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ABSTRACT

HEMICELLULOSE COATING AS A SUBSTITUTE OF SULFURING
FOR APRICOT DRYING

Ubeyitogullari1, Ali
M.S., Department of Food Engineering

SupervisorAssoc. Prof.Dr.Deni z Cekmecel i ogl u

August2014 118pages

Dry apricot is one of the moskported fruis in Turkey Howeverthere are some
quality problemdaced withsulfuring before dryingSulfuring is a chemical method
that is used to prevent/delagxidation and fungabacterial growth. Indeed,
sulfuring is harmful to human health. Therefoi@ernativdy to sulfuring

hemicellulose coating was investigated.

In this study hemicellulose wasxtracted from hazelnut shells by usialgaline

peroxide solutions. The extraction conditions were optimized with respect to
temperature (40, 50 and &C), alkaline concentration (10, 15 and 20 %) and
extraction time (4, &nd12 h) andthe highest hemicellulose purity was found as

64.24 % (w/w) by BoxBehnken response surface methodol@jyoptimum
conditions (10 % .NaOH at 40 °C for 4 h)

Hemicellulose coated apricots were dried in a tray dryer with various conditions;
hemicelulose concentration (2 %), air velocity (0.5L.5 m/s) and air temperature

(60-80 cC). The dfects of hemicellulose coatingn apricot during drying was

eval uated by col or * @aarfimahmeotstare sontentAhé a n d

optimum drying conditions were found as



temperature, and 3 % (w/v) hemicellulose coatumgch gave experimental values
of152,-8. 3 and 26 % for AE*, AdgpectivwelpTthe f i nal

models predi¢on of the responsesere successfulith close values 0f3.2 -8.3

and 249 % foA E*Ab* and f i nal Comparison af coler valuent ent .

of dried apricotsindicatedthat hemicellulose coated apricdiad significartly

better color values thamcoated andhitosancoatedapricots.

Apricot drying kinetics was evaluated by four models: Newton, Page, Henderson
and Pabis and Logarithmic modélhe best drying kinetics model for 2 %
hemicellulosecoated apricotat 60 an 70 cC was found as Logarithmic model.
Page model deribed best the drying kinetmodel for 2 % hemicellulose coated
apricots at 80 °C.

Effective diffusion coefficiersincreased with increasing temperature and ranged
at 2.4995.742 x 1. Arrhenius type euation used for description of the
temperature dependency efffective diffusion coefficientvas resulted in 33.78
kJ/mol of activation enegguring apricot drying

Comparison of dried apricots with respect to rehydration rates revealed that
hemicelulose coated dried apricots hsliyhtly higher rehydration rat.011min
1 than the uncoated driegbricots(0.010 mint).

In conclusion, this study shows thatzelnut shell is aeffective feedstockor the
hemicellulose extractioand hemicellulose coating has promising results to be used

prior to apricot drying

Keywords: Hazelnut shells, hemicellulose, extraction, edible coating, drying,
modelling,apricot
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CHAPTER 1

INTRODUCTION

Drying is theoldesttechniqueusedfor preservation of apricots for centuries
Nevertheless, drying alone does not provide stable dried apricots with respect to

color, nutritive valueand other quality parameters.

Sulfuringis applied to apricots tprevent the browning reactions and enhance the
dried apricot quality. However, sulfurirgan caussomehealth problemsuch as

sore throat, pyrosis, headache, vomiting dad asthma attackSobutay, 2008

In this study, hemicellulose coating prior to apricot drying was investigaged.
feedstock of hemicellulose, hazelnut shells were used. Hemicellulose was extracted
from hazelnut shells by alkaline peroxigethod The extraction conditions were

optimized with respect to extract purity.

Drying conditions were optimized according ¢oncentration othemicellulose
coating, air velocity andemperature. Besides, chitosan coated, sulfured and
uncoated dried apricots were also testéte responses were color parameters and
final moisture content. Drying mechanisro$ dried apricot was analyzed by
moisture ratio models, fefctive diffusion cofficients, activationenergy and

rehydration ratie.

Optimizations were conducted by B@®ehnken response surface methodology

with 95 % confidence level.

The aimof this studywas to apply edible coatings as a substitute of sulfuring before

drying. Objecivesof hemicellulose coatingereto:

\% Dry apricots without any chemical usage (sulfur dioxide)
\% Retard color changes (due to preventiobmiwning reactions)



Preserve its physical integrity

\%

\% Retain microbial stability

\% Overcome some exportational problenog do sulfuring

Vv Contribute to food sector and environment due to usage of food waste for

production of hemicellulose

In chapter 2 a literature reviewwas given about apricot, browning reactions,
preservation techniques, edible coasindgpemicellulose isation methodsand
drying.

In chapter 3 materials and methods were presented to give detailed information

about the experiments conducted.

In chapter 4 extraction optimization results were discussed. Experimental results
of drying was analyzed and the wptm drying conditions were found. It was
followed by comparison of dried apricots due to color parameters. Drying
mechanismsvere reported at the end of tloisapter.

In chapter 5the study wasoncluded with the outcomes and recommendafimns

future work.



CHAPTER 2

LITERATURE REVIEW

2.1  Apricot

Apricot (Prunus armeniacal..) is a fruit with high i -carotene ancdellulosic
compoundsvhich arerequired fora healthy die{ ErdoganOrhan & Kartal, 201

There are many types of apricot produced in Turkegh as hacihaliloglu,
hasanbey, kabaasi , cat al ogl ycultivattdynanak an
Malatya regionjs the main apricot typased for dryingU n a | ,). Mdréoled,

apricotis a climacteric fruit which ripenwith increased respiration and ethylene
production(Knee, 2002 Apricot has a crucial importande daily intake due to its

beta carotene contefthe detailed informatioabout the compositioof the apricot

is given inTable 21 (Sobutay, 2008

The totalannualproduction ofaw apricois 3 500000 tons in the world and Turkey
produces 700 000 tons of the total. Thwih this production amount, Turkey has
20 % share in the world as the top fresh apricot prodiiter a | ). It2salsc0
known that 100000 tons of dried apricot are annually produged urkey and
almost all(95 %)of this amount is exported. Therefore, Turkey is the leader of the
dried apricot sector in the world with 76 % shéfe C. Ministry of Economy,
2012.



Table 21 Composition of the freslnd dried apricots (100 grams)

Content Eg\rlvi((:g Dried Ap
Wat er ( %) 86. 3 30.9
Caleoca)l 48.0 2 4.10
Protegin (g 1. 4 3. 4
Fat (9g) 0. 2 0.5
Carbohydrat 11. 2 62.6
Dietary) Fib 2.0 . 3
Vitamiu) A ( 1926 36014
Vit amimg)C 10 2
Calcium ( mg 13 55
Potassium(n 259 1162
PhospHargy s 23 71

There are two tyseof dried apricotsin the first type apricots are pretreated with
sulphurand subsequently drietllowever,in the second onevhich is calledsun
dried apricotpretreatments not usedNeverthelessthe useof sulfur dioxide is
restricteddue to some health problen@onsumingmore tharrecommendedaily
intake (0.7 mg/kg body massjan cause some side effects (especiallypeople
suffering fromasthna) like heartburn, headachemitingand some severe allergic
reactiongVavasour, 199p For this reason, FDA removed sulfites usage on fresh
fruits and vegetables from GRAS (generally recognized as saf@ydigor, 1993.
According to the Turkish Food Codex, the sulfur usage Imrdtied apricot is 2000
ppm. Howeverthis valueis much less in other countrissch as Ausia, Italy and
France; 300 ppm, 600 ppm and 1000 ppm, respecii8elyutay, 2008 Therebre,
there are stilsomeproblemsabout exportslue to high sulfur residuat the dried

apricotsin Turkey.



2.2  Browning reactionsin fruits

Browning is the discoloration of foods due to enzymatic and-emaymatic

reactionswhich result in food deterioratio(Friedman, 1996Mujumdar, 2007.

Enzymaticbrowning reactions occubecause othe enzymes called polyphenol
oxidase (PPQ) catechol oxidaseand peroxidase (POD)loannou, 201B
Monophemls are oxidized to diphenols and later to quinones by the help of PPO
(Queiroz et al., 2008 The finalproduct of these series of reactions is melanin

dark brown pigmenfQueiroz et al., 2008

Enzymatic brownings observed irfruits such as appld yi dogan & Bayl n
2004 Nicolas et al., 1994 pearn(Franck et al., 20Q7banangQuevedo et al., 2009
andlitchi (Yueming et al.2004.

Maillard reactiorand caamelization are the two majoategories of noenzymatic
browning reactionsin the absence of amiracids, caramelization occurs when
sugars are heated to high temperafttedge, 1953 On the other handViaillard
reactionsareserialreactiors between reducing sugars and amino acidghe first
step a reducing sugar and amino group reactto form the Amadori product.
Afterwards this compound results in furfural or hydroxyethyl furfural
according tothe sugar typepresentand by further step, thefprm aldols and
aldehyde®wing to nitrogen (amino groupsn the last stepthe outcome ibrown
pigments called melanoidinéMartins et al., 2000Waller & Feather, 1983

Some fruits like kiwi(Mohammadi et al., 2008plum (Singh et al., 2012 apple
(Mogol et al., 201 blueberriedL 6 p e z e t), ciaus fruits(Mrak,1195),
pear(Coimbra et al., 200)1figs, apricots(Sanz et al., 20Qland grapé€Frank et al.,
2005 are affected by neenzymatic browning reactions.

Browning reactions on the surface of the fruits detected bgolor changeFor
this reason, @orimeters are usedhere are several color determination methods.
To begin with CIELab(CIE 1976)color space indicates a uniform color scale and

L* valuestands fotightness and Ltdifferentiates fronblack to white a* and b*



axescorrespond to red/greesnd yellow/blug respectively(Sharifzadeh et al.,

2014). The othercolor outputspaces are Hunter 1948 Lab, CIE 1931 XYZ, CIE

Lch, CIE L*u*v*, RGB (red, green and blue) and CMYK (cyan, magenta, yellow

and key)Hunter, 1958Karabulut et al., 20Q1.adaniya, 2008L e 6 n et). al . , 2006

2.3 Fruit Preservation Techniques

Fresh fruits have short shelf life andare highly perishabléSousa Gallagher &
Mahajan, 201l The main ream is the high moisture contemthich enables

transportation oénzymes and microorganismwéhin fruits (James, 2003

There are several preservatiorethod of fruits. The traditional ones argm

making canning andirying (Morris, 1949. Novel technologiesire also useds
preservation techniques. To illustrate, ultrasowas applied to the strawberry to
increase the shelffe (Aday et al., 2013Sd 0 J o s € ).dntadddidn,high 201 4
hydrostatic pressuiie subjected to apple, pear, melon and strawh@rgstamo et

al., 2000Q. Edible coating arealsoused for preservation of several fruits such as
mango, kiwi, grape, apple, peaumpkin and banan@ittur et al., 2001 Krochta

etal., 201%

Among all drying is the oldest and the most effectinethod. The main principle

of drying is to decreasemoisture content tabout10-15 %. As a resultenzymatic

reactiors and growth of microorganismsare inhibited (James, 2003 However,

some fruits, especially apricot, has some problems with the browning reattons.

delaybrowning reactionsapricots are exposed solfur dioxide in sulfuring room

by burning sulfur ordipped to the sulfite or bisulfiteNgS0s, K2$0s5 and

NaHSQ) salt solutiongMenges & Ertekin, 200§bSulfur dioxide prevents both

enzymatic andon-enzymatic browning reactio tr k y 1 | maz). Teda al . , 201
mechanism is gt SQ prevensthe oxidation ofjuinones and inhikstthe PPCand

also thecarbonyl groups in Maillard reactio(Embs & Markakis, 1963VicWeeny,



1981 McWeeny et al., 1969%apers, 1993 The aim of sulfuring is not only to
retard browning reactions but also to prevent the microbial gr¢®tn g 1 r | | et
2008. Nonethelesshigh resilual of sulfur dioxide causesdesired taste and bad

smell inthe aprico$ (James, 2003

In the light of thisinformation, drying does not accomplish the preservation of
apricot alonelt also needs a reliabkechnique such as edible coating to prevent
browning and microbial growth

2.3.1 Edible Coatings

Coating is a thin layer (filmformation on the surface ofmmoduct. Coatingnaterial
also acts aan edible packaging forfood. Edible coating provides thillowing
characteristics to the fod@ourtoom, 2008McHugh et al., 201

1 Control the exchange of important gases, such as oxygen, carbon dioxide,
water vaporlnd ethylene

Retard ripeningf fruits

Prevent rancidity of fatty products

Delaythe browning reactions

Provide surface sterility

Improveappearance and physical integrity

=4 =2 A A4 A

Extend shelf life and qualityf foods

Every food requiresa different storage conditionvith various parameters.
Therefore,coating materia should provide the necessary conditions to the food.
Thesecoating materialare appliedy several methodsuch as dipping, spraying,
dripping, foaming and fluidizeed coatingKrochta et al., 2012

Coating materials are classifiedto four group according to their chemical
structureand propertiespolysaccharide, protein and lipid based coatings and

composite coating.
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2.3.1.1Polysaccharide based coatings

All polysaccharide based coatings are hydrophilic. Therefore, they have poor
moisture barrier ability. On the contrary, polysaccharide coatings have low oxygen
permeability so they are generally used for famtl vegetableoating (Gennadios

et al., 1997 Lacroix & Le Tien, 200k Polysaccharide based coatings are
composed of cellulose and derivatives, starch and starch e¥g/gectins, gums

and chitosan.

Cellulose CsH100s)n is made up of linear chaindi (1k 4) linked D-glucoseunits
(Updegraff, 1968 Cellulose based ed# coatings can be used faigh fat foods
because they hawery low oxyge permeabilityPark et al., 1993 Ayranci (2004)
coated apple and green pepper with methyl cellulose to reducevathloss and

vitamin C loss.

Hemicellulose is the second most abundant biopolymer in the r{Saina, 2008

It constitutes 2680 % of the weight of annual planffable 22). Hemicellulose,

like lignin and cellulose, is one of the major pafrthe plant cell wall§Plackett,

2017). HemicellulosgFigure 21) is composed of pentoses (xylose and arabinose),
hexoses (glucose, galactose and mannose), hexuronic acids (glucoronic acids) and
deoxyhexose (rhamnosdiComa, 201R 4-O-methykp-glucorunep-xylan forms

more than 90 % of the hemicellulose mononi&r® r i nger)ova, 2005



Table 22 Composition of some agricultural was{&aha, 20083

Composition (%, dry basis)

Cellulose Hemicellulose Lignin

Corn cob 45 35 15
Corn stover 40 25 17
Rice straw 35 25 12
Wheat straw 30 50 20
Sugarcane bagasse 40 24 25
Switchgrass 45 30 12
Hazelnut shells 22 25 37

OH
OH O

HOH,C
ol  HOHC | HOHC

OH OH

Figure 2.1 Structure of hemicellulose:-arabineD-xylane(Heinze, 200p

Hemicellulose is also hydrophilic like lidose so that it hathe same properties
about water vapor transmission rdtemicellulosds categorized to hemicellulose

A aswater insoluble antdemicellulose B as water solul{leoner & Hicks, 1997
Ebr i nger ov)aTherdforeanhany,henicéllGidse based coating materials
are formed by aqueous solution. Tiremicellulose coating solutisrare opaque
and do not affect the tastd the product(Hanse & Plackett, 2008 Besides,



hemicellulose cding has an antimicrobial activiCampos et al., 201Qi et al.,
2017). Hemicellulose derivativesvere also found to be effective against some

Gramypositive and Gnan-negative bacteriégE b r i nger ov)a et al .,

Hemicellulose bagkedible coatings were reviewgHansen & Plackett, 2008
However, hemicellulose based coating is not common yet. Arabinoxylan, a type of
hemicellulose, was used as a coating mdtéoiagrapes. It was observetat
coating material prolongegbstharvest shelife by decreasing the water loss rate
by 18 % after 7 day&Zhang & Whistler, 2004

Hemicellulose was used as coating material for retention of physical quality and
enhancingthe shelf life of bananalhe color of banana was preserved #mel

coating material prevented the fungal groy@elebioglu & Cekmecelioglu,®.3).

Starch and derivatives are also applied as coating matEhialeffect of starch
coatingon the osmotic rehydration oérrots werénvestigated. It wareported that
starch coatingncreased the solid content 30 % more than the uncoated carrots
(Levic et al., 2008 Furthermore, pumpkin was coated with native and modified
starches por to drying in the study ofago-Vanzela et al. (2013). According to
this study, edible starch coating decreased the color changes and retened

carotenoids in the pumpkauring drying at 7@C for 810 h

Pectinand gum coatirgwerecompared with the standased coatirgy Shelflife

and quality of raisins were tested with different coatings and pectin coating was
better than starch and gum coatings in terms of 4ifelfsensory and clmaical
properties of raisin. In additiomicrobial growth was significantly decreased with

all coating material§Ghasemzadeh et al., 2008

Chitosan is the other polysaccharideséd coating material and one of thest
applied coating materiah biomedical, food and chemical industri@s et al.,
1992 No et al., 200Y. Deacetyated chitinin alkali conditiongorms chitosan which
is found in the cell wall of the green algae, fungi and ygastanitoyannis et al.,
1998. The structure oflutosan is given in the Figure2

10
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Figure 2.2 Structure of chitosa(Coma, 2013

Chitosan is produced by extraction framab or shrimp cells and fungal cell wall
(Bourtoom, 2008Ravi Kumar, 2000 The extraction includes alkaline treatment
as mentioned before. For example, extraction of chitosanAspergillus terreus
has several steps such as homogenization, deproteinizeéiotrifugation and
fermentation as a pretreatment for the growth of fungal culture. After
homogenization,alkaline extraction ofthe dried biomass takes place in the
autoclavefor 20 min at 123C with 1.0 N NaOH(Cheng et al., 2014Vhite et al.,

1979. Therefore, chitean production is a lorend complicated process.

Chitosan solutions are generally prepared by using dilute (Rachudo, 2006
Antimicrobial effect of titosanwas proved by many studigg&l Ghaouth et al.,
1991 No et al., 2006Roller & Covill, 1999. Specifically, chitosan solutions
preventedhe contamination of rggathogerBurkholderia seminalisvithin apricot
fruit (Lou et al., 201 Additionally, microbial quality ofresh squash slices was

provided by chitosan coatirduring drying(Moreira et al., 2000

Chitosan based edible coatirgjso extend the shelf life, retard color changes and
improve postharvest quality of the foodzhitosan coatings provided loagcold
storage life, postponed the color changes and regulated the inside oxygen and
carbon dioxide concentrations of the papaydt (Asgar et al., 2011 In another

study, diced mango fruit was coatedth chitosan edibleaating. Although, mango
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can be easily spoiled, chitosan coating prolonged shelf life, prevented the water loss

and increased ascorbic acid cont@hien et al., 2007

2.3.1.2 Protein based coatings

Proteins are composed of amino ackisperties of protein based coating changes
due to the extrinsic factors such as temperatatative humidity and pHBesides
protein based coating materials have low oxygen barrier properties at high relative
humidity (Salame, 1986 Some of the proteins used as coating materials are gelatin,

corn zein, wheat gluten, soy protein and milk protéfiackett, 201}

Proteinbased coatings exteridod shelf life, delaymicrobial contamination and
chemicalreactions. Particularly, theyre known to be perfeokygen barriesunder
controlled conditions. Thus, protein basetings are mainly used ftatty foods
to prevent oxidatior(Embuscado & Huber, 2009 For examplewhey protein
based coatings wereadfor coating peanuts and it waportal that whey protein
coatingsignificantly decreased the oxidatioate comparedo uncoated peanuts
(Lee & Krochta, 200 Additionally, corn zein coatingesulted in better color
compared to the uncoated aprontedapticets The AE
werefound as 7.81.1 and 13.80.6, respectivelyBaysal et al., 200)0Lastly, helf
life of kinnow fruits was lengthened by 2@y with casein coating\lam & Paul,
2001).

2.3.1.3Lipid based coatings

The main purpose of the lipid based edible coatings is to prevent moisture loss due
to its hydrophobic structurd@riglycerides, acetoglycerides, waxdatty acids and

resin are commady used lipid based coating8ourtoom, 2008 Lipid based
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coating materials are generally used with combination leérotoating materials

due to theiwveak mechanicatrength.

Waxes are applied to many fresh fruits to minimize the water lostantgprove
microbiological stability. For instance, oranges and daainms coated with wax
were wellprotected an80 % of thesporulationwasinhibited (Njombolwana et al.,
2013. Meanwhile, shellac coating was conducted as a coating material for
grapefruitto minimizechilling injury during two months storagat 4cC and 92 %
relative humidity (Dou, 2004.

2.3.14 Composite coating

Composite coating is the combinationnofiltiple coating typs. The permeability,
mechanical strength, solubility of the coating material and other properties are
optimized bycomposite coatingexampks of composite coatingse arabinoxylan

lipid combination(Phan The et al., 20p2sodium caseinatiépid (Fabra et al.,
2008, whey proteirhydroxypropyl methylcellulosé@PerezGago et al., 200%and
glucomannan andhitosansoyprotein(Jia et al., 2000

Integrationof lipid with polysaccharider protein has variousdvantagesWhile
lipids have goad water barrier propess, on the other handheir mechanical
strength is very wda Therefore, polysacchariger proteirs mixed with lipids is
required toincrease coating stabilignd integrity(Bravin et al., 2006Roberto et
al., 1993.

2.4 Hazelnut shellsas a source of hemicellulose

Turkish hazelnut accounts 69 % of the worldhazelnut market followed by Itgly
Azerbaijanand the USAIn 2013(TGB, 2013. This means that 549 000 tons of
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hazelnut is annually produc@NC, 2013. Hereby,250000 tons of hazelnut shells
are manufactured every year. This amount of hazelnut shéliised in Turkey
(TGB, 2013. Onthe contrary, these agricultural wastee composed of 24.8 %
hemicellulose, 37 % lignin and 222 cellulose(Arslan, 2007.

The studie®nhazelnut shells are limited so fatazelnut shells studiese focused
on production of ethang¢Arslan & EkenS a r a ¢ o §; Aralagn etal(Q 200Pand
biodiese(Demirbas, 2008 Antioxidant capacity of the shells is also studi&tlun

et al., 2013 Contini et al., 2008Xu et al., 2012 Demirbas (2002) investigated
liquefaction of hazelnut shells by direct and alkaline glyceFairthermore,
activated carbon is produced from hazelnut stiBkésnirbas et al., 200%encan et
al., 2014 Sharifan & Fowler, 2014

25 Hemicellulose IsolationMethods

Hemicellulose has been isolated by several methods for bioprocess appliaations

it is generally obtained by biorefinirgj agricultural wastes (Table3.

Table 2.3 Hemicellulose isolation methods

Method Feedstock Study
_ _ Caragana .
Alkaline Extra ction o (Bian et al., 201p
Korshinskii
Water and alkaline Sugarcane (Peng et al.,
extraction bagasse 2009
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Table 2.3 (continued)

(Vena ¢ al.,
2010

Dilute acid Giant bamboo

. Destarched¢orn  (Doner & Hicks,
Hydrogen peroxide

fiber 1997
Steam explosion and (Krawczyk et al.,
o Barley husks
ultrafiltration 2008
(Hr omad k-
Ultrasonic extraction ~ Buckwheathulls Ebr i nge
2003

Enzymatic hydrolysis =~ Wood residues (Kim et al., 200}

Most of the hemicelluloses are isolated by extraction. The commonly used
extraction techniques of hemicellulose are alkaline and acidic mefvodd ma z
Celebioglu et al., 2032

Cunningham et al. (198@sed annual plants (wheat straw, kenaf and sorghum
bagasse) for hemellulose extraction in alkaline conditions maximal yield of
80-84 % of the kenaf hemicelluloses 88890 % of the hemicelluloses in the wheat
straw and sorghum bagasse were obtained with 12 % NaOH solutiooG{@

h. Corn fiber was utilized for the ethanol production but hemicellulose was removed
from the corn fiber by alkaline extractioprior to ethanol fermentation
Hemicellulose extraction wasccomplished at 126C and2 bars for 1h with 1 and

2 % NaOH and KOH solution&Ga s p ar  e)t Apmadximately,280 % @f the
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total hemicellulose was precipitated by ethaf@®@a s p ar e)tSomelothey 200 7
studies reportedkaline extraction with optimurhemicellulose recoveriasf 56.1

% (Juan et al., 202350.3%(Yuan et al., 20183 26.2 %(Luo et al., 201p 42.7 %

(Bian et al., 201pand 12.4 %Vena et al., 2013

Hydrogen peroxide ialso used as a pretreatment agerdlkaline extractionAn

improvement irthe extraction efficiency and other quality parametesreported
(Doner & Hicks, 1997Harmsen & Huijgen, 201(Rabetafika et al., 20146un,
2002 Sun et al., 2000

Acidic extraction methods have been compared alitaline extractiorby several
studies(Geng et al., 20Q3Xu et al., 2008Y1 | maz Cel ebi)dthéru et
extraction methods are heat (over ) (Benko et al., 2007Tunc & Adriaan,

2008, ultrasonically assistedSun & Tomkinson, 2002 ozone treatedBen
Ghedalia & Rubinstein, 1986microwave assiste(Buranov & Mazza, 2010and

high pressurenethodgHanim et al., 201

26  Drying

Drying has been used as @gervation method for centuridhe stability of foods
increases withdrying due to loss of watgiVan Arsdel & Copley, 1963 The
soluble solid content of the dried foods becomes high enough to prevent microbial
growth (Nury & Brekke, 1963 Moreover, drying reduces thburden of
transportation and packaging requireméBagar & Suresh Kumar, 20110

Most important physical changering dryingis shrinkagéreduction in its original
volume) (Mayor & Sereno, 2004Ratti, 1994. Shrinkage has negative effects on

the consumers and also decreases the rehydration capacity of the dried food
(Jayaraman et al., 200®cMinn & Magee, 199y . Rehydration is the water
absorption capacity of the dried fo@idrokida & Philippopoulos, 2005Viaskan,

200)) andis animportantquality parametefor the dried fruits, snacks and instant

soups(Krokida & MarinosKouris, 2003. Particularly, rehydration properties of
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dried appleslices, kwi, avocado, banana and potatorevstudiedAt ar és et al
2009 Giraldo et al., 2008Lee et al., 2006

There are various drying technologies used for food drying. Vaciuyers (Cui et
al., 2004, spray dryes(Chegini & Ghobadian, 200,/rotary dryes (Savaresi et al.,
2007), continuous fluicbed dryes (Temple & Van Boxtel, 2000 tray drers
(Kiranoudis et al., 1997and freeze drysr(Fissore etal., 2014 are generally
preferreddryer typesn food dehydration

Drying iswidely used ifoods; mea{Soydan Karabacak et al., 2Q1fish (Jain &
Pathare, 200Q7vegetablegKim et al., 2004, coffee and te@Vijayavenkataraman
et al., 2012, dairy product$Schuck, 200Rand egdFr anke & Kp).eB Il i ng,

Peishability of the fruits igorevented by the help of dryinBrying is practically
applied to early every fruitsuch as gpe (Ben Mabrouk et al., 20)2banana
(Guine & Dias, 2007, kiwi (Mohammadi et al., 2008 raisins(Pangavhane &
Sawhney, 200 figs (Doymaz, 2005a pineapple(Bala et al., 2008and cherries
(Mabellini et al.,, 200). Fruit drying is usually practicedvith tray dryers
(Kiranoudis et al., 199Misha et al., 2013

Apricots are largely dried by the solar ene(Bigaetal.,2004dT o gr ul & Pehl i
2002 2004). However, this drying technigutakesa long time and has some
problems due to safety of the apriddence, cotrolled drying methods have been
introducedfor apricot drying and tray dryers are the most used Ohedelhaq &

Labuza, 1987Ertekin & Yaldiz, 2004 Karabulut et al., 200 Mirzaee et al., 2009
Togrul & Pghlivan, 2003

2.6.1 Drying M echanism

Drying follows different patterns during removal of volatt@mpoundsDrying
lasts until aconstant weight reachadhder the given conditions, temperature and

relative humiditywhich leads tothe euilibrium moisture content. The water
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removed before that point is calldétee water(Geankoplis, 2008 The wader
exertingless vapor pressure than the water at the same tempéasatamed as
bound water and it has strong forcke to its availability in fine capillarig&eey,
1972. The foods having bound water are known as hygrosd®@®soder, 2014
Lopez et al., 1995Rockland, 195y The moisture other than bound water is the
unbound moisturelhese water types determine the sorptidmalveor of the foods.
Furthermore,Figure 2.3 shows the sorptiomsothermswhich are observed by
adsorptionprocess(wetting) or by desorptioprocess(drying) (Aguerre et al.,
1989. The difference between éke process curves is callbgsteresis.Three
moisture retention regions are seerkigure 23. Specifically, in the rgion A of
the Fgure 23, water is found in thénest capillaries as bourd water is located
in small capillaries in the region B and water is unbound in large capiliaries
region C(Keey, 1972.

desorption

Moisture Content

adsorption

V
v

Water Activity l

Figure 2.3 Sorption behavior of a typical foq®ahin & Sumnu, 2006

18



According towatertype (bound or unbound)rying ratediffers. Two period of
drying areobserved in foog constant ratand falling rate of dryingFigure 24)
(Van Arsdel & Copley, 1963 Constant rate of drying is observedtil all the
unbound water evaporates. Actually, drying continues in a constant rate as long as
evaporation rate is constant. Nevertheless, after a (@jrinown as critical free
moisture content drying rate starts to decrease because of no enouggupalied

to the surface of the foodhis phenomenoresults inthe second drying period,
falling rate drying In addition, water is transferred by capillary movements to the
surface of the material in falling ratkr the same manner, whaurface of te
material is completely dried, the second falling rate pefadter point D in the
Figure2.4) is observed anthe migratiorof water vapors maintained by diffusion
Falling rate period takes most of the drying tig@eankoplis, 2003Mujumdar,
2000 Mujumdar & Devahastin, 2008

2.0 -
. Falling || Constant
- rate I rate
r | ’
o~ -
x| B 1
ab | o |
E 0.8 / I
s | Df l
o0 i l
g8 |
> 04 }
[} Xc
fs I

Og 01 02 03 04 05 06
Free moisture X (kg H, O/kg dry solid)

Figure 2.4 Drying rate curve under constant external condit{@eankoplis, 2003
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2.6.2 Mathematical Modelling of Drying

Models are deterministic if their probability equalto one, elseare named as
stochaic model(Mujumdar, 2007. There arenumerougdrying models based on
differentaspectsexperimentalBaini & Langrish, 2008Ben Mabrouk et al., 20}2
transport phenomer{ddussain & Dincer, 2003and porous media theofge Boer,
2002.

Thin-layer drying (dryingkinetics) is expressed by experimental and diffusion
models(da Silva et al., 2004 These theoretical drying models are based on the
Fi ck’ s s(Sanaden 8007/IThinMayer drying is based on the equation 1

(Jayas et al., 1991

— T o 1)

where X (kg HO/kg db) is the moisture content, X(kg HO/kg db) is the

equilibrium moisture content andlénotes the drying tim&hin-layer equation is

applied for many foods such asushrooms(Midilli et al., 2002, pistachio

(Kashaninejad et al., 20papricot(Mirzaee etal., 2010 ogr ul & PRPghl i van, 2
eggplant(Ertekin & Yaldiz, 2004, plum (Goyal et al., 200)/ apple(Menges &

Ertekin, 20063 mango(Goyal et al., 200§ garlic slices(Ponciano et al., 1996

black tegPanchariya et al., 20p2Zarrot(Doymaz, 2004sand red ppper(Akpinar

et al., 2003a

The solution of the first order differential equatiby Lewis in 1921 (equation 2)
and by Page in 1949 (equationi8)given below(Jayas et al., 199Karathanos,
1999.

0Y — QanQo (2)
0Y — Qond (3)

where MR stands for the moisture rafthmensionless moisture conterit)and n

arethe model constastL e wisslitsi on i s simil ar to the Newt
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and suggested for the falling rate of the drying of porous hygroscopic matkrials

is also knowras Newton modglLewis, 1921 To g r u | & PégBRdgeiv an, 20
derivedas the hird equation for the thin layer drying of shelled camthe best

fitted modelPage, 1949Sokhansanj et al., 1987

The other dying kinetic models are derived from these twomarily equations

Some of the best fitted modeatsfood materialare

Henderson and Pabis modBhbis, 1998
0Y —— ©OQwnQo 4)
Modified Pagesquation(Overhults et al., 1933
DY — Qo Qo (5)
Logarithmic mode(Akpinar et al., 2003p
0Y — Qw0 o (6)
and tvo term mode(Henderson, 19734
0Y — dQonQo 0QodnQo (7)

The kest fit models calculated for drying of foods are the logarithmic midel
pistachio(Midilli & Kucuk, 2003) and white mulberryDoymaz, 2004) Page

model for whole banan@a Silva et al., 200)4avocado and kiw{Ceylan et al.,
2007, okra(Doymaz, 2005pandpotato slicegAghbashlo et al., 2009modified

Page model for carrdErenturk & Erenturk, 2007 two termdrying model for

grape(Yaldiz et al., 2001

Appropriate model$ound for apricot drying are &e modellgual et al., 2012
Menges & Ertekin, 2006andlogarithmic mode(Mirzaee et al., 2010T o g r u | &
Pehlivan, 2008for air dryingandtwo term mode(Ghatrehsamani et al., 201f&r

solar drying
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2.6.3 Effective Diffusion Coefficient and Activation Energy

Effective diffusion coefficient can be calculated by unstestdye diffusion

formula based on Fick’' s sklizcacaaal)2808 f or fr ui
Sander, 2007 The equation can beritten as follows for thidayer drying

(Geankoplis, 2003

— 0 — 8)

where R is the effective diffusion coefficient in#s and x is thickness of the solid
in m. This equation is valid for the falling rate drying because the main msoha
of the water removal iby diffusion (Keey, 1972. Solution ¢ the equation 8s
given below for infinite slajnegligible shrinkagend constant diffusion coefficient
(Bird et al., 2001 Tosun, 200Y.

— B QoA 9)

where L is the half tlskness of the fresh foodhendried from two sides or the
thickness of the figh foodwhendried from one side in m. This equation can be
reduced to the first term only if the Fourier number is greater thamlfus, lumped
model is applicable for long drying timé&kpinar et al., 2003jcCrank, 1975Seth

& Sarkar, 200%

- —QOF—— (10)

By some configuration, drying timg&eankoplis, 2008and activation energy by
Arrhenius type equatioarewritten as 6llows (Lopez et al., 2000Mirzaee et al.,
2009:

o —I I— — (12)

0O 0Qaf — (12)
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where t is the drying time, s the activation energy (kJ/mol), R is universal gas
constant (kJ/mol K), Jis theabsolute air temperature (K) andiBconstant (iis).
The average diffusion coefficiefin?/s) was reported ag.517 x10° for carrot,
2.553 x 10'° for potato(Mulet, 1994, 8.121x 10° for apple(Zogzas & Maroulis,
1996, 8.56x 101°for mango and 4.98 10°for cassavgHe r nandez ). et

In addition, effective diffu®n coefficient of apricot found between X 20%° and
1.15x 10° m?s and the activation energy changes in the range of -33.3B
kJ/mol (Mirzaee et al., 2009 According to another studyeffective diffusion
coefficient (m?/s) of apricot rangedrom 4.76 x 10° t0 8.32x 10° (To g r u |
Pehlivan, 2008

2.6.4 Effects of Coatingon Drying

Edible coating can beapplied prior to dryingo take advantage of preservation
properties of the coating materiatéowever drying mechanism iaffected bythe
coating material. Foinstance, osmotic dehydratioate increases with starch or

pectin coatingLenart & Dabrowska, 1991 enart & Dabrowska, 1999 ewicki et

al., 1984. Besides, the efficiency of osmatic dehydration of carrot in saccharose

and molassesienhanced by starch coatifigevic et al., 2008 The color, texture
and microbial stability of raisins assoimproved by pectin film coatinduring
storaggGhasemzadeh et al., 2008

Some foods are coaterior to drying to retaiolor. For example, pumpkin slices
are coated with native and modified starches to preserve the carotmomsair
drying. Significant improvements werabtained byedible coatings and carotene
loss wasdecreased by 125 % (Lago-Vanzela et al., 20)3Furthermore, carrots
were cosed with corn starch before drying and compared with sulflitesas
reportedthat @rn starch coating hasslower rate of carotene loss than sulfites
during storagéZhao & Chang, 1995
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2.7  Objectives of the Study

Hazelnut industry produces a large amount of hazelnut shells as waste every year.
These agro food wastes were aimelbdaised as the source of hemicelluldssage

of food waste for production of hemicellulose will contribute to food sectottend
environmentThe extraction of hemicelluloseasoptimizedusing differenvalues

of temperature, alkaline concentration axdraction time.

Currently, gricots are sulfured before drying to enhance the dried apricot quality.
However, soméarmful side effects have been report€derefore, hemicellulose
coating prior to dryng of apricot will be a substitute sulfuring for prevention its
side effectsColor andkinetic parameters of dried apricotgereinvestigated and
optimum drying conditions (air temperature, air velocity and hemicellulose
concentrationjveredeterminedn the lightof responsescolor paraneters and final

moisture content.

By this study, it is aimetb retard color changegteserve its physicattegrity and
retain microbial stabilityduring and after dryingof apricots The usage of
hemicellulose coating wilalso overcome somexportational problems due to

excess usage etlfur dioxidein Turkey.
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CHAPTER 3

MATERIALS AND METHODS

31 Materials

311 Raw materials and chemicals

Hazelnut shells were obtained from a local factory in Giresun. Hacihaliloglu type
apricot was used for drying and it was provided from local producers in Malatya.
All the chemicals used for the extraction, coating atiter analysis are given in
TableA.1.

3.1.2 Dryer

A laboratory scale tray dryer (Eksis Endustriyel Kurutma Sistemleri, Isparta

Turkey) was used fothe drying experiments (Figure13. Air flow rate, air

temperature and tray revolution speed were adjustable. The air was moving parallel
throughout thesteeltrays. The dimensions of the traysre 30 cm x 30 crr 2cm.

A shematiadrawing of tle dryer is given in the FigureZ The tray dryer had five

perforated trays. The experimental data was recorded by the dryer every min for
tenmperature(0.1 cC) and every 5 min foweight (1 g). The temperature was kept

constant within the rapne +1 ° C during the experi mer
measurementhe dryer fan and rotation stops automaticédly 1-2 seconds to

prevent any external measurementerBryer working conditions wengtimized

by selecting the best response curve to tHerdnt PID controller gain due to its
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oscillation rate, overshoot and steadgte time. The relative humidity were set to
+1% before all of t he e xarted aftenthe dryer.

reachedhe steadystate conditions.

Figure 3.1 Laboratory scale tray dryer
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Figure 3.2 Schematic drawing of thecale tray dryer

3.2 Methods

3.2.1 Sample preparation

The hazelnut shellswer dr i ed at 7 thengr&uldated by ginder h  and
(Thomas Model 4 Wil ey Gwadiesbdro, NJT808bm®s Sci en
Prior to extractionthe hazelnut shells were sieved to have a uniform distributed

particle sizeat0.85 mm to Immin diameter. The granulated hazelnut shells were

kept @ the room temperature in zipper storage bags until use.
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Apricots were halved and the stone was separated. Then, the apricot halves were
subsequently dipped to the coating matefaaljust a few seconds minimize

undesirable reactions. The apricotseverk e pt at 4 °C before the e

3.2.2 Hemicellulose extraction methods

3.2.21 Direct Alkali Extraction

Alkaline extraction was conducted bgingNaOH solutions for 24 ht 30cC. The

mixture was filtered to separate the insoluble parts (celluld$e)pH of filtrate

was adjusted to 5.5 by 37 % HCI and subsequently 3umas of 98 % ethanol

was addedh order b precipitate the hemicellulose andkapt 4 ° @Gd&sopar24 h
et al., 2007. It was not requiretb separate the hemicellulose A and hemicellulose

B for the coatindY 1 | ma z G ethle2D1Pdllgelprecipitated hemicellulose

was filtrated by filter cloth and dried.

3222 Alkaline Hydrogen Peroxide Extraction

Three different alkaline extraction methods with hydrogen peroxide pretreatment

were tested.

In the first method]:20 ratio of hazelnut shells to;8: solution was obtained by

adding 100 ml of 1 % aqueous solution of hydrogen peroxide to 5 g hagledtist

pH of the solution waadjusted to 11.5 withNNaOH. The mixture was kept at

120 rpm in the shaking incubatohfter filtration, pH of the supernatant was

adjusted to 4.0 by titrating wittNdHCI. Finally, three times ethanol by volume was

added to the solution and the mixture was
crude hemicellulos@Ooner & Hicks, 199Y.
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In the second method, the hazelnut shells were dewaxed by extraction with-toluene

ethanol (2:1, v/v) for 6 h with 1:20 ratio of hazelnut shells to the nete¢hanol

solution. For the next step, namely delignification, the dewaxed hazelnut shell
powder was treated with 6% sodium chlorit
chlorite solution was adjusted to B8 with 10% acetic acid before the treatment
Subsequently, the residue washed with ethanol and dried. Then, the hemicellulose

was extracted from dried powder with different concentrations of KOH solution at

the same soliiquid ratio. The extract pH was adjusted to 5.5 with 6 M HCI and

the extrat was washed by ethanol. Finaly t he sol uti on was ke
precipitate hemicelluloses in the solutigteng et al., 2012

In the last method, as in the previous method, the hazelnut shell powder was
extracted withthe same toluenethanol ratio for 6 h. Then, the dewaxed shell

powder was treated with different NaOH concentrations for various times at 120

rpm in the shaking tubator250 ml of5 % HO2 was added to the mixture and the
extraction was | asted for JDosolgionvds h at ¢
adjusted to 11.5 with 4 M NaOH before added. After the extraction, the residue

was separated out by vacuum filtratiand the filtrate was neutralized with 6 M

HCI to pH 8.5 for removal of the silicate. The pH of the supernatant was further
decreased to 6 with same acid concentration. Three volumes of ethanol was added

to the supernatant and the hemicelluloses wasppiedi at ed dur Afterg 24 h
filtration, hemicellulose was freeziried Martin Christ Gefriertrocknungsanlagen

GmbH, ALPHA 24 LDplus, Osterode am Harz, Germaay 0.017 mbar for 24 h

(Sun et al., 2000

3.2.3 Crude hemicellulose purity determination

Purity of the hemicelluloseextracsé and composition ofhazelnut shell, were
determined by HiglPerformance Liquid Chronagraphy (HPLC) method. For
this purpose, HPLC system (ShimadZorporation, Kyoto, Japan) equipped with
Aminex HPX 87H (300 x 7.8 mm); (BiRad Laboratories Inc., Hercules, CA,
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USA) HPLC column was used. Standard curve for glucogese and arabinose

was constructethy using 0.5, 1.0, 2.0 and 4.0 g/L concentrations.

Dried sample (1 g) was hydrolyzed with 72 %S@ (10ml) for 1 hour at room

temperature. Then, 140 ml distilled water was added and autoclaved for 1 hour at

120 °C. The r e syvaduune filthateorsTo precipitate tbedsulghate

anions 1 gof Ba(OH»*8H-0 was added to 20 ml of the supernatant. The solution

mixed for 1 min andentrifuged for 5 min at,279 x g.The supernatant was diluted

with 4 mM HSQs at 1:3 ratio. HPLC column working conditions with 4 miS@Q,

as an eluent were O0.@Gampami &Vadabtmld 20C0f or
2006Y1 | maz Cel ebi)oglu et al ., 2012

3.24 Determination of Moisture Content

2

Fresh and dried apricots were kept at 105

Laborteknik, ST120, Ankara, Turkey) until the constant weight reached. For weight
measurements, electronic baland@ADWAG Wagi Elektroniczne, Radom,
Poland with 0.001 g precision as used. The moisture content (wet basis) was

calculated with the formula given below:

0 ¢ Qi oEitdhne B ZpTT (13)

3.25 Coating material preparation

The coating material was prepared by mixture of dried hemicellulose and distilled
water to form different concentrations (1.0, 2.0 and 3.0 g/100 ml). Then, 0.2 ml
Tween 80 was added for 100 ml solution. The solution was homogenized with an

ultrasonic @sintegrator (MSE Soniprep 150, London, UK) for 5 min at 5 amplitude
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microns. Afterwards, the solution was mixed with a magnetic stirrer for 30 min.
However, chitosan solution was prepared with 1 % acetic acid instead of distilled
water due to difficultiesvith dissolution(No et al., 2006Van & Hanh, 2013

3.2.6 Color measurement

The color of apricots were measured before and after drying bZdlloe Reader
10 (KonicaMinolta, Inc., Osaka, Japan). The L*, a* and b* values were obtained
and used for the calculation of color paramelisted below:

The total color chang&/Q):

yo o U S @ s @ (14)
Chroma=¢§ & ° (15
Hue Angle=A O A G&E p Yt (16)
Browning index (BI) :T8Where X=3 ? ; - a7
Yo & @ (18)

wherel’ it3 i3 were the initial color values of fresh apricot ands fos were the

values of color parameters after dryfflgns et al., 201 IMohammadi et al., 2008
For all color data, average of five measurements were used for high precision.

3.2.7 Apricot Drying

First of all, L*, a* and b* values were measurey The Color Readetl0 before
drying of apricots. Laterhe apricots were coated bipping to the coating material

(hemicellulose and chitosan) and aligned to the trays with uncoated apricots.
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Subsequently, the coated apricots were dried for 300 minrdingoto the
experimental designfter drying, the L*, a* and b* values were also measured.
Final moisture content was also calculated for y\wdrying experiment in two

replicates

3.2.71 Mathematical Modelling

3.27.1.1 Moisture Loss

Weight loss datavere recorded by the tray dryeéBy these data, the dry basis
moisture content (kg water/kg bone dry solid) was calculated. Moisture ratio was

calculatedoy theequation below;
oY —— (29

where X= moisture contefig water/ kg bds) atmet,
Xeq= Equilibrium moisture content (kg water/ kg bdsyd

Xo=initial moisture content (kg water/ kg bds)

3.2.71.2 Equilibrium Moisture Content

Equilibrium moisture content was determined by usingdvfferent models.

The first model was bienderson and Pabis (1961);
— Q (20

By some configuration, the equation became as follows;
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®w ® 0Q (21)

Nonlinear regression was taken between X and time to calculate the conggant, X
SigmaPlot for Windows Version 11.0 (Systat Softw@rabH, Erkrath,Germany)

was used for the exponential decay, nonlinear regression.

The second modeised was by Henderson (1974);
— @ W@ (22)

In the same manner, theg{vas also calculated from the nonlinear regression of

the equation below;

W ® 0Q wQ (23

3.2.7.1.3 Drying curve models

Four different models were used to find the best mddehpricot drying(Table
3.1).

Table 31 Drying curve models

Model equation Name Reference

MR=exp(kt) Newtaon (Liu & Bakker-Arkema,
1997

MR=a*exp(kt) Henderson and Pabis  (Chhinnan, 198%

MR=a*exptkt)+c Logarithmic (Ademiluyi & Abowei,

2013 Yaldiz et al., 2001
MR= expfk*t") Page (Page, 194p
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3.2.8 Microbiological Analyses

Apricots (L0 g were placed intgstomacher bags and stomacketh 90 ml of 0.1
% peptone watdbr 2 min Serial dilutions ranginfrom 10*to 10°® were prepared.
Total bacteriatountwas determinetby pour plate methodndPlate CouhAgar
(PCA)was used as the gnth medium PCA plateswvere incubated at 2& for 48
h(Tar ky 1 | ma z).Petato Dextrose Agar QPDR) wased as the nutrient
medium foryeast and mold growth. The growtlas observed after 7 days at®D
incubation of PDA plate€Sa g1 r | 1 ).l anaykes wereZln® i8 triplicate
(Karabulut et al., 20QKhattak et al., 2014

3.2.9 Statistical Analyses

Thedesign of experimestvas performedsingMi ni t ab® 16. 1. 1 softwar e
Inc., Sate Collage, PA, USA). Faxtraction part of the study, Response Surface

Methodology (RSM) with BosBehnken design was constructed by 3 parameters

(alkaline concentration, temperature and time) with 3 levels5(4D, 60 ° C; 10, 15
20 %; 4, 8, 12 h). The response was the purity of the dried crude hemicedislose

measured by HPLC method. The experimental design of the drying conditions was

also carried out bBox-BehnkenRSM design. Coating material concentratigfhs

2 and 3 %w/v), air velocities (0.5, 1 and 1.5 m/s) and air temperatures (60, 70 and

80 °C) were tested. Apr i twete measuredafterand f i nal

drying asresponses.

Results were checked whether normal or not. If not, dataveenealized by Box
Cox method. The two experimental designs were optimized by the response
optimizer tool of the Minitab® 16.1.1. 95 %

statistical calculations.
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Drying models were comparduy coefficient of determinain (R%), root mean
square error (RMSE), mean bias error (MBE) and reduced chu a?). €hese x
parameters were calculated with the following formulas;

8

YOYO-B 0O 5 0O (24)
060 -B OY ;5 DY & 25
2 B i i (26)

whereMRprewas used for the predicted MR of tHeelementMRexp, represented
the experimental value of the MR of tHedlementN stands for the observation

number and n is the number of parameters inthe nfddelg r ul & Pehl i van,
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CHAPTER 4

RESULTS AND DISCUSSION

4.1  Crude hemicellulose purity determination

The purityof crude femicellulssesamplesveredetermined byHPLC. The HPLC
standard cunefor glucoseand arabinoseare given in Figures B.-B.2 and for

xylose in Figuret.1.

1.4e+7

y=2.75*10°x-488868
1.2e+7 4 R%*=0.999

1.0e+7 A

8.0e+6 A

Area (Volts)

6.0e+6 -

4.0e+6 A

2.0e+6 A

0.0 T T T T

Xylose Concentration (g/L)

Figure 4.1 Standard curvéor xylose determination
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In all standard curves, y stands for the area (volts) and x is thent@tima (g/L)
of the sugar The purity of the hemicellulose extract was calculated from the

multiplication of concentration with dilution factors.

A sampleHPLC chromatogram of hemicellulose extratd standard curve of
xylose arealsogivenin Figure4.2 Peals wereobservedor glucosebetweernlO"
and 11" minutes for xylose between land 12.8' minutesand for arabinose
between 128 and 13.%' minutes. These values are relatively close with the
literature(Y1 | maz Cedl.e2010.ogl u et

HGHESIEE O

:
e o e e L]

-1.165
—_ Sample Curve

— Standard Curve

-1.170

-1.175

-1.1804

11854

-1.180

Figure 4.2 A sample of HPLC chromatogram of extract and xylose standard
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4.2 Selection ofHemicellulose Extraction Method

Hemicellulose was extracted by several methdds colorand purity of the
extract wereof major concern because of theieuss a coating material. Direct
alkaline method was eliminated due to the brown color of the exfractl ma z
Celebioglu et al., 20)2Therefore, alkaline hydrogen peroxide extraction methods
were tested

The lrown color of the extrastwas prevented due to hydrogen peroxitletee
hydrogen peroxidenethods were compared in terms of their hemicellulose purity.
Purity valueswere found as 19.30 %45.5 % and 25.36 % accordingDoner &
Hick (1997), Peng et al. (22 and Sun et al. (2000)espectively Thus,
optimization experiments were carried @acording tathe method of Sun et al.
(2000)which gave the highest hemicellulose purity.

4.3  Optimization of Extraction Conditions

Extraction conditionsvere optimized by BoBehnken response surface method
for varyingtemperature (40, 50 and 60), alkaline concentration (10, 15 and 20
%) and extraction time (4, 8 and 12 Bpx-Behnlen designwith 3 factors and 3
levelsfor RSM and experimental results at@ownin randomized ordein Table
4.1
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Table 41 Responseurface design and experimental results obtained by alkaline
extraction of hemicellulose from hazelnut shells

Run Concentration Temperature Time  Hemicellulose

Order (%) (AC) (h Purity (%)
1 15 60 4 56.25£0.006
2 20 50 4 40.95:0.028
3 20 60 8  45.90+0.003
4 15 40 12 34.65+0.003
5 20 50 12 33.31+0.009
6 15 50 8  54.70+0.922
7 10 40 8  46.35+0.003
8 15 60 12 27.45+0.003
9 15 40 4 56.71£0.010
10 10 50 12 38.70+0.003
11 15 50 8  54.68+0.957
12 20 40 8  47.70+0.003
13 10 60 8  57.15+0.003
14 10 50 4 62.10+0.006
15 15 50 8  52.20+0.056
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The expemental results given in Table.¥ was normalizedby Box-Cox
approximation wittih=2 and the normalized datAndersonDarling p=0.086were

used for the statistical analgstatistical analysis (Table2} was conductedith

95 % confidence intervahnd the significant (P<0.05) variables were found.
Detailed ANOVA calculationsis given in theTable B.1. By excluding the
insignificant terms(p>0.05) the quadratic model for ¢hhemicellulose purity
becomes as represented in BHg 28with R-Sq of 92.65% and lack of fit d@f.1.
Lastly, by the help of the response optir
conditions of the extraction was found as 1@®t/) NaOHat 60° C f ovmth 4 h
0.98 composite desirability and 64.24%w) hemicellulose purity as the response
(Table B.2). However, temperature change was found to be insignifidhots
extraction temperature waelected as 44C due to energy savingctually, this

was an expected result because extraction was continued aftefQhaddlition

and kept for 12 h at 4& as indicated in the methodena et al.(2013)deduced

that the temperature between @@ and 90cC had a minor effect on the alkaline
extraction of hencellulose from woodgEucalyptusgrandis) Another work of
eucalyptus wood was concluded that extraction temperatures (70, 84c&)dhad

little effect on the hemicellulose extraction while the alkaline concentration and
time had greater impact onetlextraction efficiencyL ongue Juni)or et al
However, alkaline extraction of the annual plaisisgar beet pulp and cormjere
significantly affected byextraction temperature (30, 40 and 8D) (Y1 | ma z
Celebioglu et al., 20)2 Hemicdlulose extraction from wheat straw and sweet
sorghum bagasse were also dependerihe extraction temperatu(€unningham

et al., 1985
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Table 42 ANOVA result$ "and estimated regression coefficients for the uncoded
hemicellulose purity model

Term Coefficients P

Regression 0.000
Linear 0.000
Square 0.000
Interaction 0.001
Lack-of-Fit 0.100
Constant -0.7101 0.000
Block -4.64E05 0.993
Concentration 0.0353 0.000
Temperature 0.0324 0.471
Time 0.0175 0.000
Concentration * Concentration -0.001 0.039
Temperature * Temperature -2.02E04 0.089
Time * Time -0.0039 0.000
Concentration * Temperature -6.432E04 0.008
Concentration * Time 0.0022 0.001
Temperature * Time -2.48E04 0.373

aResult is significant when P < 0.00R? =92.65%, Rprea=79.62 % and Ry;=88.78
%.

The quadratic model for the hemicellulose puwgs then written as

O T PMEWBIOWo TEIP YU TEITP TEITaw @8 0Q
T T8 T QO (27)

42



whereY: the response(ifjemicellulose purity%)? ), & dAlkaline concentration
(%), & : TemperaturéaC) and :Time (h).

Analysis of the experimental dataough sirface plos of hemicellulose extraction
factor introduced that increase in temperatof the extraction slightlincreased

the hemicellulose purity but reduction in the extraction time resuiteabre pure
extracts (Figure 4)3at constant aldine concentration of 15 %:igure 4.4shows

that hemicellulose purity was increased with decreasing the alkaline concentration
and extraction time. Thushe lower endsf the extraction timé4 h)and alkaline
concentration(10 %) led to increase in thénemicellulose prity at a constant
temperature 050 cC (Figure 4.4. Figure 4.5evealed that the hemicellulose purity
was maximized at high temperat(é® oC) and low alkaline concentratio 0 %)

when extraction time was h. Therefore, moreconcentrated alkaline solutions
cause a decrease in the purity of hemicellulose extract by degradation of other
moleculesThis conclusiorwas supported by the literatu® 1 | maz Cel ebi ogl
al., 2013. Extraction of hemicellulose waalso reached to an optimum point at 4 h

andthus ndfurther extractiorwas needed
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Figure 45Sur f ace pl ot of Hemicell ul ose Pur
Concentration (%) for a fixed time of 8 h

Figure 4.6showstheresponsef the twofactors, time and temperatyig constant
akaline concentration of 15 % by contour platsd it was observed that extraction
temperature did not affect hemicellulose purity asekiaction time.Thus, the
highest hengellulose purity was observed4at h a n drigdré®4.7eCesents
effects of extraction time and alkaline concentrat®parallel pathway was noted
for both factors and that wasth decrease in time and concentration inaetse
purity. Hemicellulose purity aboveds16 % is seen in the Figure af/lower values

of time and alkaline concentra, 7 h and 13 %, respectively. Maximum value of
the responsdine was 55.23% when alkaline concentration and temperature
interacton comparedt a constant extraction time of §figure 4.8. According to

the Figure 4.8the optimal response range is very narrow due to the extraction time
of 8 h.
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Figure48Sur f ace response contour plot for

concentration (%) on hemicellulose purity at fixed time of 8 h

Yields of the hemicelluloseextractions werecalculatel by consideringpurity

values.The yield of the optimum conditions was found as 75.131#d valuesof

the experimental desigi%) are presaéted in the Table .8. The yield of

hemicellulose extrdaion increases insignificantliyom 24.58 to 24.86 %hen the

time increased from 4 to 12 h Hawevel O ° C wi
short extraction time increases #Wthe yi el
10 % NaOH for 8 h extractip temperature changer o m 4 0 doesmot éffect ° C

the yieldsignificantly. Moreover, effect of the alkaline concentratican be seen

in the Table 8 and as the alkaline concentration decredbesyield increaseg-or

example,two folds increment m alkaline concentratiorffrom 10 % to 20 %)

changeyield from 68.94t030.29% 40 ° C and 8 h.
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Table 4.3 Hemicellulose extraction yields from the hazelnut shells

Concentration (%)

Temper at 1 Time(h)

HC Yield (%) *

15
20
20
15
20
15
10
15
15
10
15
20
10
10
15

60
50
60
40
50
50
40
60
40
50
50
40
60
50
50

4
4
8
12
12
8

12

0 M~ 0 0 0

24.58+0.79
38.06+ 0.29
44.47+0.32
28.30+0.30
25.70+ 0.33
49.83+ 0.96
68.94+ 0.01
24.86+ 0.22
26.98+ 0.80
37.29+ 0.27
48.94+0.12
30.29+ 0.56
73.33+£0.12
74.44+0.24
50.69+ 0.61

*It is the mean of two replicates.

4.4

Color parameters ofthe dried apricots

Color change in dried apricot was optimized by HBehnken RSM design. The

three factorswith three levelsvere hemicellulose (HC) concentration (1, 2 and 3
%, wi/v), air velocity (0.5, 1 and 1.5 m/s) and air temperature (60, 70 add).80

Total color changajelta band final moisture contefinal MC)wereinvestigated
as responses of apot drying Final moisture conterwas added tthe responses

because its an important parameter thafects the color valuegOz k a n

2003. The experimetal design and results gueovided in thelable 44.
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Table 44 Response surface experimental design and results of responses

HC Air Air Total Delta  Final
Concentration Velocity Temperature Color b MC
(%) (m/s) (C) Change

2 15 80 24.86 -18.18 5288
1 1 60 3.58 1.56 66.91
1 15 70 26.59 -176 6631
3 15 70 22.25 -15.46 66.99
2 15 60 5.70 -2.64 7497
3 1 60 3.29 0.18 63.00
2 1 70 23.04 -16.00 3091
1 0.5 70 25.00 -13.0 2868
1 1 80 25.46 -17.84 3052
2 1 70 22.00 -15.22 3078
3 0.5 70 25.86 -17.02 24.65
2 0.5 80 38.96 -27.88 14.80
2 0.5 60 20.65 -13.94 4462
2 1 70 29.80 -2200 3088
3 1 80 10.02 -5.36 3070
2 15 80 26.13 -17.52 5024
1 1 60 3.41 1.44 63.64
1 15 70 26.95 -17.78 64.00
3 15 70 21.09 -15.3 6645
2 15 60 5.70 -3.94 7487
3 1 60 3.45 3.22 6182
2 1 70 24.84 -15.64 3074
1 0.5 70 27.00 -13.32 2746
1 1 80 24.55 -17.18 3096
2 1 70 31.52 -17.06 30.00
3 0.5 70 23.99 -17.26 2395
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Table 4.4 (continued)

2 0.5 80 36.18 -26.21 14.06
2 0.5 60 22.19 -12.94 4289
2 1 70 24.89 -14.86 3052
3 1 80 12.83 -5.28 3020

The final moisture content data was normalized by usiimgatization
approximation of natural logarithmPANOVA resultsfound for the three responses
aregiven in Tables 4.45.

Table 45 ANOVA results P and estimated regression coefficients for the

uncoded Final MC model

Term Coefficients P

Regression 0.000
Linear 0.000
Square 0.000
Interaction 0.000
Lack-of-Fit 0.120
Constant 12.3009 0.000
Block 0.0141 0.000
HC Concentration -1.0079 0.000
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Table 4.5 (continued)

Air Velocity -2.5674 0.000
Air Temperature -0.2953 0.000
HC Concentration 'HC Concentration 0.2062 0.000
Air Velocity * Air Velocity 0.3842 0.000
Air Temperatureg Air Temperature 0.0016 0.000
HC Concentration *Air Velocity 0.0820 0.000
HC Concentration *Air Temperature 0.0012 0.047
Air Velocity * Air Temperature 0.0365 0.000

4Resut is significant when P < 0.08R?=99.93 %

All factors (HC concentration, air velocity and air temperature); wetmd
significanty effective (p<0.05)on final moisture content (Table%). Figure C.1
C.2 show that air velocity had greater effect on final moisture ratio than air
temperature. Modeoefficients wergoroved this consideratioiogrul & Peliivan

(2003)alsoobtained air flow dominance over air temperature during apricot drying.
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Table 46 ANOVA result$ ® and estimated regression coefficients for the

uncoded Total Color Change model

Term Coefficients P

Regression 0.000
Linear 0.000
Square 0.000
Interaction 0.000
Lack-of-Fit 0.649
Constant -490.15 0.000
Block -0.25 0.713
HC Concentration 48.87 0.016
Air Velocity -58.50 0.000
Air Temperature 13.55 0.000
HC Concentration * HC Concentration -6.45 0.000
Air Velocity * Air Velocity 21.10 0.001
Air Temperature * Air Temperature -0.09 0.000
HC Concentration * Air Velocity -2.02 0.458
HC Concentration * Air Temperature -0.34 0.021
Air Velocity * Air Temperature 0.18 0.502

4Result is significant when P < 0.0R?=90.68%.

Total color change (Table@) was significantly affectedly HC concentration, air
velocity and air temperature (p<0.0%)teractions between HC concentrateomd
air velocity; air velocity and air temperature were found insignificant on the total

color change.
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Table 47 ANOVA result$ Pand estimated regression coefficients for the

uncoded Delta b model

Term Coefficients P

Regression 0.000
Linear 0.000
Square 0.000
Interaction 0.000
Lack-of-Fit 0.359
Constant 375.77 0.000
Block -0.38 0.532
HC Concentration -45.30 0.109
Air Velocity 40.16 0.019
Air Temperature -9.91 0.000
HC Concentration * HC Concentration 5.68 0.000
Air Velocity * Air Velocity -19.26 0.001
Air Temperature * Air Temperature 0.06 0.000
HC Concentration * Air Velocity 2.97 0.217
HC Concentration * Air Temperature 0.30 0.018
Air Velocity * Air Temperature -0.05 0.839

4Result issignificant when P < 0.08R?=88.96%.

As shownin the Table 4, different HC concentratios wereobservedto have
insignificant (p>0.05)effects ondelta b However, air temperature and velocity

affected the delta b value significantly.
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According to thesurface plots of final moisture content giverrigure C.1a-C.1.¢
as air velocity decreasgtie final moisture conteaiso decreased but there veas
inverse relationship between temperature and final nreistontent.The HC
concentration did natharply changéhe final moisture content. Moreover, agé
plots of total color changéFigure C.2.aC.2c) revealed that midalues of the
paramegrs other than air velocitiriggeredthe total color change value which
means higher degree of browniggyrface plots of delta b showed thila¢ boundary
conditions of air temperature (60 and &) andHC concentration (1 and 3 %)
increased the delta b values but raue d air velocity (1 m/s) increasdtie delta

b (Figure C.3.aC.3.c) Reduction in deltdb means bluer colors and the opposite
gives yellower colorgBrasil et al., 201 Contour plots of theesponsesfifial
moisture content, total color change and dejtarbalso given in Figure C.2, C.4
and C.6because contour plots better visualie interactions of théactors and

maximal response values.

Table 48 Models, Rsgand lackof-fit of the responses

Models for responses using data in uncoded units R? Lack-of-
Fit

Y1=12.3- X1- 2.57%- 0.29%:+ 0.21%?+ 0.38X%? + 0.9993 0.120
0.0016%?+ 0.082X X2+ 0.0012 % X3+ 0.0365% X3

Y2=-490+ 48.87X% - 58.50% + 13.55X% - 6.45X1* + 0.9068 0.649
21.1X,?- 0.09X3?- 0.34X1 X3

Y3=375.77+ 40.16X2- 9.91X3+ 5.68X1%- 19.26X% + 0.8896 0.359
0.%X32+ 0.03X1 X3
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Fitted models§>0.05) are given in the Table84with high R values.A value of
R2>0.75givesa strong correlatio(Moffroid, 1993. In the Table3.8,responses are
shown asy1: In (Final MC), Y. : Total color change andsY Delta h X1, X2 and

X3 stand for hemicellulose concentration, air velocity and air temperature,

respectively.

Multiple response optimization was investigated by respopsimizer tool of the
Minitab® 16.1.1 statistical softwarelarget values of color parameters were
selected according to the dried apricots with sulfuring pretreatriéet.final
moisture content was also determined by considering conventional dried apricots
as 25% (Institution, 2002. The optimum conditionsf hemicellulose coatingrior

to apricot dryingwere found ad m/sof air velocity, 80 cC of air temperaturand

3 % hemicellulose concentration witlcamposite desirability of 0.97Predicted
values are presented in the Tabl@.Zhe pedicted final moisture content wa4.9

%.

Table 49 Response optimization

Parameters Predicted Desirability Experimental
Responses Results

Ln(Final MC) -1.3896 0.993 -1.347

Total color change 14.757 1.000 15.206

Delta b -8.699 0.926 -8.335
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L*, a* and b* values bapricds before dryingare given in Table .40 and Table
4.11after dryingat 80cC with 1 m/s air velocityor various coating condition$he

red, green and blue (RGB) model conversiohthe L*, a* and b* values aadso

presented in the tablésogical Color Technology, 20}3The RGB outputs were
obtained by an observer in daylightt(2931).

Table 410L*, a*, b* and RGB values of apricots before drying

Coating Material L* a* b* RGB

3% HC 6096t 1. :6.14 0. 13576 0 . -
1.5 % Chitosan 61.94+211.9137.61 0
Uncoated 63.2828.59+38.42 [

0.2 % Sodium Sulfite 59 . 02+7. 65+ 36. 18 [N

Table 411L*, a*, b* and RGB values of apricots after drying

Coating Material L* a* b* RGB

3% HC 43.11+16.0923. 5=+ N
1.5 % Chitosan 42.92+29. 44+ 18. 8+ [N
Uncoated 39.1829.44+x16. 12 S
0.2% Sodium Sulfite 46 . 68+10. 98 28. 57 [N
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By pairwise ttest comparison, hemicellulose coatgayesignificantly better color
valuesthan the uncoated dried apricots (p<0.05). However, there was no significant
difference between chitosan and uncoated apr{pot3.05) The sulfured apicots
providedsignificantly better color values thaine hemicellulose coating and other
coatings.Theseresults can alsbe realized with eyessthe colorvariationsare

above the just noticeable difference (JND). Mahy et al. (1994) dedueddD of
AE&as23For e x a mplles of driddeapricot®r HC coatingwere lower
thanuncoateddried apricotgFigure 4.9. Chr o ma ¢ h,acola mtengitk C *
alsodecreased for these two dried apricith e | i ght ness change (
decreasing order for uncoated, chitosan, hemicellulose and sodium sulfite coated
apricots. The yellowestcolor of dried apricot was obtained by sulfuring and

followed by hemicellulose coating.

40
Hl 3 % HC coating
301 T [ 1.5 % Chitosan coating
@ Uncoated
1 0.2 % Sulfuring
20 -
0
c
2 10
o)
X
S
c 0 -
I
ey
) U U
_10 -
-20 -
'30 T T T T
Delta E* Delta L* Delta b* Delta C*

Color parameters

Figure 49Col or par amet er s onf/[sadvelgcityng at 80
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L*, a* and b* values of sulphureted dried apricots an8tnd 1 m/s air velocity
was reportedby Karabulut et al. (2007) as 45.8, 12.5 and 34.2, respectively. These

data support L*a* and b* values in the TableXL.

Moreover, browningndex and hue angle of the hemicellulose coated apraets
evaluated irFigure 4.10 Hue anglewhichindicates 0 for reda n d fd ¥eltow
and browning indedecreased when compared with before drying &wllisesame
patternof the hue angle and browning index accordintetoperature change was

also reportedby lhns et al. (2011) for apricot drying.

140
HN 60 A |C
120 H /70 A C
BN 30 Al [C
100 ~
7 T
c
S 80 A
o
£
(%)
Q 60
= —
<
>
40 -
20 A
O T T
Hue Angle Browing Index

Color Measurements

Figure 4.10 Hue angle and browning index for 2 % HC coating with 1 m/s at
different air temperatures
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Browning reactions of thapricot during drying causecblor change. Browning
decreased the -carotene content of dried apricKarabulut et al., 2007
Therefore, it is expected that hemicellulose coategehses théegradation of -

carotene due to delay the brownimg reactions.

4.5  Drying of apricots

Therewas not a constant ratelrying period for allcoating typesduring apricot
drying (Figure4.11, 412). Two falling rate periodsvere observedduring drying

with various temperature and air velocity.
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45.1

Equilibrium moisture contentvas determined by using two models namely,
Henderson and Pab{d961) and Henderson (1974Soydan Karabacak et al.,

2014). Valuesof coefiicient of determination and SE&nged between 0.9974 and
0.9838; 0.0488 and 0.016despectivelyfor the model of Henderson and Pabis

Equilibrium moisture content

(1961). By Hendern (1974) model, SEEhanged from ©386 to 0.0174 and®R

ranged between 0.99&®d 0.989XTableD.1). Therefore, Henderson (1974) was

ngs

selected for further calculations due to lower upper limit of SEE and higher lower

60
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limit of R2. It was also selected by Ghatrehsamani et al. (2012) for apricot drying.
Equilibrium moisture contertalculated by two methis arealso given in Table
D.1

4572 Mathematical models

45.2.1 Drying Curve modeling for 2 % hemicellulose coated

apricots

The mathematical models were investigated for tbest moisture ratio
determination with respect timme. Four modet were studied for evegmperature
of drying. Different moded with their constats and statistical results gyeovided

for drying of apricas coated with 2 % HC solutioat 60cC and 1 m/s air velocity
in Table 412. Thebestfitted model wa selected athe Logarithmicmodel due to
highest R and RMSEvalues(Figure 4.13.

Table 412 Statistical results of different models for 2 % hemicellulose coated
apricots at 60 °C

Model Constants Rsqr RMSE
0.951 0.045149
Newton k=0.003
k=0.0006 0.9922 0.018048
Page
n=1.3197
Henderson and k=0.0037 0.9929 0.011627
Pabis a=1.1178
c=1.89E11
0.9931 0.011629
Logarithmic a=11178
k =0.0037
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Figure 4.13 Approximation to MR data at 60 C

Henderson and Pabis model was not used for further calculations because its

model

and 1 m/ s

Wi

t h

constants and statistical evaluation was very close to the logarithmic model.

Logarithmic model was chosen for drying atdwith 2 % hemiceéllose coating

as the best fitted_ogarithmic model was also selected by several sti{tezaee

etal.,2010Togr ul

& Pghlivan,
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Table 413 Statistical results of different models for 2 % hemicellulose coated

apricots at 70 °C with 1 m/s air velocit:

Model Constants Rsqr RMSE
Newton k=0.0049 0.993 0.025720845
k=0.0033
Page n=1.074 0.996 0.018768304
c =6.09E12
Logarithmic a=1.0252 0.996 0.009651005
k =0.005
0.9
0.8
0.7
0.6
o 0.5
= 0.4 —— Predicted
0.3 ¢ Experimental
0.2
0.1
0
30 80 130 180 230 280
Time (min)

Figure 414Appr oxi mati on to MR data at 70 °C
model
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In the figure above, the correlation of the model with experimental data can be seen
for drying of 2 % hemicellulose coated apricot aZOvith 1 m/s air velocityr =
0.998)

According to the Rvalues in Table 44, Page model was seted as the best fitted
model for the drying at 8@C with air velocity of 1 m/gIgual et al., 201p
Moreover, model curve and the experimental diatalrying of 2 % hemicellulose

coated apricots werepresented in the Figure 4. 4&h r = 0.997

Table 414 Statistical results of different models for 2 % hemicellulose coated

apricots at 80 °C with 1 m/s

Model Constants Rsqr RMSE

Newton k=0.0074 0.929 0.1627

Page k=0.0007 0.9948 0.028
n=1.4542
c =3.93E12

Logarithmic a=1.254 0.9772 0.0314
k =0.0085
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As drying temperature increased the drying constant (k) which also known as
drying rate constar{Chen et al., 1997lsoincreasedrom 0.0037 to 0.0085 mih

as seen in Figure 4.18\ccording to Togrul & Pehlivan (2003)hange in
temperaturdrom 60 to 85cC resulted inan increase ok value from0.0029 to
0.0035(min}) at air velocity of 0.5 mis

Logarithmic model coefficients and statistical analyses of different coating

materials at various temperature and air velocérespresented in the Tatide2.
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Figure 4.16 Drying constant at different temperatures for drying 2 %

hemicellulose coated apricots with air velocity of 1 m/s

Drying constantincreased when air velocity decreasad70 cC (Table D.3.

Reduction in air velocity from.5t0o0.5m/s ncr eased t he fromnstant

0.0051 to 0.0071 (mif). The same result was also obtained in the literature for

apricot dryingn the studyof Togrul & Pehlivan (2003)

45.2.2 Effective diffusion coefficients, drying time and

activation energy

Effective dffusion coefficient was calculated by equation 10. For different air

temperatures and air velocities, the effective diffusioafficients are given in

Table D.3
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Figure 4.17 Effective diffusion coefficient at different temperatures for drying 2
% hemicellulose coated apricots with air velocity of 1 m/s

Figure4.17 shows that effeate diffusion coeffcientsincreased as the temperature
increased and the values the table were also similaith the uncoated apricot
drying studied by Mirzaee et al. (2009) and Togrul & Pehlivan (20B&)rier
number assumption was corrected for the drying times higher than 163 min at 60
oC and 33.3 min at 86C with 1 m/s air velocity.

Drying time predictions foR % hemicellulose coated apricatere calculated as
19.9 h at60 oC, 14.8 hat 70 cC and 8.7 h at80 oC by using effective diffusion
coefficientsat air velocity of 1 m/shns et al. (2011) estimatehe drying times as
16.5h ab0aC, 7.45 h at 8 aC and4.58 at 10 oC for Moorpark apricot drying with

0.2 m/s air velocity. The reduction in the drying times is due to low air velocity.

Activation enegy was also computdaly the slope of linear regression of Inep
and 1/Tkgiven in the Table D.3Activation enegy wasfound as 40.52 kJ/mol with

R2 of 0.967and in good agreement with reported valukstivation energy of
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apricot during drying was determined as 33kd8nol for the temperature range
between 40 and 86C and air velocity of 1 m/§Mirzaee et al., 2009Bon et al.
(2007)reportedactivation energiesf apricots during dryingetween 32.8 and 46.3
kJ/mol for temperaturehangdrom 50 to 9GC. According to another study, energy
of activation figured out between 25 and 40 kJ/moldpricots during drying
(Abdelhaq & Labuza, 1997

4.5.3 Coating effects onapricot drying and rehydration

Moisture ratioof apricot drying with various tegments are given in Figure 4.18
Hemicellulose coatingicreased the drying rate more than the other pretreatments.
However, moisture ratio patteofi hemicellulose coatingias not different from the

others.
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Rehydration rates of different coating materials applied to apaieotepresented

in Figure4.19 The dfference between the curves was insignificant to eliminate any

coating material. Howeverthe fastest rehydration was observed in uncoated

apricots.
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Figure 419Rehydr ati on of dried apricot at

Rehydration rdes were calculated by the equation follddiso et al., 2014
YY YY p Q (29)

where RR: rehydration ratio, RRequilibriumrehydration ratio andrk
rehydration rate (mi#y). The regresen results are given in Tablels. The
rehydration rateshanged from 0.01® 0.012(min™Y).
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Table415Rehydr ati on rates of dried apricots

Coating type of dried _ .
Rehydration Rate (min?) Rsqr SEE

apricot
3 %HC Coating 0.011+ 0.0003 0.9923 0.0334
0.2 % Sulfuring 0.010+ 0.0002 0.9942 0.0338
1.5 % Chitosan 0.012+ 0.0003 0.9932 0.0244
Uncoated 0.010+ 0.0004 0.9914 0.0%8

Rehydration rates were c@ared by Tukey method (Table D@f Minitab 16.1.1

and it was observed that there was no significant difference between the
hemicellulose coated and uncoated dried apricots. Similarly, sulfdidmgt affect

the rehydraon rate significantly inuncoated dried apricotélowever, chitosan
coating increasd slightly the rehydration rate of dried apricasd this increase

was found significant compared to uncoated apricots

4.6 Microbial counts

No growth of yeast and mold was obserwedhe inoculated plates of PDi&r
different coating typegqFigure 4.2@). However, number of total mesophilic
bacterialFigure 4.20b}jletectedvas 3.3 x 18cfu/g whichis below the hazard limit
(<1 cfu/g) (Livestock, 2011 Growth of mesophilidacteria can be due to the

water entrapped in the apricots during drying which provides required water activity
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(>0.9)for growth(Sperber & Doyle, 2010The number of total mesophilic aerobic
bacteria waslsocountedas 1.8 x10by T ir ky 1 | méordries apricots . (201 2)

(@) (b)

Figure 4.20 Microbial growth after 15 days storage at room temperature: a) Total
yeast and mold b) Total mesophilic bacteria
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

This study was comped of two main parts, namelemicellulose extraction and
apricot drying with hemicellulose coating.

Firstly, hazelnut shells were investigated as the source of hemicellulose due to
economic and environmentaénefits Alkaline hydrogen peroxide extragh was
selected as the best extraction method. Optimum extraction conditions were found
as10 % NaOH at 4@C for 4 hwith 0.98 composite desirabilitd) and highest
hemicellulose purity (response of the extractias)64.24 % (w/w) byBox-

Behnkenresponse surface methodology.

Secondly, apricots were dried in a tray dryer with various drying condiiods

coating materials Dur i ng apricot drying, col or p
moisture content were investigat€ptimum conditiongiving the kest color and

final moisture content combinatiavere found as 1 m/s of air velogiB0 cC of air
temperaturgand 3 % (w/v) hemicellulose coating prior to apricot dryre0.972).

Responsestpe di ct ed by t he m@&doefl sAbve Réemal 42 48. D f
moisture contentComparison ofdried apricotswith respect to color parameters
revealedhat hemicelllose coated apricots wesenificantly better than uncoated

and chitosan coateapricots. Howeversulfuring gave significantly better color

values than hemicellulose coating and other coatahggssted conditions

Moreover, apricot drying kinetics was evaluated by four models: Newton, Page,
Henderson and Pabis and Logarithmic model. Logarithmic nubekdribed best

the dryingmodel for 2 %hemicellulose coated apricots at&)(0.9931)and 70cC
(0.996) The best approximation to 2 % hemicellulose coated apricots drying at 80
oC wasgivenwith Page modg|0.9948)

73



Effective diffusion coefficienvalues ranged @.4995.742 x 1& in an inceasing
order with increasing air temperaturehe temperature dependency of effective
diffusion coefficient was described by Arrhenius type equation and activation
energy of apricot uring dryingwascalculated as 40.52J/mol. Rehydration rate

of hemicelulose coated dried apricots was higher than uncoated dried apricots,
0.011 and 0.010 (mil , respectively.

To conclude hazelnut she is an effective feedstock for the hemicellulose
extraction and hemicellulos®atinghasthe required properties to be ugebr to

apricot dryingand to enhance the dried apricot quality

For future studieschanges in nutritive value of hemicellulose coated apricots
during drying andeffects of hemicellulose caag during storageshould be
conducted Hemicellulosecoating canalso be investigated foother fruits and

vegetables.

74



REFERENCES

Abdelhaq, E., & Labuza, T. (1987). Air drying characteristics of apridotstnal
of Food Science, 5342345.

Aday, M. S. , Temi zkan, R. , Buyukcan,
technique for extending shelf life of strawberry: Ultrasout\¥T - Food Science
and Technology, §2), 93101.

Ademiluyi, F. T., & Abowei, M. F. N. (2013). Theoretical Model feredicting
Moisture Ratio during Drying of Spherical Particles in a Rotary Diyiexdelling
and Simulation in Engineering, 2013.

Aghbashlo, M., Kianmehr, M. H., & Arabhosseini, A. (2009). Modeling of-thin
layer drying of potato slices in length of contous band dryeEnergy Conversion
and Management, $8), 13481355.

Aguerre, R. J., Suarez, C., & Viollaz, P. E. (1989). New BET type multilayer
sorption isotherms. Part II: Modelling water sorption in fod®T - Food Science
and Technology, 42), 192195.

Akpinar, E., Bicer, Y., & Yildiz, C. (2003a). Thin layer drying of red pepper.
Journal of Food Engineering, $8), 99104.

Akpinar, E., Midilli, A., & Bicer, Y. (2003b). Single layer drying behaviour of
potato slices in a convective cyclone dryer amathematical modelingenergy
Conversion and Management,(49), 16891705.

Alam, M., & Paul, S. (2001). Efficacy of casein coating on storage behaviour of
kinnow. Journal of food science and technology(338235238.

Altun, M., Celik, S. E., Guclu, K., &yurek, M., Ercaa, E., & Apak, R. (2013). Total
Antioxidant Capacity And Phenolic Contents of Turkish Hazelnut (Corylus
Avellana L.) Kernels and Oilgournal of Food BiochemistfY), 53.

Arslan, Y. (2007)The utilization of hazelnut shell for ethanol duztion.(Ph. D.),
Gazi University, Ankara.

75



Arslan, Y., & EkeaRSar aco gl u, N. (2010) . Effects of
hazelnut shell hydrolysate fermentation with Pichia Stipitis to ethBrmesource
technology, 10(22), 86648670.

Arslan,Y.,Tah¢, S.-Sa&aEkb@hu, N. (2012). Kinetic s
sugar production from hazelnut shel@hemical Engineering Journal, 186
23-28.

Arvanitoyannis, I. S., Nakayama, A., & Aiba,-iS(1998). Chitosan and gelatin
based edible films: ate diagrams, mechanical and permeation properties.
Carbohydrate Polymers, 8%), 371382.

Asgar, A., Mahmud Tengku Muda, M., Kamaruzaman, S., & Yasmeen, S. (2011).
Effect of chitosan coatings on the physicochemical characteristics of Eksotika Il
papaya (@rica papaya L.) fruit during cold storag@®@od Chemistry, 124620626.

At ar és, L., ChiMaaltti,nei.,, C& GaRMA0Pl)ez Ef fect
solute on air drying and rehydration of apple slices (cv. Granny Siithnal of
Food Engineerig, 91(2), 305310.

Ayranci, E. (2004). The effect of edible coatings on water and vitamin C loss of
apricots (Armeniaca vulgaris Lam.) and green peppers (Capsicum annuum L.).
Food Chemistry, §8), 339342.

Baini, R., & Langrish, T. A. G. (2008). An assemnt of the mechanisms for
diffusion in the drying of banana¥ournal of Food Engineering, 8201-214.

Bala, B. K., Mondol, M. R. A, Biswas, B. K., Das Chowdury, B. L., & Janjai, S.
(2003). Solar drying of pineapple using solar tunnel dRenewabldnergy, 28
183190.

Baysal, T. , Bil ek, S. E. , & Apaydi n, E. (20
Coating on Intermediate Moisture Apricot Nt
35, 245249.

BenGhedalia, D., & Rubinstein, A. (1986). The responserdened manure fibre
to ozone and sodium hydroxide treatmeAtsimal Feed Science and Technology,
151), 47-55.

Ben Mabrouk, S., Benali, E., & Oueslati, H. (2012). Experimental study and
numerical modelling of drying characteristics of apple sliEesdand Bioproducts
Processing, 90719728.

Bender, D. A. (2014 hygroscopic foodOxford University Press.

76



Benko, Z., Andersson, A., Szengyel, zZ. ,
(2007). Heat extraction of corn fiber hemicelluloggplied biochenstry and
biotechnology, 13140(1-12), 253265.

Bian, J., Peng, F., Peng, P., Xu, F., & SuRCR(2010). Isolation and fractionation
of hemicelluloses by graded ethanol precipitation from Caragana korshinskii.
Carbohydrate research, 34®), 802809.

Bird, R. B., Stewart, W. E., & Lightfoot, E. N. (200Txansport phenomen@nd
ed.): New York : Wiley, c2007,c2001.

Bourtoom, T. (2008). Edible films and coatings: Characteristics and properties.
International Food Research Journal,(B%, 237248.

Brasil, . M., Gomes, C., PueHaomez, A., CastelPerez, M. E., & Moreira, R. G.
(2012). Polysaccharideased multilayered antimicrobial edible coating enhances
quality of freshcut papayalL WT - Food Science and Technology(#)7 3945.

Bravin, B., Peressini, D& Sensidoni, A. (2006). Development and application of
polysacchariddipid edible coating to extend shdife of dry bakery products.
Journal of Food Engineering, 78), 286290.

Buranov, A. U., & Mazza, G. (2010). Extraction and characterization of
hemicelluloses from flax shives by different metho@sarbohydrate Polymers,
791), 1725.

Campos, C. A,, Gerschenson, L. N., & Flores, S. K. (2010). Development of Edible
Films and Coatings with Antimicrobial Activit{zood and Bioprocess Technology,
4(6), 849-875.

Celebioglu, H. Y., & Cekmecelioglu, D. (2013). Retention of Physical Quality of
Bananas By Hemicellulose CoatinglDA-Journal of Food, 38335342.

Ceylan, 1., Aktas, M., & DogJan, H. (200
characteristics of tymcal fruits. Applied Thermal Engineering, @71-12), 1931
1936.

Chegini, G. R., & Ghobadian, B. (2007). Spray Dryer Parameters for Fruit Juice
Drying. World Journal of Agricultural Sciences, 330236.

Chen, Siebenmorgen, & Marks. (1997). Relating dryettg constant to head rice
yield reduction of longgrain rice.Transactions of the ASAE, (40, 11331139.

77



Cheng, L:C., Wu, T:S., Wang, 3W., Wu, S:H., Chung, M:H., Kuo, Y-M., &
Tsai, C:H. (2014). Production and isolation of chitosan from Aspergiterreus
and application in tin(ll) adsorptiodournal of Applied Polymer Scier{@2).

Chhinnan, M. (1984). Evaluation of selected mathematical models for describing
thin-layer drying of inshell pecansTransactions of the ASAE

Chien, P-J., Sheu, F& Yang, F-H. (2007). Effects of edible chitosan coating on
quality and shelf life of sliced mango fruitournal of Food Engineering, 78),
225229.

Coi mbr a, M. , Nunes, c., Cunha, P., &
Maillard compounds of sudried pears. Relation with the reddish brown colour of
the dried fruitsEuropean Food Research and Technology (23%37%646.

Coma, V. (2013). Polysaccharitbased biomaterials with antimicrobial and
antioxidant propertie®2 o | 2 me,28*897. 2 3

Contin, M., Baccelloni, S., Massantini, R., & Anelli, G. (2008). Extraction of
natural antioxidants from hazelnut (Corylus avellana L.) shell and skin wastes by
long maceration at room temperatufeod Chemistry, 113), 659669.

Crank, J. (1975)The mathemats of diffusion / by J. Cranind ed.): Oxford,
[Eng] : Clarendon Press, 1975.

Cui, Z.W., Xu, S. Y., & Sun, D. W. (2004). Microwavacuum drying kinetics of
carrot slicesJournal of Food Engineering, 6357164.

Cunningham, R., Carr, M., & Bagby, M1986). Hemicellulose isolation from
annual plants.

da Silva, W. P., e Silva, C. M. D. P. S., Gama, F. J. A., & Gomes, J. P. (2014).
Mathematical models to describe thayer drying and to determine drying rate of
whole bananagournal of the Saudi Saatly of Agricultural Sciences, (13, 6774.

de Boer, R. (2002). Introduction to the Porous Media Theory. In W. Ehlers (Ed.),
IUTAM Symposium on Theoretical and Numerical Methods in Continuum
Mechanics of Porous Materia(¥ol. 87, pp. 312): Springer Netherlands.

Demirbas, A. (2008). Oils from hazelnut shell and hazelnut kernel husk for
biodiesel production.Energy Sources, Part A: Recovery, Utilization and
Environmental Effects, 320), 18701875.

78

Gui

neé



Demirbas, A. (2010). Direct and alkaline glycerol liqguefaction of hazelnut shell.
Energy Sources, Part A: Recovery, Utilization and Environmental Effeq®), 32
689-696.

Demirbas, E., Dizge, N., Sulak, M. T., & Kobya, M. (2009). Adsorption kinetics
and eqilibrium of copper from aqueous solutions using hazelnut shell activated
carbon.Chemical Engineering Journ@3), 480.

Doner, L., & Hicks, K. (1997). Isolation of hemicellulose from corn fiber by
alkaline hydrogen peroxide extractiddereal Chemistry

Dou, H. (2004). Effect of coating application on chilling injury of grapefruit
cultivars.HortScience, 3@), 558561.

Doymaz, |. (2004a). Convective air drying characteristics of thin layer carrots.
Journal of Food Engineering, 63), 359364.

Doymaz, I. 2005a). Sun drying of figs: An experimental studgurnal of Food
Engineering, 71403407.

Doy maz, I . (2004Db) . Dr yi nJourndt iofnF®adi ¢ s of
Engineering, 6(3), 341346.

Doy maz, | . (2005hb) . Dryi ng.Jautmed of Bood er i st |
Engineering, 6@), 275279.

Ebringerovéa, A. (2005) . Structur al Di v e
HemicellulosesMacromolecular Symposia, 239, 1-12.

Ebringerova, A., Heinze, T., & Hromadkov
1-67.

El Ghaouth, A., Arul, J., Ponnampalam, R., & Boulet, M. (1991). Chitosan Coating
Effect on Storability and Quality of Fresh Strawberrigsurnal of Food Science,
56(6), 16181620.

Embs, R. J., & Markakis, P. (1965). The Mechanism of Sulfite Inhibibd
Browning Caused by Polyphenol Oxidadeurnal of Food Science, @), 753
758.

Embuscado, M., & Huber, K. (2009). Edible films and coatings for food
applicationsSpringer

79



ErdoganOrhan, 1., & Kartal, M. (2011). Insights into research on phytocheynis
and biological activities of Prunus armeniaca L. (apricétpod Research
International, 445), 12381243.

Erenturk, S., & Erenturk, K. (2007). Comparison of genetic algorithm and neural
network approaches for the drying process of calmirnal of Food Engineering,
78(3), 905912.

Ertekin, C., & Yaldiz, O. (2004). Drying of eggplant and selection of a suitable thin
layer drying modelJournal of Food Engineering, 63), 349359.

Fabr a, M. J., Talens, P., & <{drrageemdnt |,
on tensile properties and water vapour permeability of sodium casdipidtbased
films. Carbohydrate Polymers, 73), 419426.

Fissore, D., Pisano, R., & Barresi, A. A. (2014). Applying qudigydesign to
develop a coffee freezdrying poocess.Journal of Food Engineering, 12379
187.

Franck, c. , Lammertyn, J., Ho, Q. T.
M. (2007). Browning disorders in pear frufostharvest Biology and Technology,
43(1), 1-13.

Frank, D., Gould, I. A. N., & Mlikan, M. (2005). ning reactions during storage of
low-moisture Australian sultanas: Effects of vine nitrogen nutrition on subsequent
argininemediated Maillard reactions during storage of dried frAistralian
Journal of Grape and Wine Research(1)115-23.

Franke, K., & KieBBling, M. (2002) .
functionality of dried whole egglournal of the Science of Food and Agriculture,
82(15), 18371841.

Fri edman, M. (1996) . Food Br owdourmlg and

of agricultural and food chemistry, &3), 631653.

Gaspar, M. , Kal man, G. , & Réczey, K.
hemicellulose and ethanol productiérocess Biochemistry, §2), 11351139.

Geankoplis, C. J. (2003)ransport proceses and separation process principles :
(includes unit operations4 ed.): Upper Saddle River, NJ : Prentice Hall
Professional Technical Reference, c2003.

Geng, Z. C., Sun, R. C,, Sun, X. F., & Lu, Q. (2003). Comparative study of
hemicelluloses releasatliring twostage treatments with acidic organosolv and

80

(2C

Ver b

Il nfl ue

| t s

(2007



alkaline peroxide from Caligonum monogoliacum and Tamarix $aymer
Degradation and Stability, 80

Gennadios, A., Hanna, M. A., & Kurth, L. B. (1997). Application of Edible
Coatings on Meats, Poutrand Seafoods: A ReviewWT - Food Science and
Technology, 3@), 33%350.

Ghasemzadeh, R., Karbassi, A., & Ghoddousi, H. (2008). Application of edible
coating for improvement of quality and shié of raisins.World Appl. Sci. J.

Ghatrehsamani, S. H., Dadashzadeh, M., & Zomorodian, A. (2012). Kinetics of
Apricot Thin Layer Drying In a Mixed and Indirect Mode Solar Dryer.
International Journal of Agriculture Sciences

Giraldo, G., MapmagauM E.,& CRiralt, A. @&)r Rehydration
kinetics and soluble solids lixiviation of candied mango fruit as affected by sucrose
concentrationJournal of Food Engineering, 77

Goyal, R. K., Kingsly, A. R. P., Manikantan, M. R., & llyas, S. M. (2006). Thin
layer Drying Kinetics oRaw Mango SlicesBiosystems Engineering, 95

Goyal, R. K., Kingsly, A. R. P., Manikantan, M. R., & llyas, S. M. (2007).
Mathematical modelling of thin layer drying kinetics of plum in a tunnel dryer.
Journal of Food Engineering, 79

Guine, R. P. F., & DigaM. J. B. (2007). Dried banandandb. Food Prod. Manuf.,
1, 867878.

Hanim, S. S., Norsyabilah, R., Suhaila, M. H. N., Noraishah, A., & Kartina, A. K.
S. (2012). Effects of Temperature, Time and Pressure on the Hemicelluloses Yield
Extracted Using Subdital Water ExtractionProcedia Engineering, 40), 562

565.

Hansen, N., & Plackett, D. (2008). Sustainable films and coatings from
hemicelluloses: a revievidiomacromolecules,(8), 14931505.

Harmsen, P., & Huijgen, W. (2010). Literature Review of Rtalsand Chemical
Pretreatment Processes for Lignocellulosic Biomass. (Septemiz&)), 1

Heinze, T. (2005). Polysaccharides | (Vol. 186): Springer.

Henderson, S. M. (1974). Progress in Developing the Thin Layer Drying Equation.
Transactions of the Americ&ociety of Agricultural Engineers, (6§, 11671168,
1172.

81



Hernandez, J. A., Pavdn, G. , & Garci a, M.
transfer equation considering shrinkage for modeling-firythg kinetics.Journal
of Food Engineering, 4%), 1-10.

Hodge, J. E. (1953). Chemistry of Browning Reactions in Model System89428

Hr omadkov a, Z. , & Ebringerova, A. (2003) .
materials- iavestigation of hemicellulose release from buckwheat hulls.
Ultrasonics Sonochemistry, @), 127133.

Hunter, R. S. (1958). Photoelectric Color Difference Meter (Vol. 48, pp988%

Hussain, M. M., & Dincer, I. (2003). Twdimensional heat and moisture transfer
analysis of a cylindrical moist object subjected to drying: A fidiféerence
approachinternational Journal of Heat and Mass Transfer, 46334039.

l gual , MartGaraei-BsEpar zMa,r tM.n-NavarreteN. Mar t i nez
(2012). Effect of processing on the drying kinetics and functional value of dried
apricot.Food Reseanh International, 472), 284290.

Ihns, R., Diamante, L. M., Savage, G. P., & Vanhanen, L. (2011). Effect of
temperature on the drying characteristics, colour, antioxidant anecéret@ne
contents of two apricot varietiednternational Journal of Food &ence &
Technology, 4@&), 275283.

INC. (2013). Nuts and Dried Fruits Global Statistical Review. Retrieved August
3, 2014, fromhttp://www.nutfruit.org/en/globastatisticalreview 13653

Institution, T. S. (2002). Dried Apricotdoisture ContenfVol. TS 485).

loannou, I. (2013). Prevention of Enzymatic Browning in Fruit and Vegetables.
9(30), 310341.

lyidogan, N. F., & Ba ycysteiha kojiciagid aAd-4 ( 2004) .
hexylresorcinol combination on inhibition of enzymatic browning in Araagyple
juice.Journal of Food Engineering, 62), 299304.

Jain, D., & Pathare, P. B. (2007). Study the drying kinetics of open sun drying of
fish. Journal of Food Engineering, 783151319.

James, [. (2003). ADO3E Preservation of fruit and vegetabdggomisa
Foundation

82



Jayaraman, K. S., Gupta, D. K. D., & Rao, N. B. (2007). Effect of pretreatment with
salt and sucrose on the quality and stability of dehydrated cauliflovemational
Journal of Food Science & Technology(P25 47-60.

Jayas, D. SCenkowski, S., Pabis, S., & Muir, W. E. (1991). Review of Tlbaryer
Drying and Wetting Equation®rying Technology, @), 551588.

Jia, D., Fang, Y., & Yao, K. (2009). Water vapor barrier and mechanical properties
of konjac glucomannarthitosarsoy proein isolate edible filmsFood and
Bioproducts Processing, 80), 7-10.

Jiao, A., Xu, X., & Jin, Z. (2014). Modelling of dehydrati@ehydration of instant
rice in combined microwavkot air drying.Food and Bioproducts Processing,
92(3), 259265.

J o s é Carnien, R., Antoni, F., Eim, V., & Simal, S. (2007). Mathematical
Modeling of Drying Kinetics for Apricots: Influence of the External Resistance to
Mass TransferDrying Technology, 23.1), 18291835.

Juan, C. G. , Di az, M. J., Garci a, M. T.,
(2013). Search for optimum conditions of wheat straw hemicelluloses cold alkaline
extraction proces®iochemical Engineering Journal, 71

Karabulut, 1., Topcu, A., Duran, ATuran, S., & Ozturk, B. (2007). Effect of hot
air drying and sun <arofenercantert of apcicotl(Ryunusv al u e ¢
armenica L.)LWT - Food Science and Technology(%)0 753758.

Karathanos, V. T. (1999). Determination of water contemwtrigd fruits by drying
kinetics.Journal of Food Engineering, 89), 337344.

Kashaninejad, M., Mortazavi, A., Safekordi, A., & Tabil, L. G. (2007). Tihirer
drying characteristics and modeling of pistachio nidarnal of Food Engineering,
78.

Keey, R.B. (1972).Drying principles and practicélst ed.): Oxford, New York,
Pergamon Press [1972].

Khattak, J., Hussain, A., Ahmad, B., Rehman, M., Ullah, Z., Arshad, H., & Hussain,
A. (2014). Microbiological stability of chemically preserved apricot pulp.
Advancements in Life Science$3), 153159.

Kim, K. H., Tucker, M. P., Keller, F. A., Aden, A., & Nguyen, Q. A. (2001).
Continuous countercurrent extraction of hemicellulose from pretreated wood
residuesApplied biochemistry and biotechnoldip®), 253.

83



Kim, V. D., Khairiddinov, B. E., & Makhamov, K. T. (2004). Technological mode
of vegetable solar dryingApplied Solar Energy (English translation of
Geliotekhnika), 4019-23.

Kiranoudis, C. T., Maroulis, Z. B., Marindsouris, D., & Tsamparlis, M. (1997).
Design of tray dryers for food dehydration (Vol. 32, pp.-269).

Kittur, F., Saroja, N., Not Available Not, A., & Tharanathan, R. (2001).
Polysaccharidéased composite coating formulations for stiédf extension of
fresh banana and mandgeuropean Fod Research and Technology, 213

Knee, M. (2002). Fruit quality and its biological ba§iRC Press, 9

Krawczyk, H. , Per sson, T. , Ander sson,
hemicelluloses from barley husksood and Bioproducts Processing, 86

Krochta, J. M., Baldwin, E. A., & NisperegSarriedo, M. O. (2012Edible coatings
and films to improve food quality / edited by John M. Krochta, Elizabeth A.
Baldwin, Myrna O. Nispere€arriedo (2 ed.): Lancaster, Pa. : Technomic Publ.
Co., c2012.

Krokida, M. & MarinosKouris, D. (2003). Rehydration kinetics of dehydrated
productsJournal of Food Engineering

Krokida, M. K., & Philippopoulos, C. (2005). Rehydration of Dehydrated Foods.
Drying Technology, 23

Lacroix, M., & Le Tien, C. (2005). 20Edible filmsand coatings from nonstarch
polysaccharides. In J. H. Han (Edtnovations in Food Packagin@p. 338361).
London: Academic Press.

Ladaniya, M. (2008).Citrus Fruit : Biology, Technology and Evaluation
Amsterdam: Academic Press.

LagoVanzela, E. S., Bscimento, P. d., Fontes, E. A. F., Mauro, M. A., & Kimura,
M. (2013). Edible coatings from native and modified starches retain carotenoids in
pumpkin during dryingLWT - Food Science and Technology, 50

Lee, K. T., Farid, M., & Nguang, S. K. (2006). Timathematical modelling of the
rehydration characteristics of fruitdsournal of Food Engineering, {2), 1623.

Lee, S. Y., & Krochta, J. (2002). Accelerated shelf life testing of wiretein
coated peanuts analyzed by static headspace gas chromatoglapimal of
agricultural and food chemistry, $0), 20222028.

84



Lenart, & Dabrowska. (1997). Osmotic dehydration of apples with polysaccharide
coatingsPolish journal of food and nutrition science¢4p 103112.

Lenart, A., &Dabrowska, R. (1999). Kinetics of Osmotic Dehydration of Apples
with Pectin CoatingDrying Technology, 1(7-8), 13591373.

Leén, K., Mery, D., Pedreschi, #bz & Leodn
units from RGB digital image$o0od Research Ietnational, 3910), 10841091.

Levic, L., Koprivica, G., Misljenovic, N., Filipcev, B., Simurina, O., & Kuljanin,

T. (2008). Effect of starch as an edible coating material on the process of osmotic
dehydration of carrot in saccharose solution and sugar ineéasses.Acta
periodica technologidg9), 2936.

Lewicki, Lenart, & Pakula. (1984). Influence of artificial sepgrmeable
membranes on the process of osmotic dehydration of apjtesls of Warsaw
Agricultural University SGGWAR. Food Technology andultition (Poland)

Lewis, W. K. (1921). The Rate of Drying of Solid Materialsurnal of Industrial
& Engineering Chemistry, 13

Li, Q., Dunn, E. T., Grandmaison, E. W., & Goosen, M. F. A. (1992). Applications
and Properties of Chitosan (Vol. 7, pp. 39).

Li, X., Shi, X., Wang, M., & Du, Y. (2011). Xylan chitosan conjugafepotential
food preservative-ood Chemistry, 148), 520525.

Liu, Q., & BakkerArkema, F. W. (1997). Stochastic Modelling of Grain Drying:
Part 2. Model Developmeniournal ofAgricultural Engineering Research, @8,
275280.

Turkish Food Codex Microbiological Criteria Regulation, 28157 C.F.R. (2011).

Logical Color Technology. (2013). EasyRGB. Retrieved August 12, 2014, from
http://www.easyrgb.com/

Longue Juni oerld L,B.GomeE v.1J.0(20&0). Extraction of wood
hemicelluloses through NaOH leachi@erne, 164), 423429.

Lopez, A., Iguaz, A., Esnoz, A., & Virseda, P. (2000). Flaiyer drying behaviour
of vegetable wastes from wholesale markeying Technologyl§4-5), 9951006.

85



Lopez, A., Pigue, M. T., Clop, M., Tasias, J., Romero, A., Boatella, J., & Garcia, J.
(1995). The hygroscopic behaviour of the hazeldotirnal of Food Engineering,
25(2), 197208.

Lopez, J., -Gal bez, EA.,, V¥ighpplh Gohallez, ©,.8 V
Di Scala, K. (2010). Effect of Air Temperature on Drying Kinetics, Vitamin C,
Antioxidant Activity, Total Phenolic Content, Neenzymatic Browning and
Firmness of Bl u e bFoodrandeBoprodess TieahnolpgySB~ Ne i |
172-777.

Lou, M.-M., Zhu, B., Muhammad, I., Li, B., Xie, &.., Wang, Y-L., Li, H.-Y., &
Sun, G-C. (2011). Antibacterial activity and mechanism of action of chitosan
solutions against apricot fruit rot pathogen Burkholderia semir@dighohydrate
reseach, 34611), 12941301.

Luo, Q., Peng, H., Zhou, M., Lin, D., Ruan, R., Wan, Y., Zhang, J., & Liu, Y.
(2012).Alkali Extraction and Physicochemical Characterization of Hemicelluloses
From Young Bamboo (Phyllostachys Pubescens M@zel) 7).

Mabellini, A., Vullioud, M. B., M??rquez, C. A., & De Michelis, A. (2010). Kinetic
drying experimental data and mathematical model for sweet cherries (Prunus
Avium). Journal of Food Process Engineering,,33151128.

Mahy, M., Eycken, & Oosterlinck, A. (1994). Evatigmn of uniform color spaces
developed after the adoption of CIELAB and CIELUEolor Research &
Application, 192), 105121.

Martins, S. I. F. S., Jongen, W. M. F., & van Boekel, M. A. J. S. (2000). A review
of Maillard reaction in food and implications kinetic modellingTrends in Food
Science & Technology, (310), 364373.

Maskan, M. (2001). Drying, shrinkage and rehydration characteristics of kiwifruits
during hot air and microwave dryingpurnal of Food Engineering, 48), 177182.

Mayor, & Seren. (2004). Modelling shrinkage during convective drying of food
materials: a reviewlournal of Food Engineering, 63), 373386.

McHugh, T. H., De, R., & Avendustillos, J. (2012). Applications of edible films
and coatings to processed foods.

McMinn, W. A. M., & Magee, T. R. A. (1997). Physical characteristics of
dehydrated potatoes- Part Il.Journal of Food Engineering, 33

86



McWeeny. (1981). Sulfur dioxide and the Maillard reaction in fdebgress in
food and nutrition science

McWeeny, D. J., Biliclife, D. O., Powell, R. C. T., & Spark, A. A. (1969). The
Maillard Reaction and its Inhibition by Sulfitdournal of Food Science, @), 641
643.

Menges, H. O., & Ertekin, C. (2006a). Mathematical modeling of thin layer drying
of Golden appleslournal ofFood Engineering, A1), 119125.

Menges, H. o. , & Ertekin, C. (2006b) . Mo
type apricotsJournal of the Science of Food and Agriculture(236279291.

Midilli, A., & Kucuk, H. (2003). Mathematical modeling of thiayer drying of
pistachio by using solar enerdggnergy Conversion and Management(44111%
1122.

Midilli, A., Kucuk, H., & Yapar, Z. (2002). A New Model for Singleayer Drying.
Drying Technology, 20@), 1503.

Mirzaee, E., Rafiee, S., & Keyhani, A. (Z)0Determining of moisture diffusivity
and activation energy in drying of aprica®es Agric

Mirzaee, E., Rafiee, S., & Keyhani, A. (2010). Evaluation and selection of thin
layer models for drying kinetics of apricot (cv. NASIR¥gricultural Engineenng
International: CIGR Journal, 12111-116.

Misha, S., Mat, S., Ruslan, M., Sopian, K., & Salleh, E. (2013). Review on the
Application of a Tray Dryer System for Agricultural Producdigorld Applied
Sciences Journal, 23).

Moffroid, M. (1993).Foundations of Clinical Research: Applications to Practice
956.

Mogol , B. A. Yi Il diri m, A. & GO kmen, \
browning in actual food systems by the Maillard reaction proddotgnal of the
Science of Food and Agriculture,(@8), 25562562.

Mohammadi, A., Rafiee, S., & EmaBj o me h ..., Z . (2008) . Ki ne
colour changes in kiwifruit slices during hot airdryio r | d Jour nal of &

Moreira, M. D. E. L. R., Ponce, A., Del Valle, C. E.Rbura, S. I. (2009). Edible
Coatings on Fresh Squash Slices: Effect of Film Drying Temperature on the

87



Nutritional and Microbiological Quality.Journal of Food Processing and
Preservation, 33226236.

Morris. (1946). Principles Of Fruit Preservation: Janaking, Canning And
Drying. 2nd RevChapman And Hall Ltd.: London

Mrak, E. M. S. G. F. (1951)Advances in Food Researctol. 3. New York:
Academic Press.

Mujumdar, A. S. (2000). Drying (pp. 53).

Mujumdar, A. S. (2007). Book Review: Handbook of India$ Drying, Third
Edition. Drying Technology, 26), 11331134.

Mujumdar, A. S., & Devahastin, S. (2008). Fundamental Principles of Drying (pp.
1-22).

Mulet, A. (1994). Drying modelling and water diffusivity in carrots and potatoes.
Journal of Food Engieering, 221-4), 329348.

Nicolas, J., RichardForget, F., Goupy, P., Amiot, M., & Aubert, S. (1994).
Enzymatic browning reactions in apple and apple prod@ritical Reviews in
Food Science and Nutrition, 3, 109157.

Njombolwana, N. S., Erasmus, &,Fourie, P. H. (2013). Evaluation of curative
and protective control of Penicillium digitatum following imazalil application in
wax coatingPostharvest Biology and Technology()7 102110.

No, H. K., Kim, S. H., Lee, S. H., Park, N. Y., & Prinyawikalt W. (2006).
Stability and antibacterial activity of chitosan solutions affected by storage
temperature and tim€arbohydrate Polymers, ¢8), 174178.

No, H. K., Meyers, S. P., Prinyawiwatkul, W., & Xu, Z. (2007). Applications of
Chitosan for Improvernt of Quality and Shelf Life of Foods: A Reviedaurnal
of Food Science, 18), R8%#R100.

Nury, F. S., & Brekke, J. E. (1963). Color Studies on Processed Dried Fruitsa.
Journal of Food Science, €8, 9598.

Overhults, D. G., White, G. M., Hamilton, H.,E&& Ross, I. J. (1973). Drying
Soybeans with Heated Ailransactions of the American Society of Agricultural
Engineers, 1@), 112113.

88



Ozkan, M., Kirca, A., & Cemeroglu, B. (2
color values in dried apricotEuropean Food Research and Technology, (316
217-219.

Pabis, S. (1998¥rain drying : theory and practicaViley.

Page, G. (1949). Factors Influencing the Maximum Rates of Air Drying Shelled
Corn in Thin layers.

Panchariya, Popovic, & Sharma. (2002). Flager modelling of black tea drying
processJournal of Food Engineering, $2), 349357.

Pangavhane, D. R., & Sawhney, R. L. (2002). Review of research and development
work on solar dryers for grape dryingnergy Conversion and Management, 43
4561.

Park,H. J., Weller, C. L., Vergano, P. J., & Testin, R. F. (1993). Permeability and
Mechanical Properties of CelluloSased Edible Filmslournal of Food Science,
58(6), 13611364.

Peng, F., Bian, J., Ren;Lll., Peng, P., Xu, F., & Sun, . (2012). Fractination
and characterization of alkadixtracted hemicelluloses from peashmiomass and
Bioenergy, 3920-30.

Peng, F., Ren, L., Xu, F., Bian, J., Peng, P., & Sun-B. (2009). Comparative
study of hemicelluloses obtained by graded ethanol predguitéiom sugarcane
bagasselJournal of agricultural and food chemistry, 84), 63056317.

PerezGa g o, M. B. , Serr a, M. , Al onso, M. , M ¢
Effect of whey proteinand hydroxypropyl methylcellulogeased edible composite

coatigs on color change of freslut applesPostharvest Biology and Technology,

36(1), 77-85.

Phan The, D. , Debeaufort, F., Péroval, C
A. (2002). Arabinoxyladipid-based edible films and coatings. 3. Influence of

drying temperature on film structure and functional propertibsurnal of

agricultural and food chemistry, §8), 24232428.

Piga, A., Poiana, M., Pinna, ., Agabio, M., & Mincione, M. (2004). Drying
performance of five Italian apricot cultivars (Vol. 24, @d7259).

Plackett, D. (2011). Biopolymers: New materials for sustainable films and coatings.

89



Ponciano, S. M., Robert, H. D., & Ken, A. B. (1996). The dayer drying
characteristics of garlic slice3ournal of Food Engineering, 29

Prestamo, G., SanP. D., & Arroyo, G. (2000). Fruit preservation under high
hydrostatic pressuréligh Pressure Research, .19

Queiroz, C., Mendes Lopes, M. L., Fialho, E., & Valektesquita, V. L. (2008).
Polyphenol Oxidase: Characteristics and Mechanisms of Browningdl.d-ood
Reviews International, Z4), 361375.

Quevedo, R. , Di az, 0., Aoalera, .rMo 009).B. ,
Description of the kinetic enzymatic browning in banana (Musa cavendish) slices
using nonruniform color information from digital imagesFood Research
International, 429), 13091314.

Rabetafika, H. N., Bchir, B., Blecker, C., PaguM., & Wathelet, B. (2014).
Comparative study of alkaline extraction process of hemicelluloses from pear
pomaceBiomass and Bioenergy, @), 254264.

Ratti, C. (1994). Shrinkage during drying of foodstufflournal of Food
Engineering, 2@L), 92-105.

Ravi Kumar, M. N. V. (2000). A review of chitin and chitosan applications.
Reactive and Functional Polymers,(4§ 1-27.

Rinaudo, M. (2006). Chitin and chitosan: Properties and applicafwagress in
Polymer Science, 81), 603632.

Roberto, J. AB., Luis, A. C:-Z., John, M. K., & Mikal, E. S. (1994). Application
of caseinlipid edible film emulsions to reduce white blush on minimally processed
carrots.Postharvest Biology and Technology, 4

Rockland, L. B. (1957). A new treatment of hygroscopic egudi application to
walnuts (Juglans regia) and other fodésod Research, 2504628.

Roller, S., & Covill, N. (1999). The antifungal properties of chitosan in laboratory
media and apple juicénternational Journal of Food Microbiology, 41-2), 67
77.

Sagar, V. R., & Suresh Kumar, P. (2010). Recent advances in drying and
dehydration of fruits and vegetables: a revielsurnal of food science and
technology, 4{1), 1526.

90

Pedr e



sagirli1, F., Tagr, S., Ozkan, M., & Yem
stablity of high moisture dried apricots during storageurnal of the Science of
Food and Agriculture, 8%), 8588609.

Saha, B. (2003). Hemicellulose bioconversidournal of industrial microbiology
& biotechnology, 3(b), 279291.

Sahin, S., & Sumnu, G..32006). Physical properties of fooddNew York :
Springer, 2006.

Salame, M. (1986). Barrier polymershe Wiley Encyclopedia of Packaging
Technology4854.

Sander, A. (2007). Thitayer drying of porous materials: Selection of the
appropriate mathematical model and relationships betweeraten models
parameters.Chemical Engineering and Processing: Process Intensification,
46(12), 13241331.

Sanz, M. L.,Del Castillo, M. D., Corzo, N., & Olano, A. (2001). Formation of
amadori compounds in dehydrated fruitkournal of agricultural and food
chemistry, 4952285231.

sdao José, J. F. B. d., Andrade, N. J. d.,
P.C, & Chaves, J. B. P. (2014). Decontamination by ultrasound application in fresh
fruits and vegetable&ood Control, 4%0), 36:50.

Sapers, G. (1993). Browning of foods: control by sulfites, antioxidants, and other
meansFood Technology

Savaresi, S. M., Binead, R. R., & Peirce, R. (2001). On modelling and control of
a rotary sugar drye€ontrol Engineering Practice,,249266.

Schuck, P. (2002). Spray drying of dairy products: state of théaitt.82 375
382.

Sencan, A., Kar ab20y4n Determinddion,of lead(IK sofptiog , M. (
capacity of hazelnut shell and activated carbon obtained from hazelnut shell
activated with ZnCI2. Environmental Science And Pollution Research
International

Seth, D., & Sarkar, A. (2004). A Lumped Parameter MdaieEffective Moisture
Diffusivity in Air Drying of Foods.Food and Bioproducts Processing,(8% 183
192.

91



Sharifan, S., & Fowler, G. (2014A comparative optimisation study of activated
carbon production from hazelnut shells by thermal and microwa\ainge
methods. Imperial College London. Retrieved from
http://search.ebscohost.com/login.aspx?direct=true&AuthType=ip&db=edsble&A
N=ethos.016674837&site=edise&authtype=ip,uidAvailable from EBSCOhost
edsble database.

Sharifzadeh, S., Clemmensen, L.B.pr ggaar d, c. ., Stegi er, S. .

(2014). Supervised feature selection for linear andlimaar regression ofilai bi
color from multispectral images of me&ngineering Applications of Artificial
Intelligence, 270), 211227.

Singh, S. P., Sifg Z., & Swinny, E. E. (2012). Climacteric level during fruit
ripening influences lipid peroxidation and enzymatic and -emzymatic
antioxidative systems in Japanese plums (Prunus salicina LindeH}harvest
Biology and Technology, 63), 2232.

Sobutgy, T. (2003). Apricot Sector Research.

Sokhansanj, Cenkowski, & Jayas. (1987). Equipment and methods d&ybm
drying: a review. American Society of Agricultural Engineers (Microfiche
collection)(USA)

Sousa Gallagher, M. J., & Mahajan, P. V. (202D The stability and shelf life
of fruit and vegetables. In D. Kilcast & P. Subramaniam (EBsgd and Beverage
Stability and Shelf Lifép. 641656): Woodhead Publishing.

Soydan Karabacak, M., Esin, A., & Cekmecelioglu, D. (2014). Drying Behavior of
Meat Samples at Various Fiber Directions and Air Conditibmging Technology,
32(6), 695707.

Sperber, W. H., & Doyle, M. P. (2010Compendium of the Microbiological
Spoilage of Foods and Beverag&pringer New York.

Sun, R. (2002). Fractional and structural characterization of hemicelluloses isolated
by alkali and alkaline peroxide from barley stra®arbohydrate Polymers, 449),
415423.

Sun, R. C., & Tomkinson, J. (2002). Characterization of hemicelluloses obtained
by classical and ultrasonically assisted extractions from wheat Steatohydrate
Polymers, 5(B), 263271.

92



Sun, R. C., Tomkinson, J., Ma, P. L., & Liang, S. F. (2000). Comparative study of
hemicelluloses from rice straw by alkali and hydrogen peroxidatrhents.
Carbohydrate Polymers, 42), 111122.

T. C. Ministry of Economy. (2012). Dried Apricot.
Taylor, S. (1993). Why sulfite alternativéod Technology, 47

Temple, S. J., & Van Boxtel, A. J. B. (2000). Control of fluid bed tea dryers: Control
in the context of design and operation conditiddemputers and Electronics in
Agriculture, 29 209216.

TGB. (2013). Hazelnut Sector Report.

Togrul, i. T., & Pehlivan, D. (2002). Ma
apricots in thin layerslournal ofFood Engineering, 53), 209216.

Togrul, i. T., & Pehlivan, D. (2003). Moc
Journal of Food Engineering, §8), 2332.

Togrul, 1. T., & Pehlivan, D. (2004). Mod
fruits under operair sun drying procesdournal of Food Engineering, €5), 413
425.

Tosun, |. (2007). Modelling in transport phenomena : a conceptual approach:
Elsevier.

Tunc, M. S., & Adriaan, R. P. v. H. (2008). Hemicellulose Extraction of Mixed
Southern Hdwood wi t h Wat er at Urslstrial® & : Ef fe
Engineering Chemistry Research, 47

Tirkyt I maz, M., Tagi, S., & Ozkan, M. (2C
Qualities of Dried Apricots Containing Sulphur Dioxide at Different Levels During
Storage.Food and Bioprocess Technology6) 15261538.

Taorkyi I maz, M., Tag:r, S., Ozkan, M., Ozt
and Microbial Differences in Dried Apricots Containing Sulfur Dioxide at Different
Levels.38, 275282.

Updegraff, D. (189). Semimicro determination of cellulose in biological materials.
Analytical biochemistry, 33), 420424.

Unal, M. R. (2010). Apricot Research Rep

93



Van Arsdel, W. B., & Copley, M. J. (1963o0d dehydration. Edited by Wallace
B. Van Arsdel and Micled J. CopleyWestport, Conn., Avi Pub. Co., 1963.

Van, N., & Hanh, T. (2013). Application of chitosan solutions for rice production
in Vietnam.African Journal of Biotechnology

Varga, E., Thomsen, A., &eng, L. (2005). Ethanol production from corn, corn
stover and corncob from the Jilin province of Chifiechnologies for sustainable
energy development in the long term

Vavasour, E. J. (1999). WHO Food Additives Series: 42.

Vena, P., G 0 trag €. (2610). HemicelluksesRextiadion from giant
bamboo prior to kraft and soda AQ pulping to produce paper pulps,-adties
biopolymers and bioethandl.e | | ul ose Chemi stry & €

Vena, P.-Apari Gaoci M. P. , Bri enzaT. M. , Gorg
(2013). Effect of Alkaline Hemicellulose Extraction on Kraft Pulp Fibers from
Eucalyptus Grandislournal of Wood Chemistry and Technology, 33

Vijayavenkataraman, S., Iniyan, S., & Goic, R. (2012). A review of solar drying
technologies (Vol. 16, pj26522670).

Waller, G., & Feather, M. (1983). The Maillard reaction in foods and nutrition.

White, S. A,, Farina, P. R., & Fulton, I. (1979). Production and isolation of chitosan
from Mucor rouxii.Applied and environmental microbiology,(28 323328.

Xu, F., Sun, RC., Zhai, M:Z., Sun, JX., She, D., Geng, ZC., & Lu, Q. (2008).
Fractional Separation of Hemicelluloses and Lignin in High Yield and Purity from
Mild Ball-Milled Periploca sepiumSeparation Science and Technology(143

12), 33513375.

Xu, Y., Sismour, E. N., Parry, J., Hanna, M. A., & Li, H. (2012). Nutritional
composition and antioxidant activity in hazelnut shells fromdd®vn cultivars.
International Journal of Food Science & Technology(54,/940946.

Yaldiz, O., Ertekin, C., &Jzun, H. (2001). Mathematical modeling of thin layer
solar drying of sultana grapdsnergy

YIl maz Cel ebiogl u, H. , Cekmeceliogl u, D. ,
(2012). Effect of extraction conditions on hemicellulose yields and optimisation for

industrial processesnternational Journal of Food Science & Technology(147,

2597-2605.

94



Yuan, T:Q., You, T:T., Wang, W., Xu, F., & Sun, RC. (2013). Synergistic
benefits of ionic liquid and alkaline pretreatments of poplar wood. Part 2:
characterizatin of lignin and hemicellulose8ioresource technology, 13845

350.

Yueming, J., Xuewu, D., Daryl, J., Zhaoqi, Z., & Jianrong, L. (2004). Advances in
understanding of enzymatic browning in harvested litchi fRmbd Chemistry, 88

Zhang, P., & Whistle R. L. (2004). Mechanical properties and water vapor
permeability of thin film from corn hull arabinoxyladournal of Applied Polymer
Science, 9®), 28962902.

Zhao, Y. P., & Chang, K. C. (1995). Sulfite and starch affect color and carotenoids
of dehydated carrots (Daucus carota) during stordgarnal of Food Scien¢2),
324.

Zogzas, N. P., & Maroulis, Z. B. (1996). Effective moisture diffusivity estimation
from drying data. A comparison between various methods of analysisig
Technology, 1#-8), 15431573.

95



96



APPENDIX A

CHEMICALS AND SUPPLIER INFORMATION

Table A.1 Chemicals and supplier information

Chemical Supplier
Sodium hydroxide Merck
Hydrochloric acid Merck
Hydrogen peroxide Merck
Sodium sulfite Merck
Ethanol Merck
Chitosan Sigma Aldrich
Toluene Merck
Barium hydroxide Merck
octahydrate

Sulfuric acid Merck
Sodium chlorite Merck
Tween 80 Merck
Xylose (HPLC grade) Merck
Arabinose (HPLC grade) Merck
Glucose (HPLC grade) Merck
Mannose (HPL@rade) Merck
Acetic acid Merck
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APPENDIX B

HEMICELLULOSE PURITY OPTIMIZATION
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Figure B.1 Standard curve for glucose determination
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Figure B.2 Standard curve for arabinose determination

Table B.1 ANOVA table of hemicellulose purity
The analysis was done using coded units.

Estimated Regression Coefficients for Hemicellulose Purity

Term Coef SE Coef T P

Constant 0.290254 0.012534 23.158 0.000

Block - 0.000046 0.005605 -0.008 0.993
Concentration (%) - 0.045010 0.007675 - 5.864 0.000
Temperature (AC) 0.005639
Time (h) - 0.091908 0.007675 -11.975 0.000
Concentration (%)*Concentration (%) - 0.025076 0.011298 -2.220 0.039
Temperature (AC)* Temper@&i20242e0.0{1498) -1.792 0.089
Time (h)*Time (h) -0.061646 0.011298 -5.457 0.000
Concentration (%)*Tempe0.082158r 0010854 C) -2.963 0.008
Concentration (%)*Time (h) 0.044784 0.010854 4.126 0.001
Temperature (AC)*Ti me (®009902 0.010854 -0.912 0.373

S =0.0307009 PRESS = 0.0496635
R-Sq=92.65% R -Sq(pred)=79.62% R - Sq(adj) = 88.78%

100

0.

007675



Analysis of Variance for Hemicellulose Purity

Source DF SeqSS AdjSS AdjMS
Blocks 1 0.000000 0.000000 0.000000
Regression 9 0.225788 0.225788 0.025088
Linear 3 0.168078 0.168078 0.056026
Concentration (%) 1 0.032414 0.032414 0.032414
Temperature (AC) 1 0.0005009
Time (h) 1 0.135154 0.135154 0.135154
Square 3 0.032608 0.032608 0.010869
Concentration (%)*Concentration (%) 1 0.002760 0.004644 0.004644
Temperature (AC)*Temperature (AC) 1 0.001785
Time (h)*Time (h) 1 0.028063 0.028063 0.028063
Interaction 3 0.025102 0.025102 0.008367
Concentration (%) *Temperature (AC) 1 0.008273
Concentration (%)*Time (h) 1 0.016045 0.016045 0.016045
Temperature (AC)*Time (h) 1 0.000784
Residual Error 19 0.017908 0.017908 0.000943
Lack - of - Fit 15 0.016755 0.016755 0.0 01117
Pure Error 4 0.001154 0.001154 0.000288
Total 29 0.243697
Source F P
Blocks 0.00 0.993
Regression 26.62 0.000
Linear 59.44 0.000
Concentration (%) 34.39 0.000
Temperature (AC) 0.54 0.471
Time (h) 143.39 0.000
Square 11.53 0.000
Concentration (%)*Concentration (%) 4.93 0.039
Temperature (AC)*Temperature (AC) 3.21 0.089
Time (h)*Time (h) 29.77 0.000
Interaction 8.88 0.001
Concentration (%) *Temperature (AC) 8.78 0.008
Concentration (%)*Time (h) 17.02 0.001
Temperature (AC)*Time (h) 0.83 0.373
Residual Error
Lack - of - Fit 3.87 0.100
Pure Error
Total

Estimated Regression Coefficients for Hemicellulose Purity using data in
uncoded units

Term Coef

Constant -0.710100

Block - 4.63684E - 05
Concentration (%) 0.0353342

Temperature (AC) 0.0324336
Time (h) 0.0174582

Concentration (%)*Concentration (%) - 0. 00100304
Temperature (AC)* Temper2aR4l9Ee-04 AC)
Time (h)*Time (h) - 0.00385289
Concentration (%)*Tempe®.48168Er-@4 ( AC)
Concentration (%)*Time (h) 0.00223920

Temperature (AC)*Ti me ¢h47541E -04
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Table B.2 Response optimization of hemicellulose purity
Parameters

Goal Lower Target Upper Weight Import
Hemicellulos Maximum 0.07 0.4225 0.4225 1 1

Starting Point

Concentratio = 10
Temperature = 40
Time (h) = 4

Local Solution

Concentratio = 10
Temperature = 60
Time (h) = 4

Predicted Responses

Hemicellulos = 0.412691 , desirability = 0.972173

Composite Desirability =0.972173

Global Solution

Concentratio = 10
Temperature = 60
Time (h) = 4

Predicted Responses

Hemicellulos = 0.412691 , desirability = 0.972173

Composite Desirability = 0.972173
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APPENDIX C

OPTIMIZATION PLOTS OF DRYING CONDITIONS

Surface Plot of In (Final MC) vs Air Temperature; Air Velocity

Hold Values
HC Concentration 2

-0.5

In (Final MC) .10
-1.5 80
-2.0

70
Air Temperature
0.5

1.0 60

1.5
Air Velocity

Figure C.1a Surface plot of final moisture content vs. air temperature; air
velocity
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Surface Plot of In (Final MC) vs Air Temperature; HC Concentration

Hold Values
Air Velocity 1

-0.50
In (Final Mmc) 078
-1.00

80
-1.25

70
Air Temperature
1
2

HC Concentration

Figure C.1b Surface plots of final moisture content vs. air temperature; HC
concentration

Surface Plot of In (Final MC) vs Air Velocity; HC Concentration

Hold Values
Air Temperature 70

In (Final MC)
-1.
1.5

1.0 . .
Air Velocity
1
2

HC Concentration

Figure C.1c Surface plots of final moisture content vs. air velocity; HC
concentration
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Contour Plot of In (Final MC) vs Air Temperature; Air Velocity
80

Hold Values
HC Concentration 2

754

70 |

Air Temperature

651

-0.75

60 T T
0.50 0.75 1.00 1.25 1.50

Air Velocity

Figure C.2.a Contour plot of final moisture content vs. air temperature; air velocity

Contour Plot of In (Final MC) vs Air Temperature; HC Concentration
80

Hold Values
Air Velocity 1

75

-1.25

704\

-1.00

Air Temperature

65

o /

60 T T T
1.0 15 2.0 2.5 3.0

HC Concentration

Figure C.2b Contour plot of final moisture content vs. air temperature; HC
concentration
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Contour Plot of In (Final MC) vs Air Velocity; HC Concentration

1.50
-0.50 Hold Values
.0.75 ™ Air Temperature 70
Lo -/ \
2
B
o 1.004 40
>
= -1.25
<
0.75 1
0.50 ; ; 120
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HC Concentration

Figure C.2c Contour plot of final moisture content vs. air velocity; HC
concentration
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Surface Plot of §E* vs Air Temperature; Air Velocity
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g E*
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Air Temperature
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velocity

Surface Plot of §E* vs Air Temperature; HC Concentration
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Figure C.3b Surface plots of totat o | o r

c h asnay eemperatiré; HC
concentration

107



Surface Plot of §E* vs Air Velocity; HC Concentration

Hold Values
Air Temperature 70

36

30
gE*
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18
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a Air Velocity

2 0.5
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Figure C.3cSur f ace pl ot's

of Ws.aitvelbcitytHCl or change
concentration
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Contour Plot of gE* vs Air Temperature; Air Velocity
80
Hold Values
HC Concentration 2
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Contour Plot of gE* vs Air Temperature; HC Concentration
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Contour Plot of §E* vs Air Velocity; HC Concentration

1.50
b5 Hold Values
25 Air Temperature 70

1.25 -
=
‘©
o
o 1.004
>
< 20

0.75 4

0.50 : : —2

1.0 1.5 2.0 2.5 3.0
HC Concentration
Figure C4cCont our pl ots of Ysoairwlocitygldd or

concentration

110

change



Surface Plot of gb* vs Air Temperature; Air Velocity
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Surface Plot of gb* vs Air Velocity; HC Concentration
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Contour Plot of gb* vs Air Temperature; Air Velocity
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Contour Plot of gb* vs Air Velocity; HC Concentration
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APPENDIX D

MODELS OF DRYING KINETICS AND REHYDRATION DATA

Table D.1 Equilibrium moisture contents of different coatings and drying

conditions

Model 1 Model 2

f=y0+a*exp(-b*x) f=y0+a*exp(-b*x)+c*exp(-d*x)

Xeq Rsqr SEE Xeq Rsqr SEE
0.5m/s, 1% Chitosanat 7@C  2.61E11 0.9973 0.0269 2.81E11 0.9973 0.0279
1m/s, 1% Chitosanat70A C  2.26E09 0.9941 0.0264 1.17E09 0.9946 0.0304
1.5m/s, 1% Chitosanat 76, C 4.70E10 0.9933 0.032 5.79E10 0.9933 0.0333
0.5m/s, 2% HC at 70A C 6.54E11 0.9931 0.0488 5.33E11 0.9969 0.033
1mis, 2% HC at 70A C 7.77E11 0.9946 0.0303 1.89E10 0.9945 0.0318
1.5m/s, 2% HC at 70A C 7.39E11 0.9942 0.029 2.69E11 0.9942 0.0302
1 mis, 2 % HC at 60A C 1.17E09 0.9914 0.0344 3.09E11 0.9933 0.0379
1 m/s, 2 % HC at 80A C 3.95E11 0.9838 0.0336 5.33E11 0.9969 0.033
0.5 m/s, Uncoated at 7é C 1.98E11 0.9942 0.0405 1.15E10 0.9942 0.0383
1 m/s, Uncoated at 7GA C 2.23E10 0.9937 0.0319 1.04E09 0.9937 0.0332
1.5 m/s, Uncoated at 7@\ C 3.77E10 0.9954 0.0245 1.76E11 0.9941 0.0255
1 m/s, Uncoated at 66\ C 0.4291 0.9974 0.0315 0.3212 0.9891 0.0339
1 m/s, Uncoated at 8GA C 3.30E11 0.997 0.0275 2.18E1l1 0.997 0.0286
1m/s, 1% Chitosanat60A C  7.82E11 0.997 0.0161 5.52E11 0.997 0.0174
1m/s, 1% Chitosanat80A C  5.63E11 0.9939 0.037 7.38Ell 0.9939 0.0386
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Table D2 Statistical analyses and constants of logarithmic model

Rsqr SEE c a k Chi MBE RMSE
Square

0.5m/s, 1 % Chitosanat 70 0.9965 0.0112 2.32E12 1.0906 0.0076 0.00011 0.00058 0.0103
AcC

1m/s, 1% Chitosanat70  0.9951 0.0108 229809 1.063 0.0039 0.00011 0.00016 0.0100
AC

1.5 m/s, 1 % Chitosan at 70 0.9938 0.0122 4.37E12 1.0096 0.0044 0.00014 0.00025 0.0113
AcC

0.5m/s, 2% HC at 70A C 0.9948 0.0154 5.03E12 1.2279 0.0071 0.00022 0.00061 0.0143
1m/s, 2% HC at 70A C 0.996 0.0104 6.09e12 1.0252 0.005 0.00010 0.00024 0.0096
1.5m/s,2 % HC at 70A C 0.9866 0.0185 6.05E12 0.9711 0.0051 0.00032 0.00059 0.0171
1 m/s, 2 % HC at 60A C 0.9929 0.0127 1.89E11 1.1178 0.0037 0.00015 7.89E05 0.0116
1m/s, 2% HC at 70A C 0.996 0.0104 6.09e12 1.0252 0.005 0.00010 0.00024 0.0096
1 m/s, 2 % HC at 80A C 0.9772 0.0339 3.93E12 1.254 0.0085 0.00109 0.00300 0.0314
0.5 m/s, Uncoated at 7& C  0.9935 0.0161 4.83E12 1.145 0.0073 0.00024 0.00106 0.0149
1 m/s, Uncoated at 76k C 0.9959 0.0103 1.77E11 1.0956 0.0039 99E-05 0.00015 0.0095
1.5 m/s, Uncoated at 7 C  0.9962 0.008 1.79E11 1.0005 0.0031 6.1E05 9.05E05 0.0074
1 m/s, Uncoated at 6@\ C 0.9952 0.0098 1.79E11 0.9704 0.004 9.1E-05 8.57E05 0.0091
1 m/s, Uncoated at 76k C 0.9959 0.0103 1.77E11 1.0956 0.0039 9.9e-05 0.00015 0.0095
1 m/s, Uncoated at 8GA C 0.9955 0.0129 3.12E12 1.0994 0.0069 0.00015 0.00071 0.0119
1m/s, 1% Chitosanat 60  0.9894 0.0118 2.66E11 0.9835 0.0026 0.00013 2.86E05 0.0109
AC

1m/s, 1% Chitosanat70  0.9951 0.0108 2.2909 1.063 0.0039 0.00011 0.000162 0.0100
AcC

1m/s, 1% Chitosanat80  0.9953 0.0135 5.72E12 1.1352 0.0068 0.00017 0.000638 0.0124

AcC
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Table D.3 Effective diffusion coefficients a2 % hemicellulose coated apricots

during drying

Final Moisture

Drying Conditions Content (db) Dett (M?/s)
0.5 m/sat 70cC 0.5853 4.79587E09
1 m/sat 70cC 0.6667 3.37737E09
1.5 m/sat 70cC 0.6240 3.44492E09
1 m/sat60cC 1.6562 2.49926E09
1 m/sat 80cC 0.2760 5.74154E09

Table D4 The results of Ongvay ANOVA and comparison of different coating
materials on rehydration by Tukey method

Source DF SS MS F P
Factor 3 0.0000039 0.0000013 64.67 0.001

Error 4 0.0000001 0.0000000

Total 7 0.0000040

S$S=0.0001414 R -Sq=97.98% R - Sq(adj) = 96.46%

Level N Mean StDev
2 % HC Coating 2 0.010600 0.000141
0.2 % Sulfuring 2 0.009800 0.000141

1.5 % Chitosan 2 0.011700 0.000141
Uncoated 2 0.010300 0.000141

Individual 95% Cls For Mean Based on
Pooled StDev

Level — o+ + [FR— R
2 % HC Coating (— *—)
0.2 % Sulfuring ( - R )
1.5 % Chitosan ( — k)
Uncoated ( — )

+ + [ — [ ——

Pooled StDev = 0.000141
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Grouping Information Using Tukey Method

N Mean Grouping
1.5 % Chitosan 2 0.0117000 A
2 % HC Coating 2 0.0106000 B
Uncoated 2 0.0103000 BC
0.2 % Sulfuring 2 0.0098000 C

Means that do not share a letter are significantly different.

118



