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ABSTRACT

EXTRACTION OF PECTIN FROM SUGAR BEET PULP BY HIGH
HYDROSTATIC PRESSURE AND INVESTIGATION O F EXTRACTION
EFFICIENCY AND EXTRA CT CHARACTERISTICS

Kaya Burcu
Master of Sciengd-ood Engineering
SupervisorProf. Dr.Hami Alpas

January 2020176 pages

Foodindustry produces huge amount of food waste after food proce3giegood
wastes could include significant amount of functional ingredienthat have
valorization potentialThe techniquestilized to obtain functional compounds from
food wastes are namedvalorization.One of themportantwastes of food industry

is sugar beet pulgvhich is the waste of sugar processing. Utilizing this pulp for
various applications has been very common recehtlyhis studysugar beet pulp
pectin was extractedsing conventionalextractionand high hydrostatic pressure
(HHP) assisted extractiorlHP wasapplied prior to extractioto ease detachment of
pectin from cell wall. Different presswg€50, 350, 450 MB)at 4 0AC,tkoor 5 m
different extractiontemperaturgl 8 0 A C, an®tirek @ifferenttime (3, 4, 5 h)
combinationswere applied Moreover, conventional extractiqCE) was compare
with theresults of HHP assisted extractidxtraction yield, degme of esterification
(DE), galacturonic acid conterfGalA), rheological propertiesnd water holding
capacity (WHC) of pectin solutionswere investigated.Obtained pectin was also
investigatedwith FTIR Spectroscopyor structural elucidationin addition, vater
holding capacity experimentsvere conducted by using Time Domain NMR

Relaxometry.Extraction yield was almost doubled at HHP assisted extraction as



12.23N0.13% regarding 6. 43N O0acton7showeE vyi el d.
increasing DE values at prolonged extraction times but overall change was between
32-38% which was low enough to not reflect in viscosities of extracted pectin
solutions. Change in viscosities were mostly insignificar0(05) GalA decreasd

with increasing pressure, but it was still in safe limit regardings®® GatA
requirement of FAO. WHC was held insignificantly changee(05) at HHP assisted
extraction by adjusting pressure considering the same tempetiataref CE. The
results sggest that HHP assisted extraction is higtffgctive on increasing yield and

modifying structural and functional properties of extracted pectin.

Keywords:Pectin, Sugar beet pulp pectin, Degree of esterification, Galacturonic acid,

High Hydrostatic Pressure
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Y' KSEK HKDROSTATKK BASI N¢ KDEASKBXKER PAN
PEKTKN ELDE EDKLMESK VE ¥Z| TLEME VERKMK
PEKTKN ¥ZELLKKLERKNKN KNCELENMESK
Kaya Burcu
Y¢ksek,Geidsaanvsg hendi sl i J i
T ez Da nRd DraHami Alpas
Ocak 2020176sayfa
Géda end¢gstrisi, géda i K| eme gegre-ateerjié

cretmebn&diyonkel i bes e lgiePdgrd laktein én dej er |l e

potansiyel.l eGéiday ¢aktséekkltairre ndan f onksiyonel
kull anél an tekni kI er, aték dejerlendir me
en °nemli akekkeargndanmbsgekelrepancarat p¢
Bu -al érwmadai yanel cz¢tl eme ve yeogksek hi
cz¢tl eme yo°ntemleri kull anél arak «kxeker

YHB, pektinin h¢gcre duvaréndan ayr él mase
derecesini KkS@lzgyll ®unteé i md le mi niden °nce kul
far k| e250)35@ 450 MPaJ 0O AC sécakl| ékti&i5ohgkkll Bmes ¢
séecakd ®BA@,ve 0 AC%h7 ktlléeme s¢resi (3, 4, 5 |
edi |l mi Kt,iYHB deg®tylriec & z¢,t | e me sonu-1|ar é, k o
y°ntemiyle karkél akteéreéel méxkteéer . ¥z¢tl eme
derecel eri (DE) , gal s8Rt urpoerkitk nasi°tzeil €t &1 i
°zellikleri ve su enumti mai Kapd&d idtee leedriil einn
°czelli kleri, FTI R Sp ekkktolarakssk tujmna kapasitesi, e i n ¢
Zaman al anl e NMR Rel &ksgmeét Kengmmsityokau | | an é
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°©z ¢t | e MEBN@O7 Manveriminin, YHB desteklP z ¢t | e t2e28RE.1%
bul unarak neredeyse i ki katéna -pmkimékteéer. YH
°rnenkher uzayan °z¢itleme s¢rarglrkptdensgestier | ecxk

fakatDEsgmu €IRa3288 ar al é]j éntdaekméeé mdeeecesitrdek

d¢ K¢ Keén viskoziteye yanséyamayacak kadar
Viskozitel erdeki far k, pektin °rnekl erinin
(P>0. 05) . Arta#f haeemji nde &Gagkg¢ kdbkuglkuen mukt ur
raj me-A GakRAO jtiar af én de@65lirhiteil m rdalen@&ma %d ¢ K me mi K |
Su tutma kapasitesi, YHB destekl. y°nt emde
konvansiyonel ©°z¢t | e nsesdree kkuol nhbainnéal sayno nalyanréé skeuc
elde edilen verilde berz er | i k g° §r005).Be kt elda r , YHB dest ek
cz¢stl emeni n, cz¢stl eme veri mi iczerinde ol duk
edil en pektinlerin yapeéesal vV e fonksiyonel

g°stermektedir

Anahtar Kelimeler:Pe k't i n, keker Pancar é Posaseé Pekt i
Gal akturoni k Asit, Y¢ksek Hidrostati k Basén-
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CHAPTER 1

INTRODUCTION

1.1.Valorization

The food industry produces a huge amount of food waste and by products after food
processing which is approximated as 1.6 billion tons by FAO (2(R&yarding
European Union only, this wasteexpected to reach.26 billion tondyear at unless
preventive action@Black & Michalopoulos, 2017)According toFAQ report the loss

in harvesting and processing products is higher than 30 most waste producing
industries ardeveragedairy and fruit and vegetables industry (Arshadi et al., 2016).
The loss in fruit and vegetable industivides into two as prlarvest and post
harvest loss; but posharvest loss that occur mostly in processing stage creates the
hi ghest | oss (Akge¢n et al ., 2019; Tatl édi
consumption of food sources and scarcity while it is also an important item of
environmental issueRegarding these impacts, specialists qualified for food wastes
proposed options as action steps for limiting food loss by waste (Lovrencic et al.,
2017).These options were ordered for implementation of organizations all over the
world whee disposal was identified as last and least preferred option. Until getting
through to disposal step, suggested action recommgliming wastes by dividing

them into groups such as fruit skin, seed and .pBYpconducting the mentioned
options, it is aired to reach a significant reduction in food waste and this issuneis

of the subject®f United NationsSustainable Development Goals (20IR)e food
wastescould include significant amount of functional ingredients thatld have
valorization potentia There are so many techniques in literature that shows to obtain
functional compounds from food wastes and all of these separation processes of
valuable compounds are namedakorization Recovery of phenolic compounds and

anthocyanin from grape pomaarba et al., 2015), extraction of proteins, phenolics



and isothiocyanates from papaya seeds (Parnikov et al., 2015) and extraction of
polysaccharides from mushrooms (Ros@&lato et al., 2016) afjest some examples

to valorization of highradded valuea@mpounds.

Isolation of bioactive compounds from food wastes is gaining popularity with
developing technology and employment of novel technologresindustry.
Conventional extraction methods are followed by novel methods such as enzyme
assisted methodsupercritical fluids, high hydrostatic pressure, ultrasonic waves and
microwaves (Sagar et al., 2018ploring material isolation from fruit and vegetable
wastes like lycopene of tomato has been studied by Baysal et al. (2000) by employing
supercritical arbon dioxide. After that, Nobre et al. (2012) revealed that recovery of
coloring materials by using supercritical ethane gives higher extraction efficiencies at
shorter processing timea&nother research was carried out by Alexandre et al. (2017)
with apgication of high pressure as an assisted method to extraction for isolating
phenolics, flavonoids and tannins ofpsoduct of fermented fig.

Pectin is one of the valuable compounds lost in waste stream during food processing,
especially in fruit andvegetable processing. The waste stream of plant material
processing is used as animal feed, fertilizer or disposed where it is significant source

of pectin (Christiaens et al., 2015).

1.2.General View of Pectin
1.2.1.Structure of Pectin

History and the name of péttcome from study of a scientist whose name is Henri
Bracannot . By |l ooking at Greek word dApekti ko

the name of pectic acid is nominalized. Henri Bracannot isolated a compound from



vegetables in 1825 and firstly describé@® compound which is named as pectin
(Muzzarelli, 2012).

Pectin isaheterogeneous complex macromolecule found in cell wall of land growing
plant, more particularly fruit and vegetables. This polysaccharide consists of fewest
17 different monosaccharidesd D-Galacturonic aciqGalA) is thebackbone and
predominant unit of pectin. Remaining structure includes significant amounts of L
Rhamnose, BGalactose, PArabinose and various amounts of other different
monosaccharides (Vincken et al., 2003). The tinaed different monosaccharides

and various amounts of thegives pectin heterogeneity (Nagash et al., 2017).

Chemical structure of pectin is highly dependent on its sourcevlag it is foundn

the plant. However, common characteristic of all peatiolecules is to have a-d)

| i n k-B-@aladiuronic acid units as backbone and neutral sugars bound to this
backbone as side chains (Mohnen, 20@&xtincan be divided into twetructures;

linear and hairy regionLinear region, that is to say backbons, represented by

linearly located ung o f -(1-4)-D-Galacturonic acids bond to each other namely
homogalacturonan (HG). This linear homopolymer is partially esterified by methyl

groups at sixth carboxyl group and form the@@% of the pectin moleculélairy

regions are represented by branched structures including rhamnogalacturonans (RG)
where RGI is the main branch structure and RGs substituted HGs. The structure

of hairy part is more complex with respect to HG and varies with substitutionngf ma

different oligosaccharides. The variation of R@nd RGII creates functional
specializations of pectin molecules. R thebackbone of branches which forms the

2035 % of pectin molecules. It forlns fron
D-Galaduronic acidU-(1,2)L-Rhamnos€ 1 Y ] ( Mo h n e Hl,s th2 @B ) . RG

complex part of the pectin molecule and forms approximately the 10 % of pectin. It



c onsi gi4%D-®afA residues decked with many different sugars and linkages.

The structure of gctin molecule can be seenfallowing Figure 1.1.

RG-I XGA HG

O = L- Aceric acid A =L -Fucose

) =0 -Apiose O =0 -Galactose @ = -Rhamnose
=L -Gal, sz
® -\ -Arabinose ® = -Galactose 43 =0 Xylose
= Galacturonic acid
O =Borate @ © = Acetyl groups
@ =0-Dha Q = Glucuronicacid @ = Methyl groups

Figure 1.1. Structure of pectin molecule @ren, 2008)

1.2.2.Functions and Properties of Pectin

The name of pectin comes from a Greek word
weighty and hard. Pectin was characterized in this way because it has high molecular

weight and ability to closely pack or connect with polymers found in cell wall. The
variousstructural characteristics of pectin make the molecule highly useful for many

food and pharmaceutical applications.

Although pectin is a high molecular weight compound, pectin derivatives can be
obtained by modifying the structure chemically or enzyra#lficand form low
molecular weight pectin (Adetuniji et al., 2017). Modified low molecular weight pectin
is reputed to have positive effects on health such aswsngtr activities against colon



cancer, effect on intestine against persistent diarrhea, emlcandiovascular system

by cholesterol lowering effect and reduce insulin and some polypeptides known as
gastric inhibitory polypeptides (Almeida et al.,, 2015; Brown et al., 1999;
Hasselwander, 2008; Maxwell et al., 2012; Rabbani et al., 2004).

The mostcommon use of pectin finds place in texturizing applications in food
systems. It is used as gelling agent, thickener, and stablllzeprimary use of pectin

in food industry is to use it as gelling agent for jams and jelly production, fruit juices,
bakeies and confectionary products. Gel formation is defined as formation of three
dimensional networks that traps water and solute in it and enhance the rigidity of food
system (Bhattacharya & Saha, 2010). In that way, the resistance of food system to
flow is developed. Pectin gel formation occurs when crystalline network is formed by
crosslinked HG units. Both solutes and water is trapped in between crosslinks where
the trapping ability points to gelling ability and highly depends on pectin type,
esterificaton degree of pectin, presence of calcium, pH and sugar content of solution
(Willats et al., 2006). If esterification degree of pectin is high, crosslinks between HGs
are formed by both hydrogen bonds and hydrophobic interactions of methoxyl groups
in esteified parts. This crosslink formation goes along with high sugar concentration
and low pH of solution. If esterification degree of pectin is low, presence of calcium

promotes the crosslink formation.

Thickening ability is another functionality of pectinat makes pectin valuable for
food industry and helps industry to modify rheological properties of food systems.
These properties indicate flow behavior, in other words viscosity and texture.
Viscosity and texture of food product influence the sensqmiaperties so their
modification with food additives gains importance. Regarding the pectin being a
heterogeneous long chain polysaccharide with its hydrophilic property, it forms

viscous dispersions in water. So, pectin is said to be a hydrocolloid oophyict



colloids. In the environment includes high number of hydroxyl groups, affinity of
pectin to bind water molecules increases significantly. The viscosity of pectin solution
originates from the disordered conformation of molecules in dispersiontgBhatya

& Saha, 2010). In very dilute solutions, movement of molecules is free and easy which
makes the solution less viscous. When concentration of pectin increases in solution,
pectin molecules starts to contact with each other, and molecules canmoiresby.

The shift from free movement for pectin molecules to restricted movement is the
mechanism of thickening. This process is dependent on intermolecular interactions of
pectin, concentration of pectin in solution and molecular weight of pectin (Sworn
2004).

Stabilizing ability of pectin generates another usage area for it especially for acidified
milk drinks. The mechanism behind the stabilization of system by the help of pectin
is similar with the mechanism of casein micelles repulse each otipét &t7 and
prevent flocculation (Tromp et al., 2004). Normally, casein micelles are in the
suspended form thanks to the steric repulsion between micelle structures. However,
while processing the milk to produce yoghurt or buttermilk the acidification step
decreases the pH approximately around to 4 where stabilization mechanism of casein
micelles does not work anymore. This is thought to be related with the conformational
e X t e n s-caeein chaihs atgpH 4. So, pectin is used for stabilization of theasyst

The stabilization mechanism of pectin to acidified milk drinks starts with electrostatic
interaction between pectin molecule and casein micelles. After that, adsorption of
pectin on casein micelles occur on charged parts of the pectin. The unchatged pa
forms extended loops in the solution and these loops create steric repulsion just like
a-casein chains create at 6.7 pH. As a result, the acidified milk drink becomes
stabilized even it has low piHollowing Figure 1.2 shows pectin absorption of casein
micelles at different pH values.
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Figure 1.2. Casein and pectin replacement at low pH. Pedigorptiorof casein micelle§Tromp
et.al., 2004)

Pectin increasingly gains acceptance as an emulsifier or emulsion stabihieer. T
conditions effecting this property of pectin and usage of it as an effective emulsifier
requires deep understanding; however, explanation of emulsion stabilization property
of pectin has been rarely studied and found in literature. It was found that pec
extracts include low amount protein which changes from trace amounts to 5 % based
upon extraction conditions and plant as pectin source (Akhtar et al., 2002; Sphigelman
et al., 2015; Mesbahi et al., 2005). The existence of protein brings pectin polymer
surface activity at watewil interface (Ngouemazong et al., 2015). Consequently, it
becomes possible for pectin to form or stabilize fine oil droplets during or after
emulsification (Akhtar et al., 2002). The basic features of emulsifiers are the tability
significantly decrease interfacial forces at waigrdroplet interface by hydrophobic

part strongly adsorbed by interface and hydrophilic part extending in water phase, and
convenience of molecule to provide a stabilized structure to prevent flbooula
(Dickinson, 1998). Due to the dominating hydrophilic property of pectin that is
combining with surface activity of its hydrophobic protein, methyl and acetyl groups;

it shows emulsifier characteristics and provide a steric repulsion to prevent droplet

flocculation (Ngouemazong et al., 2015).



1.2.3.Pectinsfrom Different Plant Sources

Pectins from different plant sources show significant changes in terms of existence
percent and composition. The change in composition of this heterogeneous complex
macromolecwd causes variations in properties of molecule. Increasing acceptance for
pectin as functional ingredient in food systems create a huge global demand and so
finding new source to obtain pectin in the most efficient way become an important
topic. There aretadies that have discussed pectin content of diverse fruits and
vegetables itself and their food wastes, such as bastmasyberry, pea, tomato,
pumpkin, parsley, cauliflower, apple, apple pomace, apple peel, citrus peel, sugar beet
pulp, pumpkirkernel cake, grape pomace, olive pomace, and the list goes on (McKnee
& Lat ner , -MaatSch etal. MQ16)l Tde results of studies show that almost
all of these streams are valuable sources including pectin where there is remarkable
diversity in stucture, composition and properties of pectin. Moreover, factors such as
growing conditions of plant, harvesting time, storage duration and imposed upon

treatment also have great effect on pectin that will be extracted from the plant source.

In literature the plant source contains the highest total pectic polysaccharides is citrus
peel s, hence citrus peels are the -most
Maatsch et al., 2016). The highest GalA content has been found in apple pomace
which is secodly most preferred pectin source (May, 1990). The highest esterification
degrees have been recorded in apple, apple pomace, tomato, and berries (Hilz et al.,
2005; Seymour eMaatszH et gl., 2016).9B@tweerivbl pldntesources,
sugar beet gp pectin was found to have the best emulsifying properties because of
the higher protein content and so better surface activity of it (Ma et al., 2013; Huang
et al., 2017).
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1.2.4.Types of Pectin

One of the most important aspects that specify the physiocHgroperties of pectin

is its structure. Pectin structure changes with esterification of carboxyl groups on
galacturonic acid units with methanol dsteini et al., 2016). The percentage of
galacturonic acid units esterified in total amount of galacturacit in pectin gives

the degree of esterification or degree of methoxylation (Flutto, 2003). The degree of
esterification is substantial in the matter of identifying functional property and
application area of pectin. Starting from this point, pectin nudsc can be
categorized into two groups as high methoxyl pectin (HMP) and low methoxyl pectin
(LMP). The pectin molecules having esterification degree less than 50 % are named
as LMP while the pectins its esterification degree higher than 50 % are nahidéas
(Adetunji, 2017). The application areas of these two forms are different. HMP has the
ability to form strong gels in low pH and high sugar content conditions. However,
LMP is able to form gels regardless of pH adjustnaard it does not require high
sugar concentration, it works in a wide pH range between 2 to 6 and even in very low
sugar by the help of divalent cations like calcium ion (Fishman et al., 2007). Regarding
this, HMPs are used in food industry as food additives for the gelling, thickening,
stabilizing and emulsifying functions where LMPS are used as fat replacers especially

for ice cream or fruit yoghurt products.

HMPs are also divided into two groups in accordance with rapidity to form gel
structure as rapid set pectins and slow setiqedRapid set pectins are preferred if
the gel will be formed at high temperatures so it igpatpbose for jams and preserves
(Smith, 2003). Owing to forming gel structure is speedy; it is prevented for the fruits
to move through surface before gel isrnied. Besides all these, pectin is
commercialized by giving its grade where the most common commercially available

pectins are 150 grade and 100 grade pectins. Its grade indicates how many times of



sugar is required to form exactly the same structurefbgakd by using a unit weight
of pectin (Smith, 2003).

1.3.Industrial Application of Pectin

Industrial use of pectin is highly dependent on its structure which determines gelling
characteristics, emulsiestabilization activity and effect on viscosity. Thanks to the
functions of it, pectin is not only used in food industry but also in pharmaakuti
industry. Babbar et al. stated that pectin is made use of controlling the release of

oligomers that acts as probiotic (2015).

Regarding the industrial application, one of the most common use of pectin is in jam
industry for production of high sugams because the basic raw materials of jams are
fruits and they already include pectin naturally. The additional pectin supplements the
desired final product properties. The amount of additional pectin differs from one fruit
to another depending on the wally existing amount in fruit itself as it is shown in
Table 11 (May, 1990). Jam production with high pectin containing fruits requires low
additional pectin while higher amounts of additional pectin is used for jams of low

pectin containing fruits.

Table 1.1. Naturally existing pectin amounts in different fruits used in jam indy(stay, 1990)

Low Medium High
Apple Apricot Cherry
Blackcurrant Blackberry Peach
Plum Raspberry
Redcurrant Strawberry
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In the case of jellies, they are made from fruit concentrates that are depectinized. To
improve rheological properties, required amount of pectin is completely additional
pectin. However, addition of too much pectin makes the gel over strong which results
in undesirable textural properties. The regulation of gel strength and texture are
provided by pH adjustment. The difficulties of pH adjustment and gel formation are
overcome by using low methoxyl pectin which is capable of forming strong gels even
at highpH values. May (1990) indicates that high methoxyl pectin is said to be useful
just for standard jams which have soluble solid content over 60 %. For production of
reduced sugar jams which has 30 % or lower soluble solid content, low methoxyl
pectins argreferred to reach excellent gel structure. That is to say, deciding the type
of additional pectin is very critical for production of mentioned products because when
the soluble solid content decreases, the appropriate pectin for production becomes
more cé&ium sensitive in other words having lower methoxylation degree (May,
1990). The amount of fruit content in product is still critical in such a way that for
very low soluble solid content, it is necessary to add calcium salts to obtain the desired

gel stucture.

Jam production industry produce also filling and topping products for products of

bakery industry, but it is difficult to make a sweeping statement about the properties
of pectin used for these purposes. The type of pectin is decided according to
formulation of product and its special requirements according to product itself such as

biscuit jams or jam tarts.

Another usage area of pectin in industry is seen in glazes used for pastry production
and in flan production. The blends produced by peoénufacturers are available for
these products. Mixture, including low methoxyl pectin and sequestrants containing
calcium, is formulated meticulously and can be used by diluting the mixture to obtain

the glazes in clear and shiny form (May, 1990).
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In recent years, after dairy industry includes the fruits in their production, the
ingredients added to these products gain importance. Fruit bases are being added to
dairy products like yogurts and the texture modification is provided by thickening
agents. Tiese agents should be capable of providing appropriate texture for filling the
product in packages and protect the distribution of fruits inside the product even after
filling process. Modified starch is an example of these thickening agents but the
problem of it is blocking the fruit flavor. So, pectin is an effective option used for
these products without a change in flavor. Depending on the sugar content of product,
low or high methoxyl pectins are preferred again in this case. The ability of pectin
stablizing the protein structure of dairy products makes pectin advantageous for fruit
juice and dairy product blends and soy based beverages. In such a case, aggregation
of casein and precipitation of whey proteins are prevented, and stable final product
structure is obtained. Moreover, thanks to its emulsifying ability, pectin finds an
application in acidified milk drinks, fruit juices having high protein content and
fortified foods high in antioxidant (Wicker et al., 2014). By acting as a fat replacer, it

is used in production of ice creams, emulsified meat products and also spreads (Maran
et al, 2013).

Regarding the production of soft drinks with low calorie values, thin texture and
undesired mouth feel are general problems resulting from the lack of Segaures

of these products are modified with addition of even low amount of pectin and
viscosity is increased to get desired mouth feel as close as possible to conventional
soft drinks. Lower molecular weight pectins with respect to commercially awailabl
ones are better for foods having low viscosity especially beverages (Muhammad et al
2014).
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Except the wide usage area of pectin in food industry, it is also utilized in several
applications in pharmaceutical industry especially for syrup productios.p&ctin
standards used for these purposes are much more strict. Controlled viscosity, particle
size and purest form of pectin are some of these requirements. May (1990) indicates
that pharmaceutical industry accounts pectin not only as jam settindgpst#iso as

safe material having beneficial effects on human body. These effects can be
summarized as cholesterol regulation in bloodstream, reduction in risk of heart
diseases (Bagherian et al., 2011), inhibition of lipase activity (Kumar, 2010),
inhibition of metastasis of cancer cells (Jackson et al., 2007). Munarin et al. (2012)
state the effective usage of pectin for drug and gene delivery and tissue engineering.

1.4.Sugar Beet Pulp as Pectin Source
1.4.1.Sugar Beet Pulp Pectin

Sugar beetReta vulgari$ pulp is one of the most important food production wastes
obtained from sugar production process. It includes 75 % (w/w) carbohydrates in dry
matter, approximately. These carbohydrates are mainly glucose, arabinose and
galacturonic acid. After the extraction aigar from SBP, the dry matter content
becomes12 3 % (w/ w) (K¢hnel et a3d%opfthzarg 1) .
weight of sugar beet (Michel et al., 1985) but pectin percent is justi031% of dry
weight in SBP (Thakur et.al., 1997). SBP msavailable source but it has low pectin
content. So, it is generally not preferred as a source of pectin because of sugar beet
pulp pectin having poor gelling properties. SBP, the waste stream, is utilized as animal
feed in feed formulations with very lowommercial values and environmental
problems as a result (Huang et al., 2017). So, the utilization of this waste stream for
production of valuable compounds is a hot topic in recent years (Chen et al., 2015).
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The pectin structure obtained from S8éhtains ferulic acids bounded to side chains,
differently from citrus pectins (@nbout & Thibault, 1983). Moreover, pectin extracts
obtained from SBP contains protein in the range bd 2 depending on the extraction
conditions (Kirby et al., 2006). Adilon to ferulic acid and protein, high acetylation
degree is found in SBPP and this special composition makes it have superior
emulsifying effect. SBPP gains hydrophilic property thanks to the carbohydrate
structure and stabilize the emulsions by causimgnarease in viscosity and steric
effects (Nakauma et al., 2008). The protein fraction contributes to emulsifying effect
of pectin by activating watesil interphase (Akhtar et al., 2002). These properties
make SBPP more advantageous hydrocolloid thatingeicom other food sources.

1.4.2.Factors Affecting Pectin Contentof Sugar Beet

Pectin is a biopolymer that majorly acts in water translocation in plant tissue. Amount
of pectin present in plant is highly dependent on factors such as growing conditions
of plant, harvesting time, storage duration and imposed upon treatment also have great
effect on pectin that will be extracted from the plant source. So, a decrease in pectin
quantity is seen as a result of ripening and softening due to enzymatic hydrolysis of
pectin (Hook & Roboz, n.d). Unlike other food sources, sugar beet does not show
much significance in pectin amount when it is harvested as mature beet or ripened beet
which means seasonal variations stays less effective in terms of pectin content at
harvest. However, the storage duration has the most significant effect comparing with
other factors. Apart from this, considering the pectin extraction from waste streams of
food industry, the processes discharge the waste that is used as a source of @ectin als

create considerable changes in pectin amount.

Immature fruit include pectin is named as protopectin and it is in the form of water
insoluble hetergpolysaccharide (Inari et al., 2002). During maturation of fruit,
decomposition of protopectin structurecars and pectic enzymes hydrolyze the

protopectin to water soluble form. Due to pectin being one of the major components
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of plant cell wall in middle lamella, decomposition of pectin causes softening of fruit.
As it is understood, the softening level ahgristorage directly affects the quantity of
pectin and refers to physiochemical changes in polysaccharides itself. Regarding that,
the harvest time and storage duration characterize the extraction yield and properties
of pectin being extracted.

1.5.The Way Faward to Characterization of Sugar Beet Pulp Pectin (SBPP)
1.5.1.SolventBased Pectin Extractionfrom Sugar Beet Pulp

Pectin extraction is the prior step for characterization of SBPP by removing the
impurities such as destructed SBP cells, sugars in crystatws&gwand brown color

pigments. Starting from the definition, solvent extraction is a method used for
separation of compounds based on their solubility in special solvent which are differ

from each other depending on the type of compound that is wartted-¢aovered.

The most common solvent used for pectin extraction is water. Acidified medium with
different mineral acids is employed by the support of elevated temperatures and
continuous stirring conditions (Nagash et al., 2017). During solvent eginathie
hydrolysis of protopectin in plant cells and transformation of it to pectin turn the
compound from wateinsoluble form to watesoluble form. Actually, there are
different supporting chemical agents used for extraction of pectin such as caleium io
chelators, bases, acids. However, acids show the strongest effect because they enable
extraction of protopectin which is firmly bound to cell matrix and higher extraction

yields are obtained comparing with other chemical agents (Sandarani, 2017).

1.5.2.Effect of Acid on Extraction
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Several studies have indicated the effects of different acids on yield, functional
properties and physiochemical properties of extracted pectin. In that case, the
dominating characteristic of acid is strengthtpbut type and cacentration of acid

also create variations. Malic acid, citric acid, hydrochloric acid, lactic acid, acetic acid,
phosphoric acid and sulfuric acid are most commonly used acids for pectin extraction
(Ma et al., 2013; Abbaszadeh, 2008; Michel et al.,, 198%)all acid types,
hydrochloric acid generally facilitates the highest extraction yield (Banu et al., 2012;
IsraetCastillo et al., 2015). However, different plant sources may require different

acids to reach maximum extraction yield.

Considering the hydchloric acid, availability of hydrogen ions in high concentration
triggers the protopectin hydrolysis and improves stabilization of pectin due to the
ability of pectin for precipitating with cations like €aHowever, acid including hot
extraction mediacause low esterification degree because of pectin structure being
sensitive to strong acids (Chan & Choo, 2013). Nitric acid is another common acid
that is used for acidification of extraction media for pectin extraction. While yield
increases with decrsimg the pH of media, structural properties of peeéry as it is

in the case of hydrochloric acid. It has found that the optimum pH in 1.2 for cinnamon
pectin extraction (Besson et al., 2013). Sulfuric acid has given highest pectin yield for
dragon frui peel pectin (Tang et al.,, 2011). However, in the case of apple pectin
extraction, significant results in extraction yield depending on different acid types
could not be recorded (Yapo, 2011). The lowest extraction yields were recorded for
pectin extractn from different plant sources for acidified extraction mediums by
citric acid (Liew et al., 2014; Qeri-Schemin et al., 2005) while it gives the least
pectin deesterification degrees. So, citric acid is useful extracting agent to acidified

medium in order to obtain pectin with good gelling properties.
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1.5.3.High Hydrostatic Pressure(HHP) Application
1.5.3.1.General View

The first study for high hydrostatic pressure (HHP) has revealed in 1883 and it has
been found that HHP may generate effects on osgairegarding the deaea
ecosystems (Stal & Cretoiu, 2016). Hite (1899) studied about extending shelf life of
milk by using pressure up to 650 MPa and this study was the first application of high
pressure on food systems. In 1914, high pressure was ydpior preservation of

fruits and vegetables (Elamin et al., 2015). Until 1980s, the system has been
developing and it has been found as an advantageous alternative to thermal food
processes at last. Finally, in 1992, the first pressurized product fqlackan market

which was produced by a Japanese jam production company (Knorr, 1993). Today,
HHP system finds various application areas in food industry for various purposes such
as enzyme inactivation, reduction of microbial load, spoilage control,ifgaot
products, improvement of product properties for quality (High Pressure Processing of
Foods, 2015). In sumary, food industry employs HHP system for freezing and
thawing, homogenization, pasteurization, sterilization and to assist thermal processes

(Balasubramaniam et al., 2015).

HHP application in food industry has several advantages beside the point of having
high installation cost. The system is regarded as novethmemal technology so the

main advantage can be specified as overcoming or nzimgnthe negative effects of
thermal processes. High temperatures to decrease and inactivate bacterial cells may
cause undesirable flavor formation and loss in aroma and nutritional value of food
materials. Application of high pressure instead of high penaures or as a
pretreatment helps to provide food safety without significant changes in
physiochemical and quality characteristics of products (Huang et al., 2017). Lee et al.
(2011) and Rastogi (2013) indicated that HHP is an influential technologxte¢ad

shelf life of food products that keeps heat labile components of food material like
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vitamins without degradation and inhibit the off flavor formation while reducing the
microbial load and inactivating microbial spores and enzymes. Except that, HHP
system is accounted as clean technology and reduces or requires process time
considerably (Parekh et al., 2017).

There are several studies in literature that isolate pectic polysaccharides from different
plant sources by employing HHP and found HHP as advantageous method for
extraction procedur&laghshineh et al. (2013) carried out enzymatic pectin extraction
by conbining procedure with HHP and found that the combined process gives
significantly (p<0.05) higher extraction results with higher degree of esterification
than conventionathermally extracted pectins at optimum pressure level i.e. 100 MPa.
Moreover, they eoncluded that the HHP included procedure does not creates
significant effect p>0.05) on molecular weight and apparent viscosity of pectin which
shows the HHP treatment having a high potential to be advantageous and sustainable
process between all novekteologiesGuo et al. (2014) studied on novel methods

for pectin extraction including HHP. They found that pectin extracted by HHP has the
smallest particle size and provide 100% stable emuls@insira et al. (2016) stated

the effect of combined prose of HHP and conventional extraction of pectin from
passion fruit where they found the yield was doubled by using HHP as pretreatment;
so, they expressed this combined method as time saving, environment friendly and
effective. Another study was conductadXie et al. (2018) about extraction of pectin
from potato peel waste by HHP and high pressure homogenization. They suggested
that HHP has improving effect on viscosity of extract and decreasing effect on degree
of esterification; so, the technique wasmiened afficient procedure for extracting

pectin with modified structural properties.
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1.5.3.2.Working Principle

The working principle of HHP system is to apply the same pressure to all points of
sample at all directions at the same time for the same cluréy the help of
transmission of pressure by pressurization medium which is a liquid. This principle
makes the process uniform. The pressurization liquid is mostly water regarding the
applications in food industry; except that glycol or glyaaiter and dferent oils may

be employed in pilot scale applications. The pressurization liquid is selected
considering the effect of pressure on its viscosity, compression ability under different
temperatures and corrosion properties (Balasubramanian, 2003). Eneepas of

HHP system are pressure, temperature and time. A wide pressure and temperature
ranges are applicable which are 40W0 MPa and20i 1 0 0 AC, respecti v,
duration of pressure may be arranged from seconds to minutes above 20 min
(Yaldagard eal., 2008).

The equipment consists of many parts which change in size and capacity depending
on scale of process, product that will be pressurized and required process conditions.
A standard system includes pressure vessel, pressure pump, end dhosioesring
pressure vessel, valves for controlling pressure, yoke for holding end closures stable
under the pressure, intensifier for generation of determined pressure, process control
equipment and product handling equipment for loading and remoadg girthat will

be pressurized (Balasubramaniam et al., 2015).

The operation of HHP application can be batch system, continuous system-or semi
continuous system. Both solid and liquid products can be processed by batch system.
After the load, pressurizan liquid is isostatically pumped, pressure is applied until

the desired value and after the determined duration of pressurization, compression on
pressurization liquid is removed by the help of relief valve (Chawla et al., 2010).

Regarding the continuogystem, pressurization is only applicable for liquid products.
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Pressure is applied in a tube with open end and through the end, product is
decompressed. During decompression, heat generation occurs significantly because of
friction and shear forces; fohis reason, an uncontrolled thermal effect reveals
(Cavender, 2011). To overcome this effect, seamtinuous systems are preferred.
These systems work with continuous discharge. One vessel is pressurized and
discharged; while discharging the first vesshe second vessel is started to be

pressurized and so on (Elamin et al., 2015).

1.5.3.3.Acting Mechanism and Effects of HHP

The effect of HHP treatment on pectin extraction is evaluated in two aspects: effect
on yield and effect on pectin characteristics. Tifeceon yield is directly related with
structural changes occurs when plant cell exposed to high pressure. High pressure
creates an effective physical stress to break the cell wall even for pressure resistant
cells and causes an irreversible cell damagpas et al., 2003). Cell structure is
fragile so that high pressure produces a destructive effect on cell membrane edenatur
the protein structure of cell and causes cell deformation (Guo et al., 2012). When it is
examined in detail, plant cell wall stture consists of dynamic networks of
glycoproteins and hetefaolysaccharides that provide complexity and integrity to cell
wall (Pogorelko et al.,, 2013). Moreover, cell membrane, which is -fikéd
component, includes phospholipids involve proteindairtlipid matrix. Under high
pressure, it loses motion of phospholipids. The more tightened packs and #i&e gel
structure of it makes the cell integrity damaged and more sensitive to physical stresses
(Gonzalez & Barrett, 2010). As a result, the pedtis hetergolysaccharide in cell

wall, becomes released easier than the conventional extraction method.

The effect of HHP on characteristics of already extracted pectin was studied by Peng
et al. (2016) and it is concluded that high pressure affeetmtilecular weight and

degree of esterification by leading depolymerization or chain breakage. Also,
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stretched chain of pectins under high pressure results in an increase in viscosity. Guo
et al. (2012) studied the ultitagh pressure effect on extractiohpectin from orange

peel and concluded that there is no significant effect of high pressure on esterification
degree and galacturonic acid content of pectin while stability of pectin is improved
with pressure by an increase in activation energy becdus®eincrease in inter and
intra-interactions between pectin chains. Moreover, the mentioned study showed a

significant increase in viscosity with respect to conventionally extracted pectin.

1.6.Characterization of SBPP
1.6.1.Extraction Yield

Estimation of pectinigld, which shows the efficiency of extraction, is calculated by

taking the ratio of extracted pectin weight and SBP powder weight used for each
extraction run, (% w/w) on dry basis. In order to determine the efficiency of extraction
process, yield calcuii@n is taken as most important variable for extraction processes.

There are many researches in literature that is based on increasing efficiency by
altering temperatureme combinations of process, inserting ultrasound assistance to
process, inserting riowave assistance to process, using electromagnetic induction

as assistant step, investigating dynamic pressure or high hydrostatic pressure effect on
optimization of process (Yélmaz et al . ,h6 2
Koh et al., 2014Qliveira et al., 2016).

1.6.2.Degree of Esterification

Galacturonic acids are the main components in the pectin structure whose some of
residues form ester bonds between methyl groups and free carboxyl groups. The
amount of methyl esterified galacturonic acidsidues denotes the degree of

esterification of pectin sample. The esterification degree lower than 50 % indicates

that pectin is low methoxyl pectin (LMP), while the esterification degree higher than
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50 % implies the pectin is high methoxyl pectin (HMPggree of esterification has
importance for determining functional properties of pectin sample and so commercial

use of it.

To determine esterification degree, titrimetric methods have been used in most of
research (Mesbahi et al., 2015; Yapo, 2009; Rerad., 2016; Pinhero et al., 2008).
The experimental method includes two titrations as before and after saponification of
pectin. For both titration sodium hydroxide (NaOH) solution and phenolphthalein are
used to maintain the pH of hydrolyzed and sdfipenh polymer ester groups (Kiss et

al., 2008). This chemical analysis includes multiple steps. The first step is initial
titration which results in neutralization of free carboxyl groups of pectin molecules.
The required titrant volume is recorded asiahititrant (IT). The second step is
addition of specific amount of NaOH as alkaline solution and let the pectin to
hydrolyze. Finally, an acid is added to solution in a calculated mol quantity according
to NaOH in order to neutralize the NaOH used forrblysis purpose. Finally, the
solution is titrated again with NaOH for released carboxyl groups in pectin solution
and this titrant volume is recorded as final titrant (FT). The ratio of final titrant volume
to totally used titrant volume in other wordstexified carboxyl groups over total
carboxyl groups gives the degree of esterification.

1.6.3.Flow Behavior

Thickening and gelling properties of pectin create one of the widest assaggef it

in food industry as a texturizing agent so pectin is a valualgieedient for food
industry which helps to modify rheological properties of food systems. These
properties indicate flow behavior, in other words viscosity and texture. Viscosity and
texture of food product influence the sensorial properties so their icaiih with

food additives gains importance. As concentration of pectin in a solution increases,

each pectin molecule that tends to grab each other starts to contact and molecules
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cannot move freely anymore. This transition from free movement to limited
movement describes the mechanism behind the thickening ability of pectin in other
saying the modification of viscosity. Concentration of pectin in solution, its molecular
weight and degree of esterification create significance for flow behavior of pectin
sdutions. Chan et al. (2017) have found a linear relationship between shear stress and
shear rate of solutions having pectin concentration up to 3% which means Newtonian
flow behavior is observed up to this point. For higher concentrations, shear thinning

behavior has been observed.

1.6.4.Galacturonic Acid Content

Galacturonic acid is a form of galactose which is composed with oxidatior of D
Galactose. Its polymerized form, polygalacturonic acid, form the main chain namely
backbone of pectic substance. Gal a-ct ur on
(1-4)-D-Gadacturonic acid units and neutral sugars bound to this backbone as side
chains (Mohnen, 2008) which as a result indicates the pectin structure. The ratio of
GalA to complete molecule gives the Galcontent of pectin. GaA content and
gelling ability of pectin molecule are related to each other so the percent of it gives
idea about the function of pectin. Moreover, low galacturonic acid content may be
interpreted as high degradation of pectin throughout the extraction process. In order
to categorize pecatimolecule as functional food additive, FAO requires that it should
contain at leass0-65% GalA (Food and Agricultural Organization). So, the @al
content of pectins extracted from different sources with many different extraction
processes becomes anpontant variable to decide on functional properties of

polymer.

GalA content can be determined by different experimental methods according to
l'iterature. Yeéel maz e4AcoatentbydPLO dftér gnzynatic e r mi n

modification of sugar begulp pectin. Although HPLC is an efficient quantification
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method in the case of presence of more than one sugar type in sample, it is

disadvantageous for large samples of only one sugar type (Taylor, 1993).

James et al. (1952) usedphotometric detamination method which is named as
Carbazole Method. Carbazole reagent in sulphric acid is used to develop chemical
reaction specific to galacturonic acid. Strong acid destroys the polymer and reagent
react with galacturonic acid which is then read by sppbbtometer.

Naghshineh et al. (2013) detected the -&a% spectrophotometrically by -m
hydroxydimethyl method. This method has the same principal with Carbazole method,
but the reagent used in there is reydroxy-diphenyl. This method is more sensiiv

than Carbazole method, so the researches of recent years includes this method in order
to determine Gahl content. In this study, galacturonic acid content was obtained by
m-hydroxydiphenyl method as it was explained by Blumenkartz & Astmesen
(1973)with a slight modification.

1.6.5.Fourier Transform Infrared Spectroscopy (FTIR) Analysis

The molecules and different chemical bonds such-@sl, -CH, proteins, non
esterified and esterified carboxyl groups were seen by analyzing FTIR Spectroscopy
and commentedn these spectral regions in order to recognize pectins obtained by
different experimental parameters. Although the region that can be named as
fingerprint of carbohydrate molecules is between 9200 cm!, the structural
changes occur in pectin molecalee analyzed by observing different spectral regions
between 60500 cm' (Cerna et al.,2003). The bands around 2R800 cm'
indicates the moisture absorbed by pectin molecules. The board arounr858T00

cmt refers to-OH bonds, 275000 cm' showsthe -CH bonds. Esterified and nen
esterified carboxyl groups are linked to 170060 cmt and 16001650 cn,
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respectively. Moreover, the bands between 15880 cm' informs of presence of

proteins in pectin molecule structure (Huang et al., 2017).

Thepeaks at different spectral regions of pectin was used in characterization of pectin
quality and its structural changes after variety of treatments in many researches
(Manrique & Lajolo, 202; VasceCorrea et al., 2017; Zouambia et al., 2017; Grassino

et d., 2016). Manrique and Lajolo indicate that the intensities of peaks that shows
esterified carboxyl groups and nesterified carboxyl groups can be used to analyze
esterification degree of pectin molecule by proportioningd220Zouambia et al.
shows tlat comparing the peaks at specific spectral regions of pectin molecules of
extracted pectin and a commercial pectin can denote the effectiveness of extraction
method (2017). Grassino et al. reveals the effect of ultrasound treatment on structural
changes bpectin by analyzing the FTIR spectra of pectin samples extracted by
conventional and ultrasound assisted extraction methods (2016). Peng et al. shows the
effect of HHP on structure of pectin by measuringIRTspectra and changes in

stretching vibrationsf different bonds and molecules in pectin structure (2016).

1.7.Objectives

The scope of this study is to see the effect of high hydrostatic pressure on pectin
extraction process and on quality characteristics of extracted pectin. Starting from this
point,the main aim is to increase pectin extraction yield with respect to conventional

- thermalpectin extraction process. HHP is thought to be a factor that could improve
the extraction process by reducing extraction temperature and/or extraction time while
still resulting in higher extraction yields with respect to conventional extraction. On
the other hand, the structural and rheological properties of extracted pectins were also
determined to see effect of HHP on function of pectin in order to understand the

industrial value of extracted pectins in this study.
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CHAPTER 2

MATERIALS AND METHOD S

2.1.Materials

Sugar beet pulp, as the waste of sugar production processbtaasedrom Kayseri

k e k e yser{ Tirkey). The pulp was still wet, so it was dried to reduce water activity
and make it possible to obtain pulp powder by using grinder. After the sugaulpset
were dried in drying oven, they were grinded to obtain sugar beet pulp powder for
further use. Hydrochloric acid (HCI), ethanol -tGOH), acetone (&Hs0),
phenolphthalein (&H140), sodium hydroxide (NaOH), sulphric acid 60),
sodium tetraboratgNap[B4+Os(OH)4].8H20), mhydroxydiphenyl (@H100), and
galacturonic acid (6H1007) were bought from SigmAldrich Chemical Co. (St.
Louis, Missouri, USA). For comparison of analysis results of extracted pectins in this
study, industrial sugar beet pectin vedgaineal from Kayserik e k eayser{ Tkirkey)

and used as standard pectin.

2.2.Methods
2.2.1.Sugar Beet PulpPectin (SBPP)Extraction
2.2.1.1.Sugar Beet PulpPowder Preparation

Sugar beet pulps were dried to preserve them during study duration. The drying was
provided by using drying oven at 105AC
became anstant. After drying, the pulps were grinded to obtain pulp powder at low
particle size which will enable to obtain higher pectin yield in pectin extraction (Ma
etal., 2013).
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2.2.1.2.Conventional Extraction

Conventional extraction was performed by using 3 etttnacemperatures which are

70AC, 80AC and 90AC. The extraction time an:i
was based on literature data According to Yeéel maz et al . (2
yields was observed at 1.2 pH and 5 hours extraction parametgnsling many

times temperatur e, pH combinati onsazets extract |
al. (2016) indicates that the pulp powaeater mixing ratio and ethanol volume added

to extraction medium to precipitate extracted pectins are also havirigngpestance

on pectin extraction yield. Therefore, mixing ratio and ethanol volume were decided

as 1:10 (w/w) and 1:3 (v/v), respectively as a result of literature review (Zald et

2016; Ya kOd.Qonventional extraction was conducted asit be seen in

Figure2.1f | ow chart of ¢ onyv eirbh.iExdracaohswihxotheract i on f ¢
temperaturdgime combinations were conducted by changing temperature and time

parameters at the third step in Figure 2.1.

7

J ‘ > Vacuum Filtration J

10 gr SBP wetted with
dH20 + 2 ml HCI

Store over night
at4°C

Wait over night

with 95 % ethanol

{Removal of impurities J

( Add 100 ml dH:20 }

Adjust pH at 1.2 Filtrate + ethanol J 12 hours
' 1:3 (v/v
I o) Filter
Extraction Wash with acetone
450 rpm-90°C
1.2 pH S hour Centrifugation at
/ 4000 rpm — 15 min Immediate drying
f ’ ] at 60 ° C — 2 hours
Immediate cooling

~40°C

Figure21l. Fl ow chart of conviéeémparameteass extraction for
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Conventional extraction was conducted as it can be seenFigumre 2.1 flow chart

of conventional extraction. In the procedure, 10 gr sugar beet pulp powslerettad

with distilled water and 2 ml of HCl was added. The mixture was waited over night

before extraction in order to let acid destroy the cell wall and make pectin release from

cell wall easier. Then, extraction was performed by using magnetic stid&0 rpm

for 5 hours and temperature was adjusted
using HCI again and pH was kept constant at 1.2 during extraction. When 5 hours
were over, samples were cooled to 40AC a
rpm for 15 minutes in order to precipitate the pulp powder while pectin was in a form

of dissolved material in liquid part. After centrifugation, liquid part was mixed with

et hanol at 1: 3 ( v/ v)over mighti to prozidedfor peatint e d a
precipitation. The cooled mixture over night was filtrated by using vacuum filtration
method. Pectin and impurities collected of filter paper were recovered from filter paper

and 20 ml of 95 % ethanol was added on them for removal of impurities. The mixture

was kept a t 60AC drying oven to evaporate ett
samples were washed with acetone sever al

oven until the weight is fixed, approximately 2 hours.

2.2.1.3.HHP Assisted Extraction

HHP treatment vas conductedwith 760.0118 type pressure equipméstl T E C
Sieber Engineering, Zurich, Switzerlgndhe vessel had 10@L volume,24 mm

ID and 153mm length Heating cooling system waduilt-in where it was
maintaired and contrdied the temperatire (Huber Circulation Thermostat,
Offenburg, Germany)Temperature measurement was provitgK type inside
vessel. The vessel was filled widlstilled water agpressurdransmitting medium.
Extraction mediumwere poured into 25L sterile polyethylene cryotubes (LP
Italiana SPA) The HHP equipment was given below in Figure 2. 2.
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Figure 2.2. HHP Equipment

For this method, conventional extraction was performed exactly the samafter

HHP treatment. However, two different procedures were followed. For the first
procedure, 2 ml of HCI was added to extraction medium and the HHP was applied to
this medium to destroy cell wall. Three different pressures were applied &35250,

450 MPaand pressurewasp pl i ed at .Afterdp@sshretreatndent masn

done, extraction was performed by using magnetic stirrer at 450 rpm for three different
extraction times (3, 4 and 5 hours), two
finishing the extraction, samples were centrifuged at 4000 rpm for 15 min and liquid

part was taken. The liquid part was mixed with 1:3 (v/v) ratio ethanol and waited at

4 A Covernight Then, vacuum filtration was proceeded, and the part remained on

filter paper was collected to add 20 ml ethanol on it for impurity removal. To evaporate
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water and ethanol, 60AC drying oven was

times with acetone to obtain pure pectin.

For the second procedure, extraction mediuma pr@pared by mixing 10 gr of pulp
powder and 100 ml distilled water, only. Acid addition was not performed in this step.
The pulp powdedistilled water mixture was treated with three pressurgg, (250,

450 MPa)at 4 0 A C . Afterrthe pressuie teément were done, acid addition

was implemented, and pH was adjusted at 1.2. Then extraction was performed by

remaining steps the same as the first procedure

2.2.2.Characterization of Sugar Beet Pulp Pectin (BPP)
2.2.2.1.Determination of Extraction Yield

Extraction yield indicates the amount of pectin obtained at the end of extraction and
following purification steps and it is an important indicator of extraction efficiency.
The extraction yield is proportion of initial amount of sugar beet pulp powdexiha

be used for extraction and final amount of pectin that has been obtained. So,
calculation was done by the ratio of extracted pectin weight and SBP powder weight
used for extraction on dry basis (% w/ag it can be seen in Eq. 1 below:

ExtractionYield (%) = x 100 (Eq. 1)

2.2.2.2 Determination of Degree of Esterification

To determine esterification degree, the same titrimetric methods have been slightly
modified and used in most oésearch (Mesbabhi et al., 2015; Yapo, 2009; Peng et al.,

2016; Pinhero et al., 2008). This titrimetric method that includes two titrations as
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before and after saponification of pectin was used in this study, too. The esterification
degree of pectin obtada from each extraction run was determined as described by
Peng et al. (2016). 0.2 g of pectin samples was wetted by ethanol and 20 ml distilled
water. Complete dissolution was provided by the help of ultra turrax. 3 drops of
phenolphthalein was added tolion and mixture was titrated with 0.5 M NaOH
until permanent pink color is developed. Thus, titration before saponification was
completed and titrant volume, the NaOH volume used for titration, was recorded as
V1. Then, 10 ml of 0.5 M NaOH was addedsaution and it was continuously stirred

for 30 min duration. At the end of 30 minutes, 10 ml of 0.5 M HCI was added to
solution and stirred until the pink color disappears. The second titration was
performed, and solution is titrated by 0.5 M NaOH agAirthis step, titration after
saponification was completed and titrant volume was recorded,.aBegree of
esterification was calculated by substituting the titrant volumgand \% in the

following equation

DE % = 100 X [/ (V1+V2)] (Eq. 2)

It was not expected to see significant change in degree of esterification of extracted
pectin of each extraction run in this study because of studying in acidic conditions.
According toMichel et al. (2001)degree of esterification shows sifizant changes

in alkali extraction conditions.

2.2.2.3.Determination of Flow Behavior

The flow behavior of pectin solutions was determined by measuring their viscosity.
Pectin samples were dissolved in distilled water as 2g/L and all measurements were
done at 28 C. For measur ement , Kinexus dynamic rF

Worcestershire, UK) with its concentric cylinder geometry. Shear rate values required
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to set up the shear rate ramp were selected as'@thrs shear rate and 108 end
shear rate. Visusity vs. shear stress data were analyzed and viscosity of each solution

is recorded that have Newtonian behavior.

2.2.2.4 Determination of Galacturonic Acid Content

The galacturonic acid content was determined by using the experimental method that
takes itsname from the reagent used for determinatiofinyairoxydiphenyl method.

This method was described in detail by Blumenkrantz and Allamsen and

followed in most of uronic acid determination studies in literature (1973). The sample
preparation and spectrioptometric measurement procedure was followed as its in

study of Zouambia et al. (2017) with slight modification. 10 mg pectin was dissolved

in 10 ml of distilled water and 800 Ol s
of 0.125 M sodium tetraborate H>SQu. The mixture was waited in boiling bath for

5 min and cooled in i c ehydraxydiphenylinl0&58, 80 (
NaOH was added to solution and stirred. Pink color started to develop, raimd 5

duration was waited to obtain permanenbcoAs a final step, absorbance values of
samples were measured in tBpectrophotometer at 52m. In order to obtain
interpretable data for each pectin sample, the absorbance values should be converted

to galacturonic acid concentration values. For thigppse, calculation requires a

graph called standard curve. Standard curve was formed by using standard
gal acturonic acid solutions in different
ml. The absorbance values of this solutions were measured-Bpgvtrophotometer

at 520 nm and a standard curve Appendices Awas obtained for Gah
determination.The equation obtained from this graph was used to calcGlalté

concentrations of eadwolution from their absorbance values.
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2.2.2.5.Fourier Transform Infrared Spectroscopy (FTIR) Analysis

The molecules and different chemical bonds such-@sl, - CH, proteins, non
esterified and esterified carboxyl groups were seen by analyzing FTIR Spectroscopy.
The bands around 20@Bt00 cm' indicates the moisture absorbed by pectin
molecules. The board around 368800 cm' refers to-OH bonds, 275@000 cmt

shows the-CH bonds. Esterified and naasterified carboxyl groups are linked to
17001750 cm! and 1®0-1650 cm, respectively. These spectral regions were
commented in order to recognize pectin samples obtained by different experimental
parameters. IR Affinity 1 Spectrometer witATR attachment were used for
measurement (Shimadzu Corporation, KyotoadgpReplicates of each sample were
read twice in the band of 58000 cm' with 4 cm?! resolution and 32 scans as

measurement parameteffie FTIR device was given below in Figure 2.3.
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Figure 2.3. Fourier Transform Infrare8pectroscopy (FTIR) device
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2.2.2.6.Water Holding Capacity with Nuclear Magnetic Resonance (NMR)

Relaxometry

Water holding capacity of pectin solutions were analyzed by measuringspin
relaxation time, 1. For this measurement, Spin Track NMR Relaxometry instrument
was used. The magnetic field of device is 0.5 Teslafeegliency is 20.34 MHz.
CPMG (CarfPurceltMeiboomGill) pulse sequence was used to recordelaxation

with selected parameters of setxt as 2000 ms echo time, 3000 echo number,
10.000.000 time of observation, 3000 s repmtittime and 16 number of scans.
Moreover, relaxation time was selected as 1106@.NMR Relaxometry device was

given below in Figure 2. 4.

Figure 2.4. Nuclear Magnetic Resonance (NMR) Relaxometry device
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2.2.3.Statistical Analysis

Statistical analysis was performed for all determinations of the experiment by use of
MINITAB (Version 16.1.0.0, Minitab Inc., Coventry, UK).

In order to see the significance of difference in dependent variables of experiments,
Analysis of Variance (ANOVA) was carried out. The change in pressure of HHP
treatment, extraction temperature and extraction duration create difference in pectin
extracton yield, DE value of extracted pectin, viscosity of solutions prepared by
extracted pectin and Ga&l content of extracted pectin were examined by practicing
ANOVA. Through the multiple comparison
95% confidence levep = 0.05. Experimental results were obtained as replicate and
sample number for analysis wiagrty-six (n = 36).The conditions relevant to number

of level and factor were given in Tablel2.
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Table 2.1. Representation of factors and levels of the study

Factors Levels / Conditions

Pectin Extraction Methods Conventional Extraction
HHP Assisted Extraction

Acid Addition Step Pressurization with Acid
Pressurization without Acid

Pressure Levels 250 MPa, 350 MPa, 450 MPa

Extraction Temperatures 80AC, 90AC

Extraction Times 3h,4h,5h

Extraction pH 1.2
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CHAPTER 3

RESULTS AND DISCUSSION

All characterization parameters including extraction yield, DE value aneA Gal

content of extracted pectin, flow behavior of solutions prepared by extracted pectin,
peaks in FTIR Spectroscopy and water binding capacity obtained by using NMR
Relaxometry were dhined as differing values according to different pressure yalue

o f HHP treat ment (250, 350, 450 MPa), d
90AC) , di fferent extraction times (3, 4,
application. The sampleseated with HHP after addition of acid are named as
@Gamples messuized with acidd and the samples treated with HHP before acid

addition are named @S a mp |l es pr e s s uhrough eechainmg gatsofut a c |

the thesis.

3.1. Extraction Yield
3.1.1.PectinYield of Conventional Extraction Method

Control experiment was performed as conventional extraction in order to see the
pectin extraction yield from sugar beet pulp powder differing as regards two different
temperatures (80AC, 9 tdi@)duraions (3,t4h5 ke di f
Maxi mum extraction yield was obtained at
90AC extractions as 5.68 N 0.02 % and 6. 4
extraction yield was observed at the extraction condition® 6fAC f or 5 h.
obtained conventional extraction yields
al. (2016). The yield results which show the effect of extraction temperature and time

on pectin extraction yield are given in Figure 3.1.
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Figure 3.1. Experimental results of pectin extraction yield by following conventional extraction
procedure

Different letters denote significant differenqe(.05).Uppercase lettenrgpresent significant
difference of samplegressurized with acid while lowercase letters represent statistical analysis of

samples pressurized without acid

3.1.2.Pectin Yield of HHP Assisted Extraction Method

Pectin yields were calculated for each of different pressmperaturdime

combination. Besles, each combination was repeated regarding to acid addition step

as before pressurization and after pressurizatibeximum extraction yield was

obtained at highest pressure, extraction temperature and duration for both pressurized

with acid and withouk ci d sampl es as 12.23 N 0.13 % and
where the maximum extraction yield was observed for pectin samples obtained with
pressurizing at 450 MPa with acid and extrac
for samples pressurizedth acid and samples pressurized without acid are given in

Figure3.2 andFigure3.3, respectively.
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Figure 3.2. Experimental results of pectin extraction yield by following HHP assisted extraction
procedure for samples peesized with acid

Different letters denote significant differenqe<(.05)
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Figure 3.3. Experimental results of pectin extraction yield by following HHP assisted extraction
procedure for samples pressurized without acid

Different letters denote significant differenqe<(.05)
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Moreover, the results of all statistical analyses for extractions at different pressure,
temperature and time values and acid addition step can be seen from ANOVA outputs

found in Appendix C.

Regading conventional extraction, it was found thatA80 3 h and 98 Q 3 h
extraction yield was significantly lower than the yield results of 350 MPa and 450
MPa pressure levelspQ0 . 05) . Ho we v eir3 h rasults @r5kpth MP a
experimental group, yieldsre close to conventional extraction yields af & 3 h

and 9\ @ 3 h which means applying 250 MPa pressure is not enough to increase
extraction yield at short extraction duration such as 3 hours. By looking\a 3h
extraction yields also, it wasbserved that pressure levels higher than 250 MPa and
extraction durations at least 4 h or more are required to reach yields close or higher
than 9 @ 5 h yields but it should be considered that including high hydrostatic
pressure to process is replddgh temperature (90 and/or long process times (4

and 5 h) to reach close yield to higher conventional extraction yield.

According to tway ANOVA results, all of the tree independent variables which are
pressure, temperature, time showed significaffergince in themselves for both
samples pressurized with and without ag@d0.05) However, samples pressurized
with acid showed bigger difference and time became more critical parameter with
respect to samples pressurized without acid. The reason foadigdaand pressure
show synergistic effect together on triggering the cell destruction. Considering overall
means for these three variables, the results of two experimental groups which are
samples pressurized with acid and samples pressurized withduweee close to

each other in the case of temperature.
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According to 2way ANOVA results, for different combinations of pressure
temperature, 450 MR&® 0 Ay&ethe highest extraction yield significantlp<0.05)

The other pressuiemperature combinations were also significantly different except
for 50MPa-80AC and -836AC M®ata for samples
(p>0.05) These two combinations did not show significant change, so it can be said
that increasing the pressure provide high extraction yield at lower temperature.
However, for samplesrpssurized without acid, allP data are significantly different
(p<0.05) which means each of every parameter become more critical. For both
experimental group, highest yield was at 450 MPa0 AC combi nati ons
yield was at 250 MPa8 0 A C  cationsbSamples pressurized with acid have higher
yield for comparison of almost all-P-t combinations because of mentioned
synergistic effectAlpas et al. (2003) indicated that pressure effect on cells depends
on the change of volume at ambient pressime HHP due to the lower volumes are
favored at high pressure levels. They also showed that high pressure levels cause
conformational changes in cell structure due to pressure shift in dissociation
association equilibrium toward dissociation. While thffe@ is combined with
existence of acid in medium, elevated destructions of cell structure result which was
characterized as synergistic effect of pressure andAstet.the pressurization, SBP

cells become more sensitive to heat and it makes pecéaseelmuch easier. For
different pressuréime combinations, all combinations were significantly different
(p<0.09 with the exception of 350 MRa5 h, 350 MPa 4 hand450 MPai 3 h for

both experimental group§>0.05. The highest yield was at 450 MRa5 h.
Increasing the high hydrostatic pressure level that was used as assisted method to
extraction, indicates higher yields even at lowest extraction times. In other word,
pressure replaces the time and play a bigger role on increasing efficiencyesfsproc
than time. The same comment is valid for samples pressurized without acid and the
similarity (p>0.05) of yield results at 350 MP&a 3 h and 250 MP& 5 h is proof of

this comment.Comparing the different temperattisme combinations, the yield

resultswere significantly different from each oth@<0.05) Highest yield was at

pr

~
C

90A6 h combinations and i aheonibioatians They i el d
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yield results of 90 AlCforsltextracdon tintes sgp ihcambet h a n

said thatemperature is more critical factor than time for both experimental groups.

According to 3way ANOVA results, the highest yields for both experimental groups
were at 450 MPa9 0 A 6 h combinations between all combinations and 450 MPa
9 0 A Eh results were not significantly different from 350 MP& 0 A Eh(p>0.05)
These data prominently show that extraction time can be redumexticallyby high
hydrostatic pressurapplication This result wasalso consistent with the study of
Oliveira etal. (2016).Similarly, 450 MPa 9 0 A G h and 350 MPa9 0 A @ h
results were also not show significant differe(jze0.05)

In the case asamples pressurized with acid, there is no significant differgx€e05)
between 350 MPa8 0 A €h, 350 MPa8 0 A 6h, 350 MPa9 0 A @h and 450
MPa-8 0 A 8h combinations. These resyt®ved thapressureat the studied levels
provideshigher extraction yields even at the lowest @ombinationj.e.8 0 A G h.
Moreover, 450 MPa pressure tolerates decreiadesth temperature and tinvehile
producing higher efficiencies. Another quadruplet combination that their results
showed no signifiant differencg(p>0.05)were 350 MPa 9 0 A G h, 350 MPa

8 0 A@h,250 MPa 9 0 A @h and 250 MPa8 0 A 6 h combinationsOverall,
when the applied pressuieincreasedy increments 0l00 MPafrom 250 to 350
MPa and then to 450 MPthe samgield of the process is reached at 1 h shorter time.

For samples pressurized without acid, the data did not show significant difference
(p>0.05)and pressure replaced both temperature and time were 450 8/10aA G
h, 350 MPa 8 0 A €h and 250 MPa9 0 A € h combinations. Howeveyields of

samples pressurized with acid were higher at these paramidtisress mainly due to
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both pectin molecules released during pressurization and released during heat

treatment faced with acid and heat at the same and degraded.

All'in all, it was seen that pressure became as the enitisal parameter in extraction
process assisted with high hydrostatic pressutte respect to temperature and time

High pressure compensates the extraction yield differencéoth decreasing
temperature and time as a result it improves the extraction process. Action mechanism
behind this situation is accelerated cell damage of SBP postdecture. Cell
membrane of SBP powder is fluid like material with phospholipids and psateits

matrix. When facing high pressures, this membrane loses its fluid like motion and
behavs like a gel due tdts packs becoing more tightened. Thignew fornd of
membrane structure impairs the &ellintegrity and sensitivity of cell to any
devebpingphysical damage (Gonzalez & Barrett, 2010). As a result, pectin is released
more easier than conventional extraction. In the case of samples pressurized with acid,
both acid and pressure destroy the cell structure and quicken the pectin release even
at pressurization stepnd help the heat treatment to be effective in a shorter time at
extraction stepThus, higher efficiencies are obtained because already extracted pectin

molecules are not exposed to acid and temperature for prolonged extraction durations.

3.2.Degree of Esterification(DE)

Firstly, it should be remembered that pectin molecule is a methyl esterified polymer
of D-Galacturonic acid. This molecule creates a stinecthat strengthens the cell wall.
However, extrinsic factors cause breaking off methyl groups and replacing it with a
OH group. Thus, esterified carboxylic acid content of pectin decreases which is
identified as a decrease in esterification degreeehabE value. It is predicted that

DE value will be low in this experimental design due to acidic extraction conditions
and formation of fractions in polymer structure. Regarding samples pressurized with

or without acid, it is seen that DE value of pectiraffected a bit from acidity of
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environment during pressurization step because in this step, pectin is released even a
little. This is because saponification process being catalyzed by hydroxyl ions. The
pressurization at environment without acid, bysdesefication of pectin in high pH

value, ester bonds break down and replace ¥@ath bonds which are predominate in
environment. As a result, DE value decreases. Considering that under high hydrostatic
pressure, even a little part of pectin yield comesnfrpressurization process as
assistant step, the results found by Michel and Autio (2002) matches up with results
of this study. The acid added after pressurization is included in an environment that
already have a fair amount of pectin that are deest@rdven at pressurization step

and continue to deesterify by fraction of side chains during heat treatment.

Regarding the DE values of pectin extracted with conventional extraction, it was
higher at conventional extracts than samples pressurized witbioutvhile it was

close to 250 MPa pressurized samples for samples pressurized witpr@ciby. The
values of coh%eht ianilé hrésEshGwed no significant
difference p>0.05) in between and this DE values were not significantigrént than

5 h results of all high pressure levels. It means that effect of pressure reveals with
prolongedheatexposure time to heat treatment aetrease dDE valueis balanced

as pressure increasegth released pectin towards the end of extracfidre related
results forconventional extraction, and two groups of HHP assisted extraction which
aresamples pressurized with acid and samples pressurized without acid are given in

Figure3.4, Figure3.5 and,Figure 3.6respectively.
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Figure 3.5. Experimental results of DE Value of pectins extracted by HHP assisted extraction for
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Figure 3.6. Experimental results of DE Value of pectins extracted by HHP assisted extraction for
samples pressurized without acid

Different letters denote significadtfference p<0.05)

According to *way ANOVA results, there is no significant difference between 250
and 350 MPa datg¥$0.05) where 450 MPa data is significantly differgm.05).
Temperature data were significantly different from each other and méan 9 0 A C
results were lower in case of DE valyx@.05). Time data were also significantly
different in itself and the lowest mean found at 3 h extractior3.05).

According to 2way results, pressure did not create significant differepe@.(Q5) at

80AC whi ch nHHR assistet éxtactioregtO ewEs not enough to affect

the molecular structure in great extent. Fo
between 250 and 350 MPa pressure applicat®.05) while 450 MPa creates

significant difference [§<0.05). It is because 250 and 350 MPa pressures are not

effective as much as 450 MPa pressure on cell destrubtibat 450 MPa, the pectin

released at assistant step and the high destruction in cell wall result in pectin being

faced to a high temperature |ike -OWAC throug

groups replace with methyl esters. Regarding the presisuge combinations,
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different pressure values did not create significant differences on DE value at 3 h
extraction timegp>0.05) 3 h is short enough for both pectin released under high
pressure and extracted with high temperature treatment to stay almost unchanged
structurally. For samples exposed to different pressures antbtGdnextraction, the
increasing pressure deased esterification degree because of prolonged time of heat
treatment breaking bonds of polymy causing fractions and the broken part of
molecule bonds to-OH group Regarding the different temperatinme
combinations, esterification degree fluatesb e t we e n  3@a.n1d4 3M%0ON. 51 . 9 2
for samples pressurized with acid dretweer86.23N 18 % and 2.15N0.67 % for
samples pressurized without acid. This differenceosenough to beeffective on
physical andunctional properties of pectisuch as molecular weight and viscosity
(Mesbahi et.al., 2005; Villay et.al., 201zhowever,the resultsof different Tt
combinations are significantly differemi<0.05). DE value increases with increasing
time but decreases with increasing temperature. By the raising temperature, side chain
connections of pectin are destroyed, and pectin become low methoxy pectin and DE
value continues to decrease as long as ikp®ed to heat. However, during the
extraction process, the pectin molecules continue to be released through the all
extraction time. In other word, all pectin molecules are not exposed to heat for equal
time so regarding the ongoing pectin release, tieeage DE value tends to increase

with time for each extraction.

According to 3way ANOVA results, considering all-PP-t combinations for both
samples pressurized with and without acid, it was seen that temperature was further
effective on DE value. A€hooet al (2013 and and Venzon et al. (201®entioned

in their research, the most effective parameter in pectin extraction that accelerate the
saponification in pectin structure is temperature and it chemically causes
deesterification in side chains oegiin molecule. For both experimental groups,
holding the pressurization time 5 min prevent pressure breaking up the side chains of
pectin so esterification degree indicated by side chains damaged by heat during
extraction gives the final DE. The effectpyessure reveals when prolonged exposure

49



to heat treatment is considered. Since the pH of the medium to be pressurized for the
samples pressurized with acid is low and hydroxyl ion number is low, it is seen that
pectins released during pressurization@mected from chemically deesterification

at high pressures and the average DE value gives higher results with the effect of
increasing yield. For the samples pressurized without acid, high pressures may cause
side chain fractions in the released pectincure during pressurization. Therefore,
when samples pressurized with and without acid are compared, it is seen that the

samples pressurized with acid indicate higher esterification values, even if there is no

big difference between them. Allinal,bst i s expected 90AC extracH

| owest DE value. For 80AC, as time increase:

the effect of increasing yield. Since the extraction process cannot be considered as a
process in which pectin release condawintil a certain point and the pectins obtained
in remaining time are exposed to temperature, the continuous pectin release during

extraction time acts to increase the mean DE value to be obtained.

3.3.Flow Behavior

Viscosity is one of the most importantoperties of hydrocolloids in their solutions
because these polymers are used for stabilizing solutions and decreasing mobility of
solutions by forming gel structure where the viscosity is the main indicator in this case
(Guo et al., 2014)In AppendicesTableB.3, Table B.4, Table B.9 and Table B.10
show the apparent viscosities of 2 g/L pectin solutions whiehe extracted at
different conditions. The viscosity differences occur between different pectin
solutions may proceed from presence of sucros¢éingeercent in solution, molecular
weight of pectin molecules and pH of the solution (Phatak et.al., 11888)s study,

it is thought that the observed differences in viscosity are related with molecular size
and so molecular weight because solutioegpaepared at the same pH value, without
sucrose. Moreover, when taking into consideration that sugar beet pectin has low

gelling ability, the viscosity of solution was predicted to be low because gelling ability
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and viscosity properties of pectmeinterrelated (Phatak et al., 1988e viscosity
results of extracted pectins were found as it was predicted and even, they have

Newtonian behavior in 2 g/L concentration ashbwed in Figure 3.7.

Shear Stress vs. Shear Rate
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Figure 3.7. Shear stress vshear rate graph of pectin solution which shows the flow behavior of
solution in 2 g/L concentration (pectin sample extracted at 350-MF& A € h and pressurized with
acid)

Regarding the conventional extraction results, pressure creates no sigjnifican
difference p>0.05) between CE and HHP assisted extraction by itself for both
experimental groups. When observing all  combinations, any results including

CE and HHP assisted extraction create significant different, 30.45). So; the
effect of HHP to pectin extraction gives stable viscosity results which means
improving of extraction process by inserting pressure does not cause question point in
pectin quality in terms of viscosity. Although the DE value resméigesignificantly
different(p<0.05), the small change betwee3 % DE value was not reflected on
viscosity resultsand viscosity results showed no significant differgg#0(05) with

the exception of samples pressurized with acid results of 450- 988G 3 h, 350
MPa- 90A G 3 h and 250 MPa 80A G 5 h data(p<0.05) The related results for
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conventional extraction, and two groups of HHP assisted extraction whishrapées
pressurized with acid and samples pressurized without acid are gitFegune 3.8,

Figure3.9 and,Figure 3.10respectively.
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Figure 3.8. Experimental results of viscosity of pectins extracted by conventional extraction

Different letters denote significant differenqeQ.05).Uppercase letterepresent significant
difference of samples pressurized with acid while lowercase letters represent statistical analysis of

samples pressurized without acid.
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Figure 3.9. Experimental results of viscosity of pectins extrattgdHHP assisted extraction for
samples pressurized with acid
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Figure 3.10. Experimental results of viscosity of pectins extracted by HHP assisted extraction for
sampes pressurized without acid

Different letters denote significant differenqe<(.05)
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According to tway ANOVA results, pressure and time data did not show significant
difference(p>0.05)where viscosity means of two temperature values are significantly
different (p<0.05) but this effect did not reflect in overall result of viscosity when

including three parameterStarting from this point, it can be said that temperature is

morecritical parameter for viscositynan pressure and time

According to 2way ANOVA results, although there is significant differe(yge0.05)

between samples extrd e d a't di fferent pressures at 80
significantdifference between samples extracted at the same tempgj@t0ré5)

even i f they treated with different pressur e
higher viscosities. Starting fno this, it is obvious that temperature is more important
thanpressurei n t he <case of viscosity and 90AC te
decrease in viscosit{p<0.05) Thus, by considering the primary dependent variable

in this study,which is yield, rephcing the high temperature by pressure do not only

contribute to extraction efficiency but also prevent the undesired changes in
characteristics of pectin including viscosity. A distinct differeque0.05) was not

seen at different pressutiene combinatns. Among the different temperattineme

combinations, viscosity means of pectin solutions is higher ever at maximum
extraction time at 80AC than minimum extract

validated that temperature is the most effective i handled extraction process.

According to 3way ANOVA results, it was seen that an increasing effect for viscosity
shows up when pectin is extracted at lower temperatures for lower durations by the
assistance of high hydrostatic pressure. In cenaithn of no significant difference
(p>0.05)between viscosity values of samples treated with different pressures although
they have treated with the same temperature during the same time, the high pressure
values which are aimed to reach high extract@ids, do not pose problem for
viscosity characteristic of pectin molecules. However, high temperature is problematic

for pectin because it destroys molecules and causes pectin degradation which results
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information of low molecular weight pectin moleculéslesbahi et.al., 2005;
Bagherian et.al., 20)1

Considering the samples pressurized without acid, it was seen that mean value data
were similar, but distribution is different. When allTR combinations are handled,

no significant difference was obsedvim viscosities §>0.05).

Moreover, the lowest viscosity for samples pressurized without acidwa® 0 3 79 N
0,00005 Pa.shereitwa®) , 00389 N for sainplés préssufized veith acid.

In summary addition of acid after high hydrostatic pressueatment caused lower
viscosities. The cell destruction triggered with high pressure makes SBP powder more
sensitive to acid and accelerate the pectin release. For samples pressurized without
acid, the acid is added directly to extraction medium aftessprezation where pectin
release is harder than acid added pressurization samples. So, during extraction
duration, released pectin molecules are exposed to both acid and high temperature
directly and polymer degradation occurs. Molecular weights of dedjnabdecules
decrease, and viscosity also decreases by the effect of both direct acid and temperature
for samples pressurized without acid. In other word, this viscosity decrease is higher
than samples pressurized with acid. Wiausingon the effect of different pressures

on viscosity, high pressures caused lower viscosity values. The reason is basically
amount of pectin released before heat treatment. At 450 MPa, the released pectin at
pressurization step is higher than 350 MPa andMB@. After pressurization, acid

added to extraction medium and already extracted pectins face with acid directly for
all extraction time and more polymer degradation occurs. Consequently, as pressure
increase for samples pressurized without acid, visco§jpectin decreases; however,

for handled parameters, the effect was too weak to reflect in viscosity and create

difference.

To sum up low viscosity valuesfor that matterNewtonian flow behavigrwere

obtained in this study as it can be understoothfiFigure 3.7. However, the low
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viscosity characteristic is not a bad quality characteristic for pectin because it is an
advantageous case for industry that the pectins which are applicable in variety of area
of industry having various characteristics. Hostance, pectins showing low
viscosities even Newtonian behavior in their solutions have great importance for
beverage industry. Especially, for low caldrieigh fiber beverages which are gaining
popularity in recent year§Sloan 2018) low viscosity pectins are pretty much

preferred.

3.4. Galacturonic Acid (Gal-A) Content

GalA content refersgalacturonic acid backbone percent of each pectin samples
include. This percent is directly related with extraction duration and degradation that
pectin molecules faced. In other words, no matter the obtained pectin amount in
different RT-t combinationsthe more degradation faced with for each pectin sample
indicates the less G& content. However, it was predicted that pressure has indirect
effect on GalA percent. Because pressure was used in this experimental design only
for cell structure destructioor cell membrane damage. As yet extraction process was
not started, during pressurization step, pressurization time hold constant as 5 min in
order to prevent high amount of pectin release in this step and any effect of pressure
to characteristics of aady released pectin molecules. Starting from this point, the
parameters that degradation is directly related are temperature and time and so it was

predicted that Gal content results will prove direct effect of these parameters.

Regarding the convewtal extraction results, the highest @atontent was seen in

conventionally extracted pectins and variation of-Galontent of these pectins was

significantly different than HHP assisted ongs0.05) GaltA o f 80AC extracte
pectins conventionally shawno significant difference with change in time and the

same case was \0.05)dTheflowest Gh® dbrEent abpecting of

CE wa si 5h0vAich causes highest molecule degradation. This value was not

significantly different than even ¢hlowest HHP assisted extraction parameters (250
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MPai 8 0 A G h) for both samples pressurized with and without gzid.05) It

means that inserting pressure to extraction process triggers the pectin release such a
pitch that the easily extracted pestiexpose to temperature for much more time and
face to break down in galacturonic acid rings of backbone region. However, the
decrease was still acceptable for at 168585 % GalA limitation of FAO for pectin,

even the lowest Ga values was close tb6%. The related results fmonventional
extraction, and two groups of HHP assisted extraction whickaamgles pressurized

with acid and samples pressurized without acid are giveigure3.11, Figure3.12

and,Figure 3.13respectively.

Aa

Figure 3.11. Experimental results of G&l content of pectins extracted by conventional extraction
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Different letters denote significant differenge(.05).Uppercase letters represent significant
difference of samplegressurized with acid while lowercase letters represent statistical analysis of

samples pressurized without acid.
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Figure 3.12. Experimental results of G& content of pectins extracted by HHP assisted extraction
for samplegpressurized with acid
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Figure 3.13. Experimental results of G& content of pectins extracted by HHP assisted extraction
for samples pressurized without acid

Different letters denote significant differenq(.05).Uppercase letters represent significant
difference of samples pressurized with acid while lowercase letters represent statistical analysis of
samples pressurized without acid.
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According to experimentalesults, as it was predicted, high temperature and high
extraction durations caused high degradations in polymer structure and reduced Gal
A content. It was observed for both samples pressurized with acid and without acid,
increasing temperature and timevaanegative effect on G& percent. The highest
GalA percent was at lowestfT ¢ o mb i n ait3ih,candsat, sanfléshp@ssurized
with acid. In order to categorize pectin molecule as functional food additive, FAO
requires that it shoulccontain at leas60-65% GalA (Food and Agricultural
Organization). On the other hand, the pectins obtained in this study was SBP pectins
and sugar beet sourced pectin has low gelling alf\ighel etal., 1985)indicates

low GalA % so the GalA results wereexpected to be low but not lower th&26.

The obtained Gah results for samples pressurized with acid wer8 &8 7.37R%6 0
maximum and 65 4 3 .281% Minimum; for samples pressurized without acid were
78856 9 .28 % @naximum and 66 3 2 7 .48 % @nininum. The results
compensated the predictions.

According to tway ANOVA resultsall of the tree independent variables which are
pressure, temperature, time showed significant difference in themselves for both
samples pressurized with and without afpet0.05). In other words, all of each
parameter in experimental design changed the characteristic structure and gel making
ability of pectin and so G& percent significantly(p<0.05) As it is mentioned
before, temperature and time have direct effect whesspre have indirect effect on
GalA %.

According to 2way ANOVA results, regarding the pressteenperature data, the

lowest GalA contentwas at 450 MR® 0 AC and the highest val
-80AC for Dboth exp eombimtonstwaré siggificantly diferent The s e
from other PT combinations §<0.05). The reason for that, 250 MPa pressure
provides less cell destruction than othgro pressures and after pressure application,

when extraction duration started a part of thisatlan was spent to continue to cell

destruction. In short, because of pectins are not released rapidly, they faced with heat
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less and degraded less than other pressure values. For 45®MPAC gr oups,
release is triggered even at pressurizatioresp and 90AC cause a
during the extractiomt it is mentioned in study of Diaz et al. (200Regarding the
pressureime data, for both experimental groups, 250 and 350 MPa data did not show
significant difference @>0.05) where 450 MPaata did p<0.05) and reached the
lowest GalA % values. The reason is as it was explained before, pectin molecules
which their release highly triggered at 450 MPa, were exposed to heat for longer time.
Due to the same reason, 3 and 4 h data showed ndicsighidifference [§>0.05)
where 5 h was significantly lower at 250 MPa pressp@.05). The same similarity

was observed between 350 MP& h and 450 MP& 3 h data. From this point of
view, it is understood that keeping the extraction time short and triggering pectin
release by assisting the extraction process witeasingpressue not only supports

the process efficiency but also backs up extract quality significgp#(.05)
Addition of acid before or after pressurization did not create difference at action
mechanism but pressurization with acid accelerated the pectin degnadaii
lowered the GaA content. Regarding different-fTcombinationsconsideringthe
degradation factor, the minimum temperature and time were expected to yield
maximum GalA content for both experimental group and the result was consistent
with the literature (Diaz edl., 2007). Between all-Tcombinations, the only data are
not significantliyp i fafnédB8 eardnbiGationspe0.08)0 A C
which means the G&\ content of pectins obtained at elevated temperatures can be

balanced with petins obtained at lower temperature by applying the minimum time.

It was predicted that pressure was indirectly effective because of 5 min application
duration which is low enough for only triggering cell destruction but not cause high
amount of pectinaglease and pectin degradation at pressurization step. According to
3-way ANOVA results, when the results obtained are examined by considering three
parameters, it is seen that degradation can be limited by inserting pressure to the
process and decreasirgettime. For both samples pressurized with or without acid;
there is no significant difference between 250 MBaD A 6h,350 MPda 8 0 A @
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h and 450 MP& 8 0 A G h which is a proof of this casp>0.05). The lowest ¥
parameters combined by lowgstessure gives maximum Gal content. Thereby,
taking intoconsideratiorthe yield factor descried in the previous parts, replacing the
high temperature and time values in production process of pectin will not only increase
yield but also significantly cdribute to obtain pectin with undestroyed quality

characteristics.

3.5.Fourier Transform Infrared Spectroscopy (FTIR) Analysis

The peaks at different spectral regions of pectin that obtained by FTIR spectroscopy
was used in characterization of pectin quadityg its structural changes after variety

of treatments in many researches (Manrique & Lajolo, 2012; V@screa et al.,

2017; Zouambia et al., 2017; Grassino et al., 2016). All of these studies are agreed
with that the region can be namediagerprintof carbohydrate molecules is between
950-1200 cm* while this region is 1002000 cm' specifically for pectin (Huang et

al., 2017). So, the structural changes occur in pectin molecule can be analyzed in detail
by observing different spectral regions beaw&063500 cm' (Cerna et al.,2003). In

order to determine the effects of HHP on pectin samples extracted by assistance of
HHP, FTIR spectroscopy was used and obtained results were examined by taking into
consideration the FTIR analyses of pectin in éitare as it is mentioned. All obtained
graphs were given below figures including FTIR spectra of standard pectin,
conventionally extracted pectins and pectins extracted by HHP assisted method.
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Figure 3.14. FTIR graph of steslard pectin
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Figure 3.15. FTIR graph of pectin samples extracted by conventional extraction method
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