge tube. The tubes were stirred aidtb rest at 37°C for 40 min, and
the absorbance was measured at 593 nm using aggetometer. The antioxidant
activity of the samples was expressed in mg of okaquivalent per gram of dry

weight sample (mg Trolox/g DW).

2.7.2 DPPH Antioxidant Power Assay
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The DPPH (2, 2-diphenylpicrylnydrazyl) scavengingtiaty assay was
performed following the method described by Goupyak (1999). DPPH was
dissolved in methanol to a concentration of 0.23®mb in a conical flask. The
reagent was prepared 2 hours prior to use, to entat the DPPH was fully
dissolved and stabilised. The flask containing Ei&PH solution was covered with
aluminium foil to protect it from the light and séal in a refrigerator. For the actual
measurements, a 1:5 dilution of the DPPH stock mrapared using 10 mL of the
stock and making up to the 50 mL with methanol.ldxd1-10 ug/mL) dissolved in
methanol in appropriate dilutions were used to dbuthe standard curve. This
experiment was carried out in three replicatesbfith samples and standard. In each
replicate, 50QuL from the appropriately diluted sample extract vadsled to 50@L
of DPPH solution. Experiments were carried out &tednine the exact dilutions
required. In the control, 500L of methanol was added in place of the sampleaektr
with an equal volume of DPPH solution. As for tHarik, 500uL of sample extract
was mixed with 50QL of methanol. The absorbance was measured at Bilbra
spectrophotometer. The radical scavenging activig expressed in terms of mg of

Trolox equivalent per gram of dry weight (mg Trolg:DW).

2.8 HPL C analysis of the extracts

Reversed phase high performance liquid chromatbgrg®RP-HPLC) of the

fillered sample extracts was carried out accordmghe method of Tsao and Yang
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(2003). Flavonols were separated on a ZORBAX SB-&i18mn (4.6 mm x 150 mm,
5 um particle size, Part no. 883975-902). The mobiiase consisted of HPLC grade
water with 0.05 % trifluoroacetic acids (TFA) (Ahc acetonitrile with 0.05 % TFA
(B). The gradient involved a linear increase/deseda the amount of solvent B in A,
which was set as follows (% B): 0-15 min, 12-21%%:25 min, 21-100 %; 25-35 min,
100-12 %. The flow rate was 1 mL/min. Samples ofulOwere injected into the
column and the separation took place afC30The data was presented in the
SHIMADZU EZ START Version 7.3 software. The iderddtion of compounds was
achieved by comparing their retention times and \WB/-spectra with those of
authenticated quercetin standard, and the UV absosbwas measured at 360 nm.
Quercetin and quercetin glucoside concentrationse walculated against authentic
calibration standards (quercetin 4’ glucoside, geen 3,4’ diglucoside and

guercetin).

2.9 Colour

Three onion slices were randomly selected fromhfraad dried samples to
determine colour at both sides (internal and esl¢wf each slice using a colorimeter
(D25A DP-9000, Hunter Lab, Reston, VA, USA). Thengdes were evaluated for
colour (L*, a* and b*) at room temperature. L* repents luminosity and ranges from
black at 0 to white at 100. The chromaticity conede a* indicates red when positive

and green when negative, and b* indicates yelloverwpositive and blue when
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negative (Doymaz, Tugrul, & Pala, 2006). The colobange AE was calculated by

Eq. 1 (Vega-Galvez et al., 2012):

AE=3[(L" — Lp)? + (a* — ap)? + (b* — bg)? (1)

where Ly, ag, and b; are the values for fresh onion samples.

2.10 Statistical analysis

All experiments were carried out in triplicate aakrage values were reported as
means + standard deviation. The experimental dat& \statistically analysed using
the software SAS V.9.1 (SAS Institute, NC, USA).eThukey-Kramer test was

applied for multiple comparisons among means &% Significance levelp<0.05).

3. RESULTSAND DISCUSSION

3.1 Change of total phenolic content

The ultrasound and blanching treatments influented total phenolic content
(TPC) of onion slices (Table 1). Blanching applfed 1 min and ultrasound applied
for 1-3 min in general increased the TPC of drietbns. After 3 min of ultrasound
treatment at 42.4m and 61.Qum, for example, there was a 17%-21% TPC increase

in freeze dried oniong€0.05). Samples treated by ultrasound at @itOfor 1 min
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followed of hot-air drying had a 10% increag®@.05) compared to the untreated
dried samples. The application of sonication teghes to assist in the extraction of
bioactive compounds is in fact widely reported (Kae et al., 2012). On the contrary,
blanched freeze dried (BFD) and blanched hot-agddBHD) (3 and 5 min) samples
had lower retention of phenolics compared to thetrod (p<0.05). Turkmen, Sari,

and Velioglu (2005) also reported that blanchingrdased the total phenolics in
squash, peas and leek.

Samples subjected to UFD (ultrasound + freeze djyat 24.4 um for 3 min and
UHD (ultrasound + hot-air drying) at 61.0 um fomin resulted in greater retention
of phenolics than samples blanched for the same.tiAlso, blanching caused
phenolics to leach into the cooking water nearl@ fimes more than during the
ultrasound treatment (Table 1). In agreement with tinding, Rawson et al. (2011)
reported higher retention of carotenoids and paidenes in dried carrots subjected
to a 10 min-pre-treatment with a US-probe undesguailmode than in dried carrots
blanched at 8 for 3 min.

However, the relatively high temperature and lorfgglding time related to the 5
min-ultrasound treatment led to more severe oxidadind thermal degradation than
the other ultrasound treatments. The main mechanisrolved in the loss of
phenolics during US treatment might be the formrmatmf microchanels during
cavitation, which facilitate the transport of foawbnstituents, especially soluble
nutrients (Mothibe, Zhang, Nsor-atindana, & Wangl D). In fact, Opati et al. (2009)

reported that prolonged US pre-treatment in sampidsthe same geometry led to a
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decrease in total phenolics and flavonoids andrdaugly in the antioxidant capacity
of dried apples. The degradation trend during sitréc processing may be also
related to the formation of free radicals, resgjtim a potential increase in the
oxidation pathways (Pétrier, Combet, & Mason, 200He degradation related to the
some of the US treatments may point to additionahtrioutory factors.The
ultrasound probe had direct contact with the samplth the vessel opened to the
atmosphere (i.e. it was not a closed system). Tovexeoxidation could freely occur
at the liquichtmosphere interface during processing. This effect would be increased in

samples processed for longer periods (i.e. 5 min).

3.2 Change of total flavonoids content

There was a significant difference of TF@<(.05) between ultrasound-treated
and blanched onions after drying compared to dsemtiples without pre-treatment,
considering either freeze-dried or hot-air driedi{E 1).

TFC in dried (freeze drying and hot-air drying) amislices treated with
ultrasound for 1-3 min in general increased comgpaoethe control dried samples.
Lower ultrasound amplitudes (24m) combined with freeze drying and higher
amplitudes (6Jum) combined with hot-air drying resulted in bettetention of TFC
compared to other ultrasound treatment conditiondried samples not submitted to
pre-treatment (Table 1). Such increase in the tieterof TFC may arise from an

enhanced extractability of the compounds. Improgetlaction efficiency following
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sonication has been attributed to the propagatibmulivasound pressure waves,
induced cavitation and high shear forces resultinigicreased mas transfer (Rawson
et al., 2011). There was also a significangyQ.05) higher retention of flavonoids in
UFD (24.4um for 3 min) and UHD (61.@m for 1 min) than BHD (1, 3 and 5 min)
samples. Regarding blanching, as higher the prdoess lower was the retention of

flavonoids.

3.3 Change of antioxidant activity during pre-treatment

The antioxidant activity of pre-treated and unteela¢control) dried onion slices
are presented in Table 1. Sonicated samples pext@sshe highest amplitude (61pum)
for the longest time (5 min) and then freeze-draexd well as sonicated samples
processed at the lowest amplitude (24.4 um) forirband then hot-air dried had the
lowest 0<0.05) antioxidant activity. Generally, onions smated at lower amplitudes
followed of freeze drying had the highest antioxidactivity (FRAP and DPPH),
while longer US-times reduced the antioxidant atgti¢Table 1).

The DPPH and FRAP values were similar and inditad¢ blanching generally
resulted in lesser preservation of antioxidant commgls compared to fresh and
sonicated samples. The exception was the 1 mirchiag, which resulted in
enhanced antioxidant activity. Some studies havggested that blanching is
generally regarded as being destructive to antatidomponents (Krishnaswamy &

Raghuramulu, 1998). On the contrary, Halvorsenle{2906) reported increased
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antioxidant activity for several vegetables such casrots, spinach, mushroom,
asparagus, broccoli and cabbage after thermahiegdt Dewanto, Xu and Liu (2002)
found similar results in thermally processed toreatoompared with fresh controls.
These authors hypothesised that higher antioxidativities may be related to an

increase in extractability of antioxidant comporsefiotlowing thermal processing.

3.4 Changes of quercetin and quercetin glucosides

The levels of the 3 major quercetins — quercetid®jlucoside (Q 3,4’ D),
guercetin 4’glucoside (Q 4’ G), and quercetin (Qn-dried onions are presented in
Fig.1-3.

In general, the retention levels of Q 3,4’ D andoQUS-freeze dried and US-hot
air dried samples were higher compared to the sssnplried without any
pre-treatment. This can be ascribed to the inceasdractability induced by
cavitation of US-treated samples (Rawson et all,120

In BFD and BHD onions slices (1 min), the retentlemels of Q were higher
compared to the controp<€0.05). Blanching in fact does not always resulthe
destruction of bioactive compounds. In some cabesmal treatments can induce the
formation of novel compounds and improve the amdiamt capacity (Xu & Chang,
2008). Bunea et al. (2008) suggested that the aseren the concentrations of certain
bioactive compounds after thermal treatment magxjdained either by their better

release from the food matrix as a result of breakdof supramolecular structures
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containing functional groups or their thermal slighiHowever, in BFD and BHD
samples (3 and 5 min), the retention levels of @ewewer compared to the control
(p<0.05). This is most likely due to the relativeligln temperatures required for
blanching (76C sustained for 3-5 min), which could lead to oxmatand thermal
degradation (Rawson et al., 2010).

Regarding the freeze drying, the ultrasound treatna¢ 24.4 pum for 3 min
resulted in significantly higher retention levels@® 3,4’ D and Q compared to BHD
(1-5 min) samples. With regard to the hot air dgyithere were significantly higher
retention levels of Q 4° G and Q after US treatner$1.0 um for 1 min compared to

BHD (1-5 min) samples.

3.5 Phenolic compounds and antioxidant activity in water

Blanching retained greater amounts of phenolic campgs than ultrasound
(p<0.05). The losses could be attributed to watemldel phenolics leaching into the
cooking water as well as breakdown of phenolicsnduthermal processing. These
significant losses could be attributed to wateruBl@ phenolics leaching and
transferred into the cooking water as well as bdeak of phenolics during thermal
processing, which rendered water a good sourcestdrgt phenolics (Table 2).

However, degradation of phenolics in onion slicesyrbe a bigger problem than
leaching. The percentage loss of phenolics undeggalegradation during the

US-treatment was higher than the percentage lo#gtoooking water. These results
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suggest that the degradation of phenolics afteicabaon was greater than the losses
due to leaching. Some authors have indicated thegspre-cooking enhanced the
antioxidant composition and palatability of vegé¢al(Xu & Chang, 2009). However,

higher power could result in greater degradatioetbri, Koh, & Mitchell, 2009).

3.6 Flavonoidsin water

The total flavonoid content in the cooking watevealed a trend similar to that
described for the TPC (Table 2). The flavonoid ésssould be a result of degradation
or decomposition of flavonoids (loannou, Hafsa, ldar@€harbonnel, & Ghoul, 2012).
The ultrasound treatment resulted in a higher peage of flavonoids being degraded
than retained in the cooking wat@x(.05). There was a transfer of especially Q 3,4'
D and Q 4' G from onions to water. This suggests the decrease of flavonoid
during ultrasound was predominantly caused by loeak of flavonoids rather than
their leaching. Higher ultrasound amplitudes andgér time resulted in greater

leaching of flavonoids.

3.7 Quercetin and its glucosides in water

The amounts of quercetin 3,4’diglucoside and quarc€ glucoside were also

measured in water after ultrasound and blanchiegtrinents (Table 2). In the

US-treatment water, the quercetin 4’glucoside foactvas greater than the quercetin
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3,4'diglucoside one. Hirota, Shimoda, and Takaha{©®98) observed that the
monoglucoside derivative was oxidized more rapttihn its diglucoside form during
cooking, and that the difference in the stabiligtvibleen mono and diglucoside was
due to the presence or absence of a hydroxyl geduphe C-3 position in the
glucosides. As the antioxidant power of flavonolshsantially depends on the
catechol group in the B-ring and on the 3-hydraygup (Rodrigues, Pérez-Gregorio,
Garcia-Falcon, & Simal-Gandara, 2009), the monaigige is likely to have a higher
antioxidant capacity than the diglucoside, sincéhmlatter these two basic functions
are blocked. In this work, there was a lower contérilavonols in water, which was
however enriched with antioxidant monoglucosiden®r

Free quercetin was found in the onion slices (Ta&)ldut only in very small
amounts in the cooking water (Table 2), which magre&spond to its poor solubility
in water and/or stronger binding to plant strucsutean its glycoside forms. Quercetin
was not detected in water after the 5 min-ultragotreatment, indicating that this

compound is not prone to leaching.

3.8 Antioxidant activity in water

The blanching water had high antioxidant (Table @3¥pecially for the 1
min-treatment, followed by 3 min. The cooking wafesm US-treated onions had
low values of antioxidant activity according to bassays. The sum of antioxidant

activity of the cooked onion and cooking water iffedent from the antioxidant
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activity of fresh samples, which may suggest lossdke antioxidant activity due to

breakdown or degradation of antioxidant compounds.

3.9 Effect of ultrasound and blanching on colour

Colour has a major impact on the acceptance obduat by the consumer (Kalt,
2005). Fresh onions were characterized by highrosity (L* = 74.24 + 2.15), with
a tendency to green and yellow (a* = -6.23+£0.53 bhd 22.79+2.8, respectively)
(Table 3). The L* of dried samples ranged from 58.83.74, b* varied from 23.7 to
33.98, and a* varied from -9.73 to -4.36, indicgtthe dried onions had more intense
green and yellow tones than the fresh ones. Adddsamples were characterized by
high AE values, regardless of the ultrasound and blagatonditions (Table 3).

Although luminosity was similar for fresh, blanchéded and US-dried onions,
sonicated samples had higher colour differens€) (than blanched one<0.05).
The longer the sonication time (and blanching tasevell), the higher was the colour
difference, regardless of the ultrasound amplitulee use of ultrasound as a
pre-treatment to onions contributed to a significemlour change. UFD and UHD
(highest amplitude applied for 5 min) samples shibwignificantly £<0.05) higher
AE compared to other amplitudes and to BFD and BEidpdes. These changes can
be explained by the formation of free radicals awmthochemicals as a result of
cavitation (Bermudez-Aguirre, Mobbs, & Barbosa-Césy 2011), which may

influence the food properties. The change of caomi@i a*, in specific, can be linked



418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

to the formation of colour compounds (Vadivambal Jayas, 2007) related to

non-enzymatic browning during treatment. The grgatelour change for the samples
treated by ultrasound is also ascribed to the poesef air during processing, leading
to enzymatic browning. In the case of blanching, ¢blour was better preserved as
the contact between samples and air was limited.

The colour of vegetables is determined by natunédwr compounds that can be
oxidized during the pre-treatment, and the most oiigmt factor accelerating
degradation is high temperature and presence ajesxyEnzymatic browning also
plays an important role in colour change due to limvn pigments formed from
colourless polyphenols (Maskan, 2001). Table 4 showat the b* chroma was
correlated to TPC and Q 4’ G at 5% significanceb(&al) in the hot-air drying, but
the colour coordinates had no correlation with heactive compounds in freeze

drying.

4. Conclusions

Blanching and ultrasound treatments significanffgaed the colour, TPC, TFC,
individual phenolic compounds and antioxidant astief onion slices dried either by
freeze drying or hot-air drying. In this work, atound has been identified as an
alternative pre-treatment to blanching regarding #mhancement of functional
properties in onions. The ultrasound-treatmentiegdior 1-3 min at any amplitude

(24.4-61 um) increased (1%-20%) the content of gdhymicals regarding phenolic
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compounds, flavonoids and quercetin. As a consesgjesonicated onion slices (1-3
min) featured higher antioxidant activity than kihaed ones. However, the 5
min-sonication had a deleterious effect (more th@% degradation) on the bioactive
compounds and antioxidant activity. At last, asldaehing water from onions treated
with ultrasound and blanching contained high amewft antioxidants, it may be
considered a valuable co-product for the food artdageutical industries.

Further research is required to optimize the reiandf bioactives by varying
ultrasonic processing parameters such as power texatment time and temperature,

allowing a successful implementation in the fooduistry.
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Table 1 —Influence of ultrasound and blanching treatmenliviced of drying on the total phenolics content (l)Ptotal flavonoid content
(TFC) and antioxidant activity of onion slices.

FREEZE DRYING TPC Retention (%) TFC Retention (%) RAP Retention (% DPPH Retention (%)
Control 9.21+0.8%" 4.10+0.08* 11.05:0.99 4.42:0.8%"
UFD 24.4pm1min | 9.65+0.%4 104.87% 4.19+0.78 102.08% 11.580.29" 104.87% 5.240.84" 117.98%
UFD 42.7 pm 1 min | 9.48+0.40° 102.99% | 4.13+0.067 100.59% 11.380.48" 102.99% 5.190.83" 115.87%
UFD 61.0 pm1min | 9.31+0.87 101.13% | 4.15+0.0%* 101.15% 11.1%0.44° 101.13% 5.080.8% 113.78%
BFD 1 min 9.22+0.10° 100.18% | 4.16+0.75* 101.27% 11.090.1% 100.18% 4.980.84 112.71%
UFD 24.4pm3min | 11.18+1.27] 121.41% 4.47+0.75 108.93% 13.441.57 121.41% 6.040.89 136.59%
UFD 42.7 um 3 min | 10.81+0.43| 117.48% 4.42+0.24 107.65% 12.980.52 117.48% 5.840.88" 132.16%
UFD 61.0 pm3 min | 9.76+0.8% 106.06% 4.27+0.56 104.06% 11.780.68" 106.06% 5.2%0.85™ 119.32%
BFD 3 min 8.19+0.1%" 88.96% 3.81+0.11* 92.83% 9.830.14' 88.96% 4.480.76" 100.08%
UFD 24.4pm5min | 8.09+0.6% 87.91% 3.760.0¢€" 91.71% 9.710.0¢ 87.91% 4.370.75™ 98.90%
UFD 42.7 pm 5 min 7.68+0.06 83.45% 3.49+0.10 84.96% 9.220.07* 83.45% 4.1%0.7C 93.88%
UFD 61.0 pm 5 min 7.33+0.14 79.61% 3.15+0.06 76.75% 8.790.17 79.61% 3.960.63 89.56%
BFD 5 min 7.86+0.18 85.41% 3.57+0.3¢' 86.98% 9.480.18" 85.41% 4.250.71 96.08%
HOT-AIR DRYING TPC Retention (% TFC Retention (%) FRAP Retention (% DPPH Retention (%o
Control 7.76+0.39" 3.3440.38 9.31+0.47 3.82+0.67
UHD 24.4pm 1 min | 6.50+0.87 83.84% 3.35+0.26% 100.12% 7.80+0.4%5 83.84% 3.36+0.70 87.93%
UHD 42.7um 1 min | 7.67+0.4% 98.88% 3.66+0.1%8 109.43% 9.20+0.56 98.88% 3.96+0.73| 103.70%
UHD 61.0 pm 1 min |  8.58+0.443 110.65% 4.34+0.27 130.04% 10.30+0.53| 110.65% 4.43+0.87| 116.05%
BHD 1 min 7.93+0.1% 102.24% 3.90+0.31 116.71% 9.52+0.77 102.24% 4.09+0.78 107.23%
UHD 24.4 pm 3 min | 6.69+0.6% 86.26% 3.45+0.3%° 103.15% 8.03+0.78 86.26% 3.45+0.69 90.47%
UHD 42.7 um3 min | 7.34+0.9% 94.58% 3.79+0.35 113.57% 8.80+0.31 94.58% 3.79+0.76 99.19%
UHD 61.0 pm 3 min | 7.74+0.9% 99.83% 3.83+0.14al 114.63% 9.29+0.38  99.83% 4.00+0.79| 104.70%
BHD 3 min 6.23+0.1% 80.27% 3.10+0.38 92.67% 7.47+0.24 80.27% 3.21+0.6% 84.19%
UHD 24.4 pm 5 min 5.50+0.37 70.94% 2.70+0.17 80.85% 6.60+0.45 70.94% 2.84+0.54 74.40%
UHD 42.7 um5min | 6.34+0.98 81.69% 2.88+0.08' 86.35% 7.60+0%8 81.69% 3.27+0.58 85.67%
UHD 61.0 pym5 min | 7.25+0.9% 93.46% 3.34+0.27* 100.11% 8.70+0.27 93.46% 3.74+0.68 98.02%
BHD 5 min 5.93+0.14 76.46% 2.77+0.32 82.84% 7.12+0.1% 76.46% 3.06+0.5% 80.19%

)



For each row, values followed by the same lettemat statistically different gu<0.05. Values are expressed as mean + standaratidenvin dry weight (%) for n=3. TPC
= Total phenolics content (mg of gallic acid eqlévas per g of dry weight). TFC = Total flavonoictsntent (mg of quercetin equivalents gef dry weight). FRAP and
DPPH = Antioxidant activity (mg Trolox/g DW). UFD gitrasound pre-treatment followed of freeze dryid§iD = ultrasound pre-treatment followed of hat-@iying;
BFD = blanching followed of freeze drying; BHD =abiching followed of hot-air drying.

*Blanching was carried out at 0, Hot-air drying at 6{C and 3 m/s for 8 h, and Freeze-drying at 0.04 rfdyar2 h.



Table 2 — Effect of ultrasound and blanching treatmentk¥eed of drying on the bioactive compounds andamdant activity of the
leaching water from onion slices.

Treatment TPC TFC Q34D Q4G Q FRAP DPPH
UFD 24.4 pm 1 min 0.66+0.63 | 0.22+0.0% | 10.43+0.31*"| 55.56+5.4% | 4.42+0.78° | 0.81+0.04 | 0.47+0.03"
UFD 42.7 um 1 min 0.96+0.601 | 0.24+0.0% | 11.83+0.138| 61.97+1.24 | 4.58+0.26° | 0.79+0.08 | 0.46+0.1%*
UFD 61.0 pm 1 min 1.31+0.67 | 0.26+0.08 | 17.67+0.04 | 92.31+1.31 | 4.71+0.47 | 0.78+0.08 | 0.45+0.13%
BFD 1 min 1.52+0.02 0.7120.29 | 225.05+3.00 | 408.37+2.50 | 63.0+0.92 | 1.1+0.03 0.60+0.08
UFD 24.4 pm 3 min 0.43+0.82 | 0.06+0.0f | 3.67+0.15" | 32.31+2.20 | 1.24+0.15*| 0.78+0.18 | 0.45+0.16%
UFD 42.7 um 3 min 0.53+0.01 | 0.06+0.060 | 3.83+0.3% 35.6+5.94 | 1.58+0.88% | 0.93+0.06° | 0.54+0.13"
UFD 61.0 pm 3 min 0.63+0.62 | 0.09+0.0f | 7.43+0.05% | 41.97+1.84 | 1.67+0.14" | 0.91+0.08 | 0.53+0.15™
BFD 3 min 1.35+0.02 0.24+0.0% | 208.38+3.60 | 325.03+12.43 | 38.05+3.38 | 0.98+0.07 | 0.53+0.13"
UFD 24.4 ym 5 min nd nd nd nd nd nd nd
UFD 42.7 um 5 min nd nd nd nd nd nd nd
UFD 61.0 um 5 min nd nd nd nd nd nd nd
BFD 5 min 1.34+0.03 0.21+0.08 | 175.5+1.60 | 310.70+19.10 | 35.1+1.58 | 0.94+0.16° | 0.51+0.06"
Treatment TPC TFC Q34D Q4G Q FRAP DPPH
UHD 24.4 pm 1 min 0.05+0.61 | 0.01+0.06 nd 7.02+1.86 | 7.5+1.0%° nd nd
UHD 42.7 um 1 min 0.08+0.62 0.01+0.6 nd 7.82+1.34 17.0+2.F nd nd
UHD 61.0 pm 1 min 1.01+0.63 | 0.030.06 nd 11.65+0.22 | 16.51+1.98 nd nd
BHD 1 min 1.32+0.07 0.37+0.08 nd 306.4+23.50 | 31.0+2.2 | 0.8+0.02 0.50+0.08
UHD 24.4 pym 3 min nd nd nd nd nd nd nd
UHD 42.7 um 3 min nd nd nd nd nd nd nd
UHD 61.0 pm 3 min nd nd nd nd nd nd nd
BHD 3 min 0.41+0.08 0.26+0.08 | 103.86+11.2 | 268.7+19.38 | 9.55+1.98 | 0.39+0.08 | 0.42+0.%™
UHD 24.4 pym 5 min nd nd nd nd nd nd nd
UHD 42.7 um 5 min nd nd nd nd nd nd nd
UHD 61.0 pm 5 min nd nd nd nd nd nd nd
BHD 5 min 0.29+0.1 0.20+0.08 | 78.23+6.60 | 258.60+18.97 | 6.2+0.44° | 0.34+0.18 | 0.39+0.08"




For each row, values followed by the same letterrant statistically different ga<0.05. Values are expressed as mean * standardtidevin dry weight (%) for n=3.
TPC = Total phenolics content (mg of gallic acidieglents per g of dry weight). TFC = Total flavad® content (mg of quercetin equivalents gerf dry weight). Q
3,4’ D = quercetin 3,4'glucoside (ug/g); Q 4’ G maycetin 4'glucoside (Lg/g); Q = quercetin (LgFEfRAP and DPPH = Antioxidant activity (mg Trolox/g\D). UFD
= ultrasound pre-treatment followed of freeze dgyidHD = ultrasound pre-treatment followed of hatdrying; BFD = blanching followed of freeze drgnBHD =

blanching followed of hot-air drying.
*Blanching was carried out at %0, Hot-air drying at 6{C and 3 m/s for 8 h, and Freeze-drying at 0.04 rfdyar2 h.



Table 3 —Colour of freeze dried and hot-air dried onion edisubjected to blanching and

ultrasound pre-treatments.

FREEZE DRYING L* a* b* AE
Control 74.24+2.15 | -6.23+0.58 | 22.79+2.86
UFD 24.4 pm 1 min 80.8+0.80 | -8.84+0.69" | 31.07+2.17 | 10.88+1.18
UFD 42.7 pm 1min | 81.51+1.2f | -9.21+0.1% | 29.78+1.66" | 11.51+1.03
UFD 61.0 pm 1min 92.41+0.86 | -9.01+0.4% | 29.25+0.7& | 19.47+0.56
BED 1 min 86.51+0.38 -7.08+0.08 | 25.72+0.66 | 12.64+0.47
UFD 24.4 pm 3 min 81.5+1.84 | -8.98+0.8% | 31.80+1.09 | 11.90+1.1%
UFD 42.7 pm 3 min| 82.35+1.3% | -9.32+0.2f" | 29.98+0.98 | 12.27+0.8%
UFD 61.0 pm 3 min 92.41+0.30 | -8.21+0.18 | 29.25+0.08° | 19.31+0.18
BED 3 min 89.34+0.6% | -7.28+0.18° | 27.61+0.56° | 15.97+0.48
UFD 24.4 pm 5 min 91.85+0.845 | -9.30+1.04' | 32.80+2.07 | 20.49+1.18
UFD 42.7 um5min| 91.51+1.38 | -9.73+0.63 | 33.97+5.83 | 20.87+2.58
UFD 61.0 pm 5 min 03.74+0.11 | -7.97+0.45° | 33.82+4.786 | 22.47+1.74
BFD 5 min 88.06+0.3 -7.44+0.26° | 29.93+0.60" | 15.60+0.53
HOT-AIR DRYING L* a* b* AE
Control 74.24+2.1% | -6.23+0.53 | 22.79+2.86
UHD 24.4pm 1 min 85.8+1.81 | -7.84+0.5%° | 30.07+0.98 | 10.06+1.030
UHD 42.7 pm 1 min| 82.501+0.36 | -8.21+0.08 | 28.78+0.18" | 10.74+0.20
UHD 61.0 um 1 min 90.41+0.69 | -6.18+0.08 | 28.25+0.5% | 17.06+0.283
BHD 1 min 59.1+0.3% -6.04+0.28 | 23.71+0.788 | 15.50+0.45
UHD 24.4 um 3 min 85.98+0.88 | -7.98+0.48° | 30.51+0.65 10.46+0.67
UHD 42.7 um 3 min 82.85+1.82 | -8.62+0.08° | 28.98+0.9%" | 10.87+0.65
UHD 61.0 um 3 min 90.94+1.37 | -6.43+0.5% | 28.52+0.78 | 17.66+0.88
BHD 3 min 58.29+0.46 | -5.85+0.28 | 25.60+0.2% | 15.70+0.38
UHD 24.4 um 5 min 86.28+0.85 | -8.40+0.28 | 31.05+1.886 | 14.76+1.08
UHD 42.7 pum 5 min 83.15+0.86 | -8.82+0.3§° | 29.28+1.29 | 15.72+0.84
UHD 61.0 um 5 min 91.34+2.36 | -6.74+0.08% | 28.85+1.18 | 18.15+1.20
BHD 5 min 64.40+0.88 | -4.36+0.38 | 29.29+1.10 | 15.93+0.79

For each row, values followed by the same lettememt statistically different gu<0.05. Values are expressed as
mean * standard deviation in dry weight (%) for n£8~-D = ultrasound pre-treatment followed of freeze
drying; UHD = ultrasound pre-treatment followedhatt-air drying; BFD = blanching followed of freedeying;
BHD = blanching followed of hot-air drying.

*Blanching was carried out at %0, Hot-air drying at 6@C and 3 m/s for 8 h, and Freeze-drying at 0.04 mbar
for 72 h.



Table 4 —Correlation matrix of colour and chemical indicédreeze dried and hot-air dried
onion slices.

EEEFNZCE TPC | TFC Q34D | Q4G Q L a b
TPC 1.00 0.83 0.63 0.58 0.21 -0.55 -0.06 -0.23
TFC 1.00 0.52 0.66 0.34 -0.50 -0.03 -0.33

Q34D 1.00 0.19 0.09 -0.57 -0.01 -0.31

Q4G 1.00 0.47 -0.22 -0.20 -0.04
Q 1.00 -0.11 -0.13 -0.08
L* 1.00 -0.07 0.45*
a* 1.00 -0.54*
b 1.00

HoTAR | tec| Trc | Qsap| Quc| o | L . o
TPC 1.00 0.79 0.75 0.83 0.75 0.17 0.09 0.46*
TFC 1.00 0.68 0.81 0.64 0.23 -0.05 -0.27

Q3,4 D 1.00 0.77 0.67 0.30 -0.25 -0.23

Q4G 1.00 0.65 0.01 -0.05 0.52*
Q 1.00 0.51 -0.17 -0.06
L* 1.00 -0.44* 0.64
a* 1.00 -0.32
b* 1.00

Chromameter describes colour in three coordindtesightness, from 0 (black) to 100 (white); a, fio-60
(green) to 60 (red); and b, from -60 (blue) to g&llow).

TPC = Total phenolics content (mg of gallic acicuieglents per g of dry weight); TFC = Total flavod®
content (mg of quercetin equivalents gesf dry weight); Q 4’ G = quercetin 4’glucosideg{g); Q 3,4' D =
guercetin 3,4'glucoside (1g/g); Q = quercetin (Rg/g

* Represents significance at 5%.
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Figure 1 — Retention of quercetin 3,4’-diglucosadeer different pretreatments followed of (a)
freeze drying and (b) hot-air drying.
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Figure 2 — Retention of quercetin 4'-glucoside raftdferent pretreatments followed of (a)
freeze drying and (b) hot-air drying.
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Figure 3 — Retention of quercetin after differergtppatments followed of (a) freeze drying

and (b) hot-air drying.



Highlights

1. The US-treatment improved the retention of bioactive compounds in dried onions.
2. The colour change was similar between blanched and US-treated dried onions.
3. US-freeze dried onions had higher retention of phenolics than US-hot air dried.

4. Dried onions had higher antioxidant activity when sonicated for 1-3 min.



