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ABSTRACT

Polyphenols from grape pomace are of high intdsestuse of their great sources
of natural antioxidants, their potential benefashuman health and other functionalities
related to their antioxidant capacity. However, #wraction process with organic
solvents can lead to toxicity, so there is a nee@inove the solvents before inclusion to
food or non-food applications. Therefore, an inéégd, cost-effective and environmental
friendly separation process is necessary. In teggnt study, the recovery of polyphenols
from grape pomace extracts was investigated usitigi@al Gas Aphrons (CGA). CGAs
are defined as stabilised surfactant micro-bublgieserated by intense stirring of a
surfactant solution with unique properties; makthgm an attractive alternative bio-

separation process.

Hydro-alcoholic (EE) and hot water (HWE) extractgmpe pomace was applied
to the CGA generated from TWEENZ20 (non-ionic). $amitrend of recovery was
obtained with both extracts, with some selectiuityelation to sugar, particularly in EE
at lower volumetric ratio (volume of CGA to the uaote of extract). An increase in
volumetric ratio led to an increase in the polypdlenmecovery but a decrease after ratio
16. The opposite trend was noted with drainage;tanacrease in drainage time led to

a decrease in the polyphenols recovery.

The EE and HWE along with their CGA fractions wigted for inhibitory activity
against skin relevant enzymes (collagenase anthe&gsvhich were responsible for skin
aging. The highest inhibition was found in the HVWHgrther separation with CGA from
both EE and HWE led to more potent fractions, palarly against collagenase. This
effect might be related to the ability of TWEEN20dolubilise the polyphenols and in
this way facilitated the interaction of these pdlgpols with the enzymes. When
individual polyphenols permeability was tested asrpig skin,a higher penetration and
diffusion was obtained with the polyphenols in TWNEB than in water. Moreover, the
highest stability of anthocyanins was obtained @ACfractions that contained 8.58mM
TWEEN20 when compared against crude extract andhextvith sorbic acid. This
suggested the role of surfactant at a given coratgm in protecting the anthocyanins

from oxidation.
As a final conclusion, CGA is an interesting, noaeld promising recovery-
formulation technique especially with TWEENZ20 as Hurfactant since its removal is

no longer needed. CGA can contribute to the devedop of “greener” processes by
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reducing the use of solvents and hence addredsengrivironmental concerns, making

the CGA very attractive to be applied in cosmeticd food applications/formulations.
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Chapter 1: Introduction and Literature Review

1.1Introduction

Grapes are one of the largest and most importantcitops being cultivated in the
world. They may be processed into juice, jamsjmaiand wines. Eighty percent of grape
production goes into wine-making resulting in a sis amount of grape pomace
(Kammerer, Kammerer, Valet, & Carle, 2014).An esgtiilon of about 5 to 15 million
tons of grape pomace is produced solely from Euroith 80% of the pomace being
disposed as soil conditioner or compost. Grape pemay still contain a large number
of polyphenols which can be beneficial as naturdioaidants (Spigno & De Faveri,
2007)and with additional activities such as, ambétic(Sri Harsha, Lavelli, &
Scarafoni, 2014), anti-collagenase and anti-elas{&¢ittenauer, Mackle, SuZmann,
Schweiggert-weisz, & Carle, 2015). Moreover, re@dpgr pomace is also rich in
anthocyanins. Anthocyanins are natural colorand$ tan be further used to replace
synthetic colourants that also have beneficial theaffects (Castafieda-Ovando,
Pacheco-Hernandez, Paez-Hernandez, Rodriguez,&h&adial, 2009). These residues
which are high in polyphenols and organic mattethviow pH can cause phytotoxic
effects if applied to crops and wetlands (Lavéllarsha, Laureati, & Pagliarini, 2017),
thus extracting and exploiting this pomace is atageous and may also signify
economic gains and decrease environmental probleaused by grape pomace

accumulation.

Solvents extraction has been used in recoveriagetipolyphenols because it is
considered the most efficient method and for itspdicity (Syed, Brazinha, Crespo, &
Ricardo-da-Silva, 2017). However, the choice o¥ents is vital because some solvents

could be toxic to the environment and unsuitablehi@man consumption/application,
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thus they may need to be removed at a later statpe extraction. Moreover, the use of
solvents at large-scale could be limited due tar thigh costs. Therefore, in addressing
this issue, a surfactant-based separation techriggebeen developed. Surfactants
unique structural characteristic consists of a griat has little tendency for the water,
called hydrophobic, and a group that has strongaitn for the water called the
hydrophilic group (Rosen, 2004). The hydrophobmugris usually a long chain carbon
residue whereas the hydrophilic group can be naitjaonic (cationic-anionic) or

zwitterionic.

CGA are surfactant based microfoams which haver hesed as a separation
(flotation) method for waste water treatment (Hasli Sen Gupta, 1998), removal of
dyes (Basu & Malpani, 2001; Huang, Wang, & Dai, 2Q0ecovery of proteins (Fuda,
Bhatia, Pyle, & Jauregi, 2005; Santos-Ebinuma, diesx Pessoa, & Jauregi, 2016),
carotenoids (Alves, Ulson De Souza, Ulson De Soézalauregi, 2006; Dermiki,
Bourquin, & Jauregi, 2010; Dermiki, Gordon, & Jagire2009), natural colourant
(Santos-Ebinuma et al., 2016) and polyphenols (&pi@ermiki, Pastori, Casanova, &
Jauregi, 2010; Spigno, Amendola, Dahmoune, & Ja28@d5; Spigno & Jauregi, 2005).
CGA have also been used remediation of contamiretédHashim, Mukhopadhyay,

Gupta, & Sahu, 2012; Mukhopadhyay, Mukherjee, Hasli Sen Gupta, 2015),

Based on the applications of CGA listed aboves dlear that CGA application
shows some promise in the separation and recoeehnique. However most studies
focus on CGA as a separation method in chemicalenesatments applications and the

studies on applications of CGA in food and cosnsatinain limited.

Apart from the unique characteristics that CGAsass, having surfactant could

be advantageous. Surfactants are often used inetizsformulations in the form of
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emulsions in order to help water insoluble compamctive ingredients remain intact in
the emulsions. With regard to topical applicatibpalyphenols onto skin which need to
pass the great barrier of stratum corneum, suriadbas the ability to alter the
composition of stratum corneum by denaturing tremsdary structure of proteins in it.
This eventually will result in an increase in peabiity into the skin; thus facilitating
delivery of the polyphenols to the target areas.rédwer, surfactant has a strong
influence on the stability of polyphenols (Lin, WamMin, & Bergenstahl, 2007). This
could be related to the ability of surfactants @dubilise, thus, encapsulating these
polyphenols into micelles, resulting in better digbof polyphenols against oxidation
during storage. With the advantages above, we ftirerdelieve that CGA separation
leads to extracts in a surfactant rich solutionahinay be an optimum medium for
formulation of polyphenols; thus CGA shows greaimise and has a place in the food

and cosmetic industry.

1.2 Literature Review
1.2.1 Polyphenols of grape pomace

Over the past decades, there is a growing attetdidhe study of polyphenols.
These are mainly driven by the recognition of thecxidant properties of polyphenols,
their great abundance in our diet, and their prigbadie in the prevention of various
diseases associated with oxidative stress andedgied diseases, such as cancer and
cardiovascular and neurodegenerative diseaseso(l,uPl003).Haslam & Cai (1994)
briefly described the meaning of polyphenol by wat@guble plant phenolic compounds,
having molecular masses ranging from 500-4000 D @ossessing 12-16 phenolic

hydroxyl groups on five to seven aromatic rings @00 on relative molecular mass.
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Figure 1.1Classof polyphenols (Manach, 2004).

Polyphenols can be classified into four main classg phenolic acids, ii)
flavonoids, iii) stilbenes and iv) lignans (Figutel) (Manach, 2004). These classes are
made based on a function of the phenol rings nurti@gr contain and of the structural
elements that bind these rings together or to anéhar. Flavonoid is the most abundant
type of polyphenol that exists in fruits and vetdta, and hence is further divided into

six other classes (Figure 1.2).
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Figure 1.2 Chemical structure of flavonoids (Man&®04).

Wine contains different kinds of polyphenols wiessitable biological properties.
The most abundant types of polyphenols found irevaire the flavonoids, phenolic acids
and proanthocyanidins (Medjakovic et al., 2008)thayanins are the major phenolics
exclusively present in red grape skin. They are agarcosides of five anthocyanidins
called delphinidin, cyanidin, petunidin, peonidindamalvidin. These compounds are
responsible for the blue and red colour of grajpes,the use in processed foods are
limited because of the colour instability to deg®oin (Wrolstad, Durst, & Lee, 2005).
Their stability is affected by several factors sashpH, storage temperature, chemical
structure, concentration, light, oxygen, solveais] the presence of enzymes, flavonoids,

proteins and metallic ions(Castafieda-Ovando €2@09).
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The distribution of different polyphenols presentgrapes is tabulated in Table
1.1. Apart from the growing conditions such as,sih exposure and climate, the wine-
making technology is the most influential factothie quantity and quality of polyphenol
in the final product. During wine-making, most paihenols are extracted out; but due to
incomplete fermentation, considerable high amounpayphenols remained in the
pomace. Approximately, 20% of the grapes used nmewmnaking are of pomace after the
fermentation, which is a huge amount considerirag thine production is one of the
leading beverage production in the world.

Previously, these by-products are used as aninedl ¢ soil compost, leaving
them in wetland. However, in recent years, the remvhental management
aforementioned these by-products could pose sesgausonmental concerns because
their residues have a low pH, high organic mattertent and may exert phytotoxic
effects if applied to crops or wetlands (Lavelliatt, 2017). Therefore, the by-product
recovery and conversion into value added prodsctemnsidered as a unique strategy to
overcome the cost of not recycling, including wadigposal and decontamination of

affected areas (Devesa-Rey et al., 2011).

Table 1.1 Distribution of main phenols in grapen@o, Arnous, & Meyer, 2006).

Compound Grape Skin Seed Stem
pomace
Gallic acid 0.03-0.11 0.03 0.10-0.11 -
Coutaric acid 0-1.23 0.03-1.23 - -
Catftaric acid 0-6.97 0.11-6.97 - 0.04
Phenolic acids 0.03-8.31 0.17-8.23 0.10-0.11 0-0.04
Catechin 0-0.18 0-0.16 2.14-2.15 0.06
Epicatechin 0-0.16 0-0.13 0.88-0.91 0.28
Epigalocatechin 0-0.05 Traces 0.05 0.01
Epigallocatechin 3- 0-0.07 - 0.06-0.07 -
gallate
Epicatechin 3- 0-0.03 0.04 0.25-0.31 0.07
galate

Bl 0.11-0.6 0.11-0.6 0.14-0.16 -
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B2
Tannins
Total flavan-3-ols

Delphinidin 3-glc
Cyanidin 3-glc
Petunidin 3-glc
Peonidin 3-glc
Malvidin 3-glc
Delphinidin 3-
acglc

Cyanidin 3-acglc
Peonidin 3-acglc
Malvidin 3-acglc
Total anthocyanis
content

Quercetin 3-
glucoside
Myrecetin 3-
glucoside
Quercetin 3-
glucoronide
Kaempferol 3-
glucoside
Myrecetin 3-
glucoronide
Total flavonols

0.01-0.84
0.22-2.32
0.34-4.25

0.44-1.11
1.51-3.81

0.53-1.34
0.99-2.49
4.12-10.19
0.08-0.19

0.11-0.28
0.62-1.74

0.07-0.22
11.47-29.82
0.01-0.2
Traces
0.01-0.29
0.01-0.14

Traces

0.03-0.63

0.01-0.84
1.61
0.12-3.38

0.44-1.11
1.51-3.81
0.53-1.34
0.99-2.49
4.12-10.19
0.08-0.19

0.11-0.28
0.27-0.30

0.62-1.74
11.47-29.82

0.15-0.2

0.22-0.29

0.11-0.14

0.48-0.63

0.04-0.18
2.32
3.56-6.15

0.01-0.02

0.01-0.02

0.01

0.02-0.05

0.22-0.39
0.22-0.89

0.02

Traces

0.2

Traces

Traces

0-0.22

e All values are in mg/g
» glc =glucoside
* aglc = acetyl glucoside

1.2.2 Activities and applications of grape pomace

1.2.2.1Antioxidant Activity

Grape pomace is known as one of the cheapest solieggioxidant. In a study

conducted by Rockenbach et al.,, (2011) on selectddwine pomace from Brazil

revealed that there was a significant differentoital phenolics and total anthocyanins

among all the variety. This study focused on meaguhe antioxidant activity of the

grape pomace extracted with acidified methanolgi&r different techniques, namely

the ABTS, DPPH, FRAP and linoleic acid model systéime study also observed that
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the inhibition of oxidation measured PBycarotene/linoleic acid method tends to increase
with the increase in anthocyanins content. Quaation of individual phenolic
compounds from grape pomace extract observed #sepce of anthocyanins, quercetin,
kaempferol, catechin and epicatechin, t-resveraindl gallic acid with catechin (150.16
mg/100g) being the most abundant, non-anthocyaminpounds in the grape pomace
extract.

Vergara-Salinas et al.,, (2015) conducted a chewnigation of grape pomace
extracted with pressurised hot water in termstiemical and biological antioxidant
property. The study revealed that a high tempesatxtract (200°C) hada higher
antioxidant activity of 15mg AAE/g dry weight as aseired by FRAP assay and Maillard
reaction products (MRPs), but with a lower polyptlesontent as opposed to extract of
100°C. The polarity of water decreased with theaasing of temperature due to the
breakage of hydrogen bonds, hence this could pgssikplain the low recovery of
polyphenol in 200°C extract. Furthermore, its axilant activity was evaluated using
cell culture approach in which it showed that th@pg pomace extract hadexhibited a
protective effect of cells under oxidation state(yara-Salinas et al., 2015).

Murthy, Singh & Jayaprakasha, (2002)screened reéiffie fractions of grape
pomace extracts, extracted from different typesobfents for its antioxidative capacity
in different models. The results showed that théhar®l extract of grape pomace gave
the highest antioxidant activity when measuredgi§iRPH assay. The extract was then
tested further and the results revealed 71.7, #8.84.2% inhibition respectively using
the thiobarbituric acid method, hydroxyl radicahgenging activity, and LDL oxidation
at 200mg/L. Treatment of albino rats of the Wist@ained with a single dose of carbon
tetrachloride (CG) at 1.25 mL/kg of body weight decreased the awtiwiof catalase,

superoxide dismutase (SOD), and peroxidase by®lartl 89%, respectively, whereas
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the lipid peroxidation value increased nearly 33fdDwing to this property, this study
gave an indication for its possible applicationfond preservation as well as health

supplement and nutraceutical.

Spigno & De Faveri (2007) aimed to optimise therawtion of phenolic
compounds from grape marc by investigating theagekion time, temperature and
solvent concentration on the phenols concentraimhantioxidant power. Phenols yield
increased for ethanol concentration from 70-90% r@mdained constant from 40-70%,
while phenols concentration of extracts decreadsehvethanol concentration was above
50%. Antioxidant power by means of ABTS method Wasd to be closely correlated
to total phenols concentration, and was not infbteenby water content of ethanol,
suggesting that this variable only influenced thi@ant but not the nature of the extracted
compounds. Furthermore, the optimisation of grapagre solvent extraction was also
conducted by Libran et al., (2013). The optimisatmarameters include pH, time, and
concentration of solvent used during solid-liquxtraction by analysing total polyphenol
content, flavanols, flavonols, phenolic acids anthacyanins. Antioxidant activity of
the extracts was also determined using DPPH meReslilts showed that the optimum
conditions were 2 hours of extraction in 75% ethdigaid mixture at pH 2.

Moreover, polyphenols obtained from white grape poeby aqueous extraction
were analysed for their antioxidant power. The ltesshowed that smaller particle size
influenced the recovery of the polyphenols in thxéract(Sanchez-Alonso, Jiminez-
Escrig, Saura-Calixto, & Borderias, 2006). The @ntlant activity of the polyphenols
fractions was similar to catechin and procyanidih it was lower than that of gallic

acid.
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1.2.2.2Antimicrobial activities of grape pomace polyphenad

In addition to antioxidant activities, polyphenastracted from grape pomace
showed antimicrobial activity against specific stsaof bacteria such &treptococcus
mutans Staphylococcus aureus, Candida albicdscherichia colandListeria innocua
(Daglia et al., 2007; Deng & Zhao, 2011).These issicshowed that grape seed
polyphenols functioned as bactericidal, which cdudisruption of the bacterial cell wall.
In another study, grape pomace extract-based incatgd in a protective film showed
antibacterial activity against botacoli andL. innocuawith the reduction of 1.7-5log
(Deng and Zhao, 2011). Furthermore, the spoilageaorganisms including yeast and
moulds were also inhibited by 5-10% in beef patf{esgdic, Ozturk, Yilmaz, & Yetim,
2011). Resveratrol which is rich in grape skinne @f the polyphenols found in grapes
that has been reported to have strong antimicraloiatity. The study of Paulo, Ferreira,
Gallardo, Queiroz, & Domingues, (2010) verified trgibacterial activity of resveratrol
against Gram positive bacteria and found that titibacterial effects of resveratrol were
attributed to bacteriostatic action. Thereforeypbknols extracted from grape pomace
have the potential to be used as food preservaiigeppress the growth of pathogenic

bacteria.

1.2.2.3Application of grape pomace in food

In recent years, there is a growing attention icoiporating fruit processing
wastes as functional food ingredients since iide m dietary fibre and also bioactive
compounds that would benefit human health. The ofeacorporating antioxidant
dietary fibre into flour to make high dietary fidoakery goods, whereby the polyphenols

can greatly improve the colour, aroma and tastin@froducts has been conducted by
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many researchers and food industry. For instanc@pegpomace was mixed with
sourdough for rye bread (Mildner-Szkudlarz et aD11) and grape seed flour was
incorporated in cereal bars, pancakes and nooRlesa{es Soto, Brown, & Ross, 2012).

Apart from promoting human health, grape pomaceyspla vital role as
antioxidants and antimicrobial agents to extendstiedf life of a product. Several studies
showed that the addition of grape pomace powderritced fish and chicken breasts
have delayed the process of lipid oxidation (Sameklenso et al., 2006; Sayago-Ayerdi,
Brenes, Viveros, & Gofii, 2009). Furthermore, stddpe by Sagdic, Ozturk, Yilmaz, &
Yetim, (2011) revealed that the grape pomace hasni@nobial activity against
foodborne pathogens including the spoilage micraoigms by inhibition of 10%
throughout the storage period when added intoetées. Furthermore, Garrido, Auqui,
Marti & Linares (2011) studied the effect of incorating grape pomace extracts in pork
burgers quality (pH, microbial spoilage, lipid oattbn and colour coordinates) packed
under aerobic conditions over a period of six day® study revealed that grape pomace
extracted with high-low instantaneous pressure .86@100g of polyphenols final
product gave the highest colour stability, lipiddation inhibition and the best global
acceptability after six days storage. These resulght be useful for the industry to
replace synthetic preservatives with natural oongsrévent microbial spoilage in meat
and fish industries.

Tseng & Zhao (2013)studied the applicability of egrape pomace as the source
of antioxidant dietary fibre in enhancing nutritedrvalue and improving the storability
of yoghurt and salad dressing. This study revetidatithe wine grape pomace might be
utilized as an alternative source of antioxidaetatiy fibre to fortify yoghurt and salad
dressing, as the presence of grape pomace notrambased the total phenolic content

and dietary fibre but also delayed the lipid oxiolasamples during refrigeration storage.
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The physicochemical properties of products fordifrath the pomace extracts was almost
similar to the control (no pomace added), but tHostfied with dried pomace powder
possessed the highest dietary fibre. However, ¢ie phenolic content and DPPH
scavenging activity decreased throughout the stopmgiod with more reduction was
observed in fortified yoghurt as opposed to sala$sing. The authors explained this
observation could possibly due to the interactibesveen proteins in yoghurt and
phenolic compounds in the pomace (Tseng & Zhao3R01

A study on evaluating the effects of chitosan filpsoperties with the
incorporation of grape pomace extracted from haewahloroform and hexane was
conducted by Ferreira, Nunes, Castro, Ferreira &mBma (2014). The evaluation
revealed that the film extracted with water had thest homogenous and smooth
morphology whilst those with chloroform and hexditems showed some degree of
stiffness. However, the chitosan-based films witilomform and hexane extract
exhibited highest antioxidant capacity measured\BYyS and DPPH assays whilst the
water extraction chitosan-film based showed an awpment in FRAP and reducing
power assays. A summary of the applications anlbdiical activity of grape pomace is

tabulated in Table 1.2.
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Variety Extraction Biological Applications  Reference
method activity

Carbenet 0.1% HCI 193-485 pMol - (Rockenbach

Sauvignon  acidified TE/g (ABTS) et al., 2011)

Merlot MeOH 188-505 pMol/g

Bordeaux (DPPH)

Isabel 117-249 uMol/g

(FRAP)
Pinot Noir 70% acetone 37.46 mg AAE/¢roghurtand  Tseng and
(DPPH) salad dressing Zhao (2013)
- MeOH DPPH - (Murthy,
Singh &
Jayaprakasha,
2002)
- Water DPPH Fermented (Aliakbarian et
milk al., 2015)

Barbera 60% EtOH (ABTS) - Spigno et al.,

Pinot Noir (2006)

White grape - 466 uMol TE/g Minced fish Sanchez et al.,

(FRAP) Chicken breast (2008)
284 uMol TE/g
(ABTS)

- MeOH + High- Lipid oxidation  Food (Garrido et al.,
Low packaging 2011)
Instantaneous (pork patties)

Pressure

Turkey Defatted, 95% Antimicrobial Beef patties (Sagdic et al.,

variety EtOH property 2011)

Turkey Defatted, 95% 105-480 ug/g Orange/Apple (Sagdic et al.,

variety EtOH (ICs0 DPPH) juice 2011)

Pinot Noir - Antimicrobial Food Zhao and

Merlot property packaging Tseng (2012)

Merlot - 9-12 uMol TE/g Flour (for (Rosales Soto

Carbenet (DPPH) cereal bars, etal., 2012)

Sauvignon noodles)

Merlot, Supercritical ~ Antimicrobial - (Oliveira et al.,

Syrah fluids property 2013)

- Hot water (ABTS) Food (Ferreira et al.,
Chliroform (DPPH) packaging 2014)

Hexane (FRAP) (incorporate
with chitosan
formulation)
Verdejo Enzyme 4238nmol - Rodriguez-
TE/g(ORAC) Rodriguez et

al., (2012)
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Carbenet Pressurized 10-15 mg AAE/g - Vergara-
Sauvignon  Hot water (FRAP) Salinas et al.,
(2015)
White grape - 62-524 g Flour (for (Acun & Gill,
GAE/Kg cookies) 2014)
(Total phenolic
content)
Merlot - DPPH Bars, (Rosales Soto
Carbenet Pancakes, et al., 2012)
Noodles

Chardonnay  Grape skins FRAP Puree (Lavelli, Sri

fibre Harsha, Torri,
& Zeppa,
2014)

- Ultra sound 518 £ 7.4uMol  Pasta (Marinelli,
assist TE/g (ABTS) Padalino,
extraction Nardiello, Del
(water) Nobile, &

Conte, 2015)
Grape - DPPH Sausages (Riazi,
pomace emulsion Zeynali,
Hoseini,
Behmadi, &
Savadkoohi,
2016)

1.2.2.4Application of grape pomace in cosmetics

As described in the previous sections, many polgplsecan be extracted from
grape pomace, but studies on the incorporation icwemetic formulations or
pharmaceutical products are limited. Safety isssi@s,permeation and efficacy delivery
are concerns in the development of new cosmetidymts using agro-industrial by-
products (Nunes, Rodrigues, & Oliveira, 2017). Heere several cell-based in vitro
models, predicting the safety and toxicity of cosmengredient were allowed by the
European Centre for the Validation of Alternativeetilods (ECVAM) (Nunes et al.,
2017). Assessment of skin irritant is considerpdmaary procedure in evaluating hazard
and classifying a substance. Therefore, the appitaof grape pomace as active

ingredients in cosmetic formulations remains cmgieg, although some studies showed
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the potential applications of grape pomace asamitig agents (Wittenauer et al., 2015).
Table 1.3 summarises the most important compouredsept in grape pomace and their

potential functions in topical formulations.

Table 1.3 Individual compound reported in grape goewith cosmetic interest

Compounds Chemical structuré Function®
Resveratrol Anti-aging

Catechin Anti-aging
Epicatechin Anti-aging
OH
OH OH
o
HO O 0 '-,H Q on
Gallic acid Anti-aging
" UV protector
HO.
OH
HO
OH
Ferulic acid HiC UV protector
HO.
OH
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Vitamin E Anti-aging
Tartaric acid HQ, Exfoliating
0 Depigmenting
HO
OH
(@)
OH
Oleic acid Anti-aging

Moisturising agent

Linoleic acid Anti-aging

Proanthocyanidins Anti-inflammatory

Quercetin Anti-aging
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Kaempferol Anti-aging

®Nunes, Rodrigues, & Oliveira, (2017)
bWwittenauer et al., (2015)
‘Royal Society of Chemistry, (2015)

1.2.3.1Antioxidant and Anti-aging properties

Skin aging is a complex, progressive and inevitddogical process that can be
influenced by several factors such as geneticsirammental changes, lifestyle and
metabolic processes (Pimple & Badole, 2013). Inntabfunstressed cells, reactive
oxygen species (ROS) are being produced by thaifunscof mitochondria in everyday
cells metabolism. These ROS have been kept in balby the action of antioxidant
enzymes found inside cells such as superoxide desa{SOD), catalase and peroxides
(Menaa, Menaa, & Tréton, 2013). When cells becomess, this balance is interrupted.
Skin is the major organ that is directly exposeth® sunlight, hence deterioration due
to environments damage is inevitable. Exposure kih 40 UV radiation and
environmental pollutions are examples of cellsssti@aduced extrinsic factor which
could overwhelm the ROS leading to a change irskire normal behaviours (Menaa et

al., 2013).

Several polyphenols present in the grape pomacaatxtere identified as the key
active ingredients against collagenase and elastaggnes, responsible for skin aging.
Wittenauer et al., (2015)found that gallic acid whd considerable inhibition values
against elastase but quercetin 3-o-glucoside amdcgtin 3-o-glucoronide had more

pronounced effect on the collagenase. Howevergeragwl itself was found to exhibit
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very low inhibitory effects against both enzymebketudy also showed that the crude
grape pomace extract had a higher inhibitory agtivm both enzymes suggesting
synergistic interactions between polyphenols, d@denzyme could play an important
role regarding the inhibition mechanism. The safm®eovation has also been noted by
Ghimeray et al., (2015) by combining several supéréxtracts which showed that the

inhibition of collagenase was notably high.

Naturally occurring quercetin and kaempferol hagerbfound to exhibit strong
inhibition against collagenase in comparison tepttompounds from different groups,
suggesting the hydroxylation patter in the B-risgan important determinant to the
inhibitory activity (Sin & Kim, 2005). In additiorgpicatechin that may be found in the
grape stem also exhibited strong anti-collagenasétg by possibly binding to the Z#
ion within the enzyme, thus preventing it from bigl with the substrate (Wahab,

Rahman, Ismail, Mustafa, & Hashim, 2014).

Despite the above studies, the application of grgeace in cosmetic is rather
scarce. It is important to bear in mind that th@dal effectiveness of grape polyphenols
in human skin implies some considerations duringmtdations development.
Polyphenols (or antioxidants) may be oxidised dng tinactivated before reaching the
target site and permeability across the skin reethimportant. Formulations cream-
based, lipid soluble, or organic solvent-basedlmastudied to enhance the permeation
of polyphenols into the skin(Nichols & Katiyar, 2)1 Abla & Banga, (2013)studied the
permeation of three polyphenols (catechin, resk@rand curcumin) and a vitamin
(retinol) into porcine ear skin using propyleneaglyas a vehicle. It was demonstrated
that 10% of the retinol was retained in the straaameum whereas 90%penetrated into

the underlying skin. The amount of total catechithie stratum corneum was higher than
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the resveratrol one, but similar amount of polygiienvas found in the underlying skin

(Abla & Banga, 2013).

1.2.3.2Protection against UV damages

Skin is exposed daily to environmental stress.ifstance, UV radiation has the
ability to penetrate deeply into the skin’s epiderrand dermis layers, causing skin
injuries, including the generation of ROS whicheafthronic exposure, can cause skin
photo aging, hyper-pigmentation and also skin carfSeto, Falqué, & Dominguez,
2015). However, these can be prevented if a propérprotection is used. Natural
polyphenols have been proposed as an active irggresdin cosmetic formulations as
sunscreens ingredients due to their similar streottith chemical UV filters, presenting

the same mechanism of action (Nunes et al., 2017).

A number of studies also described the effectsobfghenols extracts on human
cells and UV-irradiated cells. For example, thefpeatment of HaCat keratinocytes with
chlorogenic acid and rosemarinic acid leads toaaedesed intercellular ROS formation,
induced by UVB or hydrogen peroxide (Cha et al1£0Pérez-Sanchez et al., 2014).
Resveratrol found in grape skin and/or seed isom@ing natural compound with its
ability to scavenge free radicals. Topical applaatof resveratrol to SKH-1 hairless
mice before exposure to UVB radiation resultechm inhibition of UVB-mediates skin
edema and significantly inhibited the UVB-mediatediuction of cyclooxygenase
enzyme activity and protein expression of ornithitezarboxylase, a well-established

markers for tumor promotion (Afagq, Adhami, & Ahm&f03).
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1.2.3 Conventional and alternative extraction technologis for polyphenols recovery
Several methods have been proposed and developathémce the extraction and
isolation of polyphenols from different plants. this section, solvent extraction is
regarded as a conventional technology as it isilyeased for polyphenols extractions.
Meanwhile, microwave-assisted, pulsed-electricdfiedupercritical fluid and enzyme-

assisted extractions are discussed in view oflteenative technologies.

1.2.3.1Solvent extraction

Solvent extraction (SE) is the most common usetinigcie to recover certain
compounds from different types of materials inchgdisoil, microorganism and more
frequently plants residues. In the SE procesdlid-kguid extraction is typically applied,
where the raw material is dried for size reductimiore being exposed to different
solvents for extraction process to take place. @toe repeated several times to the same
solid residues to ensure complete extraction afel@polyphenols. The obtained extracts
are generally submitted to centrifugation or filiva to remove the solid residues. The
extracts which are rich in polyphenols can be ferrthised for various purposes such as
additives, food supplements or can be encapsulatdédnctional food or pharmaceutical

purposes (Lavelli et al., 2014).

One of the main advantages of using certain orgsoieents is their ability to
recover both polar and non-polar molecules as ailtts] phenols, fatty acids and for its
simplicity (Li, Smith, & Hossain, 2006). The mairsddvantage is the high toxicity for
the human health and dangerousness for the envenonfurthermore the solvent has to
be removed from the extract by evaporation or cotragon, increasing overall process

costs. Therefore, the choice of solvents is vepartant to tackle the toxicity and overall
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processing cost problem. The use of hydro-ethaoleksts in extracting polyphenols
from grape pomace has been seen advantageousyasdéhg@ocompatible and have the
GRAS status (Syed et al., 2017). Additionally, nder to minimise the risk of thermos
degradation of polyphenols, extraction at mildenperatures and longer extracting time
could be carried out. In fact, long extraction titead to an increase in total phenolic

content in grape extracts (Pinelo et al., 2006).

1.2.3.2Ultrasound-assisted extraction

Ultrasound-assisted extraction (UAE) has been wigebposed as an alternative
technology to the organic solvent extraction. UA&od can result in cavitational effect
that improves heat and mass transfer through melhtwall disruption (Barba, Zhu,
Koubaa, Sant'‘Ana, & Orlien, 2016). UAE also offemglvantages such as greater
penetration of the solvent into cellular matersdiprter processing time, higher product
yields, and greener and cheaper processing teahr(@alanakis, 2012). Da Porto,
Porretto, & Decorti, (2013) studied the recovergrHpe seed oil by UAE at 30mins and
soxhlet extraction running for 6 hours. The resatliswed that the same oil yield was
obtained in both techniques. Therefore, the authorgluded that the same recovery
could be achieved with significant decrease of aztion time and hence cheaper
processing technigue. Nevertheless, a study coedist Cho, Hong, Chun, Lee, & Min
(2006) found a significant increase in resveragield from grape (up to 28%) and a
decrease of extraction time as compared to a coiovah solvent extraction at 60°C for

30mins.
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1.2.3.3Pulsed Electric Fields (PEF)

Pulsed electric fields (PEF) has been tested flyppenols extraction from various
by-products (Galanakis, 2012). PEF treatment idieghpo a material placed between
two electrodes, normally conducted at ambient teaipee of a voltage from 20-
80Kv/cm. When plant cells are exposed to electetd$, cell membranes are being
damaged and subsequently created reversible omaversible pores, a phenomenon
called “electroporation”. Polyphenols or antioxitimre then expected to diffuse the
membrane by using the principles of mass tranBfeFE has been acquired by numerous
food industries for its scalability. However, theesigth of the electric field is one of the
most important factors that influence the concéiatneof the polyphenols. A recent study
on evaluating PEF on the selective recovery of gudyols from fermented grape
pomace showed that PEF treatment was more seldotitiee recovery of anthocyanins
with the increment of recovery up to 55% as comghémeultrasounds(Barba, Brianceau,
Turk, Boussetta, & Vorobiev, 2015). Therefore, tbsults varied depending on the food

matrices and also the PEF treatment conditionsexpfBarba et al., 2016).

1.2.3.4Supercritical fluid extraction

The most frequently used fluid for supercriticatraxtion process is Gbecause
it has low critical point (31.1°C), no toxicity ansl safe to use. In addition to these, the
process using C{occurred in the absence of light and air, thusmmsing the oxidation
reactions. Nevertheless, due to the non-polar cterstic of CQ, it is not preferentially
used alone to extract polar polyphenols. Therefibtegas often mixed with organic co-
solvents (eg: ethanol, methanol or acetone). Thels®ents increase the solvating power

of CO, thus, increasing the solubility and extractabidifypolar polyphenols.
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Supercritical fluid extraction has been widely istrgated to recover polyphenols
from grape pomace, in particular the recovery stegatrol (Barba et al., 2016). A study
carried out by Pascual-Marti, Salvador, Chafer, &r&, (2001) used ethanol as a co-
solvent managed to recover 100% of resveratrol fgoape skin ol. vinifera On the
other hand, Murga, Ruiz, Beltran, & Cabezas, (2@@)Juated the potential mixture of
carbon dioxide and alcohol under supercritical doos to selectively extract
polyphenols from grape seed. The authors foundthigae was a significant increase in
solvent capacity and the pressure and amount ohalavere increased; hence it was
concluded that the solvent capacity could be usedelectively extract individual
polyphenol from the grape seed. Despite all thebearaages of supercritical fluid
extraction, the capital cost of these techniquesxpensive and its scalability remains

challenging.

1.2.3.5Enzyme-assisted extraction

Enzyme-assisted extraction was developed in a sandlllarge scale to recover
various bioactive compounds including polyphenddaier, Goppert, Kammerer,
Schieber, & Carle, 2008). Most studies used it amjenction to another extraction
method, typically solvent extraction. Enzymaticistesl reaction is considered as safe,
environmental friendly and some enzymes can bevezed at the end of the process,
making the application interesting and scalablenfie & Meyer, 2001). Polyphenols
are typically bound to the cell wall of the plamhaking the extraction of these
polyphenols difficult. Therefore, enzymes are usedenhance the release of these
polyphenols by disrupting the cell walls. Pre-egtian of the grape pomace before
enzymatic digestion with pectinolytic and cellulisty preparations significantly

improved extraction yields. After pre-extractio, 1% of phenolic acids, 75.2% of non-
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anthocyanin flavonoids, and 1.7% of anthocyaninsewecovered. After enzymatic
treatment, total contents of phenolics obtainedthis 2-stage extraction process
amounted to 98.1% (phenolic acids), 96.8% (nonauyhnin flavonoids and stilbenes),
and 2.9% (anthocyanins) (Kammerer, Claus, Schiéb&arle, 2005). However, these

enzymes could be expensive and thus will contributée overall head cost.

1.2.3.6Surfactants and polyphenols interaction

Surfactantsqurface-active-agenftsare one of the most versatile products of the
chemical industry, appearing in such diverse prtguacluding motor oils in
automobiles, the pharmaceuticals and the detergentsse in cleaning our laundry and
homes and the flotation agents used in beneficiati@res (Dermiki, 2009). A surfactant
can be defined as a substance that, when predemt ebncentration in a system, has the
property of adsorbing onto the surfaces, usualtytaaeduce interfacial free energy
(Rosen, 1989). Surfactants are usually organic ocumgs and have amphiphatic
structure, meaning that they contain both hydrophgioups (tails) and hydrophilic
groups (heads). Therefore, a surfactant has theepsoof being water soluble and/or oil
soluble. In highly polar solvents like water, thgdiophobe group is usually a
hydrocarbon equivalent of an 8 to 18 carbon, wtenealess polar solvent, the
hydrophobe group could be fluorocarbon. In brie& hydrophilic group is an ionic or
highly polar group while the hydrophobic groupypitally a long-chain hydrocarbon,
and is less often a halogenated one. One of thertant surfactants properties is the
ability to form micelles above their Critical Mides Concentration (CMC). The micelles
are composed by hydrophilic pointing out toward éiéernal surface and hydrophobic

pointing in to the internal core. This particul#musture allows the micelles to establish
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chemical and physical interactions with both hydhibp and hydrophobic molecules

(Hosseinzadeh, Khorsandi, & Hemmaty, 2013).

1.2.3.7Surfactant classification
The type of surfactant is dependent on the nattitheohydrophilic group, and

therefore surfactants are classified as:

1) Anionic -The surface-active portion of the molecule beamsgative charge.
Examples are soap and alkylbenzene sulfonate.

2) Cationic -The surface-active portion of the molecule begresitive charge.
An example is quaternary ammonium chloride.

3) Zwitterionic -Both positive and negative charges may preseffdrstirface-
active portion. Examples are long-chain amino acid sulfobetaine.

4) Non-ionic - The surface-active portion bears no apparent ioharge. An

example is monoglyceride of long-chain fatty acid.
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Table 1.4 Types of surfactants and their propefadapted from Rosen, 1989)

Types Advantage Disadvantage
Anionic » Easily prepared b« Form water-insoluble soaps
neutralization of free fatt with divalent/trivalent metallic
acids in simple equipment ions
e Can be made in situ (for us » Insolubilized readily by
of emulsifying agent) electrolyte (NacCl)

* Unstable at pH below 7,
yielding water-insoluble free
fatty acid

Cationic » Compatible with non-ionicse Non-compatible with anionics
and zwiterionics * More expensive than
» Surface active is positively  anionics/non-ionics
charge, thus adsorb strongly Show poor detergency
onto most surface (which are
typically negative charged),
and can impart special
characterisation to  the
substrate
Zwitterionic « Compatible with all othe « Often insoluble in most organic
types of surfactants solvents, including ethanol
* Less irritating to skin ant
eyes
e May be adsorbed ont
negative or positive charge
surfaces without forming
hydrophobic film
Non-ionic o Compatible with other typess Products are liquid or pastes
of surfactants * Poor foamers (could be
* Soluble in water and organic advantage sometimes)
solvents * No electrical effects
* Generally 100% active

material free of electrolyte

As briefly mentioned above, ability to form micellender certain conditions is
an important and fundamental property of surfastaisee Fig. 1.3). Micelles are
aggregates of surfactants in a liquid medium wlach formed when the surfactant
concentration exceeds the critical micelle conadiain (CMC). These aggregates are
only formed in polar solvents (like water) that bawo or more potential hydrogen

bonding centres and thus are capable of formingetdimensional hydrogen-bonded
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network (Rosen, 2004). Micelle formation is verypontant because it is related to
detergency, solubilisation and also interfacialsten reduction. However it is worth
mentioning that this definition is only for normalicelles; for the case of reversed
micelles it is not necessary to have a criticalaiécconcentration (CMC).

CMC is a concentration of surfactants of which rdcdorm and all the
surfactants added go to micelle. This phenomenodescribed by the sharp break
reduction in the conductivity of the solution, iodiing a sharp increase in the mass per
unit charge of the material in solution. In othards, at a given temperature, the minimal
detergent concentration at which micelles are ofegkis called the critical micellisation
concentration. Below this concentration, only dgéat monomers are observed in the
solution; above the CMC, detergent monomers arequilibrium with the detergent
micelles and further increasing concentration dégents, a nonmicellar phases exists
which are typically insoluble with water(Tadros, 13). These phases could be
hexagonal, reverse hexagonal or lamellar in stracand they are usually liquid-

crystalline in nature.

Hydrophilic head

020
)
oo -
g0 .

Figure 1.3 Micelle formation (image retrieved frantps://www.quora.com/Why-is-it
that-fatty-acids-form-micelles-but-phospholipidsffea-bilayer)
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1.2.3.8Surfactant-based separations

Due to the ability of surfactants of forming mies] the accumulate at the
interfaces of air-water form foams at the interfat®il and water forms emulsions, at
the interface of solid and liquid improves the eigon and wetting of particles, hence
they find applications in almost every chemicalustly, including detergents, paints,

cosmetics, pharmaceuticals, agrochemicals, filplastics and food (Myers, 1999).

Surfactant-based separations have the general @agesnof using a separating
agent which can be green (biodegradable and namtogften having low energy
requirements and being capable of treating easdgratled materials, such as,
biochemical, making this technique an attractive anomising separation technique
(Scamehorn & Harwell, 1999). Their applications agnathers include remediation of
contaminated soils, waste water treatment and paggcling using micellar-enhanced
ultrafiltration (Scamehorn & Harwell, 1999). Theaneiple behind this method is that
organic solute and multivalent ions will solubiligad counter-ions bind respectively to

micelles. The micelles are then ultrafiltered freatution.

1.2.4 Colloidal Gas Aphron (CGA)
1.2.4.1Definition and characterisation of CGA

Colloidal gas aphrons (CGAs) are a system of migbbles mostly above am
diameter and classified as “ball foams”, first ddsed by (Sebba, 1972). CGAs can be
generated by high speed stirring of the surfactahition (>8000 rpm), whereby air is
entrapped and microbubbles are formed. The stictitCGA was postulated to by
Sebba, (1972) and later by Jauregi, Mitchell, &1&@{2000) that CGA are built based

on multi-layers of surfactants as depicted in Fegus. The layer which is in between the
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inner and outer surface can be treated as diffgpaase from bulk water because
surfactant molecules at this surface have hydraptehds pointing inward and

hydrophobic pointing outward (Chapalkar, ValsakaRoy, 1993).

Outer surface of shell

0
llllllll

]
Bulk water ‘qé‘é\a‘d_&&bbﬁbz”

Electrical double
layer

Figure 1.4 Proposed structure of colloidal gas aphirby Sebba (1987) (Jauregi &
Varley, 1999).

The CGA are suitable for process applications dubdir ability to adsorb particles
at microbubble interfaces, their large interfacieda and their stability during transport

for enhanced mass transfer. Their properties aeritbed in detail as below:

1) Small size of bubblegesulted in larger interfacial area per unit votugso the
adsorption of molecules on the surface of the rbigbbles is enhanced.
However, it must be noted that the size of the hesldepends on the
concentration and the type of surfactant usedlaagitesence of other molecule
or particles in the system.

2) Low viscosity of the system lead to stability to pumping. The Ad@s similar
flow properties to water. Consequently, CGA hasfigeht stability to
pumping without collapse from one location to aeotiMoreover, due to the
presence of air, they are considered to be comiptesand for this reason they

can easily be pumped using a peristaltic pump.
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3) The buoyancy of the encapsulated gas leaés$y separationof the aphron
phase from the bulk liquid phase. Therefore, nardegation process is needed

to separate the two phases.

CGA are being characterised for their stabilitys deold-up, bubble size and
rheological properties. The stability is typicaftyeasured by the drainage of the CGA
dispersion, as a function of time (Amiri& Woodburh990). lonic surfactants are
generally more stable than the non-ionic surfast@mnhere electrostatic interactions are
present); this is due to the presence of polarggon the surfactant molecules at the
gas-liquid interface of the adjacent aphrons, teyeWwith each other causing delayed in
the coalescence of the aphrons (Jauregi & Varle99L In the case of the non-ionic
surfactants, where the electrostatic interactiorsahsent, other forces like steric forces
must play a role in stabilising the dispersionsniany studies, the stability has been
expressed as half-life, which is defined as thestitaken for half of the initial liquid to

drain, once the stirring has stopped (Jauregi aamtkey, 1999).

The gas hold-up of CGA is defined as the amoungiofincorporated into the
dispersion before it collapseé)(The ratio of the gas volume ¢Mn the dispersion to
the dispersion volume @Y in a container is calculated and is representethé below

equation.

€= ((vo—=vi0)/vo) = ((H, — H19)/H, )Equation 1. 1

Where Mois the initial volume of liquid, bis the initial height of the dispersion andoH

is the height of initial volume of liquid.



N. Maidin

There are several factors that could affect thbilgiaof CGA including ionic
strength and concentration of surfactant. Generhlbh gas-hold up and small bubble
sizes are generally desired to maximise the inteffarea (Jauregi and Varley, 1999).
Several studies showed that stability tends toes®e with the increase in surfactant
concentration, with the optimum concentration bemegr to the cmc of the surfactant
(Matsushita et al., 1992 and Chapalkar et al., 199Bapalkar et al., (1993) found that
increasing surfactant concentration in a rangevibeloapproximately equal to the cmc
of the surfactant resulted in a smaller bubblessi@a the contrary, Jauregi et al., (1997)
and Save & Pangarkar (1994) found out that incngasurfactant concentration above
the cmc resulted in a larger bubble size. The sididf 0.002-0.05 mM NaCl has
increased the stability of CGA and the concentrattb NaCl beyond that resulted in

decrease in CGA stability (Chapalkar et al., 1993).

1.2.4.2Applications of CGA

CGA has a number of potential applications whioh @mostly separation-based.
The main application being described over the feagtdecades is the flotation for the
removal of biological and non-biological produclfe conventional flotation process is
carried out by sparging air into a solution contagrcompounds that needs to be removed
(Jauregi and Varley, 1999). Adsorption takes plate the gas bubbles and being
removed by flotation. In the improvement of thiogess, CGA has been sparged in
replacing of conventional air bubbles. This techeias been widely used in the removal
of metals (Amiri and Woodburn, 1990), dyes (Chapa# al., 1993) and for the flotation
of algae (Wallis et al., 1985). Table 1.5 summakiseme of the applications of CGA

found in the literature.
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Ciriello et al., (1982) have successfully removedper, zinc and iron from waste
water with the percentage of more than 90% whengu€§iGAs made from cationic
surfactant. In addition, Cabalerro et al., (19&Parted the successful removal of Cu(ll)
ions from CGAs generated from a cationic surfact@&itAB and iron hydroxide as a
coprecipitant. They also noted the advantage afguiotation column using CGAs as
opposed to conventional flotation using bubblesvinich the kinetics of the process
improved with CGAs because there was no induciioe nheeded for the formation of
precipitation.

In another study on the recovery of dyes from wastier using CGA in flotation,
the percentage of dyes recovered ranging from 960-88h methylene blue and methyl
orange respectively using CGA generated from CTRich further support the theory
that CGA could act as ion-exchanger (Basu & Malp2@01). They have also observed
that when the surfactant and dye had similar cha@f of recovery was achieved. This
study concluded that the percentage of recoveyet from waste water was greatly
affected by the increased of flow rate, smallerrapldiameter, increased in gas hold up
and increased in residence time in the flotatidoroo. However, no significant evidence
was recorded with the increased of surfactant quratton above cmc. Huang et al.
(2002) later observed that the flotation of orgadies principally followed four
mechanisms: ion coupling between the surfactamiftg the CGAs and the organic dye
having opposite charges; reactions between CGArandrganic dye; ion—dye complex
adsorbed on the surface of CGA; and hydrophilibyatrophobic characteristics of the
organic dyes.

CGA have been widely used for soil washing. Roglef1992) were the first to
utilise CGA for the removal and mobilization of 2j#&hlorophenoxy acetic acid (2,4-

D), a syntheticauxin hormone used widely as a k&lbifrom contaminated soil. When
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the performance of CGA was compared with conveatigurfactant flushing, no
significant difference was observed in the perfaroea of the two processes.
Nevertheless, CGAs flushing required a much lowsume of surfactant per gram of
recovered2,4-D than with conventional washing. Doelow flow rates and lower
pressure drops across the soil column, flushing @BA was found to be advantageous
over the use of surfactant solutions. In a recertys CGA was generated from saponin,
a biodegradable surfactant produced from soapniit (apindusmukorogsand SDS
used to remove low level of arsenic from an iram$oil (Mukhopadhyay et al., 2015).
The results obtained showed that soapnut CGA redhopeo 70% of arsenic while SDS
CGA removed up to 55% arsenic from the soil. Thapsot wash solution could be
recovered after the removal of arsenic by predipitaand that it caused a negligible
amount of soil corrosion as confirmed by scannilegteon microscope (SEM). This
study has proven that CGA offers a good recoversgoih flushing and has become a
promising technology particularly for the agricudilindustry.

A study was conducted by Jarudilokkul, Rungphetah& Boonamnuayvitaya,
(2004) on the recovery of protein from wastewatscliarged from food processing
plants using non-ionic surfactant, TWEENZ20. Variqaaameters such as surfactant
concentration, speed of generating CGA, stirrimgetipH, initial concentration of protein
in the feed and concentration of NaCl had beerede&ir the maximum recovery of
protein, particularly lysozyme arfidcasein. The outcome of the study revealed that non
ionic surfactant was suitable for recovery of piroteith initial protein concentration for
lysozyme was 0.1mg/mL, the volumetric ratio of pinotto CGA to be 1:3 with the pH
of 4.0. Forf-casein, the initial protein concentration was kdlto 0.5mg/mL with
volumetric ratio and pH remained the same as lys@zyThe percentage of protein

recovery for each parameter ranged from 50.2-5h#¢h was in theory with the usage
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of non-ionic surfactant. This has then lead toractgsion that the separation was driven
by hydrophobic interaction and that electrostatternaction between protein molecules

and CGA played an important role in the separation.

Table 1.5 Recent applications of CGA

Application Surfactant References
Astaxanthin CTAB (Dermiki et al., 2009)
Norbixin CTAB (Alves et al., 2006)

Natural colourants fron

CTAB

(Santos-Ebinuma et al.,

fungi SDS 2016)
TWEEN20
Gallic acid CTAB (Spigno et al., 2010)
Polyphenols CTAB (Spigno, Amendola,
TWEEN20 Dahmoune, & Jauregi,
2015)
B-lactoglobulin CTAB (Fuda et al., 2005)
Whey Proteins CTAB, AOT (Fuda & Jauregi, 2006)
Lactoferrin, AOT (Fuda, Jauregi, & Pyle,
lactoperoxidase 2004)
Glucoamylase TTAB (Zidehsaraei, Moshkelani,
& Amiri, 2009)
Lipase immobilisation SDS (O’connell and Varley,
2001)
Removal of fine particles HTAB (Mansur, Wang, & Dali,
TWEEN-20 2006)
SDBS

Removal of pulp fibre

Natural surfactant saponin ukterjee et al., 2015)

Removal of arsenic

Natural surfactant saponir (Mukhopadhyay et al.,

2015)

Synthesizing copper oxideSDS

nanoparticles

(Banifatemi,
Mohammadifard, & Amiri,
2016)

For the past recent years, application of CGA tmlfprocessing by-products has
been investigated for example, whey protein, whsch by-product of cheese making
(Fuda et al., 2005). This study focused on proseiparation by CGA focusing on the
mechanism of protein separation by CGA generataah fonic surfactants. The results

obtained confirmed that the separation of protgi€&A generated from ionic surfactant
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was driven by electrostatic interaction, wherebgnpoting hydrophobic interaction
resulted in poor recoveries. Furthermore, the gtreaf interactions between protein and
surfactant molecules was dependant on the confmnadtfeatures of the protein which
subsequently resulted in the selectivity of theasafoon. Thus, this finding showed that
the recovered fractions could be manipulated byhgimgy the conformation of some
proteins (Fuda & Jauregi, 2006).

Furthermore, Dermiki, Gordon, & Jauregi, (2009) adcessfully recovered
astaxanthin using different combination of surfattaand varying the pH, volumetric
ratios of astaxanthin to CGA and under differen&gasnthin suspension: 1) astaxanthin
in aqueous solution, 2) astaxanthin dispersedhanet/agueous solution. The maximum
recovery of astaxanthin dispersed in agueous soldévoured the operating condition
under strong alkaline conditions, resulting in @lenegative charge of the molecule.
The main driving force for the separation was tleeteostatic interactions which was in
agreement with the hypothesis that CGA (generated €CTAB) work as ion-exchangers
(Dermiki et al., 2009).In the case of astaxanthgpersed in ethanol/agueous solution,
the highest recovery was achieved using non-ioniéastant which indicated the
separation was mainly driven by hydrophobic intBoas since ethanol hindered the
effect of electrostatic interactions. However, @lighors noted that increasing the amount
of ethanol in the dispersion did not necessarityaase the recovery of astaxanthin. This
was possibly due to the surface charge of astaxatitht did not decrease with ethanol.

At the same time, the application of CGA was inigaded in waste generated
from agricultural industry. Alves et al., (2006¥estigated the recovery of norbixin with
CGA from an alkaline extract of annatto seeds. Sthdy revealed high recovery of more
than 94% was achieved using cationic surfactantredselow recovery (40%) was

achieved using anionic surfactant. Interestindlis study concluded that molar ratio of
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around 3-4 gave the highest recovery of norbixithoaigh increasing the molar ratio
further resulted in decreased of recovery. They edscluded that the main driving force
for the recovery was the electrostatic interactions

Furthermore, the CGA application has also beemebete to the recovery of gallic
acid generated from CTAB (Spigno & Jauregi, 200%) results revealed that the main
driving force for the separation was electrostetieractions between the gallic acid and
the cationic surfactant molecules. However, thteraction was greatly influenced by
several factors including pH. Working pH higherrihthe Pka of gallic acid lead to
dissociation of gallic acid and promoted the oxmlatof gallic acid, hence it was
recovered without the antioxidant property (Spigbermiki, Pastori, Casanova, &
Jauregi, 2010). The study continued to investigdter factors including volumetric
ratio, molarity ratio, contact time and drainagediusing flotation column for scaling up
the process. The outcome of the study revealedhbajallic acid recovery was mainly
affected by pH, ionic strength, surfactant/gallocdamolar ratio, mixing conditions and
contact time. The flotation column experiment resailin higher recovery and also
reproducibility (Spigno et al., 2009).

Recently, CGA have also been applied to real crexlkeacts obtained with
aqueous ethanolic extract from red grape pomadgi{St al., 2015). These trials were
conducted in a batch flotation column, investiggtihe influence of surfactant type
(CTAB vs TWEEN20) and also the extract concentratibhe results showed some
stabilisation effect on the CGA, leading to higleaeery. Anthocyanins in particular
showed high affinity for the CGA phase. Lowering thH of CTAB led to slight
reduction in anthocyanins recovery, confirming thia¢ separation was driven by
electrostatic and hydrophobic interactions. Whes sbparation was carried out using

TWEENZ20, the recovery increased with the volumetatio and at high extract
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concentration. Interestingly, these fractions higthér antioxidant capacity as compared

to those with CTAB.

1.3 Aim and Objectives of the study

This study expands from previous work describedralom the application of CGA
to crude grape pomace extracts. The aim of theeptestudy is to investigate the
application of CGA to crude grape pomace extramtdhe recovery and formulation of
polyphenols by taking advantage of the particulafagtant rich media in the CGA
fractions. The potential application of the CGAraxts in cosmetics is investigated here
for the first time. In addition, the potentialtbese extracts in the food colourant industry
is also considered. The structure of the thesis thi¢ir specific objectives of this study

are as follow:

> Introduction and literaturereview Chapter 1: A brief introduction related to the
recent situations of grape pomace abundancy anteato extract the polyphenols was
given. Several applications of CGA in recoveringl a®eparating various compounds
from bio-products were reviewed where the resegaghwas identified.

> Characterisation of crudegrape pomace extracts and further extraction of
polyphenols with colloidal gas aphrons (CGA) Chapter 2: Initially, the crude grape
pomace extracts obtained by hydroalcaholic extactvere characterised for their
composition. First CGA were applied to a mixturexathylene blue and methyl orange
dyes using anionic and non-ionic surfactants ireotd develop an understanding on the
effect of type of surfactant, mainly charge, on sleéectivity of separation, CGA were
applied to the recovery of polyphenols using aatioh column where different type of

surfactants, the effect of different volumetridoatof CGA to grape pomace extracts and
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the effect of drainage time were investigated legdd optimised conditions of CGA
separation using a non-ionic surfactant, TWEEN20s Thapter served as an important
basis to establish main CGA separation conditidmsiwvere then applied in subsequent

studies described in the next three chapters.

> Polyphenols extracted from grape pomace extracts by CGA show anti-
collagenase and anti-elastase activity Chapter 3: In this chapter, selected separation
parameters were applied to produce CGA fractionghwvere testedh vitro for their
inhibitory activities against enzymes relevantkmsgeing, collagenase and elastase.
> The effect of individual polyphenols, crude grape extract and its CGA fraction

on skin permeability Chapter 4: In this chapter, individual polyphenols, ethanolic
extract and its CGA fraction were investigatedtfair permeability through membranes
and pig skin. The effect of TWEENZ20 on skin permigglwas investigated.

> Stability of polyphenols extracted from grape pomace by colloidal gas aphrons
(CGA) Chapter 5: In this chapter, the study focus is on the stoiage stability of the
CGA fractions as applied in the food industry. T$tability and shelf-life of the
polyphenols, particularly anthocyanins were evadand compared against the sorbic
acid as the most widely used food preservative.

> General conclusions and future work recommendations Chapter 6: In this
chapter the main outcomes from this study are destr Recommendations for future

work are also given.
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CHAPTER 2: Characterisation of Grape Pomace Exteau its
Separation with Colloidal Gas Aphrons (CGA)

Abstract

The aim of this study was to investigate the effauft surfactant, volumetric ratio and
drainage time to the recovery of polyphenols usiitpidal gas aphrons (CGA). Earlier,
the grape pomace extracts were chemically charaeteand the principles of CGA
separation were demonstrated using organic dyesuliReshowed that polyphenols
recovered with TWEEN20 showed greater antioxidatividy. An optimum recovery of

polyphenols was achieved with volumetric ratio 6falhd drainage time of 5 mins.

2.1Introduction

Grapes are one of the most cultivated fruit crépeughout the world and about
80% of the harvest is used by the winemaking inmglu@brosou, Kyriakopoulou,
Bimpilas, Tsimogiannis, & Krokida, 2015). After feentation, millions tonnes of grape
pomace are generated, leading to a waste managesseet both ecologically and
economically (Fontana, Antoniolli, & Bottini, 2013)he application of grape pomace as
soil conditioner or to make fertilizers is not appriate due to high levels presence of
phenolic compounds that might cause germinatiolpms (Kammerer, Kammerer,

Valet, & Carle, 2014).Thus, these polyphenols nedak recovered and removed.

The polyphenols present in grapes and their biteviéity are well documented in
the literature (Kammerer, Claus, Carle, & SchieB664; Rockenbach et al., 2011; Tseng
& Zhao, 2013; Wittenauer, Mackle, Sumann, Schweziggeisz, & Carle, 2015). The
polyphenols mainly include anthocyanins (eg: mahjidflavan-3-ols (eg: catechin),
flavonols (eg: quercetin), stilbenes (eg: resvetptaind phenolic acids (eg: gallic acid)

(Ribeiro et al., 2015; Sagdic et al., 2011). Theslgphenols have antioxidant properties
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(Chidambara Murthy, Singh, & Jayaprakasha, 2002ckBobach et al., 2011),
antihyperglycemic effect (Lavelli, Harsha, Laureé&tPagliarini, 2017), cardioprotective
effect (Zhu, Du, Zheng, & Li, 2015) as well as anflammatory effect (Trikas, Melidou,

Papi, Zachariadis, & Kyriakidis, 2016).

Grape pomace extracts may be produced by novelatixin technologies such as
microwave solid extraction, supercritical fluid edtion, ultrasound assisted extraction,
pulsed electric field extraction (Azmir et al., Z)Barba, Zhu, Koubaa, Sant’Ana, &
Orlien, 2016) and membranes processing (Syed, idraziCrespo, & Ricardo-da-Silva,
2017). Nevertheless, solvent extraction is stél timost widely used method of extraction
due to its simplicity. However, the choice of saitgeis very important because there are
some limitations to this technique, particularlylange scale applications, their cost and
impact on the environment, and because of thetliattsome organic solvents may lead
to irreversible product degradation. Moreover, sotg need to be removed at the later
stage before formulation. Recently, there is anrgimg interest on the application of
surfactants to separation processes. Surfactasseg® unique characteristics, such as, a
tendency to adsorb onto surfaces associate ini@oltd form micelles which dissolve
non-polar solutes (Roy, Kommalapati, Valsaraj, &n&@ant, 1995),and because most of
them are non-toxic and biodegradable (Williams &r3a2004). Therefore, surfactant
based separation processes are considered as ipgprasgparation techniques and

technologies (Galanakis, 2012).

One application of surfactant based separatiotineisse of Colloidal Gas Aphrons
(CGA). These were first described by Sebba (197Q)dsctant-stabilised microbubbles
(10-100) generated by intense stirring of a suafatcsolution at high speeds (>8000rpm).
Research studies have been conducted in ordertésmiee the structure of CGA

(Jauregi, Mitchell, & Varley, 2000) and it was pdated that they possess a surfactant
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multilayer structure, and for this reason they hdiféerent dispersion characteristics
compared to conventional foams. Depending on thiacant used to produce CGA,
e.g.. cationic, anionic, or non-ionic, the outerfgce of the microbubble may be
positively, negatively or non-charged to which tpgposite or non-charged molecules
will adsorb resulting in their effective separatitsam bulk liquid (Spigno & Jauregi,

2005), therefore, the selectivity of adsorption baradjusted (Fuda & Jauregi, 2006).

CGA exhibits unique characteristics, including higterfacial area, high stability
compared to conventional foams, ability to be pudnged can be separated easily from
the liquid phase without mechanical aid, thus retyithe number of steps/operations
needed for recovery and making them a cost effec®paration technique as compared
to other methods such as centrifugation and sugeatifluid extraction. Furthermore,
the use of biodegradable surfactants can resettvironmental friendly processes. While
the final product can be safe for human consumptievould not be necessary to remove
the surfactant after the recovery. Moreover, ttes@nce of surfactant can be beneficial

in formulating the final product for human consurpfusage.

Several applications of CGA have been documentéderiterature including the
flotation yeast cell (Hashim & Sen Gupta, 1998; iHias SenGupta, & Subramaniam,
1995), the removal of toxic wastes from soil (HashMukhopadhyay, Gupta, & Sahu,
2012; Mukhopadhyay, Mukherjee, Hashim, & Sen Gupfd,5) and waste waters (Basu
& Malpani, 2001) and the removal of fine partic{®dansur, Wang, & Dai, 2006) among
others. More recently, CGA have been used as amative method for the recovery of
a variety of bio-products from complex systems]udimg proteins (Fuda & Jaureqi,
2006; Fuda, Bhatia, Pyle, & Jauregi, 2005; Fudareln, & Pyle, 2004; Jarudilokkul,
Rungphetcharat, & Boonamnuayvitaya, 2004), polyplesuch as gallic acid (Spigno

& Jauregi, 2005), carotenoids such as norbixin(8J\é¢ison De Souza, Ulson De Souza,
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& Jauregi, 2006) and astaxanthin (Dermiki, Bourgéidauregi, 2010; Dermiki, Gordon,

& Jauregi, 2009).

The recovery of proteins, gallic acid and carotda@howed that CGA act as ion
exchangers and that the recovery of products washom under conditions that favour
electrostatic interactions, thus the use of ionigagtants. lonic surfactants can be harsh
and irritating when applied to human (Williams &g 2004).Thus, there is a need to
use non-ionic surfactants which tend to be regaededafe. Moreover, the use of non-

ionic surfactant covers about 45% of the overalustrial production (Salaguer, 2002).

Therefore, the purpose of the current study wagdim understanding of the
principles of CGA by applying them to chemical dyElse recovery of polyphenols from
grape pomace using CGA generated from a non-iamfagtant (TWEEN20) under
different conditions (volumetric ratio and drainaty@e) was also investigated. The
parameters used in this study were based on tlings from Spigno, Amendola,
Dahmoune, & Jauregi, (2015) on the recovery of plognols from ethanolic extract of
grape pomace. However, in the present study we dookxtra step by investigating the
CGA separation in water and ethanolic extractsapg pomace, of which both solvents
were considered as green solvents. The effecffefeint surfactants was studied to give
an overview of the recovery pattern. Finally, tiféedent ratio of CGA to the extract and
the different drainage time were investigated ithl@thanolic and water extracts of grape

pomace.
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2.2 Materials and Methods

Plant Materials

Grape pomace sample was kindly provided by a winenfyorthern Italy. Skins were
separated from the seeds and dried in an oven°& &5 2 days until the residual
moisture of 7% was obtained. The dried skins wenended and sieved at a particle size

of< 2mm.

Materials

The materials needed were the laboratory mixer ($Eed with a four bladed impeller
(D=30mm) with a digital readout of the impeller sdein rpm supplied by Silverson
(Waterside, Bucks, UK), shaking incubator (GrantS200), quartz cuvette, plastic
cuvette and a spectrophotometer Ultrospec 1100 puochased from Amersham

Pharmacia Biotech (Biochrom, Cambridge, UK).

Chemicals

The chemicals used were ethanol (>98%), gallic 98%), sodium carbonate, sodium
acetate, potassium persulfate, ABTS (2,2'-azin¢3bethylbenzthiazoline-6-sulfonic
acid)), TWEENZ20, sodium dodecyl sulphate (SDS),rbgtloric acid, sulphuric acid,
phenol, bovine serum albumin (BSA), copppesulphate reagent and bichicnoninc acid
(BCA) reagent. These chemicals were from Sigma igdFolin-Ciocalteau Reagent
(Merck, Germany). Potassium chloride, sodium biocadie and methyl orange were

from Fisher Scientific (Loughborough, UK). Methykeblue was from BDH Chem Ltd.



N. Maidin

2.2.1 Characterisation of grape pomace

2.2.1.1Ethanolic and hot water extraction of grape pomace

The use of hydro-ethanolic solvents as extractatadvantageous for grape
pomace as they are biocompatible, have the GRAGsstad are easily accessible. Thus,
they were used throughout this study. The extractibthe grape pomace sample was
done according to Amendola, De Faveri, & Spign®@1(® in 1:8 ratios, with a slight
modification. 125¢g of dried powder of grape pomaaes extracted with 1 L of 60%
aqueous ethanol and they were mixed using a shaktagator for 2 hours at 60°C with
arotating speed (circular motion) of 100rpm. Fot ka@ter extraction, the boiling
temperature of 100°C was used and for 1 hour. Ktaats were respectively filtered
with vacuum filtered using Whatman No.1 filter paped the filtrates were adjusted to
the same volume and stored at -20°C prior analysis.extraction was done in triplicate

(n =3).

2.2.1.2Total Phenolic Content (Direct Measurement)

This method is based on the measurement of a nuofl@a@omatic benzene rings
in gallic acid at 280nm (Amendola et al., 2010)c&@ibration curve of gallic acid (0-
100mg/L) was constructed and acted as a standawe.clihe total phenol of grape
pomace extract was measured at 280nm and calcblased on the gallic acid calibration
curve expressed as mg/L gallic acid equivalent (24Hhe analysis was done in

triplicate (n = 3).
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2.2.1.3Total Phenol Content (Folin-Ciocalteau Method)

This method was adopted from Singleton & Rossi68)dhe FC reagent contains
phosphomolybdic/ phosphotungstic acid complexes.fbthod relies on the transfer of
electrons in alkaline medium from phenolic compautnal form a blue chromophore
constituted by a phosphotungstic/ phosphomolybdecmmmplex. A calibration curve of
gallic acid was constructed by adding 0.2mL ofigadtid (concentration ranging from
0-1000mg/L) to 6.0mL of distilled water and 0.5mdliR reagent in a 10mL volumetric
flask. After 1 min and before 6 mins, 1.5mL of 2@0%sodium carbonate was added and
the volume was adjusted accordingly to the 10mlunwtric flask and left to stand for
2hours.The total phenol of grape pomace extract maasured against 760nm and
calculated based on the gallic acid calibrationveuexpressed as mg/L gallic acid

equivalent (GAEso). The analysis was done in triplicate (n = 3).

2.2.1.4Total Anthocyanin

This method is based on the anthocyanins struditarasformation that occurs with
a change in pH. This method has been adopted @ffiaral First Action by AOAC(Lee,

Durst, & Wrolstad, 2005). Two buffers were prepared

1) pH 1.0 buffer was prepared using potassium chlpadd

2) pH 4.5 buffer was prepared using 0.4M sodium aeetat

The dilutions were carried out in 50mL volumetdiasks. The test portion added
should be 1:5 (maximum of 10mL of extract and 4Ghhuffer). The extract was diluted
with pH 1.0 buffer until the absorbance was betw8eh1.4 at A520nm. Then, the

sample was diluted with both buffers and was lefstand for 20-50 mins. Both buffers
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were measured at A520nm and A700nm. The analys<iwmae in triplicate (n = 3). The

calculation of the total monomeric anthocyanin waagollow:

) m A*MW *DF %103
Total Anthocyanins (TQ,ME) S e Equation 2.1

exl

where A = (A20nmrA700nmpH1.0 — (As20nnrAzoonm)pras; MW (molecular weight of
malvidin-3-glucoside = 493.43g/mol; DF = dilutioactor; 1 = pathlength in cm; &

28000 molar extinction coefficient and*:9factor for conversion from g to mg and cm.

2.2.1.5Antioxidant activity using ABTS assay

This method is based on the generation of ABTSceddilirectly from ABTS
chromophore and potassium persulfate(Re et al9)19%e addition of antioxidants to
the pre-formed radical cation reduces the ABTS rioeatent and on a time-scale,
depending on the antioxidant activity, the concaian of the antioxidants and the
duration of the reaction. This method is applicablstudy both water and lipid soluble

antioxidants, pure compounds and food extracts.

The radical solution was prepared by mixing 5SmL7a0fM ABTS with 80ul of
150mM Potassium persulfate and left to stand forl@zhours. Prior working, the
absorbance of the radical was adjusted to be arbufi+ 0.02 at A734nm with pure

ethanol. The radical was then left to equilibrat8GfC until stability was achieved.

For the analysis, 2mL of ABTS radical was mixed hwi20uL of

sample/standard/blank. In this case, the blanktiv@agthanol (dilution of ABTS radical
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was by ethanol). The samples were from extractapénd liquid phase. The absorbance
of the mixture was taken after 6 mins. The antiaridpower was expressed as

antioxidant power and the calculation was as follow

A Blank ¢=¢—A samples or standards ¢=¢
A ABTS¢=g

* 100

Antioxidant power (% inhibition) =

(Equation 2.2)

Since the analysis was carried out on differenttidihs of the samples, the results
have been reported as trend of AOP as a functitotalfphenolic content (TE) in the

sample. The analysis was done in triplicate (n.= 3)

2.2.1.6Total protein determination

The total amount of protein present was determimgdhe bicinchoninic acid
(BCA) method (Smith et al., 1985). A calibratiomeeiwas produced using bovine serum
albumin as the protein standard solution. The lamf this method lies upon the fact
that when protein is in alkaline system containidg*, then a complex is formed
between peptide bonds and the?Cand the Cti is reduced to Cti. Cut*is further
detected by the reaction with BCA. BCA forms a 2damplex with Cti'resulting in a
stable deep purple chromophore with maximum absabat 562nm. The amount of

reduction is proportional to the protein presergotution.

Briefly, 100ul of standard or sample was mixed wAtmL of the BCA working
reagent (copper sulphate solution:BCA solution aatéo of 1:50). The mixture was
allowed to stand at 37°C for 30 minsand then alb¥eecool at room temperature for 5
mins. Finally, the absorbance was read for eachpkdstandard, at 562nm within 8

minswith water as a blank.The results were expteaseng/L BSA equivalent.
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2.2.1.7Total sugar determination

The total sugar content present was determineddpgtang a method from Dubois,
Gilles, Hamilton, Rebers, & Smith, (1956). A cadbion curve using glucose standard
solution was produced. This method used the phientble presence of sulfuric acid to
guantitate the amount of sugars and their methyivaléves, oligosaccharides and
polysaccharides. Simple sugars, oligosacchariddgsaccharides, and their derivatives,
including the methyl ethers with free or potentidtee reducing groups, gave an orange
yellow colour when treated with phenol and conaaett sulfuric acid. This method
offers advantages because it is simple, rapid ansitive and gives reproducible results.
The reagents used were inexpensive and stablewasdiseful in determining sugars
separated with volatile solvent/water environmerthsas ethanol/water.

Briefly, 0.4mL of glucose standard/sample was adidetest tubes,followed by
0.2mL 5% of phenol solution. Subsequently, ImLwpkuric acid was pipetted directly
to the solution and vortexed. The mixture was adldwo stand and cool off for 20-
30mins.The mixture absorbance was read at 485nmeBudts were expressed as mg/L

glucose equivalent.

2.2.2 Characterisation of Colloidal Gas Aphron (CGA) usirg TWEENZ20
surfactant

2.2.2.1CGA generation

This section described the steps taken to gen@@i& from surfactant that was
used throughout this study. The solution of 10mMHBEEN20 was prepared in distilled
water. This concentration was chosen based on riévopis work done by (Spigno,
Amendola, Dahmoune, & Jauregi, 2015). Briefly, 10n0dMTWEEN20 solution was

subjected to high intense stirring using the Sgearhomogenisor (8000rpm) for 5 mins
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at room temperature. Then, the CGA were pumpexdtin flotation column (i.d 5cm,
height: 50cm) from the bottom which had alreadytamed the extract. The CGA were
allowed to pass through the extract until it fillgl the top of the column and allowed to
drain for 5 mins before the collapsed phase (liphdse) was collected. The aphron
phase was left to collapse and then collected. Bb#ses were weighed and kept at 4°C

for further analysis.

2.2.2.2Determination of CGA'’s stability

CGAs stability plays an important role in achievimgximum recoveries. A less
stable system does not permit bond formation h@hemols will remain in the liquid
phase. In this experiment, the CGA stability waslsd at three different concentrations
of TWEENZ20; 1mM, 10mM and 20mM. The CGA generatizas described in section
2.2.1. The stability of CGA was evaluated by measuthe half-life of the dispersion.
The half-life ([) was defined as the time required for half theiahivolume liquid

(Vsurfactart2) to drain (Fuda et al., 2005). The analysis d@se in triplicate (n = 3).

2.2.2.3Determination of CGA’s Gas Hold-Up

The gas hold-ug, is defined as the ratio of gas volumey)(to the dispersion
volume (Mcca) (Fuda, Bhatia, Pyle, & Jauregi, 2005). The gdd-p was determined
following the method described by Amiri and Woodbt990). After the generation,
the CGA were poured into a 1000mL measuring cylindad the volume of the clear
liquid below the CGA dispersion was measured at omeute intervals. After the
dispersion had collapsed, the volume of the liguas measured. This corresponded to

the initial volume of the surfactant solutions(Wactan) in the CGA dispersion.
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. (VCaA—Vsurfactant) x 100 (%) (Equation 2.3)
Veea

The Vcea is the volume of CGA after the intense stirring 5omins and the MirfactantS
the volume of surfactant before CGA was generafbd.analysis was done in triplicate

(n =3).

2.2.3 Separation of dyes using CGAs generated from SDS @nTWEENZ20
surfactant

According to literatures, the mechanisms of CGAasation are mainly driven by
electrostatic and hydrophobic interactions depemdin the type of surfactant used
(Dermiki et al., 2009; Fuda & Jauregi, 2006). Imsthxperiment, methylene blue and
methyl orange dyes which carries different nettrgbs, along with different type
surfactant were used to visually understand thars¢gipn mechanism of CGA. Two types
of surfactant were chosen to generate CGA — sodiongecyl sulphate (SDS) and
TWEENZ20 due to the former being anionic and theetdbeing non-ionic. Methylene
blue has a nett positive charge while methyl ordragea negative nett charge. Therefore
it is essential to conduct this experiment with ianic surfactant (in this case, the
surfactant is SDS) since the recovery of dye iswknao be driven by electrostatic
interactions (Basu & Malpani, 2001). This experitemll provide fundamental
understanding on how CGA work with dyes becausg &ne very visual before they are
being subjected to the real sample, which is moreptex.

The CGA were generated using 400mL of each surfacasing Silverson
Homogenizer, rotating at 8000rpm for 5 mins. Upoa generation, 40mL of CGA were
quickly transferred to beakers containing 5mL (2Bchof individual dye. The mixtures

were allowed to mix using magnetic stirrer for Zimand the mixtures were then allowed
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to separate for 5 mins. The liquid phase (at th&oboof the beaker) was pipetted out
and weighed. The aphron phase was left to complew®@lapsed and weighed. The
concentration of methylene blue and methyl orangeerew determined
spectrophotometrically, at 660nm and 490nm respelgti The experiments were
conducted in triplicate.

The recovery of the dyes in the aphron phase wasilated using the equations
below, assuming that there were no other compoheuig recovered. The analysis was

done in triplicate (n = 3).

Mass of dye(feed) = Mass of dye (aphron) + Mass of dye (liquid) Equation 2.4)

Mass of dye(aphron)
Mass of dye (feed)

Recovery (%) = x 100 (Equation 2.5)

2.2.4 The effect of surfactant on the recovery of polyph&ols from grape pomace
extracts in a flotation column

In this experiment, the effect of different typdssarfactants was studied on the
recovery of polyphenols from grape pomace extr&asieous solutions of the non-ionic
surfactant TWEEN20 (10mM) and the cationic surfaCt@8TAB (1mM) were used.
Volumetric ratio of 16 (\ea/Vieed =16) With a drainage time of 5 mins was chosen for
this experiment. The CGA generation were done amd the procedure as described in
section 2.2.2.1. All collected phases were testedhle experiments described in section

2.2.1.2-2.2.1.6. The recovery (%) of compoungsr( the aphron phase was defined as:

__ Mass of y (aphron)
"~ Mass of y (feed)

Recovery,y (%) x 100(%) (Equation 2.6)
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where mass ofyf (aphron) was the mass yp{mg) in the aphron phase and massydf (
(feed) was the mass pimg) in the initial solution.
The separation factor (SF) was defined as the ratidghe concentration of

compoundsy() in the aphron phasg]ppnronto the liquid phaseyiiquid-

Separation factor (SF) = [[3;]]”’& (Equation 2.7)
liquid

2.2.5 The effect of volumetric ratio on the recovery of plyphenols from grape
pomace extracts using CGA in a flotation column

B
B

o
N

Flotatio
n

CGA

Peristaltic
Figure 2.1 An overview of the process of separatibgrape pomace extract using flotation column

Grape

In this experiment, a preliminary trial was condettvith the flotation column to
recover the polyphenols from grape pomace extramguCGA generated from
TWEENZ20. The setup of this experiment is descrilbeBigure 2.1. Initially, the grape
pomace extract was introduced inside the columam given volume. Then CGA were
introduced at different flow rates, changing thateat time between the extract and the

CGA. The drainage time remained at 5 mins. Thenddhiliquid phase and the aphron
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phase were collected separately. The weighs oidignd aphron phase were recorded
before further analyses of 2.2.1.2-2.2.1.7 wereiedout. The tested parameters were

tabulated in Table 2.1 below.

Table 2.1 The parameters used for the effect ofirgrvolumetric ratio to the recovery of polyphesol

Experiment A B C D
VeeaVieed 4 8 12 16
Flow rate (mL/min) 160 178 185 188
Initial volume of feed (mL) 200 111 77 60
Estimated contact time (min) 5 4.5 5 4.5
Drainage time (min) 5 5 5 5

2.2.6 The effect of drainage time on the recovery of pophenols from grape
pomace extracts using CGA in a flotation column

In this experiment, the effect of varying the degje time was investigated.
Drainage time is defined as the time taken by t@&@o drain and become liquid. The
volume of CGA to the volume of feed was kept comstat 16:1 while varying the
drainage time. Similarly, in the previous experiméne 60mL of the extract (feed) was
introduced into the column. CGA then was pumped the column using the peristaltic
pump from the bottom until the column was fullydd. Time of residence is defined as
the time of the CGA and the feed was in contace ditminage times were allowed for 3,
5, 8, 10, 15 and 20 mins respectively before tHapgsed aphron phase was collected.
The weighs of liquid and aphron phase were recobdddre further analyses of 2.1.2-
2.1.7 were carried out. The summary of the diffeparameters used in this experiment

was as in Table 2.2.
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Table 2.2 The parameters used for the effect ofingrdrainage time to the recovery of polyphenols

Experiment A B C D E F
VeeaVieed 16 16 16 16 16 16
Flowrate (mL/min) 188 188 188 188 188 188
Volume of feed 60 60 60 60 60 60
Drainage time (min) 3 5 8 10 15 20
Time of residence (min) 4.3 4.2 4.3 4.3 4.4 4.2

2.2.7 Statistical analysis

Data were subjected to analysis of variance usBig® SPSS® Statistics21
software programme where statistical differencegeweoted. Differences among
different treatments were determined by using thieey test. The significance level was

defined at p<0.05.

2.3Results and Discussions
2.3.1 Characterisation of Colloidal Gas Aphron (CGA) usirg TWEENZ20

surfactant

Table 2.3 Evaluation of CGAs stability (as gas hgidand 1) as a function of different
TWEENZ20 concentration.

TWEEN20 (mM) Gas Hold Up (%) 1t (sec)
1 48.36 + 1.47 247.50 + 10.61
10 61.28 + 0.57 605.50 + 7.78
2 8D A 684.34¢ 22.37

Results are expressed as mean = SD (n=3).
Same superscript letters within the same columitatels means are not statistically different
according to ANOVA p<0.05 .
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Based on the results obtained in Table 2.3, itoteserved that 20mM TWEEN20
had the highest stability, followed by 10mM andaflg 1mM. This was evident by the
half-life values in 20mM TWEENZ20, and longer tinG8%s) was taken for the CGAs to
drain into half of the initial volume of the surtaat. Furthermore, 20mM TWEEN20
also has the highest gas hold up of about 63% @mpa®d to 10mM (61%) and 1mM
(48%). The result obtained in this experiment waghs8y higher than those obtained by
Dermiki, Gordon, & Jauregi, (2009)who used TWEENSOthe surfactant. Similar gas
hold-up was obtained for 20mM TWEENG0 as for L0OmWHENZ20. This was probably
due to the different structure of TWEENZ20 and TWHBBNThe increase in the average
carbon chain has been associated with greater plydbic interactions between
surfactant molecules leading to suppression ofdhmeation of CGA (Jarudilokkul et al.,
2004). In the case of the cationic surfactant,remeiase in the alkyl chain leads to the

formation of CGA with higher stability (Save andngarkar, 1994).

The gas hold-up and consequently the stability&@AGncrease with the increasing
concentration of TWEENZ20. The same observation ma@ed by Jarudilokkul et al.,
(2004) when they studied the effect of non-ionidattants on the stability of CGA. This
phenomenon could be ascribed to the increasinga@tast higher concentration of non-
ionic surfactants which further delays the coaleseeof the adjacent aphrons (Rosen,
2004). Moreover, the repulsive and stabilising édoetween the aphrons are more likely
to increase with the increasing concentration tleasling to a more stable dispersion
(Fuda et al., 2005). Additionally, the surface gtiy and the surface viscosity can be
increased by packing high concentrations of suafaistor particles in the surface causing
high adhesive or cohesive bonding (Yan et al, 20B8hce leading to a more stable

aphrons.
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According to Dermiki et al., (2009), further incsean surfactant concentration did
not result in significant increase in gas hold-upalf-life. Therefore, higher TWEEN20
concentration was not tested since it did not grflee the gas hold up and half-life of
CGA. The possible reason for this was that the diem of surfactant molecules at the
air-liquid interface has reached a saturation limst it was also noted by Fuda, Bhatia,

Pyle, & Jauregi, (2005).

Sebba,(1972) stated that higher concentrationswfionic surfactants are needed
to produce more stable CGA as opposed to thosenid surfactants although it was
noted that the critical micellar concentration (CMEthe non-ionic was typically lower
than the CMC of anionic or cationic. For instareeationic surfactant CTAB solutions
reached its maximum stability at 2mM and its CMCsvie9mM whilst in the case of
TWEEN20 the CMC was0.06mM but the concentration rf@aximum stability was
significantly higher (10mM).This could be attribdtéo the absence of charged surface
films by the non-ionic surfactant as charged s@sadelay/hinder the coalescence of the

bubbles due to repulsive electrostatic interactioetsveen them (Rosen, 2004).

The results are in agreement with the findings dnydilokkul et al., (2004)who
pointed out that the concentration of the surfacfBWEEN) above the CMC was vital
in order to generate CGAs. This could also be a@uth¢ fact that above the CMC,
micelles were spontaneously formed. Below this eatration, surfactants merely
partition into membranes without solubilising meane proteins. The same observation
was also noted by Dermiki, Gordon, & Jauregi, (Q0@ere stability of CGA produced
by TWEEN60O was optimum above its CMC. From the ltssobtained, 10mM
TWEEN20 was chosen as the concentration used thomtighis study since it has a

considerably high gas hold-up with sufficient ski&piFurthermore, this study was aimed
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to minimise the concentration of surfactant so thabuld be integrated into the food

system without having to remove it.

2.3.2 Separation of dyes using CGAs generated from SDS @nTWEENZ20
surfactant
Figure 2.2 showed the recovery of individual dye®thyl orange and methylene

blue) and the mixture of both dyes using threeediiit concentration of SDS. The
recovery of methylene blue dye was the highest tvtmM SDS (98.03%) and 1mM of
SDS (91.94%), but much lower with 20mM SDS (22.90%he trend wasslightly
different for the recovery of methyl orange dye vehéhe highest recovery was with
10mM SDS (5.91%), followed by 20mM SDS (4.80%) dmiM SDS (2.56%). In the
mixture of dyes solution, the recovery of methyldihee dye in the aphron phase by
10mM SDS (52.46%) was slightly higher than thosthwimM SDS (50.27%). However

at 20mM SDS, there was no separation of phaseswaase
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Figure 2.2The recovery of individual dyes from $ingolutions and mixtures of dyes using different
concentration of SDS surfactant. Error bars in@icaéans+ SD. Differences were considered to be
significant at p<0.05.
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These results were in agreement with the initigdtigesis. The SDS surfactant is
an anionic surfactant which carries negative chdrgéeory, methylene blue which is
positively charged will interact by attractive dlestatic interactions with the surfactant
in the CGA and will preferentially partition intthé aphron phase, whilst the methyl
orange which is negatively charged will have repel&lectrostatic interactions with the

surfactant on the CGA and thus will remain in tlgeid phase.

The recovery of methylene blue was high with 10mN &dmM SDS, but
interestingly there was a rapid decline of the rylete blue recovery with CGA
generated with20mM SDS which suggested that theas & competition between
micelles and CGA. The micelles formed in the bulk tbe liquid at surfactant
concentrations above the Critical Micellar Concatidn (CMC), which in the case of
SDS is 8mM. The micelles which are smaller in iz@.01um) may compete with the
CGA which are much larger in size (~10um) resuiitea less effective separation of the
CGA, whilst the micelles remained in the liquid pbaleading to a low recovery of the

methylene blue dyes in the aphron phase.

Basu & Malpani, (2001) found that 90-98% of metbsdnge was recovered when
using CGAs generated from CTAB, a cationic surfaictdhey concluded that the
oppositely charged dye interacted strongly withsbdgactant and this resulted in 98%
recovery. On the other hand, when the chargesdfuifactant and the dye were similar,
40% of dye removal was observed. This was in agee¢mwith the results described
above. When the anionic (negatively charged) stafdaovas used, 98% of methylene
blue was recovered. Therefore, it can be concludatithe main driving force for the
recovery of the dye was the electrostatic inteoastibetween the dye and the surfactant
at the CGA interface, as noted by Basu & Malpa200(). Additionally, Huang et al.,

(2002) found the same observation (92%) when tleepwered methyl orange using
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hexadecyltrimethyl ammonium bromide (HTAB), a cat@osurfactant, whilst there was
almost no recovery of methyl orange when using SDB#s result was in agreement
with the result obtained in this experiment, ussi?S with minimum recovery of methyl

orange dye between 2.5-5.9%.

A lower recovery (40%) of methylene blue dye wabiewed using 0.13mM
sodium dodecyl benzene sulfonate (SDBS), an angnfactant (Huang et al., 2002) as
compared to the result obtained in this experiméhtang et al., (2002) however
observed that better separation performance wasded when CGA were generated
with surfactant of opposite charge to the dye’sthis case, the recovery of methylene
blue dye with SDBS (40%) was higher than thoseweia from CGA generated from
HTAB, a cationic surfactant (30%). The reasontfalower recovery could possibly be
due to the concentration of surfactant used to ymwedCGA. Caballero et al., (1989)
reported that the concentration of surfactant counfldience the volume of surfactant
added into a flotation column and also the stgbdit CGAs. This is a very important

factor as stability of CGA is related to the comtitme between dye and CGAs.

For the mixture of dyes, the separation took plaite CGA generated with 1mM
and 10mM of SDS surfactant showed 50.3% and 52.A4&%very of methylene blue
dye, respectively. The methylene blue dye was Wsobserved in the apron phase while
the methyl orange dye was in the liquid phase al$ wmteresting to note that, despite the
high recovery of methylene blue individually witlé8 generated with 1mM and 10mM
SDS, the recovery from the mixture was low. Thespae explanation was due to the
charges of the dyes (Figure 2.3). Since both dgesdpposite charges, possibly they
interacted by attractive electrostatic interactiansl this rendered the separation rather

difficult. When CGA were generated with 20mM of Sigere was no separation of dyes
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observed. This clearly confirmed that at this hagimcentration of surfactant the dyes

partitioned into the micelles of the liquid phaather than the CGA.

A) ? B)

\
/

Figure 2.3a) Chemical structure of methyl orangeChemical structure of methylene blue
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Figure 2.4The recovery of individual dyes from $ingolutions and mixtures of dyes using different

concentration of TWEEN20 surfactant. Error barsdate means* SD. Differences were considered to
be significant at p<0.05.
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Figure 2.4 showed the percent of dyes recovereapimon phase separated by
CGA generated from different TWEEN20 concentratibhe recovery for methylene
blue dye was in reverse with the trend shown inhyledbrange. To be specific, the
recovery for methylene blue dye decreased with ith@easing of TWEEN20
concentration. Meanwhile for methyl orange, theoweey increased with the increasing
of TWEEN20 concentration. At 1mM TWEENZ20, the reemd methylene blue dye
achieved was 41.48%. In the case of a mixture isolutf both methylene blue and
methyl orange dyes, there were no separation of dgeurred in all three different
concentration of TWEENZ20. This further supported frinciple of CGAs generated
from ionic surfactants worked as ion exchangemsbaggrved by Fuda & Jauregi, (2006),

where in the case of TWEEN20, ions, hence electtiocsnhteractions were absent.

Huang et al., (2002) found about 20% removal attiee brilliant blue dye when
using CGAs generated from TWEENZ20. This result slightly higher than the removal
percentage of SDBS which was about 10%. Accordingdiang et al., (2002), this
reactive brilliant blue dye was hydrophobic withfanctional group of -SeNa.
Therefore, this separation of dye using TWEEN20@@éketter than SDBS could possibly

due to its hydrophobic interaction between the aly@ the surfactant.

From this experiment, it can be concluded thatrdwvery of dyes with ionic
surfactant was better than the non-ionic. This wmasnly because the separation was
driven by electrostatic interactions between théestant used to generate CGA and the
dyes. In a non-ionic surfactant, this effect waseai, thus suggesting the recovery could
be due to hydrophobic interactions. However, inromencomplex system (like in a mixture
of dyes) the recovery efficiency reduced greatlystisuggesting the recovery may be

influenced by the structure of the dye.



2.3.3 Characterisation of grape pomace extracts

Table 2.4 Chemical characterisation of grape poreatracts.

N. Maidin

Analysis/ Sample Experimental Result Literature
EE HWE EE HWE
Total Phenol 41.80 £0.42 12.56% 1.22 43.44° NA
Index (280nm)
(mg GAE/Q)
Total Phenol 54.85+0.96 28.80+2.11 69.92 0.42 £ 0.04
Folin-Ciocalteau
(760nm) (mg
GAE/qg)
Total 0.96+0.15 0.23+0.15 0.98 NA
Anthocyanin (g
ME/100g)
Antioxidant ~ 333.33 168.44 + 485.42 43.80 +4.99
Activity ABTS  3.72 3.72
method
(LMolTrolox
eq./qg)
Total protein (mg 0.39 +0.01 0.24+0.01 849 NA
BSA eq./qg)
Total glucose (mg 88.32 +3.47 75.88+5.70 79.5 NA

glucose eq./g)

aSpigno, Dermiki, Pastori, Casanova, & Jauregi, 01
®Rockenbach et al., (2011)

¢Beres et al., (2016)

dSousa et al., (2014)

NA — not available

Table 2.4 showed the experimental values of EEHMWE obtained in this study

on different analyses. In general, the experimerdlles in EE were higher than those

in HWE in all analyses. However, the results ol@dimwere within the values obtained in

the literature on grape pomace (Amendola et all020seng & Zhao, 2013). Total

phenolic content measured by Folin-Ciocalteau neetfave higher values than the direct

measurement method. This is probably explainedheyptinciples behind each method.

Total phenol index measured the number of aronnigitgcin the sample (as in gallic acid

structure) at UV light, whereas in Folin-Ciocalteauethod, relies on the transfer of



N. Maidin

electrons in alkaline medium from phenolic compautnal form a blue chromophore
constituted by a phosphotungstic/phosphomolybdecomplex. Although this method
is commonly considered for polyphenol analysifmdieed determines all compounds in
the sample with antioxidant capacity and not ordlyphenols (Pérez-Jiménez, Neveu,
Vos, & Scalbert, 2010). Therefore, this method dqdssibly measure phenols together
with other compounds involved in the reduction gsx; which explained the higher
estimation of total phenol in grape pomace samypl§fgno, Amendola, Dahmoune, &
Jauregi, (2015) as compared to the direct measumtemethod.

Furthermore, results vary with many different fastoThese values are first
determined by the grape variety because fruits ifférdnt varieties are known to
significantly differ in their profiling (KammerelKammerer, Valet, & Carle, 2014).
These are further affected by the maturity of tregpg and wine-making process such as
vinification which greatly affects the yields of golic compounds. Among others
includes skin maceration, fermentation temperatme pressing parameters. Secondly,
type of solvents for extraction is always highlgrsficant. Spigno and Faveri (2007)
reported that high purity was achieved by usinglattetate because the use of methanol,
ethanol, acetone and their mixtures with water iffegent ratio generally yielded a
significant co-extraction of concomitant substanceking the procedure of extract
purification more difficult and decreased the yiefdargeted antioxidants (PékKova,
Alonso, & Reuvilla, 1998).

The analysis of total proteins and sugar in oup@naomace revealed that EE had
higher amount in both analyses as compared to HW&bl¢ 2.4). However, in
comparison to the work by Sousa et al., (2014),a88 HWE had significantly low

amount of proteins and sugars. Their grape pomatacted with different solvents
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including methanol, ethanol, acetone and n-hexesidted in 84.9mg/g total protein and

79.5mg/qg total glucose.
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Figure 2.5 The antioxidant activity of grape pomeagtact as measured by ABTS method. Results are
expressed as percent of inhibition as a functiototafl phenolic content (mg GAE TRdnidL).

Total phenolics content can have a strong assoniatith the antioxidant activity
observed within a system. Figure 2.5shows the sdaémt power (% inhibition) as
opposed to concentration of phenols (mg GAEdRlL) as measured by direct
measurement at 280nm. From this graph, it was appdhat the antioxidant power
increased linearly in correspondence to total phewcontent in both EE and HWE. For
instance, 51.89mg GAE TRbnn/L of EE was able to inhibit ABTS radical at 20.7.78
addition, 62.5mg GAE TRdonn/L of HWE has 36.19% of antioxidant power.Futherenor
strong positive correlation fR= 0.9784 for EE andR= 0.9997 for HWE) was observed
between antioxidant acitivity and total phenoliamient as also observed by other

authors (Spigno & De Faveri, 2007).

In this study, the antioxidant activity in EE wa@3333 Mol Trolox/g, which was

almost two times higher than HWE (168.44uMol Trdt)x(Table 2.3). Since a linear
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relationship between the antioxidant power and fhanolic contents was established,
the specific antioxidant power (AOP/mg GAd£L) can be calculated. The specific
antioxidant power for HWE was 0.583 while EE ha#89, indicating the potency of
these two extracts. Interestingly, the inhibitooggncy of HWE was higher than EE. This
could possibly be attributed to other non-phenobmpounds that have the ability to
donate a hydrogen atom or transfer an electror) ascproteins. The other possible
reasons for this could be due to the different plagnolic composition in both extracts.
Specifically, antioxidant activity generally incesal with increasing number of phenolic
rings and cinnamic acid derivatives generally shibweeater antioxidant activity than
benzoic acid derivatives. The substitution of sagato flavonoids resulted in impaired
antioxidant activity (speculated to be due to stemdrance), and antioxidant activity of
flavonoids increased in a linear manner with amdase in free OH groups around the
flavonoid frame (Kim & Lee, 2004).Therefore, thglipotency of HWE could possibly

be due to the different major polyphenols obtaimetthe extract.

Although many studies have shown strong correlatibaetween total phenolic
content and antioxidant activity, the mode of actid antioxidants is complex and may
be dependent upon many factors within a systesoudinces in which a strong correlation
is observed, it is typically concluded that phecwmlare largely responsible for the
antioxidant activities seen within the samples; lvhin sources in which strong
correlations are not observed, itis commonly codetl that there are significant amounts
of antioxidants other than the measured phenoliesgmt in the system, or that the
specific phenolic species present in the systematdre quantified properly through the

total phenol assay (Craft, Kerrihard, AmarowiczP&gg, 2012).

In comparison to the literature, Spigno and Fay2007) found that antioxidant

activity in grape stalk extract was slightly higlasrcompared to grape marc extract. This
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can be observed with the bleaching percentagkecairotene where 75% inhibition was
associated with 150mg GAE/L for grape marc ext@aact around 100mg GAE/L of grape
stalk. Ruberto et al, (2007) also reported a raridgel.45-38.93 mg/L extract of different
needed to quench 50% of the initial radical as mneasby DPPH. The antioxidant
activity of our grape pomace was within the rangamed by Rockenbach et al., (2011)
and was higher than the white grape (284 Mol TB&pbtained by Sanchez, Franco,
Sineiro, Magarifios, & Nufez, (2009). The differesiceuld be attributed to the different
solvents used during extraction that could inflieetioe total extractable compounds,
hence its antioxidant activity. Rockenbach et(@011) used acidified methanol which
has higher polarity than ethanol could possibles givbetter total extracable phenolic
compounds. Moreover, the acidic condition in thetudy could possibly ruptured the
matrix structure of the powder pomace, thus in@ddlse accessability of the solvents to
the compounds (Amorin-Carrilho et al., 2014). Ini&idn to that, Jara-Palacios et al.,
(2014) found antioxidant acitivity of white graperpace ranging from 225.0-594.2 uM
TE/g using ABTS method. The variation could possii# due to the different variety of
the grapes and the solvents/methods used in thacash that could affect the

antioxidant activity of the extract (Chidambara khyret al., 2002).

2.3.4 The effect of surfactant type on the recovery polyjpenols from grape pomace
extracts in a flotation column

In this experiment, 10mM TWEEN20 and 1mM CTAB wersed to investigate
the effect of surfactants on the recovery of pogpdis from grape pomace extracts. The
recovery of polyphenols was almost similar in bt and HWE by TWEEN20 and
CTAB as measured by direct measurement (FigureA2.6light higher recovery of

polyphenols was achieved under CTAB separationoaspared to TWEEN20 when
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using Folin-Ciolcalteau method in both EE and HVWar anthocyanins, the recovery
was higher with CTAB in EE, and was also highehwitWVEENZ20 in HWE. The initial
result agreed with the findings from Spigno et @Q15) with EE. In this study, the pH
of the grape pomace ranged from 3.4-4.3, therefotieocyanins were not charged since
the flavilium ion were only ionised at pEl2. In the case of proteins, higher recovery
was achieved under separation of CGA by TWEENZ2DBaith extracts suggesting that
they were drained with the liquid phase. This fartsupported that the recovery of
polyphenols and proteins driven by electrostatit laydrophobic interactions for CTAB
and only hydrophobic interactions with TWEENZ20, gesfing that hydrophobic
interactions were stronger than the electrostateractions, or simply due to the different
fold/structure of the proteins. In the recovergofar, there was no significant difference
(P<0.05) noted between EE and HWE (71% and 68%o#isply) when separated with
CGA generated with TWEENZ20. The same trend wakéumoted with sugars recovered

wit CTAB where the recovery percentage was 65%Hrakd 61% in HWE, respectively.
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Figure2. 6 The recovery of (A) and separation fa®) polyphenols and protein from ethanolic and ho
water extracts from grape pomace atMVieed= 16 using different surfactants, n = 3. Errorshiadicate
means + SD. Same superscript letters within theesastumn indicates means are not statistically
different according to ANOVA p<0.05. Differencesn@eonsidered to be significant at p<0.05.

The selectivity of compounds was generally highehe CTAB than in TWEEN20
(Figure 2.6 B). However, in phenol-760 analysisb®, selectivity was significantly
higher, p0.05 in TWEENZ20 than in CTAB. It was interesting hahlight that the
recovery of compounds analysed by phenol-760 wassigaificantly different from
CTAB. However, when the analysis of total phenaluntent was done by Folin-

Ciocalteu method caution must be exercised in pnéting the data as the assay also
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measured other readily oxidised substances sugradsins(Huang, Boxin, & Prior,
2005). Finally, the selectivity of protein in EEcsanthocyanins of HWE were also higher
with CTAB than in TWEENZ20, although they were nmrgficantly (p<0.05) different
from each other. In the case of sugar, the selgctivas similar between both extracts
EE and HWE (0.26 and 0.24, respectively) separatéd CGA generated from

TWEEN20 and CTAB.
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Figure 2.7 Specific antioxidant activity power @haon and liquid phase from EE and HWE separated
with different surfactants. Error bars indicate mea SD. Differences were considered to be sigmific
at p<0.05.

The analysis of specific antioxidant power of aphemd liquid phases from EE
and HWE separated from CGA generated from TWEEN20 &TAB showed a
protecting effect by TWEENZ20 on the polyphenolg(fFe 2.7). Although in the aphron
phase of EE, those separated from TWEEN20 and Cia&Bsimilar specific antioxidant
power, since they were not significantly differefihe same trend was observed in the
HWE, with their specific antioxidant power was muolver than in EE. Interestingly,

the specific antioxidant power in the liquid phasd&E separated with TWEEN20 was
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substantially high as opposed to HWE and the texteinded to the separation by CTAB.
These results were in agreement with those obtdgegbigno et al., (2015) suggesting
minimal oxidation of polyphenols in the fractioreparated by TWEEN20. Moreover, a
study by Lin, Wang, Qin, & Bergenstahl, (2007) sestgd that micelles could protect

the polyphenols from oxidation.

From the results obtained here, the recovery ofgh@nols in particular with CGA
generated from TWEEN20 and CTAB was almost simifarboth EE and HWE.
However, the antioxidant activity of CGA fractiossparated with TWEEN20 had higher
activity, particularly in EE. In the next experimignthe CGA separation is going to focus
on TWEENZ20 since no difference in polyphenols recgwvas noted between the two
surfactants. Moreover, this study aimed to asskesspotential applications of these
fractions for consumption or topical applicatiohnus TWEENZ20 was seen as the best

surfactant for its non-toxicity/less irritant prapes.

2.3.5 The effect of volumetric ratio on the recovery of plyphenols from grape
pomace extracts in a flotation column

In this experiment, the different ratio of CGA teetfeed (extract of grape pomace)
was investigated. Figure 2.8 shows the recoverggmage of polyphenols, protein and
sugar from ethanolic extract (A) (EE) and hot was&tract (B) (HWE) with CGA
generated from 10mM TWEENZ20. The recovery of conmgsu increased with
volumetric ratio for both EE and HWE and decreaaedatio 20. In EE, with the
exception of proteins, highest recovery was aclieseratio 16. Around 74.64% and
79.40% recovery of polyphenols was achieved byctimeeasurement (Phenol-280nm)

and Folin-Ciocalteau method (Phenol-760nm). Indagse of anthocyanins and sugars,
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the recovery was 84.99% and 34.16%, respectivelyas interesting to note that the

recovery of sugar was low at ratio 4.
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Figure 2.8The recovery of polyphenols, sugars antems from ethanolic extract (A) and hot water
extract (B) from grape pomace at different volumeetatio, n = 3. Error bars indicate means+ SD.
Differences were considered to be significant 41.p5.

Similar trend was also observed in the recovergahpounds from HWE. In
general, the recovery of compounds increased wiéhratio; however polyphenols
(measured by both methods) and sugar decreasatica®®. In this case, the ratio 16

gave considerably high recovery of all compoundsluding polyphenols and
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anthocyanins. The recovery of polyphenols was P4.26nd85.74% by direct
measurement (Phenol-280nm) and Folin-Ciocalteau haodet (Phenol-760nm),

respectively while the recovery of anthocyanins @a87%.

The increase of recovery with the volumetric ratas also noted by Spigno et al.,
(2015) . The low recovery at low volumetric raibTWEEN20 could possibly be due
to the low effective gas hold up. For instance/atimetric ratio 4, TWEENZ20 has a low
gas hold-up which coincides with low recovery ofyptienol (Spigno et al., 2015). The
reduction in the gas hold-up has led to a redudtiamterfacial area hence lower recovery
of polyphenol. This has been also observed inghewery of astaxanthin (Dermiki et al.,
2009).1t is also important to highlight that songgi@egates were observed in EE which
did not completely solubilise during analysis; henthis would probably lead to
underestimation of the net recovery. This coulatbebuted to the role of ethanol on the
micelle formation, as it can replace the water muales around the micelles and

participate in the aggregation process (Li, Hargarf) & Wang, 2005).

It can be seen that the recoveries of polyphemuiseased with the decreasing of
volume of initial feed leading to high volumetritio. This could probably be due to the
fact that CGA could be saturated with phenolic commus (Dermiki et al., 2009).
Moreover, when high volume of feed was introdudbd,CGA dispersion may not have

providedenough surface area for adsorption (Hagtiah., 1995).
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Figure 2.9 The separation factor of polyphenolgassiand proteins from ethanolic extract (A) and ho
water extract (B) from grape pomace at differerumreetric ratio, n = 3. Error bars indicate mearSkx
Differences were considered to be significant 41.p5.

When the separation factor was calculated, a maenctive pattern was
observed between EE and HWE (Figure 2.9). The a@parwas better in EE than in
HWE. In EE, the SF of all compounds increased withvolumetric ratio and decreased
after ratio 16. For total phenolics contents anth@cyanins, high SF was achieved with
ratios 12 and 16.However, it must be stressedr#iat 12 also gave high SF ratio for

proteins which showed high affinity of proteins tbe aphron phase. In the separation of



N. Maidin

sugars, the SF increased and reached its highasitoal 6 and plateau after that. In HWE,
the selectivity pattern for all compounds generadlsies between 1.0-1.3 which indicated
similar partitioning of compounds between the aphand liquid phase. A similar trend
was observed in the volume of liquid and aphronsphdrained (Figure 2.10), which
suggested the affinity of total phenolic contentsl anthocyanins as well as sugar
towards the aphron phase, while proteins drainegther with the liquid phase.

Stabilisation of CGA was also noted in HWE thakas the volumetric ratio increased.
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Figure 2.10 Volume of liquid and aphron phase drdias a function of volumetric ratio. Error bars
indicate means + SD.

Furthermore, the antioxidant activity of total paityenolic recovered in the aphron
phase reduced as compared to total polyphenolinattan the liquid phase for both EE
and HWE (Figure 2.11). This result was also obs®twe Spigno et al., (2015) which
could possibly be caused by the oxidation of thé/pieenols during the recovery.

However, it is interesting to note that in HWE,rhevas a strong correlation between the
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antioxidant activity and total phenolic content €R0.9875) in the aphron phase and (R

=0.8176) in the liquid phase.
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Figure 2.11 Antioxidant power as a function of tgthenolic content (phenol-280) for the recovered
liquid and aphron phase from EE and HWE. Error badate means + SD. Differences were
considered to be significant at p<0.05.

It can be recalled that in section 2.3.3, the aident activity per total phenolic
content of EE and HWE also showed strong lineantigiship (Figure 2.11).
Interestingly in HWE, the specific antioxidant adly in the aphron phase was consistent

throughout the CGA separation. The specific antlamt activity in the liquid phase

however decreased substantially throughout theragpa process.

This was not the case for EE, where poor corralatiwere observed in both phases
of EE (R = 0.0871 aphron phase and R0.6189 liquid phase), which demonstrated
minimal antioxidant specificity in relation to tbf@ghenolic content. Although this result
was not in agreement with Spigno et al., (2015)heir trial with Pinot noir pomace
extract, the possible reason for this result cdaddcaused by the aggregation of some

polyphenols in both phases which lead to underegitim of antioxidant activity.
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2.3.6 The effect of drainage time on the recovery of pophenols from grape
pomace extracts
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Figure 2.12 The recovery of polyphenols, sugarsmntkins from ethanolic extract (A) and hot water
extract (B) from grape pomace at different draintge, n = 3. Error bars indicate means + SD.
Differences were considered to be significant 41.p5.

Further separation trials at constant volumetriimra6 and varied drainage time
were conducted in order to see if increased draihed) to an increase concentration of
total phenolics and/or anthocyanins in the aphrbasp as observed with asthaxantin

(Dermiki et al., 2009). The recovery results frothamolic extract (A) and hot water

extract (B) of grape pomace at different drainageeare shown in Figure 2.12. In EE,
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the recovery decreased with drainage time but asa@é at time 20 mins. In HWE, a
clearer trend was observed, with the recovery @se with time for all compounds.
These results were in agreement to those obtayn&gpigno et al., (2015)using 2mM of

CTAB suggesting that phenolic compounds may draiogdther in the liquid phase.
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Figure 2.13 Separation factor of A) EE and B) HWHumnction of drainage time. Error bars indicate
means + SD. Differences were considered to befiignt at p<0.05.
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There were no clear trends on the selectivity ithbextracts (Figure 2.13).
However, it can be said that in EE, the separdtiotor decreased with drainage time for
all compounds. In the case of HWE, selectivity dased with time for proteins and sugar
but increased steadily for phenolics and antho@yauantil they reached a plateau after
minute 10. A quite similar trend was followed b ttatio of drained liquid phase to the
volume of collapsed aphron phase (Figure 2.14). Aigber ratio of liquid phase to
aphron phase in EE as compared to that in HWE stig¢feat the destabilisation effects

of the ethanol towards the CGA, as evident by lovedume of aphron phase.
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Figure 2.14 The volumetric ratio of drained liquidase to drained aphron phase as a function of
drainage time. Error bars indicate meanst SD.
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Figure 2.15 Specific antioxidant activity poweragtron and liquid phase from EE and HWE as a
function of drainage time (min). Error bars indeateans+ SD. Differences were considered to be
significant at p<0.05.

When the specific antioxidant power was calcula®d function of time as plotted
in Figure 2.15, the clearest trend observed in EE that the aphron phase had higher
specificity than the liquid phase. The specifigityeach phase decreased over drainage
time; this could be attributed to the high totakpblic content and lower volume of
aphron phase in EE (refer Fig 2.12 and 2.14). Hewethis was not the case in HWE.
Interestingly, the specific antioxidant power waghler in liquid phase as compared to
aphron phase, although the specificity increased towme in the aphron phase. This could
possibly suggest a strong affinity of particulampmunds to the aphron phase which

could got concentrated and hence lead to the isen@aantioxidant activity.
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2.4Conclusions

In this chapter, the ethanolic (EE) and hot wai¢raets (HWE) of grape pomace
were characterised for their main composition. émeyal, EE had higher amount of
phenolics and anthocyanins than HWE, while HWE Bhaghtly higher amount of
proteins and sugars than EE; this result was eggethe antioxidant activity of EE was
found to be stronger than HWE and there was agirorrelation between total phenolic

content and antioxidant activity.

Preliminary work on the recovery of individual dyiesm a mixture solution was
conducted to understand the principles of CGA sdjmar. Throughout this study, the
TWEENZ20 was chosen for its high polyphenols recpward also for the stability of
polyphenols against oxidation, as compared to CTRABthermore, the effect of varying
volume of CGA (generated from TWEENZ20) to the votuoi feed was studied for both
EE and HWE. The results revealed that ratio 16 dagkest recovery of polyphenols
and lower recovery of proteins and sugars. Thislltesas in agreement with that
obtained by Spigno et al., (2015). In additionhatf the effect of prolonged drainage
time was also studied. Results showed that polyplseacovery decreased with increase
of time suggesting these compounds were draineld thie liquid phase during the

separation. From all of these results, the main@mues were:

1. EE had 41.8mg GAR/g of dry weight pomace and0.96 g ME/g of dry weigh
pomace total monomeric anthocyanin content whileEHWad 12.5 mg GAE/g
total phenolic content 0.23g ME/g total monomenthacyanin. The antioxidant
activity of EE was 333.3uMol Trolox equivalent wdtil HWE had
168.4puMolTrolox equivalent but HWE had higher pateof antioxidant activity

in relation to total phenolic content.
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2. The recovery of polyphenols with TWEEN20 was alnsostilar to that of CTAB
but higher antioxidant activity was observed in TR0 compared to CTAB.

3. Ingeneral, the recovery of polyphenols in EE aNdEincreased with volumetric
ratio and maximum recovery was obtained at ratibutcdecreased afterwards.

4. Polyphenols recovery decreased with drainage tonbdth EE and HWE.

5. In EE, anthocyanins had lower affinity to the aphphase as compared to total
phenolic content in the low volumetric ratios bwtdhbecome similar as the
volumetric ratio increased. In HWE, the affinity bbth total phenolics and
anthocyanins were very similar and consistent \hth increase of volumetric

ratio.

Overall, this chapter has shown a fundamental veorkhe important processing
parameters for the recovery of polyphenols usingAG§gnerated from TWEENZ20.
TWEEN20 could be used in food, cosmetic and phaeutaal formulations and
therefore it would not need to be removed. Havisig sll the above points, it must be
stressed that this work will form the basis foitlfer work described in the next chapters

where the potential application of CGA in cosmetid food industry is investigated.
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CHAPTER 3: Polyphenols extracted from red grape gmeby a
surfactant based method show enhanced collagendssastase
inhibitory activity*

BACKGROUND : The aim of this study is to separate polyphefras grape pomace
using a surfactant-based separation, Colloidal Aawons (CGA) and to investigate
their inhibitory activity against skin relevant enzes, collagenase and elastase.
Ethanolic (EE) and hot water crude extracts (HWIEyevproduced first and then the
CGA generated using TWEEN20 were applied resulimgpolyphenols enriched
fractions (CGA-EE and CGA-HWE, ethanol and hot wagetracts derived fractions

respectively).

RESULTS: Both crude extracts inhibited the enzymes in agedidependent manner
however, further extraction by CGA led to fractiongh higher inhibitory efficiency
against collagenase. Although gallic acid was tleennesomponent of the CGA-HWE,
others such as kaempferol must have contributéd pmtency which was over six times
more than gallic acid's. The CGA-EE was found taabeut four times more efficient
than its crude extract and over six times moreieffit than gallic acid in collagenase's

inhibition; quercetin was the major polyphenolhistfraction.

CONCLUSION: It is evident that ethanol and hot water ext@ttprocesses led to
different polyphenols composition and thus differanhibitory activity against

collagenase and elastase. Further separation @ik i@creased the inhibitory potency
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of both extracts against collagenase. Overall #sults here showed the potential

application of the CGA fractions from grape extsact cosmetics.

Keywords: colloidal gas aphrons, grape pomace,gbhagols, collagenase, elastase

*Accepted on 28 September 2017 to be published in the Journahentcal
Technology and Biotechnology

3.1Introduction

Over the past two decades, research on the usatwfah products, particularly
polyphenols, in beauty products has been activedmdins challenging (Menaa, Menaa,
& Tréton, 2013). Polyphenols with a hydroxyl gro(y®H) attached to an aromatic
benzene ring (€Hs-) naturally occur in plants and are therefore aaum in our diet (eg:
vegetables, fruits, nuts, seeds and flowers), awe Ibeen extensively studied for their
protective health effects against cardiovasculaeales and cancers (Haslam & Cai,
1994). Moreover, they have been proven to exhigiticant antioxidant activity, as
well as a UV protection effect which are very caldor skin care products formulation

(Perona, Cabello-Moruno, & Ruiz-Gutierrez, 2006).

Green tea is the most widely studied plant focdasmetic applications. Green tea
polyphenols extract incorporated in derma gels wexend to display significant
antioxidant activity and prevent adverse effectsUM radiation by improving the
elasticity of the skin (Chiu et al., 2005; Tugho, Ugurlu, Gedik, Yilmaz, & Suha Yalgin,
2010). Catechins and epigalocatechingallate froeemrtea and cocoa beans extracts
were found to possibly contribute to this effecoftd, Jung, Noh, & Suh, 2014; Tlugko

et al., 2010; Wahab, Rahman, Ismail, Mustafa, &hitas 2014). In addition, catechin
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could stabilise the structure of collagen sugggdte involvement of hydrogen bonding
and hydrophobic interactions as major forces in ggabilisation (Madhan,
Krishnamoorthy, Rao, & Nair, 2007). Moreover Sin Kdm (2005) found that the
flavonols, particularly quercetin and kaempferohigxed higher inhibitory activity
against collagenase than flavones/isoflavonesrétent study, Wittenauer et al. (2015)
found that free phenolic acids, particularly galid extracted from grape had the most
potent inhibitory activity against both collagenas® elastase. However, it is worth
mentioning that the inhibitory concentration of yyghenols varies between studies and
samples (268uM — 1000uM); this is partly due to tlaiations in polyphenols
composition. Also the size of polyphenols restritisir permeation into the epidermal
and corium layers (Zillich, Schweiggert-Weisz, Hasapf, Eisner, & Kerscher,

2013)which could hinder their application in cositet

Surfactants are often used in cosmetics produasidoess the problem with the
permeation of the desired molecules. Surfactanteeir micellar form can help in the
solubilisation of compounds (L6f, Schillén, & Nitss 2011) hence increasing the
permeation through the skin and promoting absangiiolowering the interfacial tension
at the skin surface. The delivery of resveratral anrcumin has been improved by the
presence of surfactants in pig skin (Yutani, Mgritaraoka, & Kitagawa, 2012), and the
acceleration of hydrocortisone and lidocaine hanhebserved on hairless mouse skin
by using TWEENS8O (Williams & Barry, 2004). Thereégrusing a surfactant based
extraction method is an advantages the producixtisacted in a media (surfactant
solution) that is suitable and possibly optimumitsrformulation, which can lead to the

process of simplification and formulation.

In our group, we investigated a surfactant basé@detion method, Colloidal Gas

Aphrons (CGA), for the separation of polyphenolsnir grape (Spigno, Amendola,
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Dahmoune, & Jauregi, 2015). CGA are microbubbl@1@0um) generated by intense
stirring (>8000rpm) of a surfactant solution abaseritical micelle concentration. CGA
are composed of an inner core gas surrounded iy &ter film. The type of surfactant
used to generate CGA determines the charge ottiee surface of the layer, which could
be positive, negative or non-charged and opposibelyon-charged molecules will

adsorb resulting in their effective separation ¢8pi& Jauregi, 2005).

In the present study the aim was to determineeifetkiraction of polyphenols by
the CGA method led to enhanced vitro inhibitory activity againstClostridium
histolyticum collagenase (ChC) and porcine pancreatic elag2BE&) enzymes. The
relationship between polyphenol composition ofrdng and the CGA extracts, and their
inhibitory activity were also investigated in ordar identify the key polyphenols
responsible for these activities. To the best ofkmowledge, this is the first study report
on the potential inhibitory activity of red grapemace extracts and their CGA fractions

against ChC and PPE.

3.2Materials and Methods

Grape pomace (Barbera) provided by wineries in Blothtaly was oven dried at
60°C until residual moisture content was <5% anitechinto particle size of <2mm. The
phenolic extracts were obtained by ethanol-agueatrsiction using 60% (v/v) and hot
water extraction at 60°C and 100°C in shaking wh&th (100rpm) in circular motion,
for 2 hours and 1 hour, respectively (See Figuier both extraction process). For both
extractions, the ratio of solute to solvents useaenl:8 according to Amendola, De
Faveri, & Spigno, (2010). Extracts were kept in °@0freezer until further use.

Extractions were done in triplicate.
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C. hystoliticumcollagenase type IA (ChC), N-[3-(2-furyl)acryloylpu-Gly-Pro-
Ala (FALGPA), porcine pancreatic elastase (PPE)etyitl, N-Succ-Ala-Ala-p-
nitroanilide (AAAPVN), phenol crystals and BCA reags were obtained from Sigma
(St. Louis, MO). Polyphenols standards used for @Rinalysis and inhibition studies
were gallic acid X95%), caffeic acid ¥95%), epicatechin>05%), p-coumaric acid
(>95%), benzoic acid>09.5%),transresveratrol ¥95%), quercetinX95%), malvidin-
3-0-glucosideX95%), cyanidin-3-0-glucoside95%), petunidin-3-0-glucoside95%)
and delphinidin-3-o-glucoside>95%) from Sigma (St. Louis, MO): procyanidin (B2
>90%), from Fluka (Buchs, Switzerland). All solvemtsre of HPLC grade or LC-MS

grade.

3.2.1 Characterisation of grape pomace

3.2.1.1Phenolic compounds

The grape pomace extracts, liquid and CGA fractrensvered were characterised
for its total phenolics and anthocyanifimtal phenolics were measured by: (i) direct
measurement based on the absorbance reading an28&&sults were expressed by
gallic acid equivalents (GAdgonm by means of calibration curve with standard galtid
ranging from 0-150mg/L (Amendola et al., 2010)) @olin-Ciocalteu method. The

results were expressed as gallic acid equival&®dfsonn) (Singleton & Rossi, 1965).

Total anthocyaninscontent was determined by applying the method fAGDAC
(Lee, Rennaker, & Wrolstad, 2008). This methodasdal on the anthocyanins structural
transformation that occurs with a change in pH@dmonly referred as pH differential

method. The results were expressed as mg/L malgidjlucoside equivalents (ME).
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3.2.1.2Non-phenolic compounds

Total proteins were quantified according to the bicinchoninicdaassay (BCA)
(Smith et al., 1985). Briefly, 100ul of standardsamples were mixed with 2 mL of the
BCA working reagent (copper sulphate solution:B@Auson at a ratio of 1:50). The
mixture was allowed to stand at 37°C for 30 ming] éhen allowed to cool at room
temperature for 5 mins. Finally, the absorbanceefrh sample/standard was read at
562nm within 8 mins with water as a blank. Bovieeusn albumin (0-1.0mg/L) was used

as a standard for protein quantification.

Total sugar content was performed adopting the method fromdBybGilles,
Hamilton, Rebers, & Smith, (1956). In test tubednil of glucose standard/sample was
added followed by 0.2mL or5% phenol solution. Sgjosatly, 1mL of sulphuric acid
was pipetted direct to the solution and vortexdae mixture was allowed to stand for
20-30mins to cool off. The absorbance of the mexivas read at 490nm and a calibration
curve was constructed with different concentrati(#®100mg/L) of glucose standard.

The results were expressed as mg/L glucose equivale

3.2.2 Determination of polyphenols composition by HPLC

Separation of the polyphenols was performed usmggilent HPLC 1100 series
system equipped with a degasser, a quaternary @untia photodiode array detector
(Agilent, Waldbronn, Germany) with Chemstation s@fte. The column used was a C18
HiChrom column (150 mm x 4.6 mm i.d; 5um particieesand 100 A pore size; part

no.EXL-121-1546U) operated at 25°C.

The mobile phase consisted of 2% formic acid (@) 5% acetonitrile (v/v) in

water (mobile phase A) and 2% formic acid (v/viaoetonitrile (mobile phase B) using
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the following gradient: 5-15% B (15 mins), 15-30%E mins), 30-50% B (10 mins),
50-95% B (5 mins) and 95-5% B (5 mins), at a flaterof 1mL/min. The total run was
50 mins. The pre time of 10 mins was allowed feegeilibrating. The injection volume
was 20uL for pure standards and 100uL for grapeaetst The polyphenols were
monitored simultaneously at 280nm (hyroxybenzoiidsacand flavanols), 320nm

(hydroxycinnamic acids and stilbenes), 365nm (ffeols) and 520nm (anthocyanins).

3.2.3 lIdentification of polyphenols by LC-MS

The LC-MS analyses were carried out using a TheBuientific Accela HPLC
with PDA UV/Vis detector interfaced to a Thermo &ttific LTQ Orbitrap XL with ESI
source. Chromatographic separation was carriedginog an Ace-5 C18 column; 150 x
2.1 mm, 5um particle, 300 A pore (part no. 221.3582 samples were analysed without
dilution and in 10 fold dilution. Dilutions were de in mobile phase A2 buffer (0.1%
formic acid (v/v) in LC-MS water). Mobile phase Baffer was 0.1% formic acid (v/v)
in acetonitrile. Injections volumes were 20uL. Thkowing gradient was used: 0 min
5% B2; 5-15% B2 (15mins), 15-30% B2 (15mins), 304682 (5mins),50-95% B2

(5mins), 95-5% B2 (5mins) and 5% B2 (10mins), #bwa rate of 200uL/min.

The MS parameters were as follow: a standard déicadcid was infused into the
MS source alongside the HPLC flow at 20% mobileseh; using a T-piece the source
and transmission settings were optimised for bo#itiye and negative ion modes. The
salient settings were as follows: sheath gas flodbaaux gas at 10, sweep gas at 0 and
the capillary temperature was at 300°C. For thetipesmode, the source voltage was
5Kv, capillary voltage was 31v and tube lens wasvl Eor the negative mode, the source

voltage was 5Kv, capillary voltage was -35v ancetidns was -90v.
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The MS was operated using a Data-dependent acqaifRDA) method. In brief,
an MS1 scan was performed using the Orbitrap datecanning from 85 to 1000 m/z at
a resolution of 30,000 storing data in profile. [iRtkate (413.266230 m/z) was used as
lock-mass. Then, MS2 (fragmentation event) wagéigd on the most dominant ion
found in the MS1 scan. This MS2 was performed @it trap, using collision-induced

dissociation (CID) and the data was stored as ciehtr

Data was analysed using Qual Browser (Xcalibur 2ZIhermo Scientific.
Theoretically, m/z was calculated for both the pnatted (positive ion mode) and
deprotonated (negative ion mode) for each compotmttacted ion chromatograms
(EICs) for these m/z (5ppm mass tolerance) as aglthe UV chromatograms were
generated at 280nm, 320nm and 520nm. The retetitienof the standards from the
MS1 scans and the MS2 fragmentation spectra frenstdindards were compared to the

samples (unit resolution mass tolerance).

When the retention time, parent mass and fragmentatatched the standard, a
confident match was determined. In some instandeg, to the nature of DDA
experiments, the ion of interest was not fragmemtechich case only the retention time
and parent mass could be used and a less confiadgoh was determined. In the case of
phenolics, when there were no standards and hemaetantion time available, the
fragmentation spectra were referred solely on tateimof fragmentation spectra reported

in Kammerer, Claus, Carle, & Schieber, (2004).

3.2.4 Separation with Colloidal Gas Aphrons (CGA) using OmM TWEEN20

In the previous work by our group, it was foundtthigih recovery of polyphenols

from grape ethanolic extracts could be obtainedCBA generated with the cationic
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surfactant Cetyltrimethylammonium bromid€TAB) and the non-ionic TWEEN20
(Spigno, Amendola, Dahmoune, & Jauregi, 2015)héngdresent work, ethanolic and hot
water extracts were first obtained from grape par(aee Figure 3.1 for full separation
process). Hot water extract (HWE) was applied ® @GA for the first time. CGA
generated from 10mM TWEENZ20 were then applied toheextract based on the
optimum conditions found in our previous work dte tatio of extract to the CGA was
kept constant at 16:1 and the drainage time wakdtg&gmin. CGA separations of grape
pomace extracts were carried out in a flotatiosg@lumn (i.d 5cm, height: 50cm). The
CGA were pumped by a peristaltic pump (Watson Maylcom the CGA generating
container into the column which contained 60mL thia@olic extract of grape pomace.
The volume of collapsed CGA and drained liquid ghasre measured. The initial
extracts of EE and HWE contained 2624 mg GAE and 1562 mg GA/L
respectively. Both fractions were diluted at anrappate dilution with deionized water

for all the tests.
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Grape pomace

Extraction (1:8 solvent

60% (v/v) ethanol/water at 60°C

Extraction (1:8 solvents)
Hot water at 100°C (HWE)

(EE)
Filtration
(Assisted by vacuur
Colloidal Gas Aphrons
(CGA ) flotatior
CGA- | LP-
HWE CGA-EE LP-EE HWE ]

Figure 3.1 Schematic representation of the extraaf polyphenolic compounds present in
grape pomace. The whole procedure was performgiplicate (n = 3). EE, ethanol extract,

HWE, hot water extract, CGA-EE; Aphron phase of, EBA-HWE; Aphron phase of HWE,
LP-EE, liquid phase of EE and LP-HWE; liquid phas¢lWE

The percentage recovery of a specific compoyhth(the CGA phase (B was
calculated based on the differences between tla¢ aobtount of addedin the feed
(Mysfeed and the amount gf measured in the separated liquid phadgid). For some
experiments, the amount pin the CGA phase was also calculated and the beasce
deviation was within 10%.The separation factor (%8}% also calculated based on the
concentrations of compound y in the CGA phdglec6a ) and in the liquid phasdy{ Lp)

as described inEq.3.1:

SF — [Vlcca

Equation 3. 1
VILp (Eq )
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3.2.5 Collagenase and elastase inhibitory activity of crde extracts and CGA

fractions

The inhibitory activity of gallic acid, grape pongacrude extracts and the CGA
fractions againgt. histolyticuntollagenase (ChC) and porcine pancreatic elagedde)
were measured spectrophotometrically accordindnéontethod used by Wittenauer et
al., (2015)by using a multi-mode Tecan GENios nptate reader equipped with analysis
software Xfluor4 version 4.51 (Salzburg, AustriBpth enzymes were incubated with
the extracts and their CGA fractions with relevaubstrates, as described below. The
inhibitory potential of the grape pomace extraceyavexamined in dilutions so as to
establish a dose-dependent curve in order to @&uhe half-maximal inhibitory
concentrations (16). Due to the high concentration of polyphenolthie grape pomace
extracts, the dilutions of 1:50 to 1:200 with tqtalyphenolic contents ranging from 52.5

to 7.8 mg GAE/L were applied before being incubatéti collagenase and elastase.

Collagenase (ChC) assayn this assay the enzymatic reaction rate wassored
based on the consumption of the substrate pepAd&PA. Therefore, the slopes of the
reaction rates decreased with the increased ia@xfinhibitor) concentration. Briefly,
ChC (0.16 U/mL) and FALGPA (3mM) were dissolved @05M tricine buffer
containing 0.4M NaCl and 0.01M Caf’the pH was adjusted to 7.5 with 1M NaOH. The
inhibitory activity of the following samples wereeasured:

a) Dilutions of ethanolic and hot water grape pomagéaets with water at
concentration of (1:50), (1:100) and (1:200) (esttraater).

b) CGA and liquid fractions derived from CGA separafogenerated from
TWEENZ20 surfactant.

c) Aqueous solution of gallic acid (43 mg/L, 85 mgll28 mg/L and 170 mg/L).
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Briefly, 30 ul of the samples (a-c) were incubateth 10 pl of ChC solution and
60 ul of tricine buffer for 20 mins at 37°C, aftehich, 20 pl of FALGPA solution was
added to initiate the reaction. The reaction raas measured over 20mins by measuring
the decreased in the absorbance of FALGPA at 340mtial velocities were determined
and a dose-dependent curve was established. Therdoation to inhibit 50% of the
enzyme activity, 16 values were then determined from the curves. Hmgbition

activity (%) was calculated according to Eq.3.2.

ChC inhibition (%)

Initial velocity coneror — Initial velocity sgmpie 100
— k
Initial velocity .ontrot

(Equation 3. 2)

Elastase (PPE) assayporcine pancreatic elastase (PPE) inhibition loé t
individual samples (a-c) was determined spectraphetrically by using the AAAPVN
as the substrate and by monitoring the productigmrotroaniline at 405nm to determine
the reaction rate. Briefly, 10 ul was taken andlézhinto wells together with 100 pl of
Tris buffer and 30 pl of samples. The mixture wasubated for 20mins at 25°C.
Subsequently, 40 pl of the AAAPVN (dissolved in 2niks buffer at 0.25mg/mL) was
added. Since the PPE was performed with AAAPVNastibstrate peptide, the enzyme
activity can be calculated from the released oftmaniline as a product, leading to the
increased in absorption values. The absorbancemastored for 20mins after the
addition of AAAPVN and the initial velocities, thehibitory effect and 16. The values

were calculated as in Eq.3.2.
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3.2.6 Statistical analysis
All the experiments were performed in triplicatdeTdata were subjected to the
analysis of variance using IBM® SPSS® Statisticstiftware programme where
statistical differences were noted. Differences mgndlifferent treatments were
determined using Tukey test. The significance levat defined at p<0.05. The results

were reported as means + SD.

3.3 Results and Discussions

3.3.1 Ethanolic and hot water extraction

Table 3. 1 Chemical characterisations of grape pematracts and CGA fractions.

Analysis Total Phenolic Total Phenolic Total Total Protein  Total Sugar
/Fraction Content Content Anthocyanin

(mg/g dry 280nm 760nm

weight grape

pomace)

EE 21.0+0.% 22.0+0.2 6.6 +0.6 0.40 +0.2 75.9+5.7
HWE 125+0.2 17.0+0.2 23+0.7 0.20+0.5 88.3+3.5

Different letter in the same column indicates angigant difference using Tukey’s test (p = 0.0BE:
ethanol extract; HWE: hot water extract.

The chemical composition of grape pomace extraets initially determined and
the results were as in Table 3.1. In general, traposition of phenolic compounds,
anthocyanin and protein was higher in EE excepstmar which was higher in HWE.
Total phenolic content in EE was 21.0 = 0.1mg GA&f/gomace. This value was almost
two times higher than in HWE (12.5 = 0.1 mg GAE@@&ace). A similar result was
obtained with total phenolic contents determinatignFolin-Ciolcateau method where
EE had 22.0 = 0.2mg GAE/g while HWE had 17.0 £ @Q2ZBAE/g dry weight pomace.

These results closely followed the values obtaineitie literature on grape pomace as
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published by Amendola et al., (2010) and Tsenghf&ad, (2013) and even higher than
from the Brazilian grape extract as reported byeBest al., (2016). Total monomeric
anthocyanin extracted in EE was 6.6+ 0.6mg ME/moak three times higher than in
HWE (2.3 = 0.7mg ME/g dry weight). Low levels ofgbein were recovered in both
extracts (0.4and 0.2mg BSA equivalent/g dry weglhgrape pomace) and a slightly

higher sugar was extracted in HWE than in EE.

3.3.2 Polyphenol composition of crude grape pomace extr&

The main composition of the EE and HWE analysediBy.C is shown in Table
3.2. Qualitative analysis with LC-MS was also cortéd to confirm the identification
and/or identify the individual polyphenols in EEdAHWE. It must be noted that minor
amounts of phenolics may escape from the extrachiento the interaction with dietary
fibres, proteins and other polymerised structuikesiimerer et al., 2004). In this analysis,
fourteen standards of phenols and anthocyanins amay/sed against both extracts as
not all standards were commercially available. Rtzte time of standards, MS1 spectra
and MS2 fragmentation spectra of the standards wenepared to samples’. If the
retention time, MS1 and MS2 matched, a confidesigasnent was given. If only the
retention time and MS1 matched, a semi-confidesigament was given. The results of
the mass spectrometry data in both positive-ionan@athocyanins) and negative-ion
mode (phenolic acids, anthoxanthins, stilbenespfials and flavanols) of compounds

in the extracts are shown in Table 3.3.
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Table 3. 2 Polyphenols contents (mg/L) of grape gmarextracts and CGA fractions.

Concentration (mg/L)

Compound/Sample CGA

LP

Phenolic acids

Gallic acid 323+28 4.1+0.1

Caffeic acid 175+1.4 ND

Syringic acid 245+09 25+0.1

Chlorogenic acid 7.1+£04 ND

4-hydroxy benzoic acid ND ND

Total phenol acids 81.3+53 6.6x0.1

Flavonols

Resveratrol 36.80 + ND ND
3.90

Quercetin 108.40+ 31.1 +05 174+
5.10 0.7

Kaempferol 16.10 = 6.5+0.2 3.9+0.7
1.50

Total flavonols 161.30+ 37.6+0.7 21.3%
10.50 1.4

Flavanols

Catechin 3.1+0.2 ND ND

Epicatechin 28.7+4.0 ND ND

Total flavanols 31.8+4.2 ND ND

Anthocyanins

Delphinidin 3-0-glucoside 72.2 + 36.0+6.3 17 6+ -
15.5

Petunidin 3-o-glucoside = 33.5 + 17.4+75 9 4 +0.3 ---
16.3

Cyanidin 3-o-glucoside 13.8+2.1 8.2+0.3 4.0+0.2 _—_

Malvidin 3-0-glucoside  85.0 41.2+0.1 239+
17.2 0.3

Total anthocyanins 204.5 + 102.8 + 549+
51.1 13.9 7.9

Total 478.9 + 147.0 + 80.44 +
71.0 14.8 9.33

ND: not detected; EE: ethanol extract; HWE: hotexaixtract; CGA: CGA phase; LP: liquid phase.

Values represent mean * standard deviation (n = 3).

Qualitative analysis with LC-MS was conducted tafaon the identification

and/or identify the individual polyphenols in EEdAHWE. It must be noted that minor

amounts of phenolics may escape from the extractiento the interaction with dietary
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fibers, proteins and other polymerised structuikesiimerer et al., 2004). In this analysis,
fourteen standards of phenols and anthocyanins amab/sed against both extracts as
not all standards were commercially available. Rizte time of standards, MS1 spectra
and MS2 fragmentation spectra of the standards wenepared to samples’. If the

retention time, MS1 and MS2 matched, a confidesigasnent was given. If only the

retention time and MS1 matched, a semi-confidesigament was given. The results of
the mass spectrometry data in both positive-ionan@athocyanins) and negative-ion
mode (phenolic acids, anthoxanthins, stilbenespfials and flavanols) of compounds

in the extracts are shown in Table 3.3.

Table 3. 3LC-MS data of phenolic compounds extdhftem grape pomace

No. Compound Retention m/z MS/MS EE HWE
time fragments
(min) m/z
Phenolic acids
[M-H]-
1 | * Gallic acid 3.2 169.0142 125 \ \
2 | Caftaric acid 6.5 311.0409 179/135 \
3 | *p-hydroxybenzoic 7.3 137.0244 93 \ \
acid
4 | * Caffeic acid 10.6 179.0350 135 \ V
5 | * Ferulic acid 10.8 193.0506 134 \ \
6 | * Fertaric acid 10.9 325.0565 193 \ V
7 | Syringic acid 11.4 197.0455 153/182 V
Anthoxanthins and Stilbenes
[M-H]-
8 | Procyanidin B1 7.4 577.1351 407/425 \
9 | * Catechin 8.9 289.0718 245 \ \
10 | * Procyanidin B2 10.1 577.1351 407/425 \
11| * Epicatechin 13.1 289.0718 245 \ \
12 | * Epicatechingallate  19.6 441.0827 289 \
13| * trans-resveratrol  23.1 227.0714 185 \ \
14 | * Quercetin 20.4 301.0354 151/179 \
15 | Kaempferol 27.9 285.0405 257 \ \
16 | Quercetin3-o- 19.8 463.0882 301 \ V
galactoside
17 | Quercetin 3-0- 20.4 463.0882 301 \ \
glucoside
Anthocyanins
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[M]+

18 | *Delphinidin 3-o- 8.52 465.1028 303 \ \
glucoside

19 | *Cyanidin 3-0- 10.9 449.1078 287 \ V
glucoside

20 | *Petunidin 3-o- 12.4 479.1184 317 \ \
glucoside

21 | *Malvidin 3-o- 14.1 493.1341 331 \ V
glucoside

22 | Peonidin 3-o- 14.7 463.1235 301 \ \
glucoside

23 | Delphinidin 3-o- 16.3 507.1133 303 \ V
acetylglucoside

24 | Cyanidin 3-o- 18.7 491.1184 287 \ \
acetylglucoside

25 | Malvidin 3-o- 21.5 535.1446 331 \ V
acetylglucoside

26 | Peonidin 3-o- 21.6 505.1341 301 \ \
acetylglucoside

27 | Cyanidin 3-0-p- 23.1 595.1446 287 \ V
coumaroylglucoside

28 | Petunidin 3-o0-p- 23.9 625.1552 317 \ \
coumaroylglucoside

29 | Peonidin 3-0-p- 25.1 609.1603 301 \ V
coumaroylglucoside

30 | Malvidin 3-0-p- 25.6 639.1708 331 \ \
coumaroylglucoside

All compounds were confirmed with Kammerer et @004).
*compounds were confirmed with pure standards.
EE: ethanol extract; HWE: hot water extract.

A total of 30 phenolic compounds were present ith lxtracts. Among these, 7
phenolic acids, 10anthoxanthins and stilbenes 8rahfhocyanins were detected in both
extracts. All anthocyanins detected were of monoagide (glu), acetyl and p-coumaroyl
derivatives of delphinidin (DEL), cyanidin (CYA)gepunidin (PET), peonidin (PEO) and
malvidin (MAL). Out of these 30 compounds, 15 wegreen confident assignment as
theretention times, MS1 and MS2 matched with theddrds. These compounds were
gallic acid, p-hydroxybenzoic acid, caffeic aciérulic acid, fertaric acid, catechin,
procyanidinB2, epicatechin, epicatechingallatengreesveratrol, quercetin, delphinidin

3-0-glucoside, cyanidin 3-o-glucoside, petunidim-gtucoside and malvidin 3-0-
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glucoside. The MS2 mode was used to provide inftonaon the aglycone and its
corresponding sugar due to the observed m/z fratatien values (303 for DEL; 287 for
CYA; 317 for PET; 301 for PEO; and 331 for MAL) whi were matched to those
reported by Kammerer et al., (2004). In this analyguercetin 3-o-glucoside and
guercetin 3-o0-galactoside have the same MS1 and, Mh&gefore their retention times
are the same; thus, differentiation of these patyjoss cannot be made. In the case of
anthocyanins, all anthocyanins and derivatives weesent in both EE and HWE.
However, differences were noted in the compositioh phenolic acids and
anthoxanthins/stilbenes between both extracts wiher&E was lacking the presence of

caftaric acid and epicatechingallate.

In general, both extracts had the same type of coimgts present but interestingly
they differed in their composition. This is partady clear when the mass percentage of
groups of polyphenols (eg: phenolic acids) is daled from data in Table 1. For
example, phenolic acids were present at highergstigm in the HWE (37%) than in the
EE (17%); in both extracts gallic acid was the prathant phenolic acid. Similarly
flavanols where at higher proportion in HWE (14%an in EE (7%). However the
composition of flavonols was similar in both extsaq34% and 27% in EE and HWE
respectively) but quercetin was predominant in Bt &aempferol in HWE. The
anthocyanins composition was higher in EE (43%antim HWE (22%). However, with
regards to the collagenase and elastase inhibéotiyities and their relationship to
polyphenols composition (see below) phenolic adi@sonols and flavanols were the

most relevant as anthocyanins have not been refatbese activities.
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3.3.3 Separation of crude grape extracts by CGA

Table 3.4 shows the recovery (%) and separatidorféSF) of the CGA separation
from EE and HWE. Very similar recoveries of pherarsl anthocyanins were obtained
from both extracts. Generally, the recovery of coommls was higher in EE than in HWE.
A separation factor higher than one indicated higifénity of the compound for the
CGA phase than the liquid phase. This was the foasal compounds in both extracts
although higher SF’s were obtained for EE. Thecieligy of the separation in relation
to both protein and sugar was low as these were @ksferentially separated into the
CGA phase although the SF of sugar from HWE wagtdhan one. The low ratio value
of Vip/Vcea (ie: low volume of liquid drained in relation to e of CGA) was an
indication of a stable CGA which might be due te firesence of other compounds
(glucose and proteins) as also found by Spignad. e(2®15) and (Dermiki, Gordon, &
Jauregi, 2009) which could increase the viscoditthe liquid in the continuous phase
and hence increased the stability of the CGA. #l$® important to highlight that some
aggregates were observed in the CGA phase whichadidompletely solubilise during
analysis, hence this would probably lead to an resdenation of the net recovery.

Overall, the recovery results were in agreemertt witr previous work.
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Table 3. 4 Recovery efficiency (%) and separatanidr (SF) by CGA separations of EE and
HWE

Extract EE HWE
VcealVieed 16 16
VLP/VCGA-phase 0.50 0.55
Recovery (%)

GAEFg 83.4%¢ 85.8F
GAE+p 79.40 71.39%
ME 84.99 77.39
Glucose 71.74 68.9F
Protein 85.86 66.45
SF

GAEg 4.71° 1.3
GAEqp 1.89 1.20
ME 147 1.3P
Glucose 1.65 1.3%
Protein 1.725 0.87

GAEg, Gallic acid equivalent (Folin-Cioulcateau indé3AErp, Gallic acid equivalent (total phenol
index); ME, Malvidin glucoside equivalent;¥V cca-phase ratio of volume of liquid phase to the volume of
CGA phase. Same superscript letters in the sanmeneo(for each recovery and SF) indicates means were
not statically different (p>0.05) according to AN@\Yn=3).

3.3.4 Collagenase and elastase inhibitory activity

The ethanolic (EE) and hot water extracts (HWE)rajpe pomace were tested for
their inhibitory effects against ChC and PPE. GQula which occupies around 70-80%
of the skin weight is known to provide structunafeigrity (Hong et al., 2014). Due to
skin ageing, collagen is rapidly degraded by th&oacof collagenase. As shown in
Figures 3.2(A) and (B), the grape pomace extraletaved a linear inhibitory dose-
dependent relationship with inhibitory activitiedz=rom these dose-dependent
relationships, 16 values were calculated to be 35.4mgGAE(HWE), 78.8mgGAE/L
(EE) and 130mgGA&/L(gallic acid).The maximum inhibitory activity meared for EE
was 34%, therefore above this activity (up to 508c)linear relationship with

concentration was assumed in order to determin&éCde
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Figure 3. 2 Dose dependent inhibition of collagen@g and elastase (B) activity by gallic
acid, ethanol extract (EE) and hot water extra®Wi) (n =3)

The same trend was observed in PPE. Elastin issaruble fibrous protein which
occupies only 2-4% of the skin dermis weight batypla vital role ensuring the elasticity
of the skin (Hong et al., 2014). Based on the I€sults, HWE had the highest potency
as compared to EE and galic acid. The potency ofEHWas almost similar to that
obtained by Wittenauer et al., (2015)for a methiarettract of grape pomace (14.7mg/L)

which may suggest comparable polyphenol composition

The higher inhibitory activity of HWE than EE agsiimollagenase and elastase can
be explained by the differences in polyphenols cositipn. The phenolic acids such as

gallic acid and chlorogenic acid in HWE which acsbtor 37% of total polyphenols
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could have a pronounced effect on the inhibitotyaes. Gallic acid, a low molecular
weight hydrophilic compound could play an importaatt in the observed activity by
accessing the active centre site of the elastaddlacking the binding of substrates to
this site (Wittenauer et al., 2015). However, gitkat the potency of the extract was
superior to that of the gallic acid alone, it i®al that other components also may
contribute to the activity, perhaps in a synergistanner. Chlorogenic acid, for example,
which is a derivative of cinnamic acid, could atsmtribute as it is well known for its
potent antioxidant and anti-inflammatory activitiSarah, Monteiro, Donangelo, &
Lafay, 2008). Moreover, the catechin and epicateclihich were present at high
proportion in HWE (14%) could interact with the sksse by hydrophobic interactions,
causing conformational changes of elastase andititusasing the inhibitory activity
(Wahab et al., 2014). On the other hand, EE hadth lsigmposition of flavonols,
particularly quercetin and resveratrol but theylarger molecules with lower solubility

in water than the phenolic acids which could pdgdimit their activity.

3.3.5 Collagenase and elastase inhibitory activity of CGAractions in relation to

polyphenolic profile

In order to determine the most active fractionsrageparation by CGA, CGA and
liquid phases from both EE and HWE were testedGbC and PPE. The inhibitory
activities against ChC ad PPE are shown in FigBu&®\) and (B), respectively. Contrary
to the crude extracts, EE fractions demonstratgtidmi activity than HWE fractions,
CGA-EE had 67% collagenase inhibitory activity &8@A-HWE 55%; the liquid phases

had 60% and 46% activity, respectively. This snd#fierence in activity between the
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liquid and CGA phases can be explained based anpgbkyphenol composition (Table

3.2).
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Figure 3.3 Anti-collagenase (A) and anti-elast&eativity of CGA fractions from EE and
HWE. Bars are means * standard deviation of the¢erchinations (n = 3). Same superscript
letters indicates means with no significant differe (p>0.05) according to ANOVA (n=3).

For example, the composition of phenolic acids ®cHWE and LP-HWE were
almost the same (mass percentages of phenolic acaistotal phenols were 47% and
45% respectively) and for flavonols composition wmagher in the liquid phase (31% in
CGA and 47% in liquid phase). The same trend wasdio CGA-EE and LP-EE where
phenolic acids and flavonols composition was venylar in both fractions (4.5 and 5.2%

phenolic acids in CGA and LP respectively and 2&dnols in both fractions). This
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similarity in composition supports the insignifi¢athfferences in inhibitory activities of
these fractions against both enzymes. Kaempfersl faand at high concentration in
both CGA-HWE and LP-HWE (23.5 and 24.4 mg/L respety) but in the case of CGA-
EE, the most predominant flavonol was quercetinl(®f/L). These compounds could
possibly be the main contributors to the inhibit@gtivities observed whereby the
hydroxyl group in C-3 might played a role in comiieg the inhibitory activity (Sin &
Kim, 2005). Moreover, the high content of galliacatn CGA-HWE (24.9mg/L) and in
LP-HWE (12.2mg/L) could also be important for thédCC inhibitory activity. The
hydroxyl group from gallic acid could act as a lpgken bond acceptor/donors with the
hydroxyl, amino or carboxyl groups of the collagegia side chain functional groups
which can alter its structure, while the benzemggiof the polyphenols can form

hydrophobic interactions with collagenase (Madhzad.e2007; Wittenauer et al., 2015).

The differences in inhibitory activity against PPREtween the LP and CGA
fractions (Fig 3.3B) could be explained based an dtiferences in composition (see
above). On the other hand the much higher actimithe EE fractions than in the HWE
fractions could not be clearly explained in terrhdifferences in composition of groups
of polyphenols but individual polyphenols. For exae) quercetin was predominantly
present in the CGA-EE whilst none was detectethén@GGA-HWE. This suggests that
quercetin is a key compound responsible for PPibiitidn. Quercetin could possibly
alter the specificity of the elastase substratentgracting with subsite of MMP-9 active

site (Saragusti et al., 2010).
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Table 3. 5 Inhibitory efficiency (%/mg GAH 1) of crude extracts and CGA fractions

Extract/Activity EE CGA- LP- HWE CGA- LP- Gallic

EE EE HWE HWE acid
ChC 0.63 2.43 218 141 245 0.37 0.38
PPE 1.41 1.40 143 2.67 0.28 0.02 0.61

In order to assess if any of the fractions had lpgeferentially enriched with the
most active polyphenols the activity potency hadoéodetermined. However, these
fractions showed poor dose-dependency relatior{ghiga not shown) and thed{ould
not be determined. Therefore, the inhibitory poyeoicCGA fractions was expressed as
inhibitory efficiency which is the activity in reian to the total phenols contes ( mg
GAErLY) (Table 3.5). The CGA-EE fraction was found to dimout four times more
efficient than its crude extract and over six tinmeme efficient than gallic acid in relation
to ChC inhibitory activity. However the efficien@of both CGA and LP fractions was
almost the same which is in agreement with resnlliSg 3. Interestingly the efficiency
in CGA-HWE was seven times higher than in LP anabst double that in the raw extract
(HWE). Moreover the efficiency of the CGA fractiooBboth raw extracts was six times
higher than gallic acid’s which suggests that tirehition of these enzymes could be the
result of synergistic activity of different polyph@s. This has been observed in a
formulation of four combined super fruits extra@irfkgo biloba Punica granatum

Ficuscaricg andMorus albg against collagenase (Ghimeray et al., 2015).

In the case of PPE inhibitory activity, no increas efficiency was noted for the
CGAI/LP fractions of EE and the efficiency of the IEWilecreased after CGA separation.

The inhibitory efficiencies of the raw extracts wauperior to that of pure gallic acid.
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From results above it could be hypothesised thaEEW20 might play a role in
facilitating the delivery of the polyphenols to therget site of the collagenase. This
explained why the efficiency of the CGA-EE increhsebstantially as compared to the
crude extract’s and it was comparable to that oAGEWE. It is also worth mentioning
that the surfactant did not inhibit or activatetb@hC and PPE (data not shown) hence,
the inhibitory activities were solely due to théia of polyphenols in the fractions. Non-
ionic surfactants were known to cause the lea#ttimg effect to skin compared to
anionic surfactants hence they were preferrednfdusion in many skin care products
(Zatz & Lee, 1997). Moreover, surfactants in gehemne@ known to alter the skin
permeation by forming non-specific hydrophobic rattions involving the alkyl chains
of the surfactant and the hydrophobic regions & Keratin in stratum corneum
(Abraham, 1997). Most studies about non-ionic su&iats and biological activities
revealed that the C12 alkyl chain was the most mapod character in terms of
perturbation of the membrane which explained thié&astant solubility and partitioning
(French, Pouton, & Steele, 1993). Although mostlistsirevealed that their interactions
with non-ionic surfactants did not alter skin peatien to a significant level,
enhancement has been noted in some studies whaeabyration of lidocaine (a type of
drug)significantly increased through hairless malge with TWEEN20 and TWEENG0

(Zatz & Lee, 1997).

3.4Conclusions

The extraction of polyphenols from grape pomacetanol and hot water led to
crude extracts with different polyphenol composii@and this also resulted in differences
in collagenase and elastase inhibitory activityeriRiic acids were present at higher

proportion in the HWE (37%) than in the EE (17%)etthsuggested their important role



N. Maidin

in the inhibition. HWE was the most efficient ahibiting both collagenase and elastase
and both EE and HWE were superior to gallic acutther extraction by CGA led to
higher inhibitory efficiency against collagenas¢haiigh there was no difference in
efficiency between the separated phases for EEheu¢ was for HWE. Gallic acid was
the main component of the CGA-HWE but other polypiie (eg: kaempferol) must have
contributed also to its potency as this fractidmbited collagenase over six times more
efficiently than gallic acid. The CGA-EE fractioras found to be about four times more
efficient than its crude extract and over six tinmere efficient than gallic acid in
collagenase’s inhibition; quercetin was found taheemajor polyphenol in this fraction.
These results suggested that although quercetirhigady insoluble in water and had
high molecular weight, TWEEN20 helped to improve golubility and therefore
facilitated its delivery to the enzyme. Therefd€&A separation led to fractions enriched
in active polyphenols with enhanced collagenaséitdny activity in both CGA and
liquid phases. Although the polyphenols compositio€GA and liquid phases in both
extracts were very similar, and hence their inbityitactivities, it must be stressed that
further separation with CGA led to CGA fractionstlwiess sugar and protein (and
ethanol when applied to the ethanolic extract) Wiaan be an advantage in terms of
formulation. It should be noted that the concemiradf these polyphenols in the CGA
fractions were topically relevant (generally betw@&-100uM). Moreover the surfactant
in these fractions could act as a carrier and didirly agent to enhance the permeation
of polyphenols across the skin. Therefore, theastaht rich solution may provide an
optimum media that could facilitate the permeatbthe polyphenols through the skin.
This research shows the potential of CGA to revsdothe grape marc and to obtain an

extract with potential in cosmetics applications.
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CHAPTER 4: In vitro skin permeation of polypheneldracted
from grape pomace by colloidal gas aphrons (CGA)

Abstract

Model polyphenol solutions consisting of eitherligahcid or resveratrol solubilised in
water and 10mM TWEEN20 were tested for their pebiéa through artificial
membranes and porcine skins. Results showed hujffesion of both polyphenols
solubilised in TWEENZ20 across the artificial menm@and skins as compared to those
solubilised in water; suggesting a penetration podment by the surfactant. The
ethanoliccrude extract from the grape pomace amcatloidal gas aphrons (CGA)
fraction were tested for permeability through théifiaial membrane and limited
diffusion was observed. This could be due to thepexity of the extract and CGA

fraction that hindered the diffusion of polyphenatsoss the membrane.

Keywords: Skin permeability, gallic acid, resveohtgrape pomace, colloidal gas
aphrons

4.1 Introduction

Ageing is an unavoidable process which is primarigjble in the skin. Genetics,
environmental exposure, metabolic process and hmaimchanges influence the skin
aging process. As described in Chapter 3, the pyiageing accelerator is the oxidative
stress; cell damages resulting from an excess ptiotuof reactive oxygen species
(ROS) in the tissue. Polyphenols are widely disitiebl in plants and they comprise of a
large range of bioactive properties such as frde&ahscavenging, antimicrobial, wound
healing and chemopreventive activities (FontanatoAolli, & Bottini, 2013). The

delivery of polyphenols via the skin to protect #kén from oxidative stress, premature
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ageing or skin disease has become very attractizently. Polyphenols extracts are
reported to possess anti-collagenase, anti-elastade anti-hyaluronidase activities
(Azmi, Hashim, Hashim, Halimoon, & Majid, 2014; Matura et al., 1993; Wittenauer,

Méackle, SuBmann, Schweiggert-weisz, & Carle, 2015).

Drug permeation across the skin is a complex psocHse main phases involved
are the diffusion of the polyphenols within a t@ditormulation, the release from it, the
penetration into the skin and the diffusion throughZillich, Schweiggert-Weisz,
Hasenkopf, Eisner, & Kerscher, 2013). The skin usltbhby three main layers; the
superficial skin layer stratum corneum (10-20untkhipredominantly responsible for
the barrier properties of human skin and limitsivily across the skin; the viable
epidermis (50-100um thick)containing various cejipds responsible for skins
generation; and the dermis (3-5mm thick) compog$ednetwork of collagen and elastin
in an environment similar to a hydrogel, embeddéd appendages comprised of nerve

endings, sweat glands and hair follicles (Williai2813).

For in vitro testing of drug permeation throughnsktranz type vertical diffusion
cells are commonly used(Williams, 2013). The exttiseman or animal skin or artificial
membrane is placed between the donor and recejptontzers; then a drug containing
solution is applied on the top and the drug perete#irough the membrane or skin into
the receptor solution is determined over time. strstudies, pig skin is often used for
the in vitro testing because of its similarity tonman skins’ structure and its availability
(Casagrande et al.,, 2007).Due to the complexitythef skin structure, individual

polyphenols are used to study the permeation idsi€arude extracts.

As briefly described above, the stratum corneurs asthe main barrier for topical

application. Besides sufficient stability of actigelyphenols, the permeation of potent
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polyphenols through the epidermis into the dermia prerequisite for an effective anti-
ageing activity. Thus, having the polyphenols ins@factant rich solution could
potentially increase their permeability. MoreovEWEENZ20, a non-ionic surfactant has
the least irritant effect to skins than the ionicfactants, therefore are typically used in
cosmetic formulations for its ability to solubilisi@ophilic active ingredients and also
lipids within the stratum corneum. As a continuatto the study described in Chapter 3
where it was found that further separation of pbmols from grape pomace extract with
CGA led to high inhibitory potency against skinenednt enzymes, here the permeation
of these polyphenols through the skin is inveséidai herefore, this experiment aimed
at investigating the in vitro skin permeation beabav of individual polyphenols,
ethanolic extract of grape pomace and also its @@etion, using a dialysis membrane

and pig skin in Franz-type diffusion cells.

4.2 Material and Methods

Gallic acid (>98%), resveratrol (>99%), TWEEN20 Hehn, JPE, NF)and

phosphate buffered saline (PBS) were purchased &igma (USA).

4.2.1 Preparation of individual polyphenols and ethanolic extract of grape
pomace

500mg/L gallic acid and 200mg/L resveratrol digsdl in deionised water and
10mM TWEENZ20 respectively were prepared using magrstirrer and stirred for
30mins at room temperature to ensure complete gisation. The preparation of crude
ethanolic extract was as described in Chapter@iose2.2.1.1. This extract contained

60% of ethanol with 2080mg GAE/L of the total phknoontent.



N. Maidin

4.2.2 CGA separation using 10mM TWEEN20

The separation of CGA fraction was as describéZhapter 2, section 2.2.5. Based
on the study on the inhibitory activity againstrskelevant enzymes in Chapter 3, the
same CGA fraction (Mca/Vieed = 16, drainage time = 5min) was selected for this
experiment. The estimated concentration of TWEEMNRthis fraction was 8.58mM
which was above the CMC of TWEENZ20 (0.06mM). Theatphenolic content of this

fraction was 292mg GAE/L, with ethanol content 8%.

4.2.3 Membrane and skin preparations

In this experiment, a dialysis membrane with pore f 12-14000 Daltons was
used in the permeability study of individual polgplols, ethanolic extract and CGA
fraction. Prior to the experiment, the dialysis nbeame with exposed surface of 4cm

was soaked in PBS buffer.

Studies have reported that porcine skin has simpgameation characteristics to
human skin; thus porcine ear skin was used for shusly. Fresh porcine ears were
obtained from a local slaughter house (P.C Turd@mborough, Hampshire).The outer
region of the skin was separated from the cartilesjeg a scalpel. The subcutaneous fat

layer was also removed and the skin was store@GG until further use.

4.2.4 |n vitro cells diffusion

This experiment involved employing a two-chambdfudion cell as shown in
Figure 4.1 with the chambers being separated bgrabmane/skin. The skin permeation
of polyphenols in the ethanolic grape pomace ektea its CGA fractions was

determined using static, vertical glass Franz di€in cells (Logan Instruments Corp.,
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NJ, USA). The exposed membrane surface was 4.@nohthe receptor volume was
22mL. The receptor solution was PBS buffer, at pHahd was continuously stirred with
the help of magnetic stirrer. Frozen ear pig skaswhawed before use and examined
visually for punctures or defects before being ntednnto the Franz cell. Porcine skin
was clamped between the donor and the receptor axtmgnt with stratum corneum
facing the donor compartment. The skin was thenlibcated for 10min at 35°C. In the
donor compartment, 21mL of formulations were agpl®aseline samples (2 mL) were
taken from the receptor chamber before the stati@&xperiment as controls. PBS (21
mL) was removed from the donor chamber and repladéd(21 mL) of the formulation

to be studied (pre-equilibrated to 35°C). Magnsticer bars were used in each receptor
chamber for continuous mixing of the receptor fluiche cell was occluded with
Parafilm™. Samples were withdrawn at 0, 10, 30mins, 1,3, 3, 6, 23 and 24 hour. At
each sampling time, 2.0mL of the receptor solutd@s removed and replaced by the
same amount of fresh buffer to avoid diffusing effeThe samples were filtered

using0.45um microfilter and were stored at 4°C kefmeing analysed by HPLC.

In the present study, gallic acid and resveratrabater and in 210mM TWEEN20
were used as model polyphenols to study the perititgdiehaviour of polyphenols.
Gallic acid was chosen for its high solubility inat®r and low molecular weight.
Resveratrol was studied for its low solubility irater. Furthermore, gallic acid and
resveratrol were two of the major polyphenols pnése the ethanolic grape pomace

extract, other than quercetin as identified in GaaB, Table 3.2.

4.2.5 HPLC analysis

Each sample with different time points was analysgidg HPLC. The method of

analysis was described earlier in Chapter 3, se&id.4.
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Figure 4. 1In vitro cells set up using Franz ceb{Wy, Wang, & Liu, 2015).

The accumulative polyphenols concentration (mg/Bpwalculated taking into account

the dilution factor, the volume of the receptor @inel concentration of the polyphenols

in the receptor and donor solutions, before diffnsrate of polyphenols can be

calculated. The diffusion percentage (%) equati@s wefined as the concentration

of yin the receptor solution after 24hours over theceotration ofyin the donor

solution after 24hours which can be calculatedgiie equation below:

Dif fusion (%) = (

[y]receptor
[yldonor

) * 100 (Equation 4. 1)
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4.3 Results and Discussion

4.3.1 Invitro permeability of “model polyphenols”, ethanolic extract and CGA
processed fraction

The gallic acid and resveratrol were studied asehpdlyphenols to determine
their permeability through membranes. In theorg,dtalysis membrane should allow the
diffusion of both polyphenols across the membraribe receptor chamber. Unlike skins,
membranes do not provide such a barrier that witlér diffusion of polyphenols. In this
particular experiment, the gallic acid and resvetaolutions were expected to diffuse
across the membrane into the receptor solutioexpkined by Fick’s Law. Fick’s law
described that the molar flux due to diffusion wasportional to the concentration
gradient. Therefore, the diffusion of polyphenatsoss the membrane was expected due

to the difference in concentration of polyphenokltween the donor and receptor

chambers.
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Figure 4. 2 Gallic acid in water and TWEEN20 agadtialysis membrane and skin
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The profile of gallic acid solubilised in water amdVEEN20 through the dialysis
membrane is shown in Figure 4.2. From the resuitained, it was clear that there was
diffusion of gallic acid across the membrane. Hoerethe actual concentration of gallic
acid solubilised in TWEEN20 was higher (13.2mg/harnt those solubilised in water
(8.8mg/L) over 24 hours observation. On the othardh the lag phase of gallic acid
solubilised in water was shorter (120min) as comgaio gallic acid solubilised in
TWEEN20 (180min). This could be attributed to théfedent composition of
water/TWEENZ20 used in the gallic acid formulatiombe same observation was noted
by Zillich et al., (2013) where high water cont@m@ formulation leads to shorter time
of lag phase. Moreover, gallic acid solubiliseaviater could possibly degrade by the end
of the experiment at a temperature of 35°C; thusetong the concentration gradient in
the donor chamber and leading to slower diffusieanwhile, the oxidation of gallic
acid solubilised in the TWEENZ20 formulation washmgys minimal. This could be due
to the ability of micelles to protect the polyph&ntrom oxidation(Lin, Wang, Qin, &
Bergenstahl, 2007).Thus, from these observatidrnsar be concluded that gallic acid

was able to diffuse across the membrane, as aatgd@nd described by Fick’s law.
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Figure 4. 3 Gallic acid in water and TWEENZ20 agemg skins

The same formulations that contained gallic acidsalved in water and
TWEENZ20, respectively, were applied to pig sking(ife 4.3). In this experiment, the
diffusion of polyphenols was expected to be greatethe TWEENZ20 than in water
formulation. From the results obtained, we could skearly that gallic acid in both
formulations diffused across the skin. The accutiwdagallic acid concentration
solubilised in water was 2.6mg/L while those sdigbd in TWEENZ20 had 28.4mg/L,
more than 10 times higher than those solubilisedater after 24 hours exposure. The
lag phase in both formulations was the same (apmeely 420min). In this case, the
exact point of diffusion could not be determinedwaately as experiments were running
over night. Interestingly, the accumulative concatidn of gallic acid solubilised in
TWEENZ20 was distinctively higher than those solsbkill in water. Despite the stratum
corneum barrier of the skin, the formulation ofligadcid in TWEENZ20 was able to show
clear penetration and diffusion pattern over 24rbaonbservation. This suggests the

ability of TWEENZ20 to alter the permeability of thkin itself. Moreover, gallic acid was
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unlikely to be solubilised in the micelles due he tiydrophilic nature of the compound,;
hence they were more likely to solubilise in the HBWN20 solution. This again suggests
that the permeability of gallic acid was due toahdity of TWEENZ20 to solubilise lipids

on the stratum corneum.
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Figure 4. 4 Resveratrol in water and TWEEN20 adaliaysis membrane

The same experiment was repeated with 200mg/L rageithough a dialysis
membrane (Figure 4.4). Resveratrol has low solybifi water (30mg/L). The results
obtained showed that resveratrol solubilised inewatid not diffuse through the
membrane after 24 hours exposure. This could plgdsébdue to the high concentration
of resveratrol used in this experiment (200mg/L)ichhwas above the solubility
concentration in water. However, resveratrol sdiséd in TWEEN20 showed diffusion
across the membrane at 120min after exposure. Tleanalative concentration

increased and reached 1.8mg/L by the end of 24shdimerefore, these results suggest
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that the TWEENZ20 enhanced the solubilisation ofeeatrol, thus allowingthe molecules

to pass through the membrane.

Table 4. 1 The physicochemical properties of poypiis tested *

Log P Molecular weight  Solubility in
(g/mol) water
Gallic acid 0.7 170.1 1.59/100mL
Resveratrol 3.0 228.2 3mg/100mL

*National Center for Biotechnology Information (201

From these observations, it can be said that daffusf individual polyphenols
differed considerably. Two major factors have beescribed as the most important ones
affecting this: molecular weight and loge&no-watetvhich is a measure of hydrophobicity
(if log P >1then the compound is hydrophobic) (Ea#ll).Compounds with small
molecular weight will generally have high diffusimoefficient, thus increasing the
chemical potential gradient (Williams, 2013; Ziliet al., 2013). Gallic acid is a low
molecular weight hydrophilic compound (with log PLx therefore its high penetration
into the skin in this study could be due to itshhitydrophilicity. Meanwhile, resveratrol

which is a hydrophobic molecule with log P > 1shdwav penetration to the membrane.
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Table 4.2 Diffusion % of individual polyphenolshahol extract and CGA fraction of grape pomacessro

skins/membrane

Compound Solubility Skin/Membrane % diffusion *
Gallic acid Water Skin 1.6
Gallic acid Tween20 Skin 16.6
Gallic acid Water Membrane 5.6
Gallic acid Tween20 Membrane 8.3
Resveratrol Water Membrane -
Resveratrol Tween20 Membrane 0.6
Resveratrol Water Skin -
Resveratrol Tween20 Skin -
Ethanol extract | - Membrane 3.7**
V16 CGA fraction | - Membrane 0.9**

* calculated based on the concentration of compaited 24 hours exposure
** calculated based on the total peak area (andlysth HPLC) after 24 hours exposure

The diffusion percentage of each formulation acrties membrane/skin was
calculated and results were tabulated in Table B2 diffusion (%) was calculated
according to Equation 4.1.Resveratrol solubilisedTWEEN20 diffused across the
membrane after 24 hours of exposure by 0.6%, mveratrol solubilised in water did
not diffuse at all after 24 hours exposure. In &ddj when the resveratrol solubilised in
water and TWEEN20 was tested against skin, no sidfuwas noted after 24 hours. In
the case of gallic acid, 1.6% gallic acid soluledisn water diffused across the skin while
16.6% of gallic acid solubilised in TWEENZ20 diffusacross the skin. In the case of
membrane, gallic acid formulated with TWEEN20 hadliiusion of 8.3% whilst
formulation in water noted a diffusion of 5.6%. Frdhese results, it can be concluded
that the permeability of polyphenols increased wité presence of TWEENZ20 in the

formulation.

When the crude ethanol extract of grape pomacetessd for its permeability
against the dialysis membrane, 3.7% of total patyyaits diffused through the membrane

(Table 4.2). After CGA separation, the diffusiontofal polyphenols reduced to 0.9%.
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This possibly suggests the retaining of polyphemofsicelles. Since the micelles size is
10nm (Jauregi, Coutte, Catiau, Lecouturier, & Jasg@013), this hindered the diffusion
of the majority of polyphenols across the membraasulting in lower diffusion rate.

Moreover, the small percentage of diffusion obsereeuld be due to the diffusion of

polyphenols by the TWEENZ20 that did not form miesl|

Furthermore, the concentration of polyphenols m ¢hude extract and the CGA
fraction is also important in order for the polypbks to diffuse across the
membrane/skin. Maximum thermodynamic activity amastthe greatest flux is achieved
when the polyphenol is concentrated or saturatetli@ws, 2013). In the present study,
the permeability of crude ethanol extract and i&XJraction was expected to be lower
than the permeability of individual polyphenols migibecause of the complexity of the
crude extract composition which included other éargompounds such as sugar.
Therefore, this could explain the lower penetratiod diffusion of the extract and CGA

fraction as compared to the pure polyphenols.

Suitable drugs/polyphenols molecules are also itaporin topical delivery. In
theory, large hydrophilic molecules are poor caatiid to deliver across the intact skin.
Ideally, a drug should be moderately lipophilicglB = 1-4), relatively low molecular
weight (<500 Da) and effective in low doses (10mg/tbr transdermal delivery). Due
to the complexity of the crude grape extract, tbimld be limited without semi-
purification/purification steps. Semi-purificatisteps could involve the use of solid
phase extraction (SPE), fractionating the polyplsemdo several fractions, depending
on the type of cartridge and also eluents(Barbasaifa, Pocheville, Angulo, Paseiro-
Losada, & Cruz, 2013). Also, it must be pointed that these polyphenols were

guantified only in the receptor fluid. The skin fawe, stratum corneum, and
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epidermis/dermis could also be analysed in ordédratee a better understanding of the

penetration and diffusion of polyphenols acrossskis.

4.4  Conclusion
In this study, the skin permeation of “model polgpbls” such as, gallic acid and

resveratrol dissolved in water and TWEEN20 wereestigated. Overall, TWEENZ20
increased the permeability of these model polyplsermross the membrane and
skin.Good correlation was found between moleculeight and hydrophilicity of each
compound and its permeability. Hydrophilic compaosingith low molecular weight
(gallic acid) diffused faster than hydrophobic ofresveratrol). The enhanced diffusion
of gallic acid in TWEENZ20 across the skin demoristiahe effect of surfactants as a
penetration enhancer. Resveratrol which is hightgoluble in water showed
improvement in penetration and diffusion across rimbrane when solubilised in
TWEENZ20, although none was noted when tested agakis. The diffusion of a
complex polyphenol mixture such as the crude etli@aad its CGA fraction was very
limited, suggesting complexing of the active polgpbls with other large molecules. In
future, the formulations could focus on increasihg chemical potential gradient by
concentrating the polyphenols in the extracts;aetsr could be semi-purified in order to
increase the permeability of the polyphenols actilssnembrane/skins. In addition, the
skins could be analysed in different parts inclgdithe stratum corneum and
epidermis/dermis so that a better insight on thgghenols’ behaviour could be obtained.
Finally, this study showed that the presence dbstant could enhance the solubility of

polyphenols and diffusion across skin and/or pextietn.
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CHAPTER 5: Stability of polyphenols extracted frgmape
pomace by colloidal gas aphrons (CGA) during steftag

Abstract

Grape pomace, a by-product from wine-making ingustth in polyphenols can be
further used in food applications. However, polypdie particularly anthocyanins are
unstable during processing and storage. This irgtestudy showing the use of colloidal
gas aphrons (CGA) as a separation and formulagicdmnique in grape pomace extract
during storage. The results show that the anthasgan CGA sample showed higher
stability in half-life (/255 d) than the crude grape extragt @3 d). The stability of
anthocyanins in CGA fractions is proportional te ttoncentration of TWEENZ20 in the
CGA fraction (6.07-8.58mM). The overall anthocyanionss (by degradation) in the
CGA sample was 34.90%, comparable to the crudenelicaextract with sorbic acid
(EE-SA) (31.53%) and significantly less than in ttreade extract (44%). The colour
changes in the CGA fractions, as well as the caidanolic extract (EE) and the EE-SA

showed relation to the stability of the individaathocyanins.

Industrial RelevanceAn innovative, integrated and environmentallgfaly separation

method is important in the conversion of this bgearct into value-added products to
overcome the cost of waste disposal and decontéionmndhe CGA separation method
offers the advantage of the integration of the ssma and formulation steps targeted
specifically to the anthocyanins in the grape pamathich are often unstable after
extraction. CGA processed samples represent tdlm@de samples rich in anthocyanins
and surfactant which can find applications for eglamas food colourants. Results
obtained here showed the stabilisation effect af the surfactant in the CGA on the

anthocyanins during storage as shown by sloweradigjon kinetics of anthocyanins
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and less colour degradation, as compared to raractgtof the pomace and raw extract
with added sorbic acid (a typical food additivedigefood industry). Overall, this study
demonstrated that CGA is a promising separationnigce that can also facilitates the

formulation of the anthocyanins, protecting theomniroxidation during storage.

Keywords: Grape pomace, polyphenols, anthocyanaislisy, colloidal gas aphrons,
storage

*submitted to Innovative Food Science and Emergdiaghnologies

5.1 Introduction

Grapes are one of the most important fruit cropivated across the world,
whereby80% of the grape productions are used ireawiaking industry(Fontana,
Antoniolli, & Bottini, 2013). Wine production is osidered as one of the most important
agricultural activities, generating a huge amounbyproducts including grape skins,
stems and seeds(Yu & Ahmedna, 2013).At the enldeofdrmentation, these residues are
left with high amount of polyphenols. Anthocyanimstechins, flavonol glycosides,
phenolic acids and stilbenes are among the majastitoents of this by-product
(Kammerer, Kammerer, Valet, & Carle, 2014). Thisesn by the management
authorities as a serious environmental threat ssc#luey are low in pH and high in
organic matter that may cause phytotoxic effectapiplied to crops or wetlands (D.
Kammerer, Claus, Carle, & Schieber, 2004; Lavéllarsha, Laureati, & Pagliarini,
2017). Therefore, converting and utilising this grpduct to another useful product is
required. For instance, the anthocyanins from ploisiace can be used as natural food
colourants(Thakur & Arya, 1989). Anthocyanins aemstive to thermal degradation
making the processing steps rather difficult anchglex, but they are in demand due to
their wide applications in foodas well as in phacmaicals and cosmetics. Thus, various

extraction techniques have been studied and useldding acidified alcohol, sub- and
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supercritical fluid and high pressure processing e yield varies from 787-936mg/L
malvidin-3-o-glucoside equivalent(Barba, Zhu, Koap&ant'’/Ana, & Orlien, 2016;
Drosou, Kyriakopoulou, Bimpilas, Tsimogiannis, & dkida, 2015; Lozovskaya,

Brenner Weiss, Franzreb, & Nusser, 2012).

Extraction is the first step in the commercial &mn of anthocyanins. The
extraction process of anthocyanins can be veryatelidue to their instability and the
necessity to use water as an extracting solverid Fiyocessing generally involves
thermal processing prior to consumption and thecess has a great influence on the
anthocyanins content in the final product. Therpratessing involves high temperatures
ranging from 50°C to 150°C, depending on the pH #red desired shelf life of the
product. Anthocyanins are expected to degrade owvee. However, the storage
temperature has been found to be an importantrfiwbis affecting anthocyanins’ shelf
life. Degradation of anthocyanins, that is, theilffiife (t12) are greatly affected by the
type of anthocyanin, the origin of the samples tadstorage temperature (Hellstrom,
Mattila, & Karjalainen, 2013). The thermal degradatof anthocyanins in extracts and
model systems are reported to follow the first-oréaction kinetics (Presilski, Presilska,

& Tomovska, 2016).

The stability of anthocyanins can be improved bgreasing anthocyanins
concentration by self-association, removal of oxyged inactivation of enzymes
(Hellstrom et al., 2013). In food industry, thensiivity of bioactive compounds is
addressed by the incorporation of edible coatirsgs structural matrix. It has been used
widely to create a barrier from oxygen, moistural aolute movement (Falguera,
Quintero, Jiménez, Mufoz, & Ibarz, 2011). Encapsulais also considered as edible
coatings by using different types of encapsulasygtems such as spray drying/spray

chilling or liposome. The former requires liquidogtets or small particles being



N. Maidin

incorporated within a continuous edible coatingsth requires an emulsifier. Liposomes
are microscopic spherical particles consisting 0w& @r more lipid bilayers that can
encapsulate or bind a variety of molecules. Theegfparticularly in food applications,
food grade surfactant such as the TWEEN20has bemshas an emulsifying agent to fit
this purpose (Quirés-Sauceda, Ayala-Zavala, OlivésGonzalez-Aguilar, 2014).
Moreover, TWEEN20 has been found to have a pretectffect on five different
polyphenols, by slowing down the auto-oxidationgass at pH 4.5(Lin, Wang, Qin, &

Bergenstahl, 2007).

A surfactant-based separation technique, collogdal aphrons (CGA) has been
previously studied in our group to recover varioatuable bioactive compounds from
different feedstock such as astaxanthin (Dermikiuguin, & Jauregi, 2010; Dermiki,
Gordon, & Jauregi, 2009), proteins (Fuda & Jaur2@6; Fuda, Bhatia, Pyle, & Jauregi,
2005) and polyphenols (Spigno, Dermiki, Pastoris@eva, & Jauregi, 2010; Spigno,
Amendola, Dahmoune, & Jauregi, 2015). The typaidastant (i.e cationic, anionic and
non-ionic) determines the outer charge of the C@RAere molecules with the opposite
charge will attract to the CGA resulting in theffeetive separation into the CGA phase.
Our previous work (in Chapter 3) showed that 70%th& anthocyanins could be
recovered from the ethanolic extract of grape pa@masing CGA generated from
TWEENZ20. Considering the high recovery of anthoaysthis study specifically aims
to assess the stability of polyphenols (particylamthocyanins) in the surfactant rich
solution ie, CGA fraction, as compared to theibsity in the crude ethanolic extract
(EE) (before the CGA separation) and the crudeneti@extract with addition of sorbic

acid (EE-SA) during storage.
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52 Materials and methods

5.2.1 Materials

The grape pomace was obtained from the winery réhem Italy. All the solvents
(95% and above) used in this project were obtafred Sigma-Aldrich Company Ltd.,

Dorset, UK.

5.2.2 Extract preparation

The grape pomace (Barbera variety) was kindly idiex¥ by a winery located in
Nothern Italy. At the winery, the fermented pomacas recovered and oven dried at
60°C until the residual moisture content is <5%e Pomace powder was sieved with a
5-mm sieve to separate the skins from the seedsmalhed into fine powders with
particles size of <2mm. They were stored in vaclags, frozen at -20°C.

The phenolic extracts were obtained by ethanol-@ggieextraction using 60%
(v/v)at 60°C in shaking water bath (Grant OLS 280)100rpm in circular motion for 2
hours. 2509 of grape pomace were extracted witbf2he ethanol-aqueous solvent. The
ratio of solute to solvent used was 1:8 accordm@inendola, De Faveri, & Spigno,
(2010).Then, the extract was filtered using a Bechitter, Buchner flask and Whatman
No. 4 filter paper. Approximately, 300mL of thetfdte was labeled as ethanol extract
(EE) and another 300mL was mixed with 100mg/L ebsoacid (>99%) (Sigma, USA)
and labelled as (EE-SA). In this sample, sorbid agas chosen because of its wide
application as preservative in the food industiystmaking it closer to the formulation
of most low pH food products. Sorbic acid is massigd because its effectiveness in
weak acid pH and neutral taste (Troller & OlsergZ)®Both EE and EE-SA were selected
as controlled samples.The remaining filtrate ofrfiQQ@vas kept aside for CGA separation

as described in Chapter 2, section 2.3. In thidystine chemical and physical properties
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of these extracts (controls) will be compared te @GA processed samples, which

contain TWEENZ20 up to a concentration of 10mM.

5.2.3 CGA separation using 10mM TWEEN20

The separation of polyphenols from the crude eth@eatract was carried out at
different ratios of the CGA to feed €¥¢a/Vreed. The ratios selected were 4, 8 and 16. The
separations were individually carried out in adtain glass column (i.d 5cm, height:
50cm). Briefly, the CGA were generated using 10mWHEN20 surfactant solution at
8000rpm for 5 minutes and were pumped into themaluvhich contained the crude
ethanol extract by peristaltic pump (Watson Marlénejn the bottom. Once the column
was filled up, the mixture was left standing formbnutes before pumping out the
separated liquid phase (at the bottom) and CGAd¢phof the column. The volume of
collapsed CGA and drained liquid phase were medsure this study, different
Vcea/VieedWas used which corresponded to the volume of Césilae initial volume of
the feed. The increase in volumetric ratio was progpnal to the concentration of
TWEEN20 in the solution. The concentration of TWEENN V4 was 6.07mM, V8
was7.56mMand V16 was 8.56mM of the TWEENZ20 andQ\ separation was done

in triplicate.

5.2.4 Determination of degradation of chemical and physial properties over time

Briefly, the EE, EE-SA and CGA fractions were deftin equal volumes and kept
in sterilized containers. These were then storetburoom temperature 20°C (SD 1°C)
which was regularly monitored using a thermometer32 days. The total phenolic

content, total anthocyanin and antioxidant actiwitgre determined as described in
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Chapter 2, sections 2.5-2.9. The total anthocyamisvidual anthocyanins, antioxidant
capacity and the colour degradation over time @#&gevery day for the first 7 days and
subsequently 5 days intervals) were determinedeasribe below.

The kinetics of total anthocyanins and individuathecyanins degradation were
assessed; the natural logarithms of these wereglagainst time in order to test for first-

order kineticsas described by the equation 5.1kbelow

—In (%) =kt (Equation 5.2)

0

Where A is the initial anthocyanin content, A is the amysnin content at timg t is
the storage time anHl is the rate constant. The degradation rate congkinwas
determined from the slope of the straight line letmin andt. From the equation above,
the time taken for the anthocyanin content to habue be derived as the half-life/4},

as described in equation 5.2 below:

tl _ Ln(2)

> . (Equation 5.3)

5.2.5Total phenolic content

Folin Ciocalteu (FC) colorimetry method (Single&miRossi, 1965) was employed
to determine the total phenolic content of the B& BE-SA controlled samples and also
in all of the CGA processed samples. This methedlires the oxidation of phenols using
a molybdotungstate reagent to yield a colouredysrbahich can be measured at 760nm.
Briefly, 0.2mL extract/standard was added to 6.0wifl distilled water in 10mL

volumetric flasks after which 0.5mL Folin-Ciocalteeagent (Sigma-Aldrich, Germany)
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was added and mixed. After 1min and before 8mirsnlL of 20% sodium carbonate
(Fisher Scientific, UK) solution was added and vo&kume was adjusted with water to
10mL. The colour generated after 2 hours was rpadtsophotometrically (Ultrospec
1100 pro UV spectrophotometer). Gallic acid (Sighdrich, Germany) standards with
concentrations ranging from 0-1000mg/L were usedeoerate standard plots and an
equation for the calculation of the total phenalancentration in each extract. The
analysis was done in triplicate. The total phenctintent in the CGA processed samples

were compared to the controlled samples over time.

5.2.6 Evaluation of in vitro antioxidant activity

The antioxidant activity of the controlled samp{E& and EE-SA) along with the
CGA processed samples were evaluated according &b &., (1999) using ABTS assay.
This method assesses the ability of the antioxglemscavenge the radical (ABTS) by
decreasing its absorbance at 734nm. Different cdratégons of Trolox standard were
used to construct a calibration curve. The antiamidactivity of the CGA processed
samples was compared to the controlled samplesegsgd as UM Trolox equivalent.
The ratio of percentage of the inhibition to théatghenolic content of all samples,

termed as specific antioxidant power, was calcdlate

5.2.7 Total anthocyanins content

The total monomeric anthocyanins of controlled sas\pEE and EE-SA along
with the CGA processed samples were determined tower using the pH differential

method approved by AOAC (Lee, Rennaker, & Wrols&@)8). This method is based
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on the anthocyanins structural transformation dtaurs with a change in pH. Briefly,
the extract was mixed individually with pH 1.0 at& buffer solutions in a ratio of 1:5
and left for 20 minutes. The absorbance of thegestons at both pHs were determined
spectrophotometrically (Biotech Ultrospec 1100 o spectrophotometer) at a
wavelength of 520nm and 700nm.The results of thiecayanin pigment were expressed

as malvidin-3-glucoside equivalents (ME) accordmgquation 5.3.

__ AxMWx*DF=103
o exl

Total Anthocyanins (M E, %) (Equation 5.3)

Where A = (A2onnrA700nmpH1.0 — (As20nnrAzoonmpHas; MW (molecular weight of
malvidin-3-glucoside =493.43g/mol; DF = dilutionctar; 1 = path length in cm;
£€=28000 molar extinction coefficient and®1 factor for conversion from g to mg and

cm.

5.2.8 Quantification of anthocyanins

The separation of the polyphenols was performedguan Agilent HPLC 1100
series equipped with a degasser, a quaternary andpa photodiode array detector
model (Agilent, Waldbronn, Germany) with Chemstatsoftware. The column used was
a C18 HiChrom (150 mm x 4.6 mm i.d; 5um particleesand 100 A pore size; part
no.EXL-121-1546U) operated at 30°C. The mobile phaansisted of 2% formic acid
(v/v) and 5% acetonitrile (v/v) in water (mobilegse A), and 2% formic acid (v/v) in
acetonitrile (mobile phase B) using the followingdjent 5-15% B (15 mins), 15-30%
B (15 mins), 30-50% B (10 mins), 50-95% B (5 miaafl 95-5% B (5 mins) at a flow

rate of 0.8mL/min. The total run was 50 mins. The gime of 10 mins was allowed for



N. Maidin

re-equilibrating. The injection volume was from 20 for pure standards and 100puL for
grape extracts. The polyphenols were monitored@n and the UV/Vis spectra were
recorded in the range of 200 to 760nm. The maihaayanins were detected at 520nm
and identified based on the retention times ancddmyparing the spectra with an external
standard (Extrasynthese, Paris, France) of delgini3-0-glucoside (>99%), cyanidin-
3-0-glucoside (>98%), petunidin-3-o-glucoside (>98%nd malvidin-3-0-glucoside

(>99%).

5.2.9 Determination of CIELab colour parameters and pH

The changes of colour in the EE, EE-SA and the QB#cessed samples were
measured using a CT-1100 ColorQuest HunterLab kindathe measurements in
transmittance mode. Standard black plates were fasesdfandardisation. L*, a* and b*
measurements were obtained and used to calculabenahand hue angles based on
Equations 5.4. Delta EAE) was calculated based on the changes of thesafuer, a*
and b* at a given time, in comparison to theseesat day 0. In other words, biggdf

imposed bigger changes in colour and vice versa.

ATAN(%) . <b)

Hue angle (°) = [180 *

Chroma = +a? + b2

AE = [(AL)? + (4a)? + (Ab)?]2(Equations 5.4)
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The hue angle and chroma may be used on a CIELF@7B* colorimetric system
diagram to identify colour and monitor changes. Thanges of colour in all the CGA
processed samples over time were compared to EEE&®A as the controlled samples.
The pH of all samples was checked regularly wittptkh meter (Mettier-Toledo

SevenEasy), and calibrated by using pH 4.0 antduff@r solutions (Sigma, USA).

5.2.10 Statistical analysis

All the experiments were performed in duplicatee Thata were subjected to the
analysis of variance using IBM® SPSS® Statisticsgiftware programme where
statistical differences were noted. Differences magnthe different treatments were
determined by using the Tukey test. The signifiealevel was defined at p<0.05. The

results were reported as means + SD.

5.3 Results and Discussion

5.3.1 Total phenolic content

Initial values for total phenolic content, mononeeainthocyanins and antioxidants
measured in controlled samples (EE and EE-SA)lamee tof the CGA processed samples
were taken at day 0. The total phenolic contenaficsamples were from 285 to 2080 mg
GAE/L. The TP content for EE-SA was higher than BBjch was explained by the
presence of sorbic acid. The total monomeric antlioio was found between 99.1-422.9

mg ME/L. The antioxidant activity ranged from 2298469 uM Trolox equivalent.

Over a storage period of 32days, the losses iTEheontent were minimal in all
the samples (Fig.5.1). The maximum degradationrgbdein EE-SA and EE was not

more than 10%, over time with the pH ranging frord ® 3.8. Among all the CGA



N. Maidin

processed samples, the lowest losses of the TBradomas in V16 AP (4.91%), followed
by V8 AP (5.44%) and finally V4 AP (6.42%), althdughey were not significantly
different (p = 0.062). The hydroxyl group of theeplolic compounds is highly reactive;
hence changes were expected during storage which fwéher explored in total

antioxidant capacity and total anthocyanins.
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Figure 5.1 Total phenolic content of CGA procesard controlled samples over time. Error
bars represent means + SD, n = 2.Different lettdicates a significant difference using
Tukey'’s test (P<0.05).

5.3.21In vitro antioxidant activity

The antioxidant activity of the control samples &@A processed samples stored
over time was evaluated using ABTS assay. Figu{A%.shows a decrease in
antioxidant activity in the controlled samples d@nhd CGA processed samples overtime.
With the exception of EE, the reduction in anti@ad activity was significant for all
samples during the first 5 days. Further decreaa® observed in V4 after 12 days,
however in V8, V16 and EE-SA samples no furtheuotions or even slight increases in

antioxidant activity were observed.
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Figure 5.2 Antioxidant activity profile expressesl &rolox Equivalent (uM) (A) and specific
antioxidant power (% inhibition/mg GAE-760nml) (B) of different samples during storage
Error bars represent means + SD, n = 2.

However, when the specific antioxidant power (cEtad as percentage of
inhibition by the total phenol content measuredhwitolin-Ciocalteu assay) was
calculated, a more distinct pattern was observegl $2B). In general, the specific
antioxidant power decreased over time althoughethegre slight losses in the total
phenol content (Fig. 5.1).Rapid loss of antioxidaoiver was observed in V4 from day

0 to day 16, although losses for V8, V16 and EEv&ke only observed until day 5. It
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was interesting to note that there was no speaiftoxidant loss in EE. This could be

related to the total phenolic content as depiatéigure 5.1 where the losses in EE was
not significantly different (§0.05) between the time points. This implied that ltsses

in TP and antioxidant activity in EE were in thengaproportion hence the antioxidant

efficiency was almost constant over time (Fig 5.2B)

However, this was not the case for the CGA samplesse minimal losses of total
phenolic content were noted but important changesiioxidant activity. Therefore, this
suggests that in these samples the antioxidanitgenay not solely derive from the total
phenolic content. Over estimation of total phenobatent could possibly happen by the

action of proteins presence in the crude extraudistlaie CGA processed samples.

5.3.3 Total anthocyanins content

Degradation of anthocyanins has been previoushietiun wine and its residues
(Bimpilas, Panagopoulou, Tsimogiannis, & Oreopoull6; Clemente & Galli, 2011,
2013; Lavelli et al., 2017). The patterns of degtamh involving anthocyanins are
complex, but the degradation rate generally follfives-order kinetics (Amendola et al.,
2010; Buckow, Kastell, Terefe, & Versteeg, 2010pwever, the information on
anthocyanins degradation in the presence of sariags lacking. In this study, the
degradation of anthocyanins in the controlled ses\0EE and EE-SA) were compared
with the CGA processed samples stored at 20°Qyviatig the first-order kinetics (Fig.

5.3).
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Figure 5.3 Time course for the decrease of anthooga(A/Ay;) concentration in samples
measured by pH differential method, during storaig20°C. Error bars represent means + SD, n
= 2. Dotted lines represent the fitting of datahitst-order kinetics. Rate constants are reported
in Table 5.1.

In Table 5.1 the first-order rate constak)tdf all samples is shown. The first-order
rate constant for anthocyanins degradation rangswden 0.0124 and 0.0217 d
1 Although the R values for V4 and EE were lower than the othdws first-order rate
constant was assumed. The justification for this thiat the pH of these samples ranging
from 3.5-3.8, therefore the degradation of the aryhnins and thus the ionisation of
flavilium ion follow this degradation order(West Blauer, 2013). In the controlled
samples, the first-order rate constant of EE wghéri k = 0.0159 d) than EE-SA; the
first-order rate constant of EE-SA was the loweabag all samplesk(= 0.0121 d).
This suggests that the addition of sorbic acidaased the stability of anthocyanins
during storage although sorbic acid has only beponted to prevent microbial growth

during storage (Troller & Olsen, 1967).
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Table 5.1First-order empirical rate constants (k) and hi&ffor anthocyanins.

Sample R K (d?) tiz(d)  Losses (%)*
V4 0.8861 0.0217 £ 0.0019 31 53.35
V8 0.9585 0.0157 £ 0.0024 44 41.30
V16 0.9385 0.0124 £ 0.0015 55 34.90
EE 0.8131 0.0159 + 0.0012 43 41.04

EE-SA 0.9583 0.0121 +£0.0011 57 31.53

Rate constants are expressed as means + SD, n = 2.
*losses calculated after day 32

Generally, the first-order rate constant decreastuthe increased in volume ratio
and thus with an increased in the surfactant coritethe CGA processed samples
(ranging from 6.07-8.56mM TWEENZ20). The first-ordexte constant of V16 was
comparable to the one of EE-SA, whilst V8's wasselto those in EE. Meanwhile, V4
was found to degrade the fastest over time. Thaanibe said that V16 had a comparable

stability to EE-SA, followed by the V8 sample amafly the V4 sample.

The extraction of grape pomace with water contgir8fb6 of citric acid has also
been proposed to recover phenolic-rich colouredaetld with 36-62% of total
anthocyanins obtained, intended to be used asifapddients (Cardona, Lee And, &
Talcott, 2009). However, the colour degradatiotheke water-based extracts at 30°C is
fast, with first-order rate constant of 0.0364 an@®38 for cold and hot pressed
extractions, respectively. In the present studg,fitst-order rate constants were lower
indicating more stable extracts. The most stabiepta was the EE-SAk(= 0.0121c)
suggesting a stabilisation effect of sorbic acidmparable results were obtained for V16
CGA with k= 0.0124d". However, it must be pointed out that the stadiiis1 effect in
the CGA processed samples was only achieved a@irtexincentration of surfactant, in

the case of V16 it was estimated as8.56mM of TWHEN2the case of V4 and V8 CGA
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samples which contain 6.07mM and 7.56mM TWEENZ2@eesvely, the stabilisation

effect was minimal and even below the stabilityfe& control.

However, the ethanolic extract of grape pomaceidtafrom micronized grape
skin powder and maltodextrin-encapsulated grape ekiracts had low first-order rate
constant of 0.0033-0.0014*(Lavelli et al., 2017). The possible reason fos ttwuld be
due to the drying and encapsulation ofthe grapa skiracts, lowering their water
activity which was largely responsible for the dmtation of polyphenols. Therefore
these results are not comparable with the pressntlts, as this study assessed the
stability of anthocyanins in a liquid form. Moreaoyehe drying process will require
higher overhead costs and needs high energy asdusesinput which would add up

greatly to the overall costs.

The half-lives of anthocyanins of EE and EE-SAetioat 20°C were 43 and 57 d,
respectively (Table 5.1). In comparison to the C&anples, V4 had the shortest half-
life of 31 d, followed by V8 (44 d) and V16 (55 dyomparing the CGA processed
samples to the controlled samples; the half-lif&d6 was almost similar to EE-SA, but
longer than that of EE. Meanwhile, V8's half-lif@g/close to that of EE. These half-life
values were higher than the one reported for theld#rry juice stored at 25°G/ft= 4.4
d), possibly due to the different types of antheuya present (Buckow et al., 2010).
Similarly, when the percentage of anthocyanin Iessier 32 days of storage were
determined, EE-SA had the least losses of 31.58%ely followed by V16 of 34.90%.
Quite similar anthocyanins losses were noted inaB& V8. In a study of blue grape
anthocyanins stored at 15-35°C, the loss of antigog in grape juice sample with
sorbic acid was 77% when stored for 60 days (Th&kaArya, 1989). In comparison to
the EE-SA, the losses of anthocyanins in EE-SA wamall; although it must be

highlighted that Thakur & Arya (1989) had their gdenstored for 60 days at a wider
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range of temperature. In the present study, treedbanthocyanins was the highest in V4
which coincided with the lowest TWEENZ20 concentratin this sample. Therefore, it
can be conclude that the surfactant had a comgasthbilisation effect to the sorbic
acids. This further confirmed that the surfactaighmplay an important role in protecting

the anthocyanins from oxidation, thus extendinghiié-life.

5.3.4 HPLC-DAD analysis of anthocyanins

The HPLC-DAD analysis showed that all samples hadadthocyanin peaks
which were identified in the beginning and at timel ®f storage study. The identified
anthocyanins were: delphinidin, cyanidin, petunidpeonidin and malvidin with
different glycosyl acylation attached (Fig. 5.4)éud wines and their pomace made from
V. viniferagrapes, the main anthocyanins detected were em@&woglucosides of the
free anthocyanidins including pelargonidin-3-o-gisicle, cyanidin-3-o0-glucoside,
delphinidin-3-o-glucoside, peonidin-3-o0-glucosidepetunidin-3-o-glucoside and
malvidin-3-0-glucoside (Drosou et al., 2015; Heakt 2012; Kammerer et al., 2004).
However, in this study, pelargonidin-3-o-glucosias not detected. The chemical

structure of the anthocyanins identified was illatgd in Figure 5.5.
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Figure 5.4 Typical HPLC profile of anthocyanin ithanol extract of grape pomace at 520nm.
Peak 1: delphinidin 3-glc, 2:cyanidin 3-glc, 3:patlin 3-glc, 4:peonidin 3-glc, 5: malvidin 3-
glc, 6:delphinidin 3-acetylglc, 7:cyanidin 3-acefigl, 8:petunidin 3-acetylglc, 9:malvidin 3-
acetylglc, 10:cyanidin 3-o0-p-coumaroylglc, 11:pedlim 3-0-p-coumaroylglc, 12:peonidin 3-o-
p-coumaroylglc, 13:malvidin 3-0-p-coumaroylglc.

In all the samples, the most abundant anthocyans mavidin-3-o-glucoside
(0.68mg/g) which was in agreement with other stsidi¢Bimpilas, Panagopoulou,
Tsimogiannis, & Oreopoulou, 2016; Morais, Ramostggos, Cserhati, & Oliviera,
2002) followed by delphinidin3-o-glucoside (0.58mg/This composition was the same
as those found in blueberry (Buckow et al., 2018)th pigments were typically
responsible for the purple and purple-blue whichld¢de seen in the colour of the

ethanolic extract.
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Substitution pattern
3 R4 R5 ' R6 |R7 | Colour
OH OH | OH| OH | Blue-red
OH OH 'OH H Orange-red
OH  OMe OH | OMe| Blue-red
OH OMe OH OH | Blue-red
OH OMe OH | H Orange-red

Name R1 R

Delphinidin | OH | OH
Cyanidin OH ' OH
Malvidin OH | OH
Petunidin OH | OH
Peonidin OH | OH

I|T T x|l

Figure 5.5 Structural identification of anthocydni&l(aglycons) (Castafieda-Ovando, Pacheco-
Herndndez, Paez-Hernandez, Rodriguez, & Galan-\V20819).

Different anthocyanins had different degradatiomekics in the samples (Table
5.2). Among the four anthocyanins, delphinidin itz least stable anthocyanins, with
the exception of EE. This can be seen in theirtdhalf-lives (29-41d) and their faster
degradation kinetickE 0.0126-0.01958). Fleschhut, Kratzer, Rechkemmer, & Kulling
(2006) reported that an increase in hydroxyl grompthe B ring of the anthocyanin
nucleus could result in a decrease in the stabhtych could possibly account for the
anthocyanins loss. However, this was not obsemvéEi where cyanidin degraded faster
than delphinidin, but both of them seemed to be &able than petunidin and malvidin
indicating that methylation of hydroxyl-groups in g increased the stability of
anthocyanins. Our results were comparable to thesarted by Hellstrom et al., (2013)
for delphinidin and cyanidin in the blackcurrandarhokeberry juices stored at 21°C

with half-lives between 16-44 days.
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Table 5.2 Half-lives (i, day) of different anthocyanins in controls andACé&amples, stored at
20°C

Compound/sample V4 V8 V16 EE  EE-SA
K (dY) K (d?) K@d?) K@h) K(d?

Delphinidin 3-glc 35 36 29 41 41
00195 0.0190 00233 00168 0.0168

Cyanidin 3-glc 42 55 52 33 42
0.0163 00126 00132 0.0204 0.0162

Petunidin 3-glc 50 44 52 50 49
0.0136 00155 00132 00136 0.0139

55 57 71 59 65

Malvidin 3-glc 0.0126  0.0121 0.0097 0.0116 0.0116

*3-glc, 3-0-glucoside

Malvidins are known to be the most stable as coetpty other anthocyanins due
to the absence of two hydroxyl groups in the B strgcture. This was clearly evident as
they had the longest half-life as compared to otr@hocyanins across all samples.
Interestingly, malvidin in V16 sample had longerlfiée (71d), with slowest
degradation ratek(= 0.0097 o) than in EE-SAK = 0.0116d, t12 = 65d) which agrees
with the observed protecting effect of the surfattResults from that study showed that
the stability of polyphenols was influenced by thalrophobic/hydrophilic balance in
the solution. Moreover, the colloidal aggregatesianfluence the oxidation rate if the
polyphenol was incorporated in or closely intemragtwith the aggregates(Lin et al.,

2007).

According to Hellstrom et al., (2013), the effeftsogar moiety was minor as
compared to the effect induced by the type of thre @nthocyanidin. In these extracts,
malvidin- and delphinidin 3-glucosides were the twmajor groups. Delphinidin
glucosides exhibited greater temperature sensitilie to their three hydroxyl group in
the B ring in comparison to malvidin derivative wihihad only one —OH group attached
to it (Buckow et al., 2010). This can be clearlgrsén the half-life of malvidins {t =

55-71 days) across all samples. Moreover, thelgtabi anthocyanins was also reduced
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by the number of hydroxyl groups in the A ring wille absence of dihydroxyl group in
the B ring (Buckow et al., 2010). The matrix of gdes also had a major impact on the
stability of anthocyanins where anthocyanins ircgsi were more prone to degradation
as compared to those in smoothie (Hellstrom et28113). A study in anthocyanins
stability from encapsulated grape skin showed 8aamt increase in the half-life of
anthocyanins up to 452 days. The study also prtivaidby lowering the water activity
of the encapsulated grape skin powder can doublbdH-life up to 998 days (Lavelli et
al., 2017). In fruit juices, several factors caftuence the stability of anthocyanins, such
as pH, presence of ascorbic acid and anthocyamgradmg enzymes (Buckow et al.,
2010). Finally, the degree of glycosylation alsogiipossibly affect anthocyanins

stability; the higher the degree of glycosylatitire more stable it became.

Co-pigmentation of anthocyanins with other compaumsl considered as an
important mechanism of colour stabilisation in péanAnthocyanins can form co-
pigments with metal ions, other phenolic compoudsthrough self- association
(Castafieda-Ovando et al., 2009). Co-pigmentatiovutfh self-association is not very
likely because in order for it to take part, th@oentration of the anthocyanin should be
greater than 1mmol//L. Hydroxycinnamic acids aravdinols were reported as the best
cofactors in wine (Bimpilas et al., 2016). Co-pigrtegion can be influenced by the
anthocyanins and co-pigment structure, and algbdgoncentration of anthocyanins to
the co-pigment (Eiro & Heinonen, 2002). In the prasstudy, the ratio of anthocyanins
and co-pigments might not be sufficient for the pigmentation to occur since no
additional phenolic acids were added to the samfleas, the stability effect on the
anthocyanins observed in this study could be patddidue to the TWEEN20 and the

addition of sorbic acid.
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5.3.5Colour stability and pH

Grape pomace extract has high levels of anthocgamiiowever, anthocyanins
undergo degradation during processing and stothge affecting colour characteristics.
In the present study, the colour stability of tbatrolled samples and the CGA processed
samples were investigated. Colorimetric parametér®ma C) and hue If) were
determined and thAE was applied to see colour changes over time. €ffeets are

comparable to those observed in anthocyanins, ietseme exceptions.
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Figure 5.6 Chromaand hue values of samples dutorgge (A and B), totalcolour difference
(AE) between samples (C). Error bars represent megidsn = 2.
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Figure 5.6(A and B) showed the changes of cologhimoma and hue angle for the
controlled samples and the CGA processed samplastiove. In this study, the CGA
processed samples were compared against EE and\EHJ8 results obtained showed
that EE and EE-SA had a similar tretME values overlapped with each other. At day 0,
both samples had dark red colour (c = 39.4, hu®¥ ®ver time, both chroma and hue
values decreased rapidly by day 22, from darkeadihg towards blue-black shade (c =
14.9, hue = -29.6). The same trend was observatl of the CGA processed samples,
although the chroma and hue angles decreasedlgtaadiompared to EE and EE-SA.
At day 0, all of the CGA processed samples had sisionilar colour of dark red shade
(c =49.2-51.5; hue = 8.7-15.1). However, the chaqgo= 31.7-40.6) and hue angle (hue
=-1.4-2.8) values decreased in all of the CGA essed samples over time. In short, V4
turned from dark red to light red, tending towabdisckish; V8 turned from dark red to
light red, tending towards browning and finally, 8/furned from dark red to light red,
tending towards pinkish. Therefore, these restitsved that minimum colour changes
were observed in V16, which correlated with the dowlegradation rate determined
above and confirms the stabilisation effect by shefactant. Furthermore, the colour
changes of samples can be further explainedABy(Fig. 5.6C).AE indicates the
magnitude of the color difference between fresh atated grape extracts. In the
controlled samples (EE and EE-SA), huge changekl ctmiseen as compared to other
CGA samples in every time points. In all the CGAgassed samples, the changes were
not significantly different (p>0.05) in the first21days of storage. However, higher
magnitude of changes was observed in day 22, anahali changes were observed in

day 32.

Anthocyanins differ from each other by the numbeat position of the hydroxyl,

and methoxyl substituent groups in the B ring efitiolecule. The hydroxylation pattern
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of the anthocyanins in the B ring can directly effffne hue and colour stability due to
the effect on the delocalized electron path lengtithe molecule (He et al., 2012).
Anthocyanins with more hydroxyl groups in the Bgican contribute more to blueness
meanwhile the degree of methylation in the B rirayp eéncrease redness. The rapid
decrease in red colour of EE and EE-SA might béeeix@d by the half-life of a particular
anthocyanin (Table 5.2). In both controlled samptganidin-3-glucoside and petunidin-
3-glucoside had the shortest half-lives betweer2ll@lays. Both anthocyanins were
responsible for the red and dark red colour resgegt which could explain the losses
of dark red colour in both controlled samples akrdays. Both anthocyanins had two
hydroxyl group attached to the B ring, which ina®a@ the blueness of the colour, as
found in these samples. In the case of the CGAgss®r samples, V4 appeared to have
the same result as EE and EE-SA, which possiblyaexgd the short half-life of
cyanidin-3-glucoside. However, in the case of V8 &16, delpinidin-3-glucoside had
the shortest half-life, 31 and 36 days respectivéhis could have contributed to the
colour changes observed, from dark red to light tedding towards brownish and
pinkish. Delphinidin-3-glucoside was responsible fbe blueness as it had three
hydroxyl groups attached to the B ring. Althoughstinstudies showed that delphinidin-
3-glucoside exhibited a greater thermal sensititg to their three hydroxyl substitution
group, this was not clearly observed in this stuthyys the correlation between
anthocyanin stability and chemical structure idl stinclear (Rice-Evans, Miller, &
Paganga, 1996).However, the huge colour changek4{8A could not be explained by
the slowest anthocyanins loss in this sample. $hggests that the reaction of colour
stability in this sample is yet to be determineddags not simply correlate with

anthocyanins degradation. The mechanisms of sabdn of anthocyanins by
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TWEENZ20 are yet to be determined, but we proposaettie micelles might play a role

in encapsulating the anthocyanins, thus proteets thgainst oxidation during storage.

Overall, the pH of all samples dropped and theneim®ed slightly throughout the
storage period (Fig. 5.7). Although the reasomiglear, it may be due to the formation
of phenolic acids like gallic acid which has brougie samples to be more acidic than
before. The increase in pH later at the end obg®ipossibly indicated the oxidation of

these intermediate compounds.
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Figure 5. 7pH values of all samples during stor&geor bars represent means +SD, n = 3.
Different letter indicates a significant differengging Tukey’s test (P<0.05).
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5.4 Conclusions

Red grape pomace is a well-known source of anthmegaThe results obtained in
this study suggest that the presence of TWEENZ28 egrtain concentration greatly
increased the stability and thus enhanced the 8feeldf grapes anthocyanins in CGA
processed samples when stored at 20°C. The sgafiilanthocyanins CGA processed
samples increased with concentration of TWEENZ20.0Ag the CGA processed
samples, V16 showed minimal degradation of anthaiagaover time with a half-life of
55 days and overall anthocyanins losses of 34.90%6. result was comparable to the
controlled samples of EE-SA with 31.53% loss ohanyanins (= 57d), confirming
the stabilisation effect of the anthocyanins bydtddition of sorbic acid. Malvidin-3-o-
glucoside was found to be the most stable anthaey@mn. 55-71 d), which was in
agreement with most other reported studies. A goaelation between the colour
changes and the degradation rate of individualaydmnins was also observed in this
study; i.e degradation of cyanidins and petunidestlted in loss of dark red colour in

the control samples.

Overall, this study shows that the surfactant caffdr additional stabilisation to
the anthocyanins and the results obtained here sugrerior to others reported for wet
formulations of anthocyanins. The mechanisms obiksation of anthocyanins by
TWEEN20 may be related to solubilisation effectlod anthocyanins by the micelles.
Finally, the main findings in this study show thdvantages of CGA, not only as an

integrative separation technique but also in fardulation.
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CHAPTER 6: General conclusions and suggestiorfatiare work

6.1 Conclusions

Polyphenols from grape pomace, efficiently extrdaising organic solvents may
need the solvent removed before formulation foidfaad/or cosmetic applications. In
the present work the aim was to investigate thdiaimn of colloidal gas aphrons
(CGA) to the crude grape pomace extracts for thmowery and formulation of
polyphenols. In particular, the focus of this studgs to investigate if the second
extrction into the CGA phase would lead to an dnment of the most active polyphenols
and if the surfactant in the CGA would result iry advantage for their formulation.
Based on the previous knowledge obtained in reledsdarch, this study focused on
using TWEENZ20for the generation of CGA, a non-isucfactant that is considered safe

for consumption and has the least irritating effacthe skin,.

First polyphenols were extracted from the pomaceapplying two different
extractions: (i) ethanolic extraction (EE) (ii) hetater extraction (HWE); both are
considered green solvents. Different polyphenotsmasition was noted in both extracts.
The EE was particularly rich in anthocyanins aradinols whilst the HWE contained
high amounts of phenolic acids and flavonols. Alitjo the total phenolic content in
HWE was lower than in EE, its antioxidant actistyowed that HWE had a more potent

effect in quenching the radicals, as measured by3\Bssay.

Similar recovery of polyphenols was obtained froothbEE and HWE with CGA
generated with CTAB and TWEENZ20, with higher aniiiat capacity found in CGA
fractions separated with TWEENZ20 than with CTABnte TWEEN20 was selected to
be used forthis study. Alsousing the non-ionic acidint had the added advantage that

the final product was considered non-toxic and asafitno additional step for surfactant
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removal was necessary. The selectivity in relatosugar was particularly good with EE
at low CGA to feed volumetric ratio; but this wast im the case of HWE where similar
high recoveries were obtained for polyphenols arghsat all volumetric ratios. In the
case of proteins, similar recovery trend was olexem both extracts; similar recoveries
for proteins and polyphenols were obtained, thusdelectivity in proteins was obtained.
Overall, it should be highlighted that for both gegpomace extracts in the further CGA
separation process, the most important operatingnpeters were volumetric ratio and
drainage time. The recovery of polyphenols incrdas@h the volumetric ratio but
decreased after the ratio 16 while in the caserahdge time, the opposite trend was
observed, increase in the drainage time resultedecreased polyphenols recovery.
Consequently, since both the EE and HWE showedasimgcovery trend, the selection
of the solvent forthe solid-liquid extraction presein this case was tailored made to the
final application/product intended. For example, ¢éthanolic extraction led to an extract
particularly rich in anthocyanins that could bepafticular interest for application as a
natural colouring either to be applied in food osmetics and could also be interesting
for applications as functional food product. HWEtba other hand extracted most of the

phenolic acids which can be useful in formulatingducts rich with natural antioxidants.

The selected CGA fractions were tested for thetivilg against skin related
enzymes. The main findings here (chapter 3) shothatl both ethanolic and water
extracts of grape pomace had high inhibitory attiand that further separation with
CGA led to high inhibitory potency. The key polypla¢s identified in HWE were gallic
acid, chlorogenic acid, quercetin and kaempferabilst/quercetin, resveratrol and gallic
acid were the major polyphenols in EE. The der€@&H fraction from HWE had gallic
acid, syringic acid and kaempferol and the der@&HA fraction from EE had quercetin

and the anthocyanins as the key polyphenols. Maredke increased in the potency of
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the CGA fractions suggested that the TWEEN20 mpay a role in solubilising the
polyphenols; facilitating the delivery of these kmlyphenols to the enzymes. However,
these polyphenols need to pass the great barrsgratfim corneum layer in order to reach
the targeted enzymes inside the dermis layer. Tdrexea step further was taken in
assessing the permeability of these polyphenasiifactant rich solutions onto porcine
skins (chapter 4). The main results showed thaptasence of TWEENZ20 increased the
penetration and thus permeability of individualypdlenols (gallic acid and resveratrol)
across the skins and artificial membrane. Howewvsmaller amount of polyphenols from
the crude grape pomace extract and the CGA frapmetrated across the membrane.
This could possibly be due to the complexity ofshenples which hindered the diffusion
of particular polyphenols across the membrane. &yveCGA fractions from grape
pomace extracts showed high potency in inhibitimgenzymes related to skin aging and
their application in cosmetic formulations seen@npsing given the surfactant’s role in

facilitating the diffusion of the polyphenols acsdbe skin.

In order to consider the application of CGA in tlguid formulation of the
anthocyanins as a natural food colouring, the ktalof the anthocyanins from the EE
and its derived CGA fractions were evaluated dustogage at 20°C for 32 days (chapter
5). The main findings here showed that stabilityaothocyanins in CGA samples
increased with the concentration of TWEENZ20. ltingortant to highlight that the
highest stability of anthocyanins in the CGA fraativas achieved with the concentration
of 8.58mM of TWEENZ20 and the result was comparablthe EE-SA (ethanol extract
with addition of sorbic acid) in terms of half-liéend losses of total anthocyanins. A good
correlation was also obtained between the deg@dafiindividual anthocyanins and the
colour changes of all samples during storage. Toeréhese findings here suggest that

the stability of anthocyanins in the CGA proceskadtion was aided by the surfactant
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that may protect them from oxidation/degradatiohisTagain shows that CGA can be

used not only as a separation method but can atdddte the formulation step.

Overall in this study it has been shown that theliagtion of CGA can lead to the
recovery and at the same time formulation of pofypits with potential application in
cosmetics and food products. The inhibitory agfipibtency of polyphenols extracted in
CGA fractions which were rich in surfactant wash@gthan that of the crude extracts,
and also the anthocyanins stability was higheh&nG@GA fractions (with high surfactant
concentration) than in the crude extracts, as shoyviie results in chapter 3, 4 and 5.
As a final conclusion, CGA is an interesting anamising recovery-formulation
technique especially with TWEEN20 as the surfactnte its removal is no longer
needed; in fact as shown in this study the sunfdtias a positive effect by increasing
the solubility of polyphenols, protecting and pb$giselectively “encapsulating”
polyphenols in the micelles. Finally CGA is appbéato the recovery of different types
of by-products and can contribute to developmefigjedener” processes by reducing the

use of solvents and hence addressing the envirdahwamcerns.

6.2  Suggestions for future work

The present study proposed a separation proceskefaecovery of polyphenols
from grape pomace ethanolic and water extractsgusoiloidal gas aphrons. The
separation was conducted conventionally, in aftilmtacolumn operated in batch mode
where the CGA were generated prior the mixing ¢ortact) with the extracts. However,
alternative ways to apply CGA generation could b#l explored andalso CGA could be
applied to different by-products. Here, we had ecateld a preliminary experiment on

carrot pomace using an situ generation of CGA. In this trial, the carrot pomagas
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mixed with a 1ImM SDS surfactant solution. The migtwas subjected to intense stirring
for 5 mins and heated up using a hot plate to 60t led to the generation of foams.
After the stirring had stopped, the mixture waswa#d to separate for another 5 minutes.
The liquid phase was pipetted out while the apticami phase was allowed to collapse
completely and residues were filtered. Total phenobntent, total carotenoids and

antioxidant activity of both phases were analySeable 6.1).

Table 6. 1 Total phenolic content and total caroigs for the carrot pomace extracted using CGA

Analysis Aphron/Foam Liquid Separation
Factor (SF)

Total Phenol — Folin Index 40.36 * 443 + 9.11+2.51

mg GAE/g fresh weight

(mg . any 3.55 2.10

Total Carotenoid (umoles/ g 19.58 + 2.45 14.24+  1.21£0.63

fresh weight) 3.11

Antioxidant activity (% 6.37 4.44 -

inhibition)

Values represent mean + standard deviation (n = 3)

The results showed higher content of phenolic adntethe aphron/foam phase
as compared to the liquid phase. This was evidgtitdhigh separation factor of 9. The
high separation factor indicated the affinity ohgmounds to be in the aphron/foam phase.
As for the total carotenoids, the recovery was éigh the aphron/foam phase but not
significantly different from the liquid phase. Thigsult was further supported by the
separation factor which was around 1, indicatinqnéiorm partition of the carotenoids
between the two phases. Furthermore, the recovearotenoids could be influenced by
the pH of the mixture. Dermiki et al., (2009) fouthét maximum recovery of astaxanthin

(which belongs to xanthophyll group) was achievadar strong alkaline solution even
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though they are highly hydrophobic. The antioxidagettvity, calculated as percentage of
inhibition showed a slightly higher inhibition imé& aphron phase. Interestingly, this
result coincided with the total carotenoids reswitsich possibly suggested that the main
contributors to this activity could possibly be tbarotenoids whilst the polyphenols
extracted may not reacted towards this assayelextraction of polyphenols from plant
matrix, these polyphenols must be released fronfabe matrix first by disrupting the
plant tissue, followed by the removal of the delaml liquid-liquid or liquid-solid
extraction (Amorim-Carrilho et al., 2014). Thesepst were mainly represented in this
experiment, where disruption of the matrix couldibae by the intense stirring, followed
by the solid-liquid extraction by the surfactanErom the observations above, it is
possible to conclude that the recovery of polyplteoould be done by means of ian
situ generation of CGA, avoiding the solid-liquid exttian by the organic solvents.
However, several important parameters like pH, ma&wf surfactant to the pomace and

moisture content should be further investigated.

In addition to the work conducted in Chapter 2 vehféwtation column was used,
it will be more interesting to investigate the opisation process by continuous operation,
where feed and CGA are introduced simultaneouslydayg two different pumps. This
will be interesting to investigate the scale-uphef CGA separation. Moreover, the size
and dimension of the column could be increasednjarove recovery and perhaps its
selectivity. Alternatively in batch mode additiorsé¢ps could be taken by subjecting the
drained liquid phase to a second or more flotasteps to improve the recovery of
polyphenols. With regard to integration of the stégken before CGA separation, the
suspension of grape pomace-extract could direelyded for CGA generation without
having to filter the pomace residues. This techaigull allow the combination of

extraction and purification steps in recovering &mthulating the active CGA fractions



N. Maidin

to be applied in food and non-food industries.his study, although the grape pomace
residues were not utilised, this residues shoultuliber used, probably as a source of
dietary fibre by turning them into grape pomaceurfloThis step can be further

investigated in future to fully utilise the grapenpace, leaving no by-product behind, in

line with the zero waste concept in the food indast

Concerning the inhibitory activities of grape poma&xtracts and CGA fractions
to collagenase and elastase enzymes, more puecExis probably desired in order to
establish the connection between the activitiesthadype of polyphenols. This can be
achieved by subjecting the extracts to HPLC coupligd fractions collector. Regarding
the permeability of the polyphenols on the sking tesults showed very minimal
penetration of CGA fraction into the skin. Stilhig experiment has provided an
interesting result to be used in future. The fomtiohs (in this case, the ethanolic extract
and CGA fraction) could be more concentrated teeaehcertain thermodynamic activity
in order for flux to occur. Moreover, the extraotutd be semi-purified using solid-phase-
extraction or fractionated to group the polyphermtsording to molecular weight or
hydrophilicity depending on the type of stationatyase and the eluents used. This is
seen as an important step as purification of eisdanited in CGA separation with the
studied parameters. Further work in evaluatingotblgphenols in the different layers of

the skins could be done to improve this experiment.

Chapter 5 revealed that the CGA processed fratimproved the stability of
anthocyanins and the colour quality. However, stigly can be further carried out in a
real food matrix. For instance, the CGA fractioas e incorporated into yoghurts, ice
creams or biscuits fillings and assess the stgbdit anthocyanins and the colour
properties. This will be very interesting to inugate because it represents the concept

of “from waste to shelves”. Also, the applicatiohtlis CGA fraction could be widen
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and be very useful if it offers additional stalyildagainst pH variations. It is known that
anthocyanins are unstable at higher pH and thatdloeir changes from dark red/purple
to blue with the increased of pH. Therefore, thedfand non-food industries suffer from
providing the blue natural-based colour. It woulabgreat advantage if the stability of

these anthocyanins in the CGA fractions show sdatglisation at higher pH.

With a growing interest towards environmentalliefidly extraction processes,
the use of CGA generated from TWEENZ20 on the etimand hot water grape pomace
extracts as conducted in this study contributesatdwthe development of “green”
extraction of polyphenols, minimising the use di/sats and also offering the additional

advantage of facilitating their formulation for fand non-food applications.
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Appendix A: Calibration curves
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Appendix B: HPLC calibration curves and chromatograms

Table Al: Calibration curves and spectra of indinabdpolyphenols analysed by HPLC

Hydroxybenzoic acids (280nm) and Hydroxycinnamidsa320nm), Flavanols (280nm), Flavonols (320nm)

Compound Retention time Spectra Calibration curve
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Figure B2: HPLC analysis of hot water extract agg pomace at A) 280nm and
B)520nm. Dilution factor = 5 for (A) and o for (B).

Appendix C: Stability of CGA
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Figure C1: Drainage of liquid with time for differeconcentration of TWEEN20
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Figure C2: Calibration curve between flowrate (min)rio the function of RPM
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Appendix D: Separation of grape pomace with CGA andtorage study
samples

Plate 1 A): The view of recovery of polyphenol frgrape pomace extract using CGA
by flotation column. B): The recovered phases; kgfhron and right: liquid phase.
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Plate 2: The CGA and the control samples at da&) @iid day 32 (B)



