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ABSTRACT

ah5TCT/ ! ¢Thb hC t9/¢Th h. ¢! Th95 Cuv
59¢9waThb! ¢Thb hCwad®hg hDWhw PIWEST 9 {

FoodEngineering
MSc. Thesis

Advise: Assoc. ProMMustafa Tahsin YILMAZ

In this studypectin production from sugar beet, apple and orange pulp are performed

in optimum temperature, pH and time using Box Bohnken dedtgdR analysis for
characterization of pectin derived from food waste is performed usingriE€o
transform spectroscopy and also its galacturonic acid content is determined by HPLC
analysis carried out as well. The effects structurel changes of characterized pectin

samples modified with pectinase on rheological properties are investigated.

Thehigest pectin yield is obtained in orange pomace compered to sugar beet pulp and

pectin from apple.

FTIR is employed to determine not only if the sample posses pectin but also structurel
changed resulted from enzyme treatmet of pectin sample in compangitim pectin
samples withouil NS I G YSYy G Ty GKS ARSOARIA Gediithe2zy 2 F

result has been method with pectin spectra located iARTibrary.

XV



Galacturonic acid content is made the second stage of the thesis lik&-IR analysis.
Firstly, it is determrmied galacturonic acid content of pectin initially obtained. Then, the
modified pectin is repeated analysis to see the change in the galacturonic acid content.
The results of the analysis of the galacturonic acid content was observed to increase

the modified pectin.

In order to steady rheological analysis frequency sweeps and their temperature
dependence analysis are performed. Herschel Bulckley model for calculating the
Steady analysis, sweep frequency powaw model for calculating the resuléd, the

Arrhenius model was used to calculate the temperature dependence results. First,
after the pectin obtained from food wastes and rheological analyzes are performed
rheological analysis was made of the modified pectin. According to the obtained
results pectin samples have pseodoplas ester bond during the modification process

which highly dicrease in viscosity and but also pectin lost its viscoelastic properties.

Keywords: Pectin, modification, rheological, apple, orange, sugar beet pulp
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getirir. Pektin; meyve ve sebze NP Y R X NB ceSY IENMItalii-z 20 S 1SN
1FND2yFGEP @S 4IRS YSONMzoFGE YSe@gStA 1 NBYH
SYNEfIFGI N @S adGlroAfATFGI NI ITSEEAEAYRSY R
Y2t ST Nt SN & LIP&BVY A3 f ANIBHNR RERysist | NIPYPY 2
olud U dzNEzN® I Y GSNANIP 5NN YSiz21aArftfta LIS 1 1
olud G dzNJ 0 A f YW@ {AId@ RA NISENIA 1 f SNAYRSY R2tleP Si
1dzf £ yPEl 6Af ANI SN S 1y'S NIJSY iR N/& (SN & A dZERESH y&Pt
SYRNAGNREAAYRS KPIfP &aSNIftSoSy LISipindd yt SNJI
RA@I NB&@S 1FNDBP NNBGATSY o6FTP Aflcefl NPy F2!
NEEN 2fFy LIST0AYAY efl tEWEPAGT NRIPWRI YayilSriB& o 1S NJR (
31 A0 SN)AGR |28 RIENE 38Ad2 2 y £ | NPYREF SYNfaaeazy ic
ASGANRE SOoAf YS dAl tSH yf MRVBY RISt | 8 P

27t S1UAY AES TEIAEA | FLIPELY 4FfPOYEFTI N

Alexandervd. [64] G F NI FPY Rl Yy & LIF1ISYNI oLABRACANSRR Yy R 3
edilen pektinin enzimatik modifikasyori I LIP fdY P 650 FSNNU - LJI iy’ @1 INBPE RYSR
2f dz6GdzNI Yy NI Yy23Ffl {GNRYFYytlN @S zimNI 6AY I
1 dzf £ | y AREAFTNUI@|S @vS2RvAdiE YE Al oylPhExEbjhofrikiad, enddardbitiaz +
arabinofuranosidase,ramnogalaktronaz + rhamnogalakturonan asetil esteraz ve
poligalakturonaz+pektin metil esteraz S 1 t Ay RSWRIANYf SNX S Ydzr YSE S
LIy OF NPin ASNeKdyitsy I NNYNNJ) gAai21 AdGSarx vz2f
PPEP RIYRNNYS &F NPcelLP | 1SttA1fSNEBIgERS] A F
SRATSY OSINNDLSNS FAIANRT A 1SKRS YVEREYRRESEBRRE
TAT A1 21 AYardeRBEADY SO G A NID

Hans Christian vd. [6§OA Yy & | LIY P @el 2P Bt BINNILI y OInNP LIS |
1AYalatrt @S SyTAYFGA] @&2fftF NI Y2RATARB!
RSEAOGAYESNI I TESYE SYYASGGUAND 41 f@e®IYa RYRIOS |
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A

S1a0GNI 1348 SRAf AL 0AG1] A &étile adfmatik logifikasyed | | & y |
ASNDeS1t SOGANITEMAWASY AflRAQMANEI ALt Y2RAFTALL
M2RAFTAES SRAfSY oUW IWSWRT NBA & 2B rigdsklyg A YIP
anaiz SNE Y| {NRY2f STNf SNJ S NB2f 224 | T St
YAYelralt elydasSyt s Y2RAFTAES SRAftSy LIS 47
AeSNAEAYRS @S Y2t N I EPNI PEPYRI O0ANERSEAOG)
KSYSyYy KSYSyYy RoaliyPmJ i

Gulilermovd.coM8 QA Y &1 LIYPO & {IRIEf I -ONIFP dcel{ f BZdX1 RYFSTe ¢
edilen pektinin metil esterifikasyon derecesinitMED) FFIR spektroskopisiyle
belirlenmh 6 (kAclINJ € P 2 3dzy t dz]l R SNGBidénaizol REIRM | O
LISTO0AYESNRAY YSGAflFaedz2y RSNBOStSNAYyS ol 1 P
RdzNHzY Rl & LIPf YPO (G PNIP a 91345 e magr@kfalSdians| Ny S
ol f MSAALF LJALl & v a LIS 1 G NHzIE H y6 &R kDol dizhdy MIPy R I
1206dzAf £t F NP FfGPYRI ok ydatl NI YSGAEf SAGSNRY
st 6S2A1 FNBLFYaftlN SSNYASGAN

Lin vd. [68 QY AY & LIYP3 2 tkRok £ | RNDB G bel/ f PROIYNJRIPT ¢
derecelerinde pektin ekstraksiyon@ | LIPfPY PBHLUIP] 61| OSEA Sy RNA G N
NNBGAESY 1FN} Rdzidby LIS1GAY S1adGN}Ilargzy
2LIAYAT a2y Rl NNBGAY OFNIEFNP FEPYYPOGPN
GSNAYA Nad GFol1FaP @bNEME o BS mernpd S665p|a PN
bulwy’ Y dzd. @ dzNJ

Steve vd. [68 Qdzy & LIYPO 2 t{Rdallf{IGNFY ofyEl PROYWEHIERHT &1 y
SRAfSY LIS1GAYAY @edicilUFaSttf A B 6 S NRRADAKYPOER S§ Y A o

fraksiyonu Al £ T F YAE T AWSES 7 8f NEYPEISMI ] Syl AYl G
STaidNI10S SRAfYAOGUAND t NRPGSAY A®SNRAEAYA |
SRAfSNB]l . FTNrl1arezydz StRS SRAfYAOSUGAN® . d
A@SNRAEAIT R2EIlf O8SI1Y2NI S| Nfrttiask NesDstranyk dRd]leh

| N SYAfSSTNE SNJ I TStftA1fSNI @S KSNKFyYy3IA 06ANJI
RSNBSOSRS LINRPUGSAY A@SNRAREAYA RNONNNNOG G NN

2NIOFREY 11f1YIiRSP IRNEFRNGFNSENAEE FLINDP | FNI
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1FNDBPYRESSKVNEBA X a-RNEIDINMK SnplidiédeRifandd TICET P
el LINF T o B85S aNa eodzyf B STISANR YK 225 NB$ BRI [ SadS
afatn 5 ALt ONRPEAPI I RAWPRYRPHNIDE SNA Y

Sen vd. [B QAY & LIYPO 2 {6RUENE Layf PIONP RLR &l 4Py
1TFNF{GSNRAT Fdae2ydz S OSNRAYA NI SNRAYS -25A0NR|
@S A NNDBI) SINRSS ad I | Yy YPO BPMB {LBY decefyIANIT DS NR Y
aPOIF1tPEP INIYILaAaP @S LI yPy 1 FEtYlFLaPetl RJ
verim %1 0dzf dzy Ydzd G dzNX» 51 K aP LEPAEAWA el BATA (G
SG1AfSYSTGOSRAND nelceSini {(4&r xS 38 & (- § NINR YA & 2-ya A
602T TXy 0 SYNfaAR2YVNERUABESl SNt &repmBEall oAt
etkileRA EA O0Af RANAE YAO (AN

Carolinevd. [6%8 QAYy &1 LIYPO 2safRdzE dz[ el (086 WHBH T NPY |
NE2t BEXNTEISNRA GS YAINRBEL LIPE | NP | NIC&*Gd PNPE Y
gS BB 16 NI FPYREY 2SSt & YRAgMNE &I 1d® a ’zNHZ Wdzoyi
YAINRA]20dzZ POP]l YA]NRA&]| MikrdskoguSlekdraktgrize 2 R | f
SRAf YHad NI a LISTUAYy 2SSttt SNRA o6SyIl SNI 11 NI
ASVIAONBE AfS {NYSESyxAaISLEAVA] 36 6ANR Az AZNI &
0S1SNJ 12yalyiNI aé2ydzyRI hbrhofrPdima@§ + NJeb 8 ( dzNJ
@l LIPAP 2c A NI PHRI/ NB 2t 2 SAi|] AIATAS €31 AT {£ £ SSYND
olup saf jellerinde benzed ST Af RS RI ONI yPof ERPOSII:EEBY DSy
g NI PEPYRF 3INI St LISTOAY EP 2f dzo Ydzo G dzNJ I y (
Tillmannvd. [78 QY PYP e | 2 f R driadajNoelP (i seOF R® LIS iyl y Af S
SRALBRAAYAY AyidSNI | aad sacefidred @Esterdfiyefpektilery {1 A Y &
I NI 6 0 RINPf&Pel PRO Yl &FRSOS &adzomaidNFXd 3IA0A
2RIETEFYYF@PLI FeyP T YYAMRIGN2RATFTA(GSER 2982y Y
NT SNAYS 2ty BajdRrRERYS{ 2R dappbkkirffimadikasycBINY A 6 G A
2f Rdz]l cel &IS§AMYRYIANBDY T AYOANAYRS YSeRIFyl
@21 ftdz€dzy Rl @Aral2l AldSer kihePodamdalkalsRNmvariely S| G S|
LIS{TGAYy a2t Naezydzy GAralz2iAdSar FNIYF{dlF RPN
Y2 RNt FRRNSESNRGSRA N
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MATERYAL VE METOD

3.1 Materyal

STSNI LI yOI NP LRalaPz Yz2yeéel 06S1 Sodakall 6 NR | I
Btanbu®R I @ SNBf O6ANI YINJSGGSyYy &l G Rspergiiu Py YPO
aculeatus sigmaaldrichy = & Jrichbfleknia reésaitcc sigmjyy D(+)Galakturonik

asid monohidratflukav | dzf f | Yy Pf YPO (0 PNIPp
3.2 Metod
3.2.1 Pektin veriminin ogmize edilmesi

t STGAY NNBGAY OFNIfIFNPZ &FyPl &Nl Se YSGz2R
2LIGAYATS SRAf YAOSANND NY 821 I XOe®iPr 6 63 NS NJ SIS yL
L2 aINGoPbH 1 01 NI N 6L T2 aPOlF{1fP] OSr. BeNeBO RSY
RATF@YyPYRI 28T 8% WeBP MIP OWiztnR] 1Hsasd NNB H
I NJ £ PSRYRE Sty WIA 6 )2 &XP35R”,9K ced POLI € MRS 35S & NN
al Fa o taxrPNIRSoytakal poéi & RID A ed y6 TA SSFROUHTo mé TeNJ

05p &l G | NIaPPRI dzo SteA NI $YIVYNHNYANGSOAGE A | 2
RSYSYS y2S{FSNINBI vy I NP ANRBERSESP SMoyAly La2Aall SafPa S
4H QRSST LR ALAPI X ccdoyQ BBESH HNIptBVEZESSRIN Dédidn Expert

LINRANF YP (dzf € I yPEF NI {1 ISNBS{tSOUANARE YASGAL
1dzf £ I yPEf YPO 2f dziyon @Il GUSNVNIET St AYBYBR AT 0 dzf
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Y2RSt RSy @Pll NPt YPOGPNY 9ftRS SRMERYN ¥RRBf
1dzf £ | 2PE ANYAOS G AN

3.2.2PektinNNB (1 A Y A

Pektin ekstrakiyonu, Kliemann vd.[718 §N dz& 3dz ERP i S¥RB ol 1
Y2ZRAFTALIF a22y8 NS @t $PEAMEfIYASGAND . dz YSG2((
STSNJ LI yOFNP ANIEAAEZEPS c SNt REATSNE| | dzNHz
LR NI F {1 FftFNPYy &adz2adz aPlPERPlLUOFNYPaz2ZgENI SeSys
1dzf £ FyPEFNI ] &FLIPELY 2LIGAYATIae2gPRO (Sl EN
SNNBO 0S8t ANI Sy SNBSS OLASAINIALYY A DN NS ¢ BY NES | LIIg
LI2al Ll WP NP &PNI aPefl MIHnX MIppX MIpPpHQS
eRAf SOSIS1dSYBNBE YIyeSia]l DI RPTEPNRPOPHRIR | &L
yn Iyodp yod e/ NI a@BefRaAPIPEPLAE &3ANISI awi R
ekstraksiyofi | &NBPLIPf YPOGPNX 91 &adGNI 104 nne/ &S &a2¢€dz
REF1TALF &l yGNAFTN2Et SYYASGAN® {NTNydN 1PAYP
1FGP 1FRIENIZ: doe Qff PR O BN 4111 2 I0SJNGSY t SR (RS
a2y NI 231 yw2fQf PARS SE&EPLFYYPOGPNP 51 KI az2yNlF c
1 dzNHz( dzf dzLJ | ENGNONRS (21 KFIftAyS 3J8MARSBE YA S
GSNAE YAOOAND

Gida at!gl_nln e Kurutulmasi —_— Sicak ve ‘.E'Slt“ —_ Santrifdjleme
temini ekstraksiyon
|
NA

. . . Elde edilen

Sup?r“natan_tln .n‘_l_ulkc?_l ile Ifektlmn_ pektinin alkol
stzilmesi coktirme stzulmesi -

ile yikanmasi

N

. Ogutlclide toz
Etdvde —_ haline
kurutma

getirilmesi

S1AtfSlolmhy St RSaA |1PY o6SYlaAP
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3.2.3 Pektinin karakterizasyonu
oPHPoDdM t ST GAVLWS yi-N NS GhE yYSANR YRAFYLIRT CY | & P

Analizler, ATHRTIR spektrofotometre (BrukeAlmanyd A f S I SNIeS{1f SoiA
mf eNYRSNIR §ANR KI @&l 3JINB o6FO13aINRdzyR I PY
cM'QRANI bdzYdzy$eS AtAOTAY | foeNYESNI OAKET Py
2f dzld ePlty az2ydzef I NJ LISTOAY AfS So6ftSo0ANRTLE)

oPHPoDH tS1GAY @S (RNNBSESNBEYVYEYY 36 $1 4 NUBIE Y §

Pektinlerde bulunan galakturonik asitA 1 G I NP a[Z2y/@&I2ZNINT BARRE Yy dzé 3 d
YSG2aG0GF o6FT P Y2RATA] Ll aeR2yl O, NN NaOBIBX hgNJ | 0 ¢
pektin ilave edilip2sa@ Rl 4 POY Y &PEPYIRI1 F NP6 i PNPOPRO (PN
1FNPOPYPY LI QaP nZm b blhl AfS nZXu &S | &t
SYTAYA At @S SRAfYAOSGAN® 9yIT AYFGAT F1OGADA
AtS aFNPEEFNIT 1FNFyEt ®E AN IPY AR ded i dzNIRRS dzp
AY1Nolaez2yl 0PN} PtYPOUGPNWP TylNolaezyRIy .
nInpoANPHWAIIGENBE At S &NT-RIDNA) Shimafizu, QR@®nyap | t [ /
galakturoh 1 | @A G A ceS Mhaliztle CAH 2 & X S VIR &Ili A NIE 028 c
PDA (fotodi2 1 0 RSRS{ G| BRpdzt t FY Pt PO NPNID | dzf f | y Pt
0,1 N HCl ile 2,2 ye ajai WYITPNPO KPI Pf hNEk| YE & Rifdgh y YPO

ale@PaP uwnn yY 2tFNF¥1 0StANISYYAOSGAND

3.2.4 Pekinin enzimatik yolla modifiye edilmesi

Elde edilen hed A NJ LIST GAY | NY SEAY A Buchholv adReE6Rm 8 S SR,
dz&2 3dzAf F RP{f I NP YSd&2d G4SYSt FfPyYPo 2fdzd od
LIS1TGAY own Yt &FF &dRAY celdi QF RN:NINE Y NS G NoNGD
F&F NIy YKRO GLBNp Ay T SYyT AYA Afl @3S SRAf SNB
alld Ay{Nolaegz2yl o6PN}{1PtYPOGPNP wn alkl i &
@S LI pZIpQS &eN1aStdadmhA YEDGRNED RNIONNBEPERRY (59
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KFEOYAYAY RINOY2/fF Pf MR SRAFISNB] LIS1GAY cl
cendere bezilea NT Nf Sy Y2RAFTA&S LIS14GAY cn e/ RS 6.
t ST0AY Y2RATA]I &aé23/Wdc@HNK f| POO OSNIPAP 6 S A

odHdp t S1TUAY @S GNNBOt SNAYyAY NB2f22A1 |1 Sf
3251mMNY STt SNRAY | T PNIFYyYlI&P

LJ aP nzm b 1/t AfS o S ISHGANREYAO wmnn Yi
@l gLs Afl @S SRAESNB]l IYFIRRISOGRYL 1T INFB d PRIO
YFENPOPY (FeyFrRPlGFrY &a2yN} on 3 RIKIF 8S1SN
51 KIF a2y Nl &2¢€dzl YlyeSiAal 1FNPoGIGPNPOP NI
1FNPOYFAaP adze€fBY YPO i RIRW EPR@®LIGtAt QyENR = | & NP
dz8 3dzf F Y YPO (i PN

OPHDPPpPH  FUPOLLFY FET NB2t22A1 FyFtATA

%3 N pektin olan a2t Naegz2yf I NPYPy F+tylFrftAT A 1S8avys {2
reometre (Anton Paar, MCR 308yusturya) 1 dzf €  yPf F NF 1 0SSt ANI Sy
analizleri 100 s*1 $4YS KPI P N} f PEPYRF wHwpe/ RS 3ISN
1 dzf f | y Wik adied edojikdveri@riiK S & | LX | ¥ Y |, EFPY FRIEPMP ve

tt atA@eyschel dzf { f S& Y 3BRSuUp ¢ 3 Ekad@Esyald de Waele

Y2 RS IK3D)PdEAfll Yy PE YPO i PN

HerschelBulkley model:

s= K@) (31)

Burada S kayma gerilimini (Pa)s akma gerilimini (Pa)K1 PG Y 1 4 d) 8 PaPy"
g15aYS HN@hPYPS ORI ONI yPS AYRS1TAAYA ATIRS &¢
Oswald de Waele model:

S =K@)" (3.2)
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Burada S kayma gerilimini (PaK1 P@I Y 1| ( &) @1PREPWSP KREMPYEP 0 &
I 1 P66 RIONIYPS AYRS{1aAYyA AFIRS SGYS{TGSRAND
Dahad 2 Yy NI | Ny Sl tS&NISy BPhPgERAE || NI §f PEPYRI  OA &
0FEftP RSEABAYA OSEANISYYASOGANIH «NNyfSNARY
2fF N1 RSEAOAYA ! NNKSyYyAdza Y2RSt O60906A0f AL
|70:| oe(Ea/R(T+273.2)) (33)

burada' 10 31 NNwzRontk (Pa s),o! NNKSyYy Adza SO AEBBKiwsyonal 6 A (.
enerjisi (kJ ma), Revrensel gaz sabiti (kJ rifél") veTise a PO (). P1 R P NJ

3.2.5.3 Frekang arama Testi

CNBllya GFNFYlF GSadA FyFEATAYA 33800RE 1t SO0 .
I N} £t PEPYRI @S upc/ RS &Fo0AdG mn NIYRka | ePa
SeRIyl 3St Sy RST2NXNI &aeé 2 Wy 3AYOSNS y ¥ Mail A RE
Al 12StlradAa] ol t3S o0StANISYSNB] FNBllya G
RSESNR GS&aLAG SRAfYASUANID

.dz 0SalG wpo/ QABRRkAIM NI f PEPYRIEZ s2nXp aidNF A
mMNY S1EGNBStHAGG | YVARNGT {PYRRS] &* kofplekslt @S
GAa121T A0S RSESNISNRA O6StANISYYAOSGAN

Elde edilen viskoelastik model paranetrS NA = t 2 6 SNJ 34,8583 RSt 0¢
1dzf £ FyPEIF NIl Y2RSEEtSYyYAodAND

Powerlaw model:

G K.9" (34)
G KrI.)% (3.5)
[ K*(‘ )n*Cl (36)

Vizkoelastik parametrelerind POl { €t PEI o0 €f P RSEAWskamMA YA 0 S
ve5Tn eNO f RPWIRINPY I (SadA 3Nt 6 SIPYA NIRIRBX g
AeAy 3803 dz Ak yPE YPO U PN
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odbudc TadGrdAadA1asSt 1 yFtATt SN
5SySet SN a2y dzOdzy Rl (2 L3 Ny f || AIRGANT NE | Wa & T

FIN] 2f€dzld 2f Yo-hREPE PA fOSS 10 SFRA NSBW I Y NS t 1 PE RY R
GS&a0 LI NI YSGUNBAA | BakBehnieR teheNtt 4 s akBldndrakt Sy Y A O (
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{hb!4 +9 mbowT
4.1.Pektin veriminin optimizasyonu

@ 3dzf Fyly Neoe FlF{dl NIN REtpeSySeRIEBRYBSHR Y dz
pH 1,20 de 5 saat NNB&RIH ISP | v S {SfIRS | SRR BWHEB J1005S NA Y

1 dzNHzdi dzf Ydzo6 6 S SNJ LJ yOF NP L2alaPyRF0 2f NI
pH 1,8 de 2 saatlik ekstraksiyon sonuRun 3’z D1ZfniAhy RS 0 BRPHZEN ¥iz0 § ¥zNX
@Nl1asS|y OSNRY y cpatlik ékSrBkSiyorLdla %M E 36t IR 1 @dzf dzy' Y
olup Sy RNON{1 @GSNRAY cp 6/ QRS LI o>adarak RS H
0 dzf dzyuvtdzot ®BS Sy @ N{1 aS1 @S Nhsxatliyestraksiyon@eS LI |
%HyXnn 2fdzl Sy RNON{] @GSNRY pn Op6R0da&k LI p
0 dzf dzy YU RENS RAE Sy Y2RSt SoAGEAEAYS 3TI NB ar
LISTGAY S1a0NF | &A&vaps ve@dS NBNZA &l NIYYPIo| (B RRRIZNIdz oe
RI Sy1 SNJ a2y dzef I NJ 6dzf dzy Ydzd (1 dzNX» { POl 1 f P =
22 dz(i f dz4.eA4BYR S NAS NISHIVA S G A NJ

(@]

(@]

N ce
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AAT St 3tSSthai NI 1 arezy | 20ydnf R INPIBIEREFEnFRARIEAIYVA T |
deneme dizayn

Kodlu 5 € S NJX DSNkxS{1 58S { 2y dz
PeNemE . % X% X, X X Verim(%)
b2l
1 0 0 0 80,00 3,50 1,50 7,18
2 -1 1 0 70,00 500 1,50 6,18
3 0 0 0 80,00 3,50 1,50 8,10
4 -1 -1 0 70,00 2,00 150 4,42
5 0 0 0 80,00 3,50 1,50 7,26
6 1 0 1 90,00 3,50 1,80 5,10
7 0 -1 1 80,00 2,00 1,80 3,49
8 -1 0 1 70,00 3,50 1,80 4,60
9 0 -1 -1 80,00 2,00 1,20 11,4
10 1 0 -1 90,00 3,50 1,20 18,6
11 1 -1 0 90,00 2,00 1,50 9,97
12 -1 0 -1 7000 350 1,20 8,43
13 1 1 0 90,00 500 1,50 11,5
14 0 1 1 80,00 500 1,80 5,72
15 0 1 -1 80,00 5,00 1,20 19,6

X>{ POl { £{PNNB® cpHTI GO T
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A

411 S2 XSSt &G NI | & A 8 2 Rdzytd (i &zNA f jg/ Y2RSE S A
RSNBOS&A o6{50 RSESNI SN
Regresyon SD FRSE€SNR

Model 6 36,31

X 1 39,67

Xo 1 16,30

X3 1 131,24

X+ X3 1 15,93

Xo* X3 1 6,33"

Xg? 1 8,43"
Residual 8

Ladzy S1air| 6 7,04
Pure Hata 2
Toplam 14

X{ POF { t ;RINNSSc /oA |-G 0T

*p<0,01 **e) 01
+F NBFYA FyIlfAl4Relgei bt CARAZT AGNS Yt YE Pt P
6dzt dzyPFradzsbnév ©8 RS G S NHB.goucsldrak fespl edii WA & (PRI 6.
nedenlerden R2f ISEMRS SRAfSYy GSNAESNI AfS Y2RSt A
0StANI SYYAO (AN
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4RT S3AS Ry NI 1 aAg2y 126dzt £ 1 NP BRBehrkdlli A YAT |
RSySYS RATILe&yP
KodluDS € S N. DSNkxS|1 5S¢€S { 2y dzo
Denene .
b2 1t XX X X1 X2 X3 Verim (%)
1 o -1 1 7500 100 450 5,6288
2 o -1 -1 7500 100 150 10,9313
3 o 1 -1 7500 300 150 11,3488
4 1 0 -1 9000 200 150 11,2788
5 0 1 1 7500 300 450 8,4636
6 1 -1 0 9000 100 3,00 7,6188
7 s, -3 0 6000 100 3,00 6,5988
8 1 0 1 6000 200 450 5,3083
9 0 O 0 7500 200 3,00 6,7650
10 1 0 -1 6000 200 150 8,4833
11 1 0 1 9000 200 450 7,7913
12 0 O 0 7500 200 3,00 7,2725
13 11 0 6000 300 3,00 5,4788
14 0 O 0 7500 200 3,00 6,4275
15 0 O 0 7500 200 3,00 6,2275
16 1 1 0 9000 300 3,00 10,5475
17 0 O 0 7500 200 3,00 7,0300

X>{ POl { £{PNNB® cpHTI GO T
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~ An

AAT 84EPES 1 4G NI 1 &A@ 2y dzydn médele/a8 F Ve serb2stlikizeréodaN Hzt
{50 RSESNI SN

Regresyon SD FRS €SN
Model 7 60,70*
X 1 10456*
Xo 1 20,73*
X3 1 17846*
X*Xo 1 26,53*
Xo*X3 1 9,46*
Xo? 1 1954*
Xa? 1 6149*
Residual 9
Lddzy S1aa 5 0,6389
Pure Hata 4
Toplam 16
X{ POb ¢ £,@ W (&Ba); %, pH
*p<0,01 p**>0,01

+ | NBFya FyFtAl4M] Bf@Sezegnt AONSB byt Y PE P
dzf dzyPrdesbnem0 @S RS SNH D.9703okdk/tespitleffi WA & PR IRD 6.
nedenlerdy R2§fIRSP SRAf Sy GSNAtSNI AfS Y2RSt A
0StANI SYYAO (AN

(@]
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AAT SEPPES {m®I NI {1 aA&2y {1 206dzZ £ I NP B®RBehrkddi A YAT |
RSySYS RATI&y®P

Kod dz 5S€S DS NB®ESE S NI { 2 y dzce
Denem,e X Xo Xa X Xo Xa Verim (%)
b2l
1 0 0 0 60,00 2,75 3,75 3,2800
2 0 1 1 60,00 5,00 6,00 4,6500
3 0 0 0 60,00 2,75 3,75 3,4000
4 -1 0 1 30,00 2,75 6,00 3,9338
5 1 0 1 90,00 2,75 6,00 8,1338
6 1 1 0 90,00 5,00 3,75 15,1863
7 0 -1 1 60,00 050 6,00 0,6725
8 0 1 -1 60,00 5,00 1,50 21,5150
9 -1 -1 0 30,00 0550 3,75 2,5363
10 1 -1 0 90,00 0,50 3,75 12,5263
11 1 0 -1 90,00 2,75 1,50 28,1737
12 -1 1 0 30,00 5,00 3,75 4,2838
13 -1 0 -1 30,00 2,75 1,50 9,8750
14 0 0 0 60,00 2,75 3,75 4,7225
15 0 -1 -1 60,00 0,50 1,50 11,9575
16 0 0 0 60,00 2,75 3,75 3,2800

X>{ POl {A{PNN&E /®@H GO T
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AA] SE6PPES TmBI NI 1aAe2ydzyl &1 yStAl 2f dzo i dzNHzL |y
6{50 RSESNI SN

Regresyon SD FRSE€SNR
Model 9 45,07*
X 1 77,49*
Xo 1 13,25*
X3 1 120,60*
X* X3 1 16,36*
X2 1 17,24*
Xa? 1 28,41*
Residual 3.04
Ladzy S{1ar 6 5,99
Pure Hata 2
Toplam 14

X>{ POl {A{PNNE /®@H GO T

*P<0,01 **P>0,01

I+

FNEBFYy&a yFftAT4M] Se@Sezneyt AOGNSB Byt Y P PY
0 dzf dzyPrdegdbném0 @S RS G SNFOA ynkdad@yZpyim 121 (i &N & P &0PS a6LY
YySRSyt SNRSy R2ftreP SfRS SRAfSy @SNAfSNI
0St ANE SYYAOS

30



% Verim = -61.89+1.47T+6.19t-0.70pH-0.80t*pH-3.36tpH+20.12pH"

Verim (%)

350 7 1.60
B:Siire (Sa)  2.00 1.80 C:pH

SEA{{POI 1 f Pl 2 WWItSPGEHI MINNBNVERYY SSNAYA NI S

2
%Verim=+6,73+1,42T+0,63t-1,86pH+1,01T*t+0,60t* pH+0,85t “+1,50pH ~

S12{tPOId t Pl = EPBS | BENENBABYRY OSNAYA NI S

%Verim#+4,42+5,42T+2,24t-6,77pH-3,52T*pH+3,75t > +4,82pH >

% Verim

S13{{POIH t Pl Z PPBS] @S NENKHBFERY OSNRAYA NI S

4.2.a 2 t Sef kiréikterizasyon

S Ade n @ve modifiye pektinine ait FTw & LJS{ 0 NXzYf | NP & SNJ |
A5QREPPve9t at &yFEL w & LIS | (i RBEER S\PPRG PPMPait FTIR
& LIS G NHzYf | NP & S350 dmy I NJI BARIPWIPED-Hv gdzldf | NPy P
31 a0 SN)YS] G18R AchIPF Ntk MUPY R {A | 042NLIJAA&2Y O Y
&l LIPAPY&RIGC vadROdry S i SNJ I NHzLI | NPy P180a et (i S NIy S |
I N} aPYRIFI{A ol f3S LISTIAYyAY &alLISarxFTA]l ol f3asSa.
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beft ANI SYYS&AYRS | dzf t'veyl R ¢riko | o/t 3 SNBPA NLIS | Michny/ A\ y(
SAGSNI SOYAS 1 FNbP21&Af 3INIAK yogdaRyGik Ssltird § S NI S
@l LIPAPYRI o6dzf dzyly YSiGAt SadSNI SNhot yGA&h A €
peki A YRS o6dzf dzy | Y K &tdRneRtqd@[66f PeRiNGYE R NPV S IERA |
pektin | N} & PYRlF YS&RIyl -B®f SyyIl Fh N} PAEEPY £ FINIT
a2ZRATATI ae2yt tae2 i NIy Tal @ Pt I NP aAPN} aprPet !l
dalga s& P & P cnd dam 8302cm™ e, ester gruplaPy Py Rl f Jlcm™@R8PAP +
2930cm™t e, 1740cm*ve 1634cm*S & G SNI SO YA S 1 Nb AL dset P3I NHzL
& PNJ & Pant Ve 1604cmcd S1f AYRS RSEASAY I AGSNXASGA
EPPve9t at dalghd/ e RPRI RPRNBE Ta A IANHAIMB®IPYERY R f
3295cmtes $& G NBNJ 3 NHzlEROradar' yidn o1& ted 1740cm” ve

1729cm® S&aGSNX SOYA S 1| ND & & M2 ISHIKHELNE caNBRVE R Y viRel
1614cm™d SYRE RSEAOGAY Il &G SNNASGAND

PPPvet t at Cafghdyl @ RPNNRP&f I T KARNERT] &A cm'dedbzLI | NF
3270cm™ e, estrer grugl NJPY P i | B2AP® #'den 2920cmi’ e, 1744cm™ ve

1732cm*S &G SNI SOYA S 1 ND2 dWHE S I NBANEME RBRGOP Y M R
cm'd STt AYRS RSEAGAY 3Tl A&GSNYASGAND
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Absorbans Uniteleri
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— 3eker pancarn posasi modifiye edilmis pektini
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Absorbans Uniteleri
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— Elma posasi pektini
— Modifiye elma posasi pektini
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— Portakal posasi pektini
— Modifiye portakal posasi pektini

Absorbans Uniteleri
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3270
2920

e

3500 3000 2500 2000 1500 1000
Dalga Sayisi (cm'1)

S| 6HRPAletdt at &tyFSIR spektrumu

43.DFf I 1T OGdzNRYA]l FaAd YA{LOGFNP

DFf I 1 0dzNRy Attt @yIB6L00 w@g/\ghkBripektin, t t at Qysky RS
nmMoZcc Y3IkI 1dzNHz LIS GAtyt QF/ByE } o RSP yordif dzy & &
367,446 mg/dkuru pektin,9 t at QYABM mg/dkuru pektinolara] 0 dzf dzy Ydzo 2§
PPP406,4407 mg/g toz pektint t at QORSES ncp>ooc Y3Ik3IA | dzNHz
0 dzf dzy Y dzo (0 dzNJIp
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Galakturonik @ A G A @S NRIEW Alyceley LIYP® 2t Rdz€Edz ocel £ PO Y
A ceblByguk bl dzy Y dzo ( dzNIP [656DEKI2LINGR dARNIPRO Y R T 0 S
LI yOIF NP LR2al aPy Py 3948 ing/gikdaNBpekthnd S I S MIG LIA yeS INI
LJ2 & | &nBdifieyS R A fpakfindin A .S NA € A ying/ g @BHzp ¢IB 1 GAY 65
0dzf Ydzo f I NRPNI D Ininimbdifikdey@niy 2 { NJ- BREIROIA cEBUNRAESANR 7
el t POYlI AfS RS RS&GS1ESYYAOSGAND

44, LGPy FI1T NB2t22A1 |1 SttA1tSNR

0Qf N1 LIS1GAYy a2t Naez2yftl NPYyRI & LIPtLyYy |y
1FNDPEtPl SEtRS SRAEtSYy 1SaYS neatbnatipiyddagan I NI F A ¢
2t Rdz€Edzy dz 31 & (BNAEEY).BEIRIND 4 2 y dz@6] i NNIWF 2y BRY F
OSTt ANIAf YR DU ®RINI 9t at Za 2tytdzot @ yWNEBIkieySbHe@ K S f

~. oA LA

~_ Ao

2t NF 1 0 dzf tdeyt YUgGARARNIPR S € S NI S NBOSB(Fald); GG118B f |
(Pa), 0,832 olarako dzf dzy Y dzot t 2aftk@EnR S € S NI S Nmooex(maN), a P f |
087326 STt A YRS @dzft dy W (Fa)ie dARS € S NI S N®OI74(PE), & P f |
0,0550(Pa) 0,90300 S | f AdFERABY Y dat az (RIFNRA)ven R SSENI S NA & PNJ 3
0,0038 (Pa.§), 0,0052(PaE n X dphpm O S|t &y RN & RR)IB/MY dzd i dzN.
RS €SNI SN®D,0550 PH.E),a00B7 I(Pa), 08424 6 S1 t AY RS 0 dzf dzy Y dz
ttat Y PAvenRS ESNI S NO4GFRN) 020BR((Pa), n Z hbHy H ST A
0 dzf dzy Yod2oAll dAEhRE EE NA Yy A Y M QR Sgwtoh tpoelipyar? § PBa P R
RIFEONI Yy PERBRABEARANYA 1SayYS KPIP NIGP| el
FT F Y adl YR SN 74]QRYP f &RIPLIY Péel 8 P R YA RENESgz 0 A Y
SYTAYAYAY LIS1TdAy TAYOANAYRS|{A YSi21anrt
RSNSOSaAyA RNONNBNB|T &N1asS|y yvYSdzirartftir LIS
ATIFRS SRAfYAOUGUAND wSlF{arézy Af Sk @RA | S 1
L2t AL EF{0dzNBYA]l FaARS RIYNOYSTUOSRAND ! &y
YSGiAt SAGSNIT Syl AYA LISTGAYA &dz 90l ARSPANAR &
' 2NPOI >~ [FBWRAE I KIRPO ceR £ RAZYE & NP 3|1 NB flattadiJS | G A y |
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3t AT 2T ARA] OFEEINP {1 2LININI] cel T SEGAYAY @
el f POYFRFET 3tA121T ARA]l o0l E€fFNPYPY 22 H 1R
2 NI Y PY R lediRSEBMEIRAV@[70|Qy Ay & | LIY®bt Rd YidRlihad NIPA O
@S LIRNIF ] f LISTUAYAY Y2RAFAES SRAfRATGS)
1T EtSYESYYAOUAN t S{TGAYAY NB2f22A1 |1 StfA
dzl dzy t dz€ dzy' | k@dirN&]. RSEASGYS

4 A1 St73Hersclal-Bulkley ve Oswald de WaeleY2 RSt Ay S 31 NB 0685
RSGSN¥YAYlIaezy (rdarePaP 1Yl 3ISNAfAYAZ
RSESNI SNA
mNY S R o(Pa) K(Pa.8) n
ttt 0,9994 0,1188 0,025F 0,8572
EPP 0,9999 0,0550 0,0974 0,9030
PPP 0,9999 0,0979 0,055¢ 0,8424
ttat 0,9964 0,0062" 0,8732
EPMP 0,9951 0,0052 0,003¢ 0,9214
PPMP 0,9976 0,0063 0,0046' 0,9282

CFLIPE LY AaGrdA1aSt t Yt PAP| aRNEREANWRRS YN D
1POEY (FGal &Pt NP rak Bl farkPa/tRR dzE HASIR KigANME t 2 (2E
Y2RATA|LlIae2y A0f SYAYRSY &2y Nl o6dz FFENJ] 2NIlI
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2,4
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£ 18
E Modifiye Portakal
o Posasi Pektini
@ 1,2
§.. Portakal Posasi Pektini
<
0,6
0 = = —
0 20 40 60 80 100
Kayma Hizi (1/s)
S 9HAPP@tdt at Q56NY RS1 AN} Y POHP R
{POF1EtP] GIFENYYF GSadAyRSET aPOF1tP] | NILGP]T

hallerinde viskozitenin RN 6 4 NEN 31 Tof SSAIRE.YIVA2 EldeNtilen

GSNA T SNI ! NNK Sy8h dza dz¥ 2 RE R §erelimthasiioh itsip P& Pt
EPPEPPZS odzyf I NPY Y2RATAES SRAGIOMDKA tf f SNR
0,9947,0,9911,0,99616 dzf dzy YHzd § &NI¥2f 0 RS ESNAR7HRNI aPef
27,4556,20,1826,8,4141, 19,1702 f | NI} | o6 .dzf dzy Ydzs 2fgade! s RS
a PNJ a PRIkID’, 4p18°x1 08 6x10°, 6x10° olarakbS f A NI SyAVAA &Sjf ANSd n
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4ATQ.8!3BQVK§VAd,zé Yzﬁeéfxys 3l NIS OétMN éyéy}e
SOAGEAEA &l 0oAEBM RSEESINESHIRacz2y Sy
mNyS{ !'F wuy I ¢ Ex (kj/mol)
ttt 0,9947 5x1¢ 25,3298
EPP 0,9974 1x10 27,515F
PPP 0,9974 4x10 27,4556°
ttat 0,9981 ox1¢ 20,1826°
EPMP 0,9911 6x1¢ 18,4141
PPMP 0,9961 6x1¢ 19,170

L LIPE LYy A &sohububda@ B p Yy i IAY{ R (aRitasydd eheGishA Y R S

RSESNkt 9t @/MNDBANRY S 0SSyl SN A yRRIZEGPURRKIRF G S
9t at GYRASYE SNI SNA A &GFGAT&SE 2t FNF]1 O0ANAOANR
RAESNI | NBAVSRIK SNIHN &2 f RdzEdz I 1T €t SYf SY YA oS GAN
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A5+ AT 12Stradaal 11T StfA1E SN

o f N LISTGAY  1dzf £ FyPEFNI ]l KFETPNILFYLEyYy @

iSaGdAYRS 52 nop AGNIVEREGREBESRYBNAYARSBEKNBA VY& ¢

S PA34.14415WRE OSNRE YASGANI | FLIPE LY |lwgdk € AT &
f 6 Y2RSBSH3586000 Adiadt I ANIK YKYPOR®@RNI A Ay LISTGAY
Stlradal |TSttAEA RaXKRATFOARES] PYR AL dYiAday YIdE | AN
gral12l AGSaAyRS @&N1&aSl 2N} yRIF RNoOYS 31 NNf
1T t£SYt SyviSteard NARIRYRSDENNAY | 482G velGial e Pa-
RSESNI SNAYRS &aPNI aPreftl nddx adzyY dzR 5 gehmn S IS
APNI aPeftl MInyPadR{h Nk b1 POXzinadRBAEcENE S NAzLIA 4 S 2
NZHPANE NIHPHP BS nimdpptr O6S1tAYRS 0dzf dzy Y dz
EPP& 2t N&a & RYREWANNYAY | a8 2¢ velG i 4R PR SDIA Y RS ¢
0,9708, 0,97900,99876 S1 f A YRS oKIK SIgySYNIEOSINIKMNSHE, TOND28&, P & f |
1,2938(Pa.§) 2 t I NI | 0 dzZfndRSERNI B NAzIQ326250,7828, N1/ P & | |
681t AYRS 0dz dzy Ydzo (i dzNJ
PPPa2f Na e BRR&I &NV A Yy I & & 26/ veB! LOFaNI 8 YPSATPNSSE & (IR £ & ceA
0,9393, 0,9649, 0,9996 S | t & gziREy Y HA § 8AE S NW,6460PLNB06, P& |
25142(Pa.8) 2 f | NI 1 0 dzEindSERNI & NAzIQ42405 0,245P, N1 & |-
081t AYRES OGaIteB)ly 3 S
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4A1 SoPpBerfntas Y2 RSt RSy St RS SRAtSy Stlhatalz
RS€SNI SNA
mNY S ttt EPP PPP
W Y 0,9835 0,9708 0,9393
K' 1,0800 1,4647 1,6460
n' 0,25 0,3262 0,422
W Y 0,992 0,979 0,9649
K" 0,4975% 0,7928 1,1806
n" 0,2525 0,7928 0,275
R 0,9996 0,9987 0,9995
K* 3,5650 1,2938 2,5142
i 0,1997 0,1574 0,152

L PLIPE LY AadGlraAa1asSt Fylt Al |l BFE G RIBHERYE SiNRypR S
EPPvet t t QRASIF GAT1 &St 2fF NIt tigRi&e ddrakipir f&t YI & PL
AT tSYt SYRESSBENMNAYRS AadGraAal1asSt 2tFNF]1 0A
1T EtSYf SYYWBRS8cHMIA BENROR aSt 2t NI 1 06ANDANR,)
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Slatft tn@NBY[ | yal @Ee&RB EANE MIN]
{POF1tPl GFNIYF (SadGA a2 gaoaoef HZBIPNE NNXB§ A dr8
Y2 RS LI NI YSGNBE SNA KSal L) | yYPzelikrna { PO
FTFEYE 1O BRPIBRI® .Sdy AV 2 Rkttt yEGYNS & 2 v dR{SIENINA A ceA
AaPN} aPefl nIdgyom @S nZdpdmn 0S| &8PNREPS tiZE dzy
Hy PoyHPSE HpdPodHn O°SA tRASERSINA O dif adSy Vakm NIl dzaNspe f!1
081t KFRISLE | 9 tYIPASIVEYRE a2y dieR B 8B NI\ o008l & Pef |
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A A RSE SN

A 86%810° 33BxU0PsaSP et fAlY R S

a2y dzef RRBESMAY 8PN &Pt |

54x10’,5.10°6 S1 f Ay RS

Ot dizf t d2B/ Wely® ( dzNJ

nIgT Mmy. AdigasyonZ oy n T
enerjisia PN} (BJRé6413H c Z b &6 | NE B ARBIASNNR
0 dzf dzy Y.dzo (1 dzNJ 6 4A1 St 3S

AasS aPli

nemn

Ci zellOAg rh.eni us model inden elde, eaindkRanided
ve aktivasyon enerji si dejerl e

mNY S | ttt EPP PPP

W Y 0,9831 0,9558 0,9718

¢y 4,5x10° 8,610" 5,4x10°

E:' (kj/mol) 28,3828 31,0438 27,6413

W Y 0,9910 0,9965 0,9807

lcyy 6x10° 4x10’ 5x10°

E" (kj/mol) 29,3926 31,487%° 26,9299
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