Journal Pre-proof [WT.

Food Science and Technology

Effects of the enzymatic hydrolysis treatment on functional and antioxidant properties
of quinoa protein acid-induced gels

Micaela Galante, Riccardo De Flaviis, Valeria Boeris, Dario Spelzini

PII: S0023-6438(19)31187-9
DOI: https://doi.org/10.1016/j.lwt.2019.108845
Reference: YFSTL 108845

To appearin: LWT - Food Science and Technology

Received Date: 27 December 2018
Revised Date: 6 November 2019
Accepted Date: 12 November 2019

Please cite this article as: Galante, M., De Flaviis, R., Boeris, V., Spelzini, Dari., Effects of the enzymatic
hydrolysis treatment on functional and antioxidant properties of quinoa protein acid-induced gels, LWT -
Food Science and Technology (2019), doi: https://doi.org/10.1016/j.lwt.2019.108845.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2019 Published by Elsevier Ltd.


https://doi.org/10.1016/j.lwt.2019.108845
https://doi.org/10.1016/j.lwt.2019.108845

10

11

12

13

14

15

16

17

18

19

20

21

Effects of the enzymatic hydrolysis treatment on foctional and antioxidant

properties of quinoa protein acid-induced gels

Micaela Galante®”<":Riccardo De Flaviis; Valeria Boeris**% Darfo Spelzin?"®
®Universidad Nacional de Rosario (UNR), Facultad @éencias Bioquimicas y
Farmacéuticas, Suipacha 531, 2000 Rosario, Argantin

"CONICET

‘Pontificia Universidad Catdlica Argentina, Facultade Quimica e Ingenieria,
Pellegrini 3314, 2000 Rosario, Argentina.

dFacoltd di Bioscienze e Tecnologie Agro-alimentarAmbientali, Universita Degli

Studi di Teramo, via R. Balzarini 1, 64100 Teraitulja.

Keywords: acid-induced gels, vegetable proteins, epmatic hydrolysates

*Corresponding Author:

Dr. Micaela Galante
Facultad de Ciencias Bioquimicas y Farmacéuticas/ddsidad Nacional de Rosario —
CONICET. Suipacha 531. (S2002RLK) Rosario. Argeatin

e-mail: mgalante@fbioyf.unr.edu.ar




22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Abstract

Partial enzymatic hydrolysis is frequently usestaategy to improve the functional and
nutritional properties of vegetable proteins. Tha af this work was to evaluate the
hydrolysis of quinoa proteins, as well as the fioral and antioxidant properties of
their acid-induced gels. In order to fulfil thisrpose, quinoa protein hydrolysates were
obtained using a fungal serin protease. The hydi®igegree, surface hydrophobicity,
sulphydryl group content and the electrophoretuwfilgr of hydrolysates were assayed.
Hydrolyzed quinoa protein acid-induced gels weneied out and gels obtained were
tested for their textural characteristics, wateldimy capacity, appearance (color and
microstructural properties) as well as for thaiwvitro antioxidant activity. The changes
occurring during the enzymatic hydrolysis affected gel-forming ability of quinoa
proteins and therefore the characteristics of galser 3h of proteolysis, protein
hydrolysates with 17+2% hydrolysis degree and lawfaxze hydrophobicity were
obtained. Gels obtained of these hydrolysates ptedeless interconnected protein
network and thus, lower textural parameters andefowater holding capacity than
control gels. In conclusion, even though the hyghigl treatment negatively affects the
gelling properties of the quinoa proteins, limitegdrolysis enables us to obtain gels

with antioxidant capacities which present differaintharacteristics.
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1.Introduction

The steady and rapid increase in the world’s pdjmulamplies a growing demand
for foods based on plant proteins. The right coratiam of vegetable proteins may
ensure the supply of enough amounts of nutrientscater for human health
requirements. However, plant proteins are stillaratllized as human food for both
nutritional and functional reasons. Fortunatelgréhhas been considerable research and
development focused on improving plant proteinasé&od ingredients (Day, 2013).

Quinoa Chenopodium quino&Villd.) belongs to the Chenopodiaceae family that
grows mainly in Ecuador, Peru, Bolivia, Argentirsayd Chile. Quinoa proteins (QP)
draw attention due to their well-balanced conteihessential amino acids and their
functional properties making them a promising faogredient (Elsohaimy, Refaay &
Zaytoun, 2015; Makinen, Zannini & Arendt, 2015; RukKiao, van Boekel, Minor &
Stieger, 2016; Kaspchak et al., 2017). Moreovemaroa is gluten-free QP have the
potential to be used as food materials for celettepts (Navruz-Varli & Sanlier, 2016).

Partial enzymatic hydrolysis is frequently usedirgprove the functional and

nutritional properties of proteins. Generally, roguces by three distinct effects: (1) a
decrease in molecular weight; (2) an increaseemtimber of ionizable groups; and (3)
exposure of hydrophobic groups (Panyam & Kilar&@@)9These effects can effectively
modify the protein conformation and structure sdcasnprove their techno-functional
properties (solubility, emulsifying and foaming pssties). In addition, protein
enzymatic hydrolysates are potential sources addbiee molecules. Recently, interest
has emerged in identifying and characterizing Higacpeptides from plant protein
hydrolysates since they are rich sources of phavtogcally and biologically active
compounds (Sarmadi & Ismail, 2010). The antioxidzagability of these compounds is

one of the most studied biological activities sitloe oxidation of biomolecules plays a
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crucial role in all living organisms. Dietary antidants provide a valuable help in
delaying or inhibiting the cellular oxidation pr@&seand the deterioration of food
guality. Studies have focused on characterizingmhtintioxidants from food resources
for their potential health benefit with no or litdale effects (Sarmadi & Ismail, 2010).

Several articles have reported the radical-scamgnagctivities in QP. Aluko and
Monu (2003) obtained antioxidant peptides from qaitby enzymatic hydrolysis with
alcalase. They found that low-molecular-weight mksst possess higher potential than
high-molecular-weight peptides to act as antioxidampounds that reduce the number
of free radicals. Nongonierma et al. (2015) denramstl that the antioxidant activity of
the quinoa protein hydrolysates (QPH) obtained wépain and a microbial papain-like
enzyme was approximately twice higher than thatefquinoa protein isolate control.
This proved the benefits of utilizing exogenousyena preparations to release bioactive
peptides from QP.

Gel formation ability is important for the developnt of textured protein foods
and required to produce yogurt and tofu-type préglus gel structure is formed when
intermolecular cross-linking occurs in such a whgttleads to the development of a
continuous network that exhibits elastic behaviboegeding, 2007). The protein
gelation process can occur when molecules are uiethby factors such as, heat,
pressure or pH, causing to aggregation (TaronaliRasle Assis Perrechil, Hubinger &
da Cunha, 2013; Kaspchak et al., 2017). Plant imotere considered less effective than
animal proteins in terms of gelling properties.tRaenzymatic hydrolysis of vegetable
proteins was reported to improve gelation properbg increasing the availability of
hydrophobic regions and ionizable groups (Hou &&H2011; Zhao, Liu, Zhao, Ren &

Yang, 2011; Nieto-Nieto, Wang, Ozimek & Chen, 2014)
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The aim of this work was to evaluate the properbésacid-induced gel of
quinoa protein hydrolysates. The QP enzymatic Hydates were obtained by using a
serin protease frorspergillus nigerThe relationship between the hydrolysis treatment
and the functional and antioxidant properties acdiiced gels was identified as well.

2. Materials and methods
2.1 Materials

Quinoa flour from Sturla, (Argentina) was purchasetbcal market; 1-anilino-
8-naphthalene sulfonate (ANS), 2,2"-azinobis-(3A&tnzothiazoline-6-sulfonic acid)
(ABTS), 2,2-diphenyil-picrylhydrazyl (DPPH), 5,5ithio-bis 2-nitrobenzoic acid
(DTNB), glucono delta-lactone (GDL), rodhamine Bdaim dodecyl sulfate (SDS),
trinitrobenzenesulfonic acid (TNBS) and Trolox wererchased in Sigma — Aldrich,
(Argentina).

2.2 Enzyme extraction

The enzymatic extract used in this work was obthifem the solid-state
fermentation ofAspergillus niger The production of the extracellular serin peala
was carried out according to the protocol detdigd 6pez et al(2018). The enzymatic
activity was determined using casein as substeateprding to Cupp-Enyard method
described by Lépeet al (2018).

2.3 Quinoa Protein isolation

The QP isolation was carried out according to tle¢thad proposed by Abugoch
et al (2008) with some modifications. Quinoa flour wadubilized in water (10%w/v)
at pH 8. The pH was adjusted to the required valile NaOH. The suspension was
stirred for 40 min at room temperature and thertrdaged at 1000g for 20 min. The
supernatant was adjusted to pH 4.5 adding HCI 0.4ni then centrifuged for 20 min

at 1000g. The precipitates were resuspended inrwedgisted to pH 8 and stored at
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8°C until use. Soluble proteins were quantifiedtby Bradford method (1976). A 50
g/L QP suspension was prepared and heated at 00°I5 min, in order to increase
the protein unfolding.

2.4 Quinoa protein hydrolysates (QPH)

QP (50 g/L) was incubated at 40°C for 0, 0.5, b, 2, 3 h with the peptidase
from Aspergillus nigerat a ratio of 500AU/g QP in order to obtain the Q&ainples
QPHO, QPHO0.5, QPH1, QPHL1.5, QPH2, QPHS3 respectively
2.5 Degree of hydrolysis determination

In this work, the degree of hydrolysis (DH) of QRths determined by the
Adler-Nissen (1979) method. QPH samples were mixigd a sodium phosphate buffer
(0.2 M, SDS 1% wl/v, pH 8.2). Then, TNBS reagent% .w/v) was added. Test tubes
were mixed and incubated at 50°C for 60 min. Reaatias stopped after incubation by
addition of 0.1N HCI. Absorbance was measured & B#. The standard solution
(100% DH) was obtained by complete hydrolysis ofi@QPICI 6N for 12h at 100°C.

2.6 Determination of exposed free sulfhydryl contds

The sulphydryl groups of QPH were determined adogrdo the method of
Beveridge, Toma & Nakai (1974) with some modifioas. Ellman’s reagent was
prepared according to the protocol detailed by Yemg, Wen, and Yang (2010). Then,
500 uL of the Ellman’s reagent was added to 5000fileach QPH sample. The
resultant suspension was incubated for 1h at 25F#ally, the absorbance of the
samples was determined at 412 nm. The contentslftfydryl groups was determined
by using the extinction coefficient of 2-nitro-5idbenzoateat 412 nm (13600L mol
'em™) and expressed as pmol/g of protein.

2.7 Surface hydrophobicity
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The Surface hydrophobicity {Bwvas determinate according to the Kato & Nakai
(1980) method, using ANS as a hydrophobic probeqksa Nakai, 1980; Fan et al.,
2005). Measurements were carried out with a splotr@meter (Aminco Bowman
Series 2, Japan) using an excitation and emissiavelength of 380 and 484 nm
respectively, previously determined from the exmta and emission spectra of the
protein-ANS complex. The fluorescence intensity wasasured in samples containing
ANS 0.04 mM in phosphate buffer 5 mM (pH 7) andhwibnsecutive aggregates of
QPH samples. The slope of the curve of relativeriacence intensity vs. protein
concentration was used as a measure.of S
2.8 Sodium dodecyl sulfate polyacrylamide gel eledphoresis (SDS-PAGE)

The QPH samples were analyzed using SDS-PAGE. lBetrephoresis was
performed under reducing conditions using 8% an% 16 acrylamide-bisacrylamide
for the stacking and resolving gel respectivelyaMini-PROTEAN 3 Cell system
(Bio-Rad Laboratories, USA), according to the maetdrer's instructions. Samples
were mixed 1:1 (v/v) with loading buffer under redg conditions (with -
mercaptoethanol). Proteins were visualized by stginvith Coomassie brilliant blue
0.025% (w/v). A wide—range molecular weight caltima kit (6,500 to 66,000 Da,
Sigma-Aldrich) was used as molecular weight stashdar
2.9 Gelation process

The cold gelation of QPH was induced by reducirg ¢hectrostatic repulsion
after lowering the pH towards the isoelectric pgdtran, Galante, Spelzini & Boeris,
2018). The addition of GDL, which slowly hydrolyzés gluconic acid, causes a
gradual reduction in pH and formation of a reggal (Alting et al., 2000). The final
pH of the system is a function of the amount of Gidlded (Braga et al., 2006). GDL

(16.7 g/L) was added to QPH (50g/L) to obtain tleed-anduced gels. The gelation
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process was carried out at 25°C in a proper caentand concluded after 15 min of the
addition of GDL. QPH gels (QPHG) obtained from teamples with different
hydrolysis times were prepared and named as QPRB6IG0.5, QPHG1, QPHGL.5,
QPHG2, and QPHG3.
2.10 Radical scavenging determinations

The antioxidant activity in the QPHG samples wasisoeed with the ABTS and
DPPH* assay that quantifies an antioxidant’s suggiom of the radical cation ABTS
and DPPH" respectively, based on a single-electron redudtiotine relatively stable
radical cations. In order to determine the antiarid activity, the QPHG were
solubilized by the addition of NaOH 0.5 M beforee tlantioxidant determination
protocols.
2.10.1 DPPH radical scavenging activity

The scavenging effect on DPPH free radical was oredsby the method of
Brand-Williams et al (1995) with some modifications. An aliquot of 1QQ of the
sample or buffer (control) was mixed with 100 pLasf ethanolic solution of DPPH
(0.5 mM) and 800 uL of ethanol. The mixtures werfeih the dark at 25°C for 30 min.
The absorbance of the solution was measured anBilih a spectrophotometer UV-
VIS JascoV-550 (Berlin, Germany). Radical scavegguativity (RSA) was obtained
according to:

RSA = Abg/(Abss-Absg) (Equation 1)

where Abg is the absorbance of the control, Alssthe absorbance of the blank without
DPPH and Absis the absorbance corresponding to the sampleilegaibove the unity
indicate that the sample contains scavenging &ci{iuko & Monu, 2003).

2.10.2 ABTS radical cation scavenging activity
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The ABTS antioxidant assay was performed accortbntpe method proposed
by Re et al.(1999). ABTS stock solution (7mM) was prepared and allowed andhrk
at room temperature for 24 h before use. The aidok compound content in the
QPHG was analyzed by diluting the ABTSsolution with phosphate buffer (0.100M,
pH 7) to an absorbance of 0.70 £ 0.02 at 730 nmulLGf the samples or Trolox
standard (final concentration 0-1.2 mM) was added90 pL of diluted ABTS
solution and absorbance was read before and afteple addition. The RSA of the
analyzed samples was expressed as scavenging lageer{%S) and was calculated
from the following equation:

%S= [(Abs-Abss)/Abss]*100 (Equation 2)
where Abg and Abs are the absorbance values of the diluted ABT®lution before
and after the sample addition, respectively. Thxr equivalent antioxidant coefficient
(TEAC) was quantified according to:
TEAC= (%S -b)/m (Equation 3)

where b is the intersection and m is the slopéhefregression analysis of the %S vs.
Trolox concentration graphical representation ($&@lampos, Salazar-Vega, Chel-
Guerrero & Betancur-Ancona, 2013).
2.11 Color measurement

A high-resolution digital camera (Canon EOS-Reb8) Was used to measure
color by capturing the images of the QPHG sampiekeuproper lighting according to
the method detailed by Galargeal (2018).The digital images were processed, using
Photoshop software (Adobe Systems Inc., San Jad#o@ia, USA) in order to obtain
the L*, a* and b* parameters. The total color diflece AE) was calculated according

to:

AE=/(L*y — L)* + (a*y — a*)? + (b*, — b*)? (Equation 4)
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where L%, a* and b% are the color parameters of the reference matgpRHGO0). A
larger AE value denotes greater color changes from theemfe sample (Maskan,
2001).
2.12 Microstructure analysis with confocal scannindgaser microscopy

The microstructure of QPHG was observed by usingfamal scanning laser
microscopy (CSLM). Rhodamine B (0.1 mg/mL) was ndixath QP or QPH solutions.
After GDL addition, 300uL of each sample was immediately placed in compamtm
cells, where the gelation reaction takes places&t@ The images were obtained using
a confocal microscope (Nikon Eclipse TE-2000-E,agp The digital images were
acquired and analyzed according to the methodlddtay Galantet.al (2018).
2.13 Mechanical properties of gels

Texture measurements were performed by using tkieireé machine Perten
TVT6700 (Hagersten, Sweden) equipped with a 5 Nl loall. Gel samples were
prepared in 20 mL cylindrical containers (diame&&:mm; height: 30 mm) according
to the protocol detailed in section 2.9. Three petelent repetitions were made for each
sample at room temperature. The cylindrical plur{deameter: 20 mm; height: 20 mm)
penetrated 50% into the gel mesh at a speed of /5.nime textural parameters reported
in this study were gel strength and firmness.
2.14 Water holding capacity

The liquid expelled from the QPHG samples was dfiadtafter 24 h storage at
25 °C. The percentages of the water holding cap&4¥WHC) were obtained according
to:

%WHC= 100 *(m-m;)/m; (Equation 5)

where m is the initial weight and gis the liquid expelled weight.

2.15 Statistical analysis

10
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All determinations were performed at least in degile. The data obtained were
statistically evaluated by ANOVA and a Holm-Sidaksphoc test. The statistical
analysis was made using Sigma Stat software. Riffees were significant when<p
0.05.

3. Results and Discussion
3.1 Protein hydrolysates
3.1.1 Evaluation of the hydrolysis treatment

The extent of proteolysis was quantified by the Oldble 1 shows the DH of
the QPH samples. The DH of the QPH increased, pecgéad, when the hydrolysis time
increased, reaching a value of 17+2% at 3 h ofbation with the serin protease.

Several authors have reported that structural fecsuch as the exposition of
sulthydryl or hydrophobic residues contribute te@ thel-forming ability of a protein
(Fan et al., 2005; Zhao et al., 2011). Therefdne, $ and the amount of sulfhydryl
groups content were determined and presented ife TlabThe amounts of sulfhydryl
groups in QPH samples did not vary significantly>®0.05). According to this, the
hydrolysis treatment did not modify the sulfhydigloup exposure. ¢Sof the QPH
decreased significantly when the DH increased,hiegcthe lowest value for the QPH3
samples (p< 0.05). This indicates that the higher DH, the lower the hydrophobic
surface available to favor the hydrophobic intecarst among the hydrolysates. This
behavior was also reported for soy protein treatihl pepsin (Fan et al., 2005).

The SDS-PAGE patterns of QPH samples were showkigare 1. The SDS-
PAGE analysis of QPH showed numerous bands of mgiyitensity. The most intense
bands in the QPHO profile are at about 30 kDa, 28, kand 14 kDa. The 30 kDa and 20
kDa bands correspond to the acid and basic poligepbf chenopodin in reducing

condition (with B-mercaptoethanol), respectively. The band corredipgnto about

11
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14kDa could be assigned to the 2S seed storageimpr@rinegar & Goundan, 1993;
Brinegar, Sine & Nwokocha, 1996; Abugoch et alQ20Ruiz et al., 2016). When the
hydrolysis time increased, the electrophoretic ggat of the QPH showed high
intensity of low-molecular-weight bands and theaggearance of high-molecular-
weight bands. A considerable amount of protein alzserved at the boundary between
the stacking gel and the separating gel for the @B&inple. The intensity of this dark
blur observed in the top of all lanes decreasedhashydrolysis time increased,
indicating that more proteins are capable to patssthe resolving gel.
3.2 Gels” properties

Acid-induced gels were prepared by lowering thegbtthe dispersions of QPH
at room temperature to a final pH of 5.4+0.2. IntevaGDL hydrolyses to gluconic
acid, causing a gradual reduction in pH. The aicigifon of the media in all cases led to
a turbid gel formation. The gels obtained were abtt@rized by colorimetric, structural
and mechanical methods. Moreover, antioxidant ggtwas determined.
3.2.1In vitro antioxidant activity

The antioxidant activities for the analyzed sampdes shown in Figure 2.
According to the results obtained from the DPPHagssll the samples showed
antioxidant capacity since they presented an RSdexnabove 1. There are no
significant differences in the mean values amoffigr@int hydrolysis times (p = 0.082).
The RSA values obtained in this work for the QPH® similar to that reported by
Aluko and Monu (2003) for the QP treated with adsa&. When the antioxidant activity
was tested by the ABTS assay, all the analyzed lesnghowed antioxidant capacity.
The TEAC values obtained for QPHGO, QPHGO0.5, QPHG@RHG1.5, and QPHG2
samples were not statistically different (p > 0.06nly the QPHG3 sample, which

presented the highest DH, showed an antioxidantigcstatistically different from the
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others (p<0.001). In addition, the antioxidant \d@té#s of the hydrolysates were
measured before gel formation (data not shownhadgh the antioxidant activity was
modified by the gel formation process, the DPPHaadscavenging capability of the
hydrolysates before and after gel formation wergetated (p = 0.026).
3.2.2 Color

Food color could be used to study the effect tbatment or process in a food
product (Pathare, Opara & Al-Said, 2013). Tabld@wss the L*, a*, b*, and\E color
parameters obtained for the different QPHG. The QPHample showed higher L*
values and lower b* values than the other QPHG .@x0and, thus, QPHGO was
significantly brighter and less yellowish than thest. The QPHGO was used as
reference to obtain th&E parameter, which indicates the total color défere. TheAE
parameter showed an increase as the DH of the QRe&t€ased. L* values decreased
and b* values increased when the hydrolysis timéhefQP increased, while a* value
was not significantly different among the differdntdrolysis times assayed (p>0.05).
Thus, enzymatic hydrolysis reactions are assumdthve contributed to the reduction
in the luminosity, making QPHG look darker. Furthere, the significant increase in
the b* parameter of the QPHG compared to the cbetmmple (QPHGO) indicated an
increase in the yellowness of the hydrolysatessé&hesults are in agreement with the
ones reported by Kotlar et al. (2013) for the cqarameters of the barley proteins after
the hydrolysis treatment with an extracellular peste fronB. cereuspp.
3.2.3 Microstructure analysis

The microstructure of QPHG was visualized by CLSWM. image of each gel
sample is shown in Figure 3. The protein mesh (wigcstained with rhodamine B), is

seen as bright areas while the black areas reprdsenon-protein phase. A continuous
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protein network was observed in the QPHGO. On therchand, the protein network
from QPHG became less interconnected when the lygisdime increased.

Figure 4 shows the pore size distributions of QPsH&nples. The pore size
distribution for each sample confirms the previabservation of the CLSM images.
When the hydrolysis time of the QP samples useino the acid gels increased, an
increase in the average pore size value was obt&mehe gel since the microstructure
changed from a continuous protein matrix to anaigal protein sector in a continuous
non-protein phase. Finally, a bimodal pore siz&idistion was observed for QPHGS.
3.2.4 Textural analysis

The mechanical properties of the QPHG were studidet maximum force
observed called “gel strength” is reached just teetbe gel breaks. The gel firmness is
defined as the initial slope of the penetrationveutFigure 5A shows the comparative
textural profile of the different QPHG. All forcasplacement curves showed a sharp
increase in the force over a short distance apithiee moved into the samples. Figure
5B shows the gel strength and the gel firmneshefitfferent samples. The gel strength
decreased when the DH increased, reaching a minimui®4+0.01N for QPHG3
samples. In addition, a maximum value of gel sttlerd 1.64+0.05N was obtained for
QPHGO. These results indicate that a lower foraeeeded to break the gel mesh when
the hydrolysis time increased. The gel firmness wigsificantly decreased by the
hydrolysis of the QP. Although the firmness did rbtange significantly between
QPHG1 and QPHG2 samples, QPHG3 presented the lovedse of firmness. In
conclusion, both analyzed textural parameters wHeeted by QP hydrolysis since this
treatment affected the protein-protein interacticapability of the samples. These
results agree with those reported by Fan et aD5P@r gels obtained from soy protein

hydrolysates.

14



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

3.2.5 Water-holding capacity

WHC is an important property of food gels since #eparation of liquid from
the gel network affects the perceived texture. TAusigh WHC is required in gels used
for food applications (Nieto-Nieto et al., 2014)jgle 6 shows the WHC results of
QPHG. Although all analyzed gels demonstrated éxeMWHC (87.7-91.7%), the
WHC of QPHG, obtained from QP treated at leastlfowith the enzyme, decreased
significantly (p<0.001). There is no statisticaffeience between the WHC of QPHO
and QPHGO0.5 (p>0.05). The minimum WHC value (87x1%@s reached by the
QPHG2 and QPHG3 samples. These WHC values aresdetat the microstructure
found for the QPHG at different hydrolysis time c@na less interconnected protein
network (large size pore) leads to a less watente&n in the gel mesh.
4. Conclusion

The QPH obtained from the enzymatic hydrolysisQét with anAspergillus
niger serin peptidase has the potential to be used asrfaterials in the production of
healthy food. Even though partial hydrolysis treatin does not improve the gel
properties of QP, the results show the possibdityntegrating enzymatic hydrolysis
and cross-linking for the preparation of gels wpbtential antioxidant activity. The
lower gel-forming ability of the hydrolysates wdsos/n to be related to a decrease in
the surface hydrophobicity of the protein sampl&sls obtained from QPH with lower
DH values could be used to prepare semi-solid fdldaiscombine both antioxidant and
gelling capabilities Otherwise, QPH could be used in combination witlyedling
polymer that enhances the gel formation capabdityQPH to form a strong gelled
network. Finally, future research needs to be fedusn finding such applications for

QPHG in order to develop new products to fulfikttonsumers’ needs.
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Figure captions

Figure 1. SDS-PAGE profiles of QPH samples obtained by enzygmadrolysis at
different incubation times.

Figure 2. Vertical bar chart of the mean DPPH and ABTS arndamt activity assays.
The error bars indicate the standard deviation r@pBicates. Mean values with different
letters are significantly different 0.05).

Figure3. Representative digital images obtained by CLSM &HQ samples at
different hydrolysis time 0, 0.5, 1, 1.5, 2 ands3(hamed QPHGO, QPHGO0.5, QPHG1,
QPHGL1.5, QPHG2 and QPHG3 respectively) and 3D imagfethe QPHGO and
QPHG3. The scale bars represenua

Figure 4. Pore size distributions of QPHG samples.

Figure 5. A) Force-displacement curve obtained from the penetrattest
determinationsB) Vertical bar chart of the mean gel strength andhriiess of the
different samples. The error bars indicate thedsteth deviation of 3 replicates. Mean
values with different letters are significantlyfdifent (p<0.05).

Figure 6. Vertical bar chart of the mean water holding citya(WHC) values of
samples. The error bars indicate the standard ti@viaf 3 replicates. Mean values with

different letters are significantly different{p.05).
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Table 1. Degree of hydrolysigDH), sulphydryl groups (SH) exposed content and
surface hydrophobicity gpof the QPH samples.

SAMPLE DH (%) SH(umol/g QPH) S
QPHO - 0.6x0.4 1.81+0.08
QPHO0.5 8+2" 0.9+0.7 1.67+0.0%
QPH1 8+3 0.7+0.3 1.540+0.004¢
QPH1.5 10+2 - 1.47+0.07
QPH2 11+ 0.5+0.F 1.42+0.08
QPHS3 17+2 0.5+0.4 1.20+0.01

Different letters in the same column indicated thatanalyzed samples are
significantly different (P< 0.001).



Table 2. L*, a*, b* values, and total color diffeie (AE) for QPHG samples. L* values

are a measure of lightness; a* values are a measuedness; b* values are measure of

yellowness.
Sample L* a* b* AE
QPHGO 73.8t0% 5.6+0.8 22+ -
QPHGO0.5 71.3x0% 6.620.3 24.7+0.8° 3.6+0.8
QPHG1 72.1+0% 6.4+0.F 24.8+0.2° 3.1+0.2°
QPHG1.5 71.7+08 6.7+0.8 26+1° 4+1°
QPHG2 71.0+02 6.8+0.8 25.7+0.7  4.6+0.9
QPHG3  70.4+0% 6.7t0.8  26.70.7 6+1°

Mean values with different letters in a same coluane significantly different (p<

0.05).
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Highlights

* Quinoa protein hydrolysates were obtained using a fungal serin protease
e Quinoa protein gels were obtained from the hydrolysates

e Gels obtained from the hydrolysates presented a less interconnected protein
network

* Hydrolysis enables us to obtain gels with differential characteristics and
antioxidant capacities



