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ABSTRACT

EFFECT OF HIGH HYDROSTATIC PRESSURE TREATMENT ON SO ME

QUALITY PROPERTIES, SQUEEZING PRESSURE EFFECT AND SHELF

LIFE OF POMEGRANATE ( Punica granatum) JUICE AGAINST THERMAL
TREATMENT

Glltekin, Necmiye Bgra
M.Sc., Department of Food Engineering

Supervisor: Prof. Dr. Hami Alpas

September 2012, 67 pages

The aim of this study was to investigate the eféddtigh hydrostatic pressure (HHP)
treatment (200, 300, 400 MP&QG 12C, 29C; 5 and 10 minutes) on some quality
properties of two different squeezing pressure ggsed pomegranate juices against
traditional thermal treatment at ®10 min. Among these combinations, for 100 psi
squeezed, 400 MPa %5 5 min and for 150 psi, 400 MP&%10 min were chosen
the best. Antioxidant activity, total phenolic cent, total monomeric anthocyanin
concentration, ascorbic acid content, mannitol @shtcolor valuesAE) and other
routine quality properties &Brix, pH, titrable acidity besides microbial anadgsas
total meshopilic areobic bacteria count and togasy and mould count were
investigated. HHP combinations around 400 MPa ahitDat every temperature
were sufficient to decrease the microbial load ado4.0 log cycles for both
squeezed juices. All HHP treatments showed nofstgnit decrease at antioxidant
activity, total phenolic content and monomeric aianin pigment concentrations
while there was a significant decrease (p < 0.66jHermal treated. Ascorbic acid

increased with 5 min HHP treatments but decreasgdi® min.AE values were



smaller with HHP treatments for all combinationslfoth squeezed juices. HHP
treatments gave lower mannitol content. In shédfdtudy during 30 days,
antioxidant and ascorbic acid levels stayed maelstthan control and pasteurized
ones. Sensory evaluations, odor and appearance ftidbtihents gave highest results
then the others as well as the smalidstvalues. For all combinations, there was no
significant difference foPBrix, pH and titrable acidity values between HHF an

thermal treatments.

Keywords: high hydrostatic pressure, pomegranate juicdf bfee quality, non-

thermal fruit juice processing



Oz

YUKSEK HIDROSTATIK BASINCIN ISIL ISLEME KAR SI NAR (Punica
granatum) SUYUNUN BAZI KAL iTE OZELL iKLER I, SIKMA BASINCI VE
RAF OMRU UZERINE ETKIiSi

Gultekin, Necmiye Bjra
Yuksek Lisans, Gida MuhendigliBolumu

Tez Yoneticisi: Prof. Dr. Hami Alpas

Eylul 2012, 67 sayfa

Bu calsmanin amaci, yiksek hidrositatik basinc (YHB) ugguhsinin (200, 300,
400 MPa ; 8C, 19C, 25C; 5 ve 10 dakika), iki farkh presleme basincisadalan
nar suyunun bazi kalite 6zellikleri Uzerine etkisi sonuclarin geleneksel isglem
(85°C/10 ) uygulanngi nar suyu ile kiyaslanmasidir. Uygulanan tim koragyonlar
icerisinde, 100 psi ile sikilminar suyu icin, 400 MPa %6 5 dakika ve 150 psi ile
sikilmis icin 400 MPa 8C 10 dakikalik uygulamalar en iyi secilgtir. Antioksidan
aktivite, toplam fenolik madde, toplam monomeriktaaiyanin konsantrasyonu,
askorbik asit icegii, mannitol icergi, renk degerleri (AE) ve °Brix, pH, titrasyon
asitligi gibi diger rutin kalite 6zellikleri yani sira toplam medifiaerobik bakteri ve
toplam maya kuf sayisi gibi mikrobiyal analizlercéhenmgtir. Her sicaklik
derecesinde, 400 MPa/ 10 dakikalik YHB kombinasganher iki pres derecesinde
sikilmis nar suyunda mikrobiyal ytki 4.0 log azaltmaya getémustur. Uygulanan
hi¢ bir YHB uygulamasi antioksidan aktivitesi, tapl fenolik madde icedi, ve
toplam monomerik antosiyanin konsantrasyonlarineendi bir deisime yol

acmazken, i1sikiem uygulanmy nar suyundaki azalonemli bulunmstur (p> 0.05).

vi



Askorbik asit icerginde, 5 dakikallk YHB uygulamasiyla agti 10 dakikalik
uygulamayla dgiis goralmistar. Her iki pres derecesinde sikifmar sularindaAE
degerleri tim YHB kombinasyonlarinda, isi§leme tabi tutulan nar suywnE
degerine gore daha dik bulunmgtur. YHB uygulamalarinda daha gik mannitol
icerigine rastlaniimgtir. 30 giin boyunca suren raf 6mriu galasinda, antioksidan ve
askorbik asit seviyeleri kontrol ve pastérize nalasna gore daha stabil kaktr.
Koku ve renkten olgan duyusal dgerlendirme sonuclarina gére YHB uygulagmi
nar sulari, en diilk AE deserlerini vermesi gibi, en yuksek gerleri almstir. YHB
kombinasyonlari uygulangwve isil glem yapilmg nar sularinddBrix, pH, titrasyon

asitligi degerlerindeki dgisim énemli bulunmanstir.

Anahtar Kelimeler: yiksek hidrostatik basing, nar suyu, raf omrijtéaisisal

olmayan meyve suyyglemesi
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CHAPTER 1

INTRODUCTION

1.1 A trendy fruit: Punica granatum L., Punicaceae, Pomegranate

PomegranatePunica granatuni., Punicaceae) is an ancient fruit; it has beeahelyi
consumed in various cultures for thousands of ydtais native from the area of Iran
to the Himalayas in northern India, and has bediivated and naturalized over the
entire Mediterranean region since ancient timese(fideet al., 2009). Since ancient
times, the pomegranate has been regarded as anthdabd” with numerous
beneficial effects in several diseases (Vidal et 2003). As a result, the field of
pomegranate research has experienced tremendonthdiart’ inez et. al., 2006;
Jaiswal and others 2010).

Significant variations in organic acids, phenolmpounds, sugars, water-soluble
vitamins, and minerals of pomegranates have begortezl over years by various
researchers (Aviram et al., 2000; Mirdehghan & Ra&007; Davidson et al., 2009;
Tezcan et al., 2009). About 50% of the total fvgight corresponds to the peel,
which is an important source of bioactive compousuish as phenolics, flavonoids,
ellagitannins (ETs), and proanthocyanidin compoufidset al., 2006), minerals,
mainly potassium, nitrogen, calcium, phosphorus,gmeaium, and sodium
(Mirdehghan & Rahemi 2007), and complex polysaadear(Jahfar et al., 2003). A
study by Gil et al. (2000) showed there are mugihdr hydrolysable tannins present
in the fruit peel. This could account for primaribygher antioxidant activity of

commercial juices compared to the experimental .dmesdustry, pomegranate fruit



is processed into juice by hydraulic press andotiessurization value directly affects

the tannin and antioxidant content of the pomedeajuéce.

1.2 Processing and the Consumption of Pomegranate Fruit in Turkey

There has been a virtual explosion of intereshengomegranate as a medicinal and
nutritional product because of its multi functiahaland its great benefit in the
human diet as it contains several groups of substathat are useful in disease risk
reduction. As a result, the field of pomegranateaech has experienced tremendous
growth (Mart’inez et al., 2006; Jaiswal et al., @01

Pomegranate is native from the area of Iran toHimealayas in northern India, and
has been cultivated and naturalized over the emfegliterranean region since
ancient times (Meerts et al., 2009). Turkey, bdogated in the pomegranate fruit's
homeland boundaries, has a rich variety of pomegeaaultivars. Pomegranate can
be cultivated in all tropical and subtropical gexggries. It is also grown in warm and
temperate regions limitedly. Due to special climatecessities, pomegranate
cultivation in Turkey is done according to areasdvieiterranean region (% 61.8),
Aegean region (% 23.3) and South-East of Anatéa9(1) (Gultekin et al., 2007).

Incredible raising interest of consumers in Turksywell as of other countries led a
great pomegranate necessity at the market and tieveopportunity for wide

cultivation. The numbers of both, production andoime from exportation getting

bigger year by year as seen in Table 1.1 and TaBle

Table 1.1 Pomegranate productions in Turkey according tosy€000 Tones)
(Prime Ministry Republic of Turkey, Turkish Staiestl Institute)

PRODUCTS 2005 2006 2007 2008 2009 2010

Pomegranates 80 90 107 128 170 209




Table 1.2 Pomegranate exportation of Turkey according tos/6Quantity: Ton,
Value: US $1000) (Prime Ministry Republic of Turk@wrkish Statistical Institute)

2008 2009 2010
PRODUCTS Q \'% Q \Y Q \%

Pomegranates 28.788 27.669 40.820 39.104 63.011 59.302

The edible parts of pomegranate fruits are consunesti or used for the preparation
of fresh juice, canned beverages, jelly, jam, sangk paste and also for flavoring
and coloring beverage products (Fadavi et al., 280%usavinejad et al., 2009). In

addition, it is widely used in therapeutic formylassmetics, and food seasonings.

1.3 High Hydrostatic Pressur e Processing (HHP) Technology

In recent years, there is a great interest of ahfood without additives. However,
natural and non-treated foods have quite limitesdfdiie due to the risk of undesired
microbial content (Buzrul et al., 2008). Traditibrieeat treatment causes a high
vitamin C loss in orange juice (Farnworth et aDP2), lower antioxidant retention
(Polydera et al., 2004, Scalzo et al., 2004) andesimed color and anthocyanin
losses (Patras et al., 2010). Because of thistsitudhere had been a popular
tendency to non-thermal food processing methodsh \tiese methods, microbial
count could be controlled under a spoilage leatkngls during the shelf life period
besides protecting the heat susceptible sensorpainitional compounds. Therefore
there is a need for alternate methods of processiigch can increase
microbiological stability and will aid in presergmutritional characteristics. Non-
thermal processing methods such as high hydrospatissure processing (HHP)
could potentially fill this role. HHP uses water asnedium to transmit pressures
from O to 800 MPa (Patras et al., 2009). One ofntiaén advantages of this process
is the almost instantaneous isostatic pressuresrrisgion to the product,
independent of size, shape and food compositioidigg highly homogeneous
products (Patterson et al., 1996). Food treatedisgnway has been shown to keep its

original freshness, flavor, taste and color charsgesninimal (Dede et al., 2007).



While the structure of high-molecular-weight mollesy such as proteins and
carbohydrates, can be altered by high pressuregsoty, smaller molecules such as
volatile compounds, pigments, vitamins, and othmngounds connected with the
sensory, nutritional, and health promoting are fawaéd (Cheftel, 1992; Oey et al.,
2008). High pressure treatment in comparison witbsé of traditional thermal
processing results in better retention of levelbiofactive compound groups (Patras
et al., 2008), increasing microbiological stabilipeyer et al., 2000) and decreasing
enzyme activity (Weemaes et al.,, 1999). The miailolgical results showed that
HHP treatment at or over 350 MPa for 150 s resuhes reduction of the microbial
load around 4.0 log cycles and were sufficient ek microbial populations
investigated below the detection limit during thehole storage period in
pomegranate juice (Meyer et al., 2000). Phenoliotextt increased significantly
(p<0.05) between 3.38 and 11.99 % for treated sesnpith 350 and 550 MPa at day
0. TheAE values, which are an indicator of total colofefiénce, showed that there
were significant differences (p<0.05) in color beeém untreated and treated samples
(Varela-Santos et al., 2011). There is no studyabte HHP on vitamin C content
of pomegranate juice yet. In orange juice, justraf850 MPa/30°C/2.5 min
treatment, juice had the same levels of vitamiro@@ounds compared to untreated
juices (Polydera et al., 2005). Also, these restdtsfirm those reported by Donsi et
al. (1996) and Van den Broeck et al. (2000) abbatdtability of ascorbic acid in

orange juice when pressurized at mild temperatures.

1.4 Earlier High Hydrostatic Pressure Studiesin Turkey

Fruit juice’s long and qualified storage periode &ffected by storage time and
temperature, storage and packaging conditionsfirstequality level of the product

and microbial load besides environmental conditiddsing HHP technology on

processing the fruit into the fruit juice is a bdamew and developing phenomenon in
Turkey. Alpas et al. (2000) demonstrated that tHdPHtreatment affected the
pressure resistant and resistless food pathogetise Isame study, the effect of HHP
treatment increases with increasing the procespdrature and decreasing pH is

determined. Due to being a low pH food, HHP prodssmore efficient on fruit



juices to microbial purification. The effect of theal treatment on color and total
phenolic compound content of food systems are tigeged and found these two
quality factor are negatively affected by thernralatment (Alper et al., 2005). On
the contrary, HHP process helped to protect theilgyaof color and total phenolic

compounds. In their study on carrot and tomatoegiidede et al. (2007) reported
that; through the storage period, HHP- treatedepiiwere judged to be of superior
quality than the conventional, thermally processeds in terms of microbiological

stability, ascorbic acid retention and antioxidactivity.

1.5 Aim of the Study

The objective of this research was divided into twain parts. At the first part, the
aim is to evaluate the effects of HHP treatmentpbgsical and chemical quality
parameters such as pHBrix, titrable acidity, color valuesAE), antioxidant activity,

total phenolic compounds, total monomeric anthotyamannitol, ellagic acid and
vitamin C contents besides microbial load and Btakas total mesophilic aerobic
bacteria and total yeast and mould content of twiterént hydraulic pressure
squeezed (100 and 150 psi) pomegranate juice witbnaparison of traditional
thermal treated one against untreated (raw-consample. As HHP parameters,
different pressure, temperature and time combinati@00, 300, 400 MPa; 5, 15,
25°C; 5 and 10 minutes) was be carried out and thé¢ dmwbinations for two

different squeezed samples was proposed.

In the second part, the best combinations was ep@Es 400 MPa at 16 for 5
minutes for 100 psi squeezed juice and 400 MP&@tfér 10 minutes for 150 psi
squeezed juice. The HHP treated, thermal treatdduatreated samples were stored
at £C in the dark during 30 days and evaluated for TMABM, pH, color, RSA,

ascorbic acid and sensory property alterations.



CHAPTER 2

MATERIALSAND METHODS

2.1 Materials

2.1.1 Supplying the Samples

Fresh pomegranate fruit (Punigeanatum L cv. Hicaznar) is made order from a
main wholesaler from Antalya. Pomegranates wergdstéed in the late-season of
2010. Just after the transportation of pomegranatédnkara, fruits are immediately

processed.

2.1.2 Sample Processing

Just after the transformation of 40 kg pomegrarfaben Antalya to Ankara,
pomegranates were immediately taken under squegugess in the pilot food
processing plant of Ankara University Food EnginegrDepartment. Primarily
pomegranates were washed with compressed tap waser,cut into four pieces,
processed with pilot plant press (Bucher-Guyer,ddiezeningen, Switzerland) and
the juice was extracted by applying a gauge pressfiB.4 kg/crfi (100 psi) and
11.2 kg/cnf (=150 psi) and juice obtained with approximately 43fficiency. No
clarification was applied for both 100 and 150 pgueezed pomegranate juices.
Than all the juice was packed in 330 mL polyethgl#exible bottles and stored at -

18°C until experiments.



2.1.3 Reagents

All chemicals used were of analytical grade. Thengitals and biologic materials
not specified were purchased from Merck, Germanll. euipment used was
sanitized prior to usage with 60 % ethanol (MerGlermany), followed by sterile

water rinse.

2.2 Methods

2.2.1 Treatments

2.2.1.1 High Hydrostatic Pressure Application

Deeply frozen at -1® and stored at -8& packed samples were taken out off
freezer and placed in tc°@ conditions for controlled dissociation. Pomegtana
juices were refilled into 20 mL plastic scintillati bottles (LP Italiana SPA) and
placed into pressuration vessel. HHP treatment wadormed with 760.01
laboratory type high pressure equipment supplie@IB¥EC-Sieber Engineering AG,
Zurich, Switzerland. The vessel had a volume of dQ0with ID 24 mm and length
is 153 mm. Ethylene glycol was used as a coolingating agent that was circulated
around the jacketed pressure vessel. The maximggrdperessure was 700 MPa at
an operating temperature of 21 8(FC. A built-in cooling / heating system (Huber
Circulation Thermostat, Offenburg, Germany) wasdugemaintain and control the
required temperature which is measured by a thesope type K. It was fitted
through the upper plug to measure the inner tenyreraf the vessel during the
pressure treatment. The vessel was filled with esgure transmitting medium
consisting of distilled water. Pressure come up i@helse times were less than 20
seconds for each.

Pressurization time reported in this study did imotude the pressure increase and
release times. Temperature increases due to adidieatting was reduced to 4%

during the time period of pressurization upto 40BaMiReported temperature is the
7



actual process temperature during hold time at rtedopressure levels. HHP
conditions were chosen as 200, 300 and 400 MPa &b &and 2%C for 5 and 10

minutes for this study.

2.2.1.2 Heat Treatment

Thermal treatment process was conducted in watdr fos 10 minutes at 8%.

These conditions were chosen according to induigiaisteurization application.

Heat stable glass tubes were filled with the sameumt of (10 mL) sample and
sealed with an appropriate cover. One tube alkifivith 10 mL pomegranate juice
was used to control the inner temperature by the dlea thermocouple. Tubes are
settled down in a rack and rack was submergedrea@dy heated up water bath.
Samples were hold under these conditions durirgtrtrent time while monitoring
the inner temperature of samples. At the end ohtilding time, samples were taken
out of the water bath and submerged into ice-celd’C) water immediately for
cooling down. After approximately 3 minutes of halgltime, inner temperature of
pomegranate juice cooled down beloRC4 Freshly pasteurized samples were
analyzed and excess amount of the samples weredstdr -18C until further

requirement.

Both thermal and HHP treatments were carried outlft) and 150 psi squeezed
pomegranate juices. After the treatments, all niimlogical, physical and chemical
analyses were performed within 1 day. All expentseand measurements were

replicated three times.

For shelf life analysis, thermally and HHP treasadnples (400 MPa at 4G for 5
minutes for 100 psi squeezed juice and 400 MP&@tfér 10 minutes for 150 psi
squeezed juice) were kept &C4in the dark during 30 days. The samples werentake
at 3-days intervals during the first 3 weeks besiaédast experiment day as day 30.
New tubes and bottles were opened for each expetiday. Untreated samples were

used as controls.



2.2.2 Analyses

2.2.2.1 Microbiological Analyses

All samples were analyzed as colony-forming unit pgL (cfu mL?') of total
mesophilic aerobic bacteria (TMAB) and total yeastd mould (TYM). For
enumeration of total mesophilic aerobic bacterfead plate technique was used
with non selective Plate Count Agar (PCA; Merck,ridstadt, Germany). After
incubation period at 3T for 48 h, plates with 25-250 colonies were coasd. In
order to enumerate total yeast and mould, spreatk pechnique was used with
selective Yeast Extract Glucose ChloramphenicolrA¥&CA; Merck, Darmstadt,
Germany). Total yeast and mould incubation lasteldys at 28C and at the end of
this duration plates with 25-250 colonies were abered. Microbial data were
transformed into logarithms of colony-forming unit®gio cfu mL?Y). When no
colonies were detected, value of 1 dp@fu mL* is used intending to obtain

|Og]_01:O.

2.2.2.2 Physical and Chemical Analyses

2.2.2.2.1pH, Titrable Acidity and °Brix

Total soluble solids content (°Brix) of samples avatetermined at 20C using
Atago hand refractometer (London, England) and @Hthe samples were
determined at room temperature by using pH meteettl&f-Toledo MP220,
Schwerzenbach, Switzerland. For titratable acididgtermination, 1 mL of
pomegranate juice is diluted with 9 mL distilledteraand the dilution was titrated
with 0.1 N NaOH to an endpoint of pH 8.1. Resuleyevexpressed gram citric acid
per liter (g citric acid/L).



2.2.2.2.2 Color M easur ement

Color values of the samples were analyzed by Agaspectrophotometer (Avantes,
Avaspec-2048, The Netherlands) with a light sowee on D65. L*, a* and b*
values are measured anB values are calculated with the formula belowI(Bayer
and Saltzman, 1981).cL& and I values in the formula indicate the control (raw)
pomegranate juice’s values for both 100 and 15Ggseezed juices. Distilled water

is used as reference.

AE% = {(L— Lujz + (a— au]z +1(b— bu]z}

2.2.2.2.3 Total Phenolic Content

Total phenolic content was determined for the pawregte juice by the Folin—
Ciocalteau method with modifications (Singleton &dRi, 1965; Coseteng et al.,
1987; Spanos et al., 1990). From the dilution 26,uL pomegranate juice, 1.58
mL distilled water, 100 pL Folin—Ciocalteau reagant 300 pL of N&COs (75 g/L)
solution were added and mixed well. After 2 h iratidn at ambient temperature,
absorbance was measured in UV-Visible Spectrophetiem (Analytic Jena
SPECORD 50, Germany) at 765 nm and compared tdie @ad equivalent (GAE)
calibration curve (see Appendix A). Results werepregsed as gallic acid

meswg/mL.

2.2.2.2.4 Total Monomeric Anthocyanin Concentration

Total monomeric anthocyanin content of samples wagermined by the pH
differential method (Lee et al., 2005; Giusti et, &001; Wrolstad et al., 2004).

10



Potassium chloride pH 1.0 buffer (0.025 M) and sodacetate pH 4.5 buffer (0.4M)
were used as buffer solutions. 0.1 mL sample whsedi with 3.9 mL pH 1.0 and

pH 4.5 buffer solutions in different couvettes aaiter 30 min absorbance was
measured at 515 and 700 nm. According to know-holiterature and verification

of some assumptions, distilled water was read askbVersus diluted samples in
both wavelengths (Cemeilo, 2010).

Total monomeric anthocyanin content which was esgad as mg/L cyanidin-3-

glucoside for pomegranate juice with this equation;

(4)(MW)D;(1000)

e(y)

[Total Monomeric Anthocyanins,mg /L] =

In this equationA denotes (Ao — Azo0) PH 1.0 — (A20 — Azo0) PH 4.5, Ao is the

absorbance at 520 nm ando\s the absorbance at 700 nMW denotes molecular
weight of cyanidin-3-glucoside which is 449.2 g/mbBk denotes dilution factor,
which is 40.s denotes molar extinction coefficient, which is@ L mol-1cm-1 for

cyanidin-3-Glucosidey denotes path length of couvettes in cm, whichasn1 1000

is the conversion factor of g to mg.

2.2.2.2.5 Antioxidant (Free Radical Scavenging) Activity

The antioxidant activities of the pomegranate jsieeere determined by reaction
with the 2,2-diphenyl-1-picrylhydrazyl (DPPH, Sigrddrich, St Louis, Missouri)

radical, according to the Brand-Williams method gBa-Williams et al., 1995).
After adding 0.025 g/L DPPH solution to 1:35 dilditevith ethanol and distilled
water pomegranate samples in a glass tube, react@mium was mixed well with
vortex (DG-800, Donglin, Beijing, China) and left a dark place for 1 h at room
temperature. The absorbance was measured at 517 usimg UV-Visible

11



Spectrophotometer (Analytic Jena SPECORD 50, Geyjndime spectrophotometer
was equilibrated with methanol. Control sample waspared without adding
pomegranate juice into the same reaction mediurharieli and methanol were
obtained from Merck, Darmstadt, Germany. Total@utiant activity was expressed
as the percentage inhibition of the DPPH radicalgithe standard DPPH curve (see
Appendix B).

2.2.2.2.6 Ascorbic acid

Ascorbic acid content of pomegranate juice was rdeteed using the modified
version by Cemeggu 2010, of the spectrophotometric method advisad b
Anonymous 1951 and Freed 1966. Inhibition of 2@httirophenolindophenol
(Merck) by ascorbic acid and extraction of inhilditeolor substance by xylene was
read in UV-Visible Spectrophotometer (Analytic JEBRECORD 50, Germany).
Absorbance of extracted solution was measured &t rhfd, using UV-Visible
Spectrophotometer (Analytic Jena SPECORD 50, Geyjnagainst pure xylene.
Control sample was prepared without adding pomegeaijuice into the same
reaction medium. Ascorbic acid content of pomegemnaice was calculated using
standard ascorbic acid curve (Supelco) (see Apgedpand the results expressed as
mg/L ascorbic acid.

2.2.2.2.7 Mannitol

Mannitol content determination was carried out bigdifle East Technical University
Central Laboratory, using high performance liquitircenatography (HPLC).
Samples of 1 ml of pomegranate juice were filtetetbugh a 0.45um GHP
Acrodisc filter and injected directly. An aliqguohen was injected into the
chromatographic column. The chromatographic syqtéarian ProStarPalo Alto,
CA, USA) consisted of a quaternary pump, a vacuunasksy, a Rheodyne 2%
injection loop, aRefractive Index DetectoA Carbohydrate Ca (300 mm X 6.5 mm)

column witha flow rate of 0.5 ml/min was used. Results weaicudated as mg

12



mannitol per ml of pomegranate juice. Each sam@s prepared and analyzed in

triplicate.

2.2.2.3 Sensory Analyses

Sensory evaluations of the samples were condugt&ililomen and 3 men, total 6
laboratory trained panelists. Panelists used 1-@otie scales consumer test to
evaluate the pomegranate samples for odor and podperties (O'Mahony, 1988).
At the end of the evaluations, the grades giverthgy panelists according to the

hedonic scale are used to calculate the sensgpakaof the samples.

2.2.2.4 Statistical Analyses

The results of thermal and HHP treatments wereuatadl statistically using SPSS
15 for Windows (SPSS Inc., Chicago, IL, USA). Iretkirst part of the study,

Univariate General Linear Model was used with presstemperature and time as
factors; in the second part of the study, one-wajyses of variance (ANOVA) was
used with storage period as a factors to deterrhiaesignificant differences (p <
0.05). Tukey test was used as a post-hoc tedtiftar had a significant effect and if

the factor had 3 or more groups.

13



CHAPTER 3

RESULTSAND DISCUSSION

Pomegranate is one the most complex fruit amonguadl to its constituent variety
and their excessive amounts. Not the constituentben but their amounts chance
from type to type and according to the growing eagor harvest time so much. The
results obtained during this study were compareth wither studies to make
comments about HHP treatment of fruit juices li@mato, carrot, orange juice (Dede
et al., 2007; Polydera et al., 2004). The effeffgressure treatment on each type of
fruit are quite different, not just the other faiibut even within the varieties of

pomegranate (Varela-Santos et al., 2011).

3.1 Assessment of pressure, temperature and time combinations

3.1.1 Effects on microbial values of pomegranate juice

High hydrostatic pressure (HHP) processing has lhetoduced as an alternative
non-thermal technology that causes inactivatiormadroorganisms (Linton et al.,
1999; Parish, 1998a; Reyns et al., 2000; Teo et2801; Zook et al.,1999). HHP
inactivates microorganisms by interrupting cellulunctions responsible for

reproduction and survival (Norton et al., 2008; résret al., 2008). In industry,

14



pomegranate fruit is processed into juice by sguegethe whole fruit. Pomegranate
peel is very convenient for mould and yeast growtim the time of harvest to
transportation and to final storage. Processingwhele fruit causes undesirable
yeast and mould transfer into the juice. Howevesy &cademic researches
pomegranate is generally separated into arils log lvet squeezed with a home type
fruit juicer. Due to this situation there is no rhutata about freshly squeezed whole
pomegranate’s microbial load. Examining the studd®ut pomegranate peels,
microbial load give some ideas. The initial micabgical analysis of pomegranate
peel showed a low microbial count (65 cfu/g), beftine washing and after being
washed with chlorinated water and treated with cndiant solution, mesophilic
aerobic count decreased to 10 cfu/g and, on maurdsyeast, a decrease from 185
cfu/g to 5 cfu/g was observed (Sepulveda et aP819n another study, pomegranate
peels obtained from a commercial company were eléamot air dried at 60°C for 7
h. The initial mean populations of the total plated total fungal counts for
pomegranate peel powder were found 3.2 X dfd 1.8 x 19 cfu/g; respectively
(Mali et al., 2011).

In Figure 3.1 and Figure 3.2, effects of HHP andriial treatments on total

mesophilic aerobic bacterial load of 100 and 150spsieezed pomegranate juices
are given, respectively. Initial microbial loads @DO0 and 150 psi squeezed
pomegranate juice are 3.85 and 3.93 log cfu/mlpeesvely. As seen from the bar
diagram 10 minute treatments at 300 MPa, 5 and ib@tes treatments at 400 MPa
give desired log reduction as 3.85 cfu/mL for 180 ggueezed one in Figure 3.1. In
Figure 3.2, 10 minutes treatments at 400 MPa atyeteanperature inactivated the

entire initial load of 3.93 cfu/mL for 150 psi szed pomegranate juice.
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treatments for 100 psi squeezed pomegranate jaiti@l microbial load is 3.85 log cfu/mL.
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Figure 3.2 Mean total mesophilic aerobic bacteria reductlog €fu/mL) of high pressure and traditional thekrma
treatments for 150 psi squeezed pomegranate juiti@l microbial load is 3.93 log cfu/mL.



Figure 3.3 and Figure 3.4 show log reduction oéltgieast and mould counts as
cfu/mL for 100 and 150 psi squeezed pomegranategurespectively. In Figure 3.3,
targeted microbial reduction was achieved (iniked 4.24 cfu/mL) for total yeast
and mould content at every temperatures and tin0fMPa for 100 psi squeezed
pomegranate juice. Lastly, Figure 3.4 shows thailt®esfor 150 psi squeezed
pomegranate juice and desired log reduction (4fasnt.) is obtained with only 10
minutes treatment at 400 MPa for every temperat@ensequently, 150 psi
squeezed juice has much more microbial load th&hpkd squeezed but with some

combinations, all the initial microbial level of thojuice was inactivated.
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Figure 3.3 Mean total yeast and mould reduction (log cfu/rathigh pressure and traditional thermal treatmémt400 psi
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3.1.2 Effects on Physical and Chemical Quality Parameters

3.1.2.1 pH, Titrable Acidity and °Brix

Between all three groups; P, T, t combinations bfPHtreated samples, thermally
treated and untreated pomegranate juice sampldsotbr100 and 150 psi squeezed
juices, there is no significant pl¥Brix and titratable acidity differences (p > 0.05).
pH, °Brix and titrable acidity values of untreated pomaegte juice are found as 3.27
+ 0.05; 16.36 + 0.20; 12.51+ 0.88, respectivelyralable acidity is g/L citric acid.
pH, °Brix and titrable acidity values of samples justeafHHP treatment did not
show significant differences (p > 0.05) for treapades at 350, 450 and 550 MPa for
30 s, 90 s and 150 s, respectively but after tlusage time (15 days), the samples
showed significant differences (p < 0.05) in pHubte solids and titratable acidity
(Varela-Santos et al., 2011). Borochov-Neori et(2D09) and Poyrazoglu et al.
(2002) showed in their studies that PByix and titrable acidity did change through
the pomegranate cultivars, ripening degree etc.z&emn-Molina et al. (2009)
working with pomegranate juices using high presstgatment reported that there
were no significant differences over the 70 daysstofage at 4C in the quality
parameters (pHBrix and titrable acidity) in the mixtures and cahtpomegranate

juices (pH=3.60 + 0.25, Titrable acidity = 0.34 £9 and®Brix = 16.99 + 0.11).

3.1.2.2 Color Measur ement

AE values show overall color differences contairifiga* and b* values relative to
the untreated pomegranate juice. Pérez-Vicente4§26&ported that the color of
pomegranate juices became browner with the usegbfttmperatures. This situation
can be obviously seen for 100 psi squeezed juite’salue as 12.62 + 0.11. For 150
psi squeezed juicAE value is relatively smaller than 100 psiE as 5.21 + 0.25, in
Table 3.1.
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Table 3.1 The effect of HHP and time axE value of pomegranate juice squeezed at 100 psia@ psi pressure by hydraulic press just

after HHP treatmerit 23

5 minute$
5C 19C 28C
100 psi
200 MPa  9.25 + 0.3t7 9.41 +0.18° 9.09 + 0.1%"
300 MPa 9.12+0.%8 10.20 + 0.5% 9.56 + 0.4%°
400 MPa  8.25+0.19 9.65 + 0.3B" 9.09 + 0.53°
150 psi
200 MPa  5.19 +0.28 5.26 + 0.48° 6.57 +0.3%2°
300 MPa  3.46+0.88 4.99 +0.18° 5.32 +0.22°
400 MPa  4.26 +0.73 5.67 +0.08" 6.92 + 0.08°

10 minutes
PC 18C 28C
9.77 + 0.0%° 10.42 + 0.08¢ 9.89 +0.26¢
9.02 +0.3%° 11.23 +0.5%¢ 10.64 + 0.3%¢
10.71 + 0.7%f 10.29 + 0.68¢ 12.06 + 0.36¢
8.99 + 0.38¢ 9.10+0.17°¢ 8.15+ 0.1
8.52 +0.24¢ 9.01 +0.3%°¢ 8.80+0.18"
8.12 +0.19¢ 8.72 +0.16° 9.04 +0.15

[44

1 All AE values are the mean + standard deviation of tlegléecates (n=3).

2 For treatment time, similar letters demonstratestatistical difference at p < 0.05. For each ewlusimilar capital letters demonstrate no statstilifference at p

< 0.05. For each row similar small letters dematstno statistical difference at p < 0.05

3 Thermally treated (8&/10 min) sampleaE value for 100 psi squeezed is 12.62 + 0.11 whild.50 psi squeezed is 5.21 + 0.25.



Ferrari et al. (2010) working with pomegranate gureported that levels of pressure
higher than 500 MPa caused important variationsoior (brown color) but till this
value, there is an increase &kt values. Pressure causes hydro soluble color
pigments transmission into the juice. Also highgueezing values lead the pigment
transmission, too. At the first glimpse, it could been thanE values of 150 psi
squeezed juices are smaller than 100 psi one. cthikl be due to the presence of
already transmitted pigments during the squeezirggsure. There is a positive

correlation between anthocyanin and color valuesrexed in this study.

For 100 psi squeezed pomegranate, all P-T ananbications show statistically
important smalleAE values than thermally treated one (p < 0.05)akistant P and
T; AE value increases with increasing time. At constBnéind t, there is no
significantAE value difference between 15 and@83reatments while®® treatment
gives the smallesAE value. At constant T and t, smaller P gives tmaler AE
value (p > 0.05). For 150 psi squeezed pomegramiats all P, T and t combinations
show statistically important smallekE values than thermally treated one. At
constant P and AE value increases with increasing time. At conskaand t, there
are significant differences between all T valued ah constant T and t, there is
significant difference between all P values. Foaken AE values relatively smaller

P, T, t combinations could be chosen.
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3.1.2.3 Total Phenolic Content

Primarily, there is an obvious total phenolic contdifference between the 100 and
150 psi squeezed pomegranate juices. Higher saqueqaiessure leads higher
phenolic content (p < 0.05). Polyphenols are thgomelass of pomegranate fruit
phytochemicals, including flavonoids (anthocyaningpondensed tannins pro-
anthocyanidins and hydrolysable tannins (ellagit@and gallotannins) (Gil et al.,
2000). They are extracted into the juice upon cororakprocessing of the whole
fruits from the husk (Fischer et al., 2011). Polypbls are important constituents
regarding the organoleptic properties of pomegeaats and juices as they impart
the appealing red color and provide mild astringetitat is characteristic of
pomegranate flavor (Fischer et al., 2011). The pheronstituents of pomegranates
give color, astringency and bitterness to the jyiReuseff 1990; de Simoat al
1992). These compounds are also responsible fdotheation of cloudy appearance
of fruit juices during concentration and storagea(ifeixet al, 1990; Spanos et al.,
1992). These situations shows higher phenolic cwni® not a deserved factor
despite enhancing organoleptic values until a lifsiom Table 3.2, heat treated 100
psi pomegranate juice have higher phenolic contlesmt both untreated and HHP
treated samples. However, HHP treated samples shoilar phenolic values with
untreated one (p > 0.05). Among the HHP treatmehile T and t constant, phenolic
content shows differences with different pressaesrding to means and standard
deviations and the phenolic content is the highe¢s200 MPa. At constant P and t,
15°C gives the lowest phenolic value at 5 min andQ&at 10 min. For 150 psi
pomegranate juice, there is no significant diffeeeamong t and P but at constant t
and P, treatment at 25 has the lowest phenolic content for both 5 anadnifd No
significant effect was found between treatment taheonstant P and T according to

independent samples t-test with p > 0.05.
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Table 3.2 The effect of HHP and time on Total Phenolic Can{gallic acid mdg/mL) of pomegranate juice sqekat 100 psi and 150

psi pressure by hydraulic press just after HHPutmeat™ %3
5 minute$ 10 minutes
5C 1%C 25C 5C 1%C 25C

100 psi

200 MPa 504.16 +2.51 476.30 +29.66°  537.73+14.7% 514.26 +9.78"
300 MPa 540.10 + 18.80 507.80 + 10.86°  537.50 + 34.86f 550.11 + 15.36"
400 MPa 507.50+9%1  398.93 + 6.58° 536.54 + 7.86° 462.97 + 8.03"
150 psi

200 MPa 682.50 + 33.BD  707.00 + 83.48° 623.50 + 19.66° 645.83 + 8.3
300 MPa 668.20 +29.%) 673.45+7.28° 674.16 + 10.3%8° 668.20 + 29.06¢

400 MPa 681.24+1259 683.90+67.10° 605.83+11.98 670.12 +10.93¢

521.31 + 17.1¥
499.6 + 23.78¢

525.6 + 26.56¢

702.30 + 38.70¢
659.10 + 78.26¢

638.20 + 30.76¢

489.87 + 15.7%¥
512.73 + 9.2¢

436.50 + 20.2¢"

636.07 + 4.6
638.00 + 36.96¢

614.20 + 19.360¢°

S¢

1 All phenolic content values are the mean * standaxdation of three replicates (n=3).

2 For treatment time, similar letters demonstratetadistical difference at p < 0.05. For each colusimilar capital letters demonstrate no statistiifference at

p < 0.05. For each row similar small letters denias no statistical difference at p < 0.05

3 Untreated (raw) and thermally treated98BLO min) samples phenolic content values for 1€iGgueezed are 509.40 + 6.07 and 543.90 + 30sp@cévely

while for 150 psi squeezed are 705.60 + 36.60 &96+ 40.10 respectively.



3.1.2.4 Total Monomeric Anthocyanin Concentration

The presence of anthocyanins is responsible forafigealing bright red color of
juice and other products of pomegranate fruit. Aotfanin concentrations of
pomegranate juice generally vary between 10 and m@{L depending on the
pomegranate cultivar. Nutritionists recommend t@sprving these compounds
during fruit juice processing, because they exedlth protective effects for human
(Vardin et al., 2003). It was observed that allthtesatment processes decreased the
color parameters (L, a, and b values) of pomegeanate significantly and the
products turned reddish brown (Maskan, 2006). Tkient of color degradation
increased with soluble solids content. Sugar arghrsdegradation products have
been found to be effective on accelerating anthmioygpomegranate pigment)
breakdown and enhance non-enzymatic browning dutimgrmal processing
(Cemerglu et al., 1994; Suh et al., 2003). In Table &r&hocyanin concentration is
drastically decreased with thermal treatment coegbawith the untreated
pomegranate juice from 332.31 + 5.21 to 263.84844p < 0.05). On the other
hand, results of HHP treatments are closer to ramggranate juice values. Even if
the raw anthocyanin concentrations of 100 and 1&0spow similarities, 150 psi
showed better anthocyanin retention than 100 pesi &fHP treatment (p < 0.05). At
constant t and T, there is no significant effect Bfvalues on anthocyanin
concentrations for both 100 and 150 psi. Tempegatnd time have a significant
effect on anthocyanin concentrations while presssraneffective for 100 psi
squeezed juice. In addition, there is a signifiaifierence only between 5 and’25
treated samples at constant P and t for 150 p= hile all T values differences are
important for 100 psi squeezed juice (p < 0.05gatments for 5 minutes enhance
better retention than 10 minutes and treatmeni&’@ give the highest anthocyanin
concentration rather than other T values for b@t 4nd 150 psi squeezed juices (p
< 0.05).
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Table 3.3 The effect of HHP and time on Total Monomeric Amtiianin Pigment Concentration (mg/L cyanidin-3-giside) of
pomegranate juice squeezed at 100 psi and 150qssiye by hydraulic press just after HHP treatrhént

5 minutes 10 minutés
5C 19C 28C 2C 19C 28C

100 psi
200 MPa 292.73+7.53 337.65+13.08° 285.05+3.98 273.69 + 3.69" 264.01 + 7.4%° 280.21 + 11.77
300 MPa 298.57 + 7°41 322.62 + 2.36° 280.87 +3.6% 280.37 + 4.94¢ 266.85 + 8.2% 260.17 + 5.81
400 MPa 304.59 + 689 327.97 +11.88° 280.71+3.25° 275.53+7.28¢ 265.34 +11.87 267.35 + 5.98
150 psi

200 MPa 311.43+789 3204+17.58° 304.59 + 10.74° 337.32+13.2§°  308.26 + 1.6%" 305.10 + 18.1°
300 MPa 310.26 + 252 310.10 + 4.18 29858 +12.3f 308.43+12.78Y 323.46 + 3.68 312.10 +5.2%°

400 MPa 318.61+3.9% 317.78 + 3.4%° 306.42 +3.5% 31427 +12.09  291.90 + 21.1% 300.25 + 7.54°

LT

1 All anthocyanin pigment concentration valuestaeemean + standard deviation of three replicate8)

2 For treatment time, similar letters demonstratestatistical difference at p < 0.05. For each ewlusimilar capital letters demonstrate no statstilifference at p
< 0.05. For each row similar small letters dematstno statistical difference at p < 0.05.

3 Untreated (raw) and thermally treated®®8.0 min) samples anthocyanin concentration valae$00 psi squeezed are 332.31 £ 5.21 and 263B84
respectively while for 150 psi squeezed are 323.50.10 and 246.98 + 2.18 respectively.



In a few experiments and studies, negative efféddldP on enzymes is reported
(Hendrickx et al., 1998; San-martin et al., 200@8pé&z-Malo et al., 1998; Park et al.,
2006). One of those enzymes, polyphenol oxidasgneazactivity has a negative
effect on anthocyanin stability of pomegranate gui@Jaiswal et al., 2009).
Polyphenol oxidase enzyme denaturation due to Hid&rhent may also protect
anthocyanin concentration stability. Further inigegions are needed to prove this

situation.

3.1.2.5 Antioxidant ( Radical Scavenging) Activity (RSA)

At constant P and T, there is a significant diffe® (p < 0.05) between HHP
treatment times; 10 minutes treatment show a stigistease on % RSA compared
with 5 minutes treatment and at constant T antidret is no statistical difference
between treatment pressures for both 100 and 1l58gpesezed juices. Results are
shown in Table 3.4. 5 minutes treatments give higt®A than 10 minutes treatment
but importance of time is higher for 100 psi th&® psi. At constant P and t, there is
a significant RSA decrease with rising T (p < 0.0bhe highest RSA could be
obtained with the lowest temperature for both 168 &50 psi squeezed juices. At
the end of these evaluations, for 100 psi squeg@redegranate, at any pressure
value, 5 minutes with® and for 150 psi squeezed pomegranate, at angyrees

value, 10 minutes and®G treatments could be the best proposal for RSA.

The increase in antioxidant activity value detectdaring pomegranate juice
processing could be due to the extraction of soin¢he hydrolysable tannins,
present in the fruit rind, and/or related to ther@ase in ellagic acid, ellagic
structures polymerized into ellagitannins, and/othacyanin polymers formed
during the storage period (Pérez-Vicente et aD420in another study, HHP treated
samples at 450 and 550 MPa exhibited higher amtamti capacity (IC50 is 11-13
mg/mL), than the control sample (IC50 is 14 mg/niLhe smaller IC50 value the
higher antioxidant activity) (Santos et al., 2011).
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Table 3.4 The effect of HHP and time on Free Radical Scavengctivity (RSA, % DPPH) of pomegranate juice egaed with 100 psi
and 150 psi pressure by hydraulic press just &ft¢® treatment®2

5 minute$ 10 minutes
5C 19C 28C 2C 19C 28C
100 psi
200 MPa 123.04+3.838 121.77+3.98° 127.35+15.18° 126.57 + 3.69" 116.08 + 7.55° 92.64 + 1.39
300 MPa 126.37 +2848 118.33+1.77°  116.47+5.2F° 114.80 +4.12¢ 117.94 + 4.6F 115.00 + 5.57
400 MPa 125.88+3%5 116.67+1.77° 125.20+5.69° 117.94+9.18¢ 118.73 + 5.08 123.34 + 6.50
150 psi

200 MPa 168.14 + 379 169.91 + 6.58° 165.89 + 0.4%° 180.99 + 0.88¢ 160.89 + 7.0% 165.01 + 1.11
300 MPa 162.16 +433 163.83+1.18° 166.67 + 2.08° 172.26 + 2.56¢ 165.89 + 5.3%° 168.73 + 3.97"

400 MPa 16550 +4.08 163.44+1.63°  165.89 + 3.4&° 162.36 + 5.75¢ 166.58 + 2.35¢ 170.89 + 5.30

6¢

All RSA values are the mean * standard deviaif three replicates (n=3).

For treatment time, similar letters demonstratetadistical difference at p < 0.05. For each colusimilar capital letters demonstrate no statistiiffierence at p <
0.05. For each row similar small letters demonstrat statistical difference at p < 0.05.

RSA values for untreated (raw) 100 and 150 psi ez pomegranate juices accepted 100 %. Thermeadliet (83C/10 min) samples % RSA value for 100 psi
squeezed is 73.53 + 9.42 % and for 150 psi squasRR193 + 2.37 %.



3.1.2.6 Ascorbic Acid

There is no study in literature about the HHP tremit effect on ascorbic acid
content of pomegranate juice yet. In orange juict, after 350 MPa/30 °C/2.5 min
HHP treatments, juice had the same levels of agcadid compared to untreated
juices (Polydera et al., 2005). Also, the previgusientioned results confirm those
reported by Donsi et al. (1996) and Van den Brastcal. (2000) about the stability
of ascorbic acid in orange juice when pressurizedila temperatures. Beside these,
in another study, HHP treatment increased the bera@cid content in a more
complex food structure, egg yolk (Sancho et al999In our study, vitamin C
content is protected as in untreated juice withrevemperature and pressure value
studied but only 5 minute application. Around 1(huate application there is a sharp
decrease in vitamin C level in pomegranate juicpr@aamately 40-50 % of the
initial value. The exact effect of time on ascoraad level should be investigated to
find the best HHP application time.

In Table 3.5, it could be seen that thermally gdasamples show a lower ascorbic
acid content than untreated juice (p < 0.05). Atstant P and T, there is significant
difference (p < 0.05) between HHP treatment timeniButes treatment leads to a
higher ascorbic acid content than untreated pomeggaguice but as a result of 10
minutes treatment, ascorbic acid content showsagpstiecrease for both 100 and
150 psi squeezed juices. Treatment time is the effigctive parameter on ascorbic
acid content for 150 psi squeezed juices. BiClBeatment causes lower ascorbic
acid content than 5 and %5 treatments for 100 psi squeezed juices. Thermis

statistical difference among treatment pressurevdth 100 and 150 psi squeezed
juices (p > 0.05). According to these results, batter ascorbic acid retention,

precisely 5 minutes treatment with 5 o°@5at any pressure for 100 psi and for 150
psi squeezed juice, precisely 5 minutes treatmeming pressure and temperature

could be proposed.
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Table 3.5 The effect of HHP and time on Ascorbic Acid cont@ng / L) of pomegranate juice squeezed with 1€iGapd 150 psi
pressure by hydraulic press just after HHP treatrhgh

5 minutes 10 minute$
5C 19C 28C 2C 19C 28C
100 psi
200 MPa  98.41 +5.2% 92.73 +0.1% 106.57 £ 3.09%  66.21 +2.2%° 65.18 + 1.68" 65.07 + 3.1%
300 MPa 107.48 +2f2  94.09 +0.76° 101.36 +3.28  58.84 + 0.68° 57.14 + 7.6%' 66.09 + 2.8%°
400 MPa 102.26 +4%2 9534 +1.93° 102.60 +6.2¢  61.67 = 2.08° 59.86 + 9.9 62.92 + 1.70°
150 psi
200 MPa 108.50 +445  102.49 +5.172 114.05 +0.3%* 57.93 +2.5%° 59.18 + 5.28 57.25 + 0.39
300 MPa 106.23+226  109.75 + 2.57 113.49 + 1.37  56.69 + 4.28" 50.67 + 3.87 53.85 + 2.05°
400 MPa 101.70 +5.48  117.23 +3.98 106.91 + 3.47 60.31 + 2.83" 53.97 + 2.28° 49.43+3.7%

T€

1. All ascorbic acid values are the mean + standavihtien of three replicates (n=3).

2. For treatment time, similar letters demonstratetatistical difference at p < 0.05. For each colusimilar capital letters demonstrate no statistiifference at
p < 0.05. For each row similar small letters der@ts no statistical difference at p < 0.05.
3. Untreated (raw) and thermally treated {8BL0 min) samples ascorbic acid values for 10Ggseezed are 97.14 + 0.71 and 86.61 + 1.19 regphcivhile for
150 psi squeezed are 110.61 £ 2.12 and 97.49 wédpectively.



3.1.2.7 Mannitol

One of the basic criteria used for the definitidriroit juices is certainly Brix degree.
According to European Fruit Juice Association (AlJMoposal, the minimum Brix
degree of pomegranate juice should be 14.0 (Anongma008). At a total sugar
concentration of 16 °Brix, pomegranate juice cargaharacteristic sugars including
mannitol at > 0.3 g/100 mL. Ratios of glucose tamitol of 4-15 and of glucose to

fructose of 0.8-1.0 are also characteristic of pgnaeate juice (Zhang et al., 2009).

Any mannitol criterion for pomegranate juice is r@termined by AIJN or other
authority yet. But due to being the highest sudaolel in pomegranate juice,
mannitol content must be considered on determithegauthenticity. Mannitol level

could be more specific on this determination fomggranate juice.

To adjust the astringent taste of poor-quality guar peel extract, addition of non-
pomegranate sugars is a commonly detected adidteratethod (Zhang et al.,
2009). Due to the fact that, determining the sugiaohol ratios/levels, mainly
mannitol, are quite important to determine any eamtitity. Moreover, many
researches and studies on the changes that ocqomegranate juice during
processing and storage have been published ( Atpeat., 2005, Bayindirli et al.,
1994, Maskan, 2006 and Tabur et al.,, 1987). Howeitewas expressed that
sorbitol/xylitol is not unique to pomegranate batcan also be formed by the
microbial reduction of fructose in pomegranate guigones and Silveira, 2004). In
addition, it is also speculated that processeshanges, such as heating, enzyme
addition and fermentation may cause an increasthenmannitol/sorbitol/xylitol

content of pomegranate juice.

Mannitol content of pomegranate juice is also spdrtant due to the anaphylaxis
caused by mannitol in pomegranate. As little a5 Q1L of pomegranate juice
(derived from ~0.4 g pomegranate fruit), containmgnnitol at a concentration of
0.22 mM, caused subjective and objective symptomisnmunoglobulin E (IgE)-
mediated allergy indouble-blind placebo-controlled food challen@@BPCFQ
(Hedge et al., 2002). Excessive amounts of manmtpbmegranate juice, occurred

due to so many factors, are crucial especiallyhfgrersensitive people.
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In this study; mannitol content of raw, thermallgated and HHP treated samples
squeezed with two different presses were invegidgadnly 5 minutes HHP treated
samples are examined as time option. As seeneirT#ble 3.6, mannitol content
totally depends on the pressure and temperatureHtdP treatment for both
squeezing pressures. At 100 psi squeezed juicg, tbel difference between 300
MPa at 28C and the raw pomegranate juice is insignificamr. 50 psi, only the
difference between raw sample and 400 MPa‘&at 5 insignificant (p > 0.05).
Except these, mannitol content increases with sogepressure and thermal
treatment. Some of the other HHP combinations tpwer and some of them give
higher mannitol contents. As a best option, the l@oation gives the lower results

could be proposal for both squeezed pomegranates.
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Table 3.6 The effect of HHP on Mannitol content (mg/mL) afrpegranate juice
squeezed with 100 psi and 150 psi pressure as kdBrtent for 5 mih®>

g 18C 23C

100 psi

200 MPa 2.92 +0.0% 3.27 +0.01° 3.29 + 0.0%°
300 MPa  3.35+0.0% 3.14 + 0.008" 3.06 £ 0.0%°
400 MPa 2.94 +0.09° 3.29 +0.02° 3.13 +0.0%°
150 psi

200 MPa 3.88 £ 0.0% 3.94 +0.01° 3.46 + 0.0%°
300 MPa 3.55 = 0.0%° 3.68 + 0.00% 3.56 = 0.0%°
400 MPa 3.36 £ 0.0%" 3.77 £ 0.007° 3.43 £ 0.00%

1. All mannitol content values are the mean * stand@rdation of three replicates (n=3).

2. For each column, similar capital letters demonstret statistical difference at p < 0.05. For
each row similar small letters demonstrate nosttedl difference at p < 0.05.

3. Untreated (raw) and thermally treated {@BLO min) samples mannitol content for 100 psi
squeezed are 3.05 + 0.05 and 3.13 £ 0.01 resphctivele for 150 psi squeezed are 3.34 +
0.02 and 3.59 * 0.01 respectively

3.1.3 Selection Criteria for the Optimum Combination

According to the aforementioned results, for 100gogieezed juice, as a common
pressure-temperature-time combination could beqseg for both TMAB and TYM
as 400 MPa at P& for 5 minutes. This combination is primarily ckasfor
microbial stability and secondly the best retentidrother factors as ascorbic acid
and antioxidant activity. For 150 psi squeezedgujrimary microbial stabilization
is possible for only 400 MPa for 10 minutes. Terapaére could be chosen a%5
These values could be not proper for especiallprasc acid content but microbial
validity limits do not let another option. Microbiatability is the number one
prerequisite for foods. Addition to aforementioneliHP treatment has an important

effect onAE values of pomegranate juice samples. Smallatnrent time has an
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enormous positive effect on ascorbic acid contehilevthis does not affect
antioxidant activity. Relative to heat treatmenHPtreatments give better results in
the aspects of total phenolic content and anthooygigment concentration.
Referring the results, this study must be maintawwgh the shelf life examination in
order to give a more reliable expression aboutetifiects of HHP on pomegranate

juice quality factors against the thermal treatnoamr time.

3.2 Shelf Life Study for Optimum Combinations

3.2.1 Total Mesophilic Aerobic Bacteria and Total Yeast and Mould During
Shelf Life

All group samples are evaluated to determine tha toesophilic aerobic bacteria
(TMAB) levels as log colony forming unit/mL durintge shelf life period (30 days).
The TMAB levels of the control samples started fr8#6 and 4.09 log cfu/mL and
reached 4.41 and 5.48 log cfu/mL for 100 and 15Ggseezed juices respectively.
For thermally treated and HHP treated samples, etectible colony (above the
detection level, 25 cfu/mL) was observed during shelf life. This means both
thermal and HHP treatment are provided the mictaébility for TMAB during 30

days. Results can be followed from Table 3.7.

All group samples are also evaluated to deternfieedtal yeast and mould (TYM)
levels as log colony forming unit/mL during the BHie period (30 days). As seen
at the table 3.7, the TYM levels of the control péas started from 4.05 and 4.36 log
cfu/mL and reached 5.12 and 5.77 log cfu/mL for 8@ 150 psi squeezed juices
respectively. For thermally treated and HHP treatachples, no detectable colony
(above the detection level, 25 cfu/mL) was obsehatihg the shelf life. This means
both thermal and HHP treatments are provided therabial stability for TYM
during 30 days.
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Table 3.7 The effect of storage af@ on Total Mesophilic Aerobic Bacteria (TMAB) and Total Yeast and Mould (TYdtent (log cfu/ml) of pomegranate juice squeezed with 100 psi and 150 psi pressure
for HHP treated and pasteurized samples against control.

Day O Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 day Day 30
TMAB
100 psi
Raw (Control) 3.46 3.51 3.86 3.87 3.91 3.99 4.07 421 441
Pasteurized* ND*** ND ND ND ND ND ND ND ND
HHP Treated** ND ND ND ND ND ND ND ND ND
150 psi
Raw (Control) 3.97 4.05 4.07 4.09 4.10 4.28 4.43 491 5.12
Pasteurized* ND ND ND ND ND ND ND ND ND
HHP Treated** ND ND ND ND ND ND ND ND ND
TYM
100 ps
Raw (Control) 4.09 4.16 4.22 4.65 4.73 5.22 5.34 5.59 5.48
Pasteurized* ND ND ND ND ND ND ND ND ND
HHP Treated** ND ND ND ND ND ND ND ND ND
150 psi
Raw (Control) 4.35 4.36 4.44 4.49 5.11 5.52 5.59 5.70 5.77
Pasteurized* ND ND ND ND ND ND ND ND ND
HHP Treated** ND ND ND ND ND ND ND ND ND

*Pasteurization condition is 86 for 10 minutes.

*HHP treatment conditions are 400 MPa af@Xuring 5 min for 100 psi squeezed and 400 MP#@tduring 10 min for 150 psi squeezed pomegranate.ju

*** ND: Not Detected
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3.2.2 pH During Shelf Life

It is determined that the pH of all the group saspivas not affected by the
treatment type during the storage period. pH dffiees were not found statistically
significant (p > 0.05) and accepted stable durdreggghelf life (See Appendix D).

3.2.3 Color Measurement During Shelf Life

L*, a* and AE values were evaluated during shelf life (Tab®).3150 psi squeezed

juice have lower L* and a* values since day 0O ty 8@ than 100 psi squeezed juice
for all groups. This means 100 psi squeezed oredrghter and redder than the
others. HHP treated samples are brighter and neokehigher L* and a* values, than

the other groups, even the control at the day 0.

It is a fact that the color of the pomegranategusecomes browner with the use of
high temperatures (Perez-Vicente et al.,, 2004).theamore, thermally treated
samples showed the highedE values during the storage for every group of A0
squeezed juices and the first 12 days for 150 guseezed juices. The higheSE
value for 150 psi squeezed one belongs to the aogroup. The final product at the
end of storage of HHP treatment is the brightest e reddest one among all for
both squeezing groups. It demonstrates the HHPgeebetter color value retention

than thermal treatment.

For 150 psi squeezed pomegranate juice, contropleatarned into an unpleasant
appearance more than the pasteurized one. Forsi@@yeezed one, control sample
results are closer to HHP treated one and the #ibrineated has the lowest values.

During the storage period, some days has bettéheosame color values with the
previous one. The color differences of juices ametlaer way of correcting the
antioxidant activity change. Color is affected lsg@rbic acid and other antioxidant
compounds oxidation (Dede et al., 2007). It carséen that there is also a direct
proportion with the color values and the antioxitdamd vitamin C content.
Fluctuations around day 12 and day 15 of L* andvalues for all groups can be

caused by the fluctuations of ascorbic acid antxidant values at those days. Also
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higher ascorbic acid and antioxidant amounts of Hr#ated samples could be

caused higher color stability.

Color properties of each group during the storageod also showed a correlation
with the sensory analyses. The highest color etialuggrades were given to the

HHP treated samples even at the day 30 by theiptmel
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Table 3.8 The effect of storage af@ on L*, a* andAE values of pomegranate juice squeezed with 100 psi and 150 psi pressure for HHP tremstbanzed samples against control.

Day O Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 y Da Day 30
L
100 psi
Raw (Control) 25.00 + 0.68 23.93+0.02° 21.00 + 0.06° 22.75 + 0.04¢ 21.76 + 0.4 20.76 + 0.100  20.05 + 0.48' 19.12 + 0.16" 18.70 + 0.7¢"!
Pasteurized* 24.06+0Ff1  23.45+0.03° 20.39+ 0.03° 19.53 + 0.02¢ 22.53+0.01° 20.16 +0.46" 20.47 +0.08" 19.11 + 0.08" 18.09 + 0.0
HHP Treated**  26.10 +0.92 24.90 + 0.4F° 2278 +0.160°  22.91+0.2%¢° 21.41+0.06% 20.73+0.07 20.70+0.03" 19.22 + 0.09" 18.89 + 0.0%'
150 psi
Raw (Control) 22.36 +0.25  20.01 +0.06" 17.26 + 0.09° 15.70 + 0.22° 15.82 + 0.07¢ 14.21+0.07" 14.68 +0.01'¢ 13.47 +0.07" 11.60 + 0.13!
Pasteurized* 2254+ (F20  20.15+0.08° 18.95 + 0.08° 18.21 + 0.08¢ 18.22 + 0.0%¢ 17.74 +0.02" 18.31+0.1£°¢ 16.85 + 0.03" 14.62 + 0.62'
HHP Treated**  23.43+08%  21.17+0.08° 19.94 +0.158° 18.30 + 0.08¢ 17.81 + 0.08° 16.63+0.37" 16.83+0.06¢ 15.70 + 0.04" 14.77 + 0.08'
-
100 psi
Raw (Control) 49.17 + 0.64 48.66 + 0.18° 45.61 +0.12° 47.04 +0.08° 4529 +0.27%  44.28+0.12°  42.82+0.07' 4156 +0.30'°  40.43 + 0.47"
Pasteurized* 4474 + BF2  43.57 £ 0.0%° 41.95 +0.1%° 40.09 + 0.08° 43.03+0.02° 41.32+0.18° 41.24 +0.38' 38.86 + 0.1B¢ 36.57 + 0.18'
HHP Treated** 50.01 +09%  49.05+0.16° 47.67 +0.07° 47.51 +0.38° 44.85+0.32°  44.18+0.14°  43.65+0.08' 41.35+0.17¢ 40.28 + 0.24'
150 psi
Raw (Control) 47.28 +0.32 45.73 + 0.07° 41.64 +0.08° 38.73 + 0.57¢ 38.42 +0.12%  36.02 +0.05° 36.15 + 0.19° 34.77 +0.15" 32.54 +0.489
Pasteurized* 43.51 + (F78 41.89 +0.08° 40.76 £ 0.12° 39.77 £ 0.1%¢ 39.80 £0.12°  38.90+0.04° 40.00 +0.1%° 37.63 + 0.08' 35.90 + 0.08¢
HHP Treated** 46.90 + 098 45.60 +0.78" 45.62 + 0.26° 42.49 +0.41° 42.72 +0.08%  40.02 +0.36° 39.30 + 0.19° 38.65 + 0.04 37.51 + 0.08°

1. All values are the mean + standard deviation af¢meplicates (n=3).

2. For treatment time, similar letters demonstratetadistical difference at p < 0.05. For each colusimilar capital letters demonstrate no statistiifference at p < 0.05. For each row similar drfegters demonstrate no statistical differencp at

0.05.

*Pasteurization condition is 86 for 10 minutes.

*HHP treatment conditions are 400 MPa afC5luring 5 min for 100 psi squeezed and 400 MP#@turing 10 min for 150 psi squeezed pomegranate.ju
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Table 3.8 Cont'd

Day O Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 y Da Day 30

AE

100 psi

Raw (Control) 1.56 + 07171 8.01 + 0.23° 4.96 +0.16° 6.76 + 0.56'"° 8.05+0.17¢ 10.63 + 0.16'° 12.34 + 0.60' 14.08 + 0.43°¢
Pasteurized* 9.50 + 621 13.88 +0.28"  16.19+0.13°  10.99 + 0.08"™ 13.24 + 0.23¢ 13.62 +0.46° 16.79 + 0.1P' 19.78 +0.1%9
HHP Treated** 0.23 + (287 4.53 +0.29° 3.75+0.34° 7.46 +0.23 "™ 8.29 + 0.2 ¢ 9.27 +0.1F° 12.63 + 0.30' 13.63 + 0.26°9

150 psi

Raw (Control) 3.61 + 0°2 8.96 + 0.09"" 13.51 + 0.84° 13.00 + 0.27°¢ 16.19 + 0.08¢ 15.80 + 0.33¢ 17.38 +0.2¢'° 21.07 + 0.26'
Pasteurized* 8.79 + (P48 9.53 + 0.2¢°° 11.75+0.26:° 11.76 £ 0.18° 12.22 + 0.08° 10.92 + 0.28¢ 14.08 + 0.13° 17.10 + 0.0%"
HHP Treated** 2.64 + 1561 294+028°  7.24+0.20°¢ 7.61+0.09° 10.07 + 0.49¢ 10.88 + 0.2¢ ¢ 12.18 + 0.06 ® 13.95 +0.05"

1. All antioxidant and ascorbic acid values are theame standard deviation of three replicates (n=3).
2. For treatment time, similar letters demonstratetadistical difference at p < 0.05. For each colusimilar capital letters demonstrate no statistiifference at p < 0.05. For each row similar drfegters demonstrate no statistical differencp at

0.05.

*Pasteurization condition is 86 for 10 minutes.

*HHP treatment conditions are 400 MPa afC5luring 5 min for 100 psi squeezed and 400 MPH@turing 10 min for 150 psi squeezed pomegranate.ju
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3.2.4 Antioxidant (Free Radical Scavenging) Activity and Ascorbic Acid During
Shelf Life

At the first glimpse, HHP treated samples showadilar % radical scavenging
activity (RSA) with control (raw) samples wherdgbermal treatment causes nearly
10 % loss of RSA at the day 0 (Table 3.9). At thd ef the shelf life period, % RSA
retention and stability is the highest one relativauntreated control and thermally
treated samples. During the shelf life period ther@n increase of % RSA values for
all treatment groups around day 15. This situatian be supported by the increase
of the ascorbic acid content between day 15 andl1@&aylhere could be so many
reasons of this increase like the inactivation ofme inhibitor compounds or
formation of some promoter compounds for antioxidariand ascorbic acid. An
antioxidant activity could happen during the steragggriod for pomegranate juice

due to anthocyanin polymers formation (Pérez-Vieattal 2004).

Santos et al (2011) also reported similar resutis dntioxidant capacity of
pomegranate juice during shelf life period of 3880 and 550 MPa with 30, 90, 150
s treatments. An increasement was observed aftelayaby-day decrease of

antioxidant capacity between day 15 and day 20.

Antioxidant capacity differences were found to bettistically significant (p < 0.05)
among treatment groups for the same days duringgtoperiod. Within a group,
there is a significant alteration for RSA duringrsige. This alteration is generally a
small decrease for the first 10 days followed byrammease around day 15 and then
again a decrease till the end of the shelf lifequefor HHP treated 100 psi squeezed
pomegranate juice. The decrease for thermallyddeahe is quite sharp relative to
HHP treated ones while control samples show arratilbe as better than the
thermally treated, worse than the HHP treated. dverall % RSA changes are
69.11, 59.33 and 86.44 for the control, pasteuriaed HHP treated samples,

respectively.

For 150 psi squeezed juice the increasement areisethe day 3, day 12 for all
groups and day 30 except for thermally treated ®he.overall % RSA changes are
95.27, 75.07 and 108.01 for the control, pastedriaad HHP treated samples,
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respectively. As a result, it can been said tha@ fisi squeezed pomegranate juice
has higher RSA than 100 psi squeezed one, forgracip, during shelf life period (p
< 0.05).

Prior to shelf life study, while examining the effe of 10 minutes treatments with all
pressure and temperature combinations for HHP nreat; showed a statistically
significant decrease of ascorbic acid content ikgab untreated sample. Even this
decrease was found sometimes a half, for some catbns. Here, for shelf life
study, this aforementioned decrease can be seém fagadHP treatment relative to
control sample for 150 psi squeezed juice. But mdurihe storage, stability of
ascorbic acid is much better than for both theynaélated and control samples. 100
psi squeezed juice has nearly the same amountcoftas acid content with the
control sample but thermal treated has a much Idexsl. For 100 psi squeezed
juice, the ascorbic acid content changes, decrdasag the storage period (p <
0.05) but between day 15 and day 18 an increasen@nte seen. For 150 psi
squeezed juice, the ascorbic acid content chadgesease during the storage period
(p < 0.05) but around day 9 and day 12, a shameasement can be seen. To explain
this situation, the same case for the antioxidaagacity could be said as the
formation or/and inhibition of some compounds. Agé tend of the storage period
HHP treated samples shows a higher ascorbic aeed fean the other groups, even
higher than the value of day O of the control samijpk 150 psi squeezed juice.

Thermally treated sample’s values are always the$b.

In literature, no study is done about the HHP treatt effect on ascorbic acid
content of pomegranate juice yet. But in the stofdiulkarni et al (2005) decreases
and increasement of ascorbic acid content were deeng the shelf life period for

pomegranate arils concomitant with the same alteraiof antioxidant activities and
the reason for this situation was expressed lutldup of anthocyanins.
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Table 3.9 The effect of storage af@ on Antioxidant Activity (%) and Ascorbic Acid Content (mg / L) of pomegranate jsqueezed with 100 psi and 150 psi pressure for HHP treated and pasteurized
samples against controf?

Day O Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 y Da Day 30

Antioxidant

100 psi

Raw (Control) 100 + 0.06 87.11 + 2.0% 87.72 +0.3%° 88.05 + 11.0%' 80.01 + 1.7%# 88.19 + 2.47 79.70 + 1.23° 78.81 + 3.59" 69.11 + 1.22
Pasteurized* 9259 + 1541  76.39 + 2.66° 79.09 + 3.0% 76.39 + 2,08 67.89 + 2.9% 76.39 + 1.1% 72.68 + 3.879 64.18 +0.7% 59.33 + 2.4%
HHP Treated**  101.3 +3.7) 92.37 + 2.4%° 92.24 + 7.1%° 91.30 + 1.8% 82.66 + 1.4%° 93.45 + 2.86' 92.64 + 3.149 88.12 + 2.6¢" 86.44 + 3.46
150 psi

Raw (Control) 100 + 0.06 102.39 + 1.28 100.62 + 3.88° 107.94 + 1.1% 120.63 + 2.1% 106.18 + 2.14' 103.77 + 3.1%9 93.11 + 2.87" 95.27 + 1.3%
Pasteurized* 88.20 + 134 9532 +1.35" 85.04 + 2.6% 94.88 + 6.0%° 102.20 + 2.7 96.71 + 3.56f 91.92 + 2.28° 79.42 + 1.98" 75.07 + 0.88
HHP Treated** 101.06 +2%9 107.88 +0.76" 107.88 + 1.07° 112.55 + 1.3¢ 123.02 £+ 6.7% 114.31+2.07"  107.25 + 6.28° 99.30 + 1.58"  108.01 + 1.58

Ascorbic Acid

100 psi

Raw (Control) 121.90 +0.82  107.34 +4.70° 100.94 + 6.7% 97.95 + 10.2% 88.83 + 5.6%° 82.31+1.68 84.62 + 5.549 80.40 + 4.7¢ 74.68 +3.28
Pasteurized* 105.76 + 717 84.07 + 1.6% 79.31 + 3.5¢° 87.75 + 1.4 77.41 + 3.7% 71.29 + 1.2% 79.04 + 2.889 75.91 + 1.7¢' 69.92 +2.7%
HHP Treated**  121.22+6%4 97.68 + 3.35° 99.58 + 5.61° 108.29 + 2.0¢" 103.39 + 3.67 99.58 + 3.24 101.62 + 1.479 97.81 +1.02" 93.33 + 0.84

150 psi

Raw (Control) 111.24 + 4785  109.79 +1.77°  105.02 + 2.46° 132.78 + 3.4°F 128.70 + 1.7¢f  93.46 + 0.81" 92.78 +5.779 89.24 + 2.74" 93.87 + 2.88
Pasteurized* 83.67+1%86 9550 + 3.8% 94.01 + 2.88° 105.16 + 3.87 107.88 + 3.1%° 83.12 + 1.69 73.19+14.63°  64.48 + 1.4%" 68.16 + 11.0%
HHP Treated**  94.69 + 0.82 100.81 +1.77°  98.36 + 1.65° 116.05 + 4.3¢ 120.13 + 2.7%° 112.78 + 3.4 113.87 + 1.47° 114.68 +5.28"  118.90 + 3.46

1 All antioxidant and ascorbic acid values arerttgan + standard deviation of three replicates (n=3)

2 For each column, similar capital letters dematstno statistical difference at p < 0.05. For gaaghsimilar small letters demonstrate no statitidifference at p < 0.05. To examine the effedayfs, see Table E.1 and E .2

*Pasteurization condition is 86 for 10 minutes.

*HHP treatment conditions are 400 MPa afC5luring 5 min for 100 psi squeezed and 400 MP#H@turing 10 min for 150 psi squeezed pomegranate.ju
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3.2.5 Sensory Analysesduring Shelf Life

All groups of samples were evaluated for odor aotbrcproperties during the
storage period. According to the results of theefiatis grading, especially color
evaluation has corroboration with the color measer® of the samples with the

colorimetric equipment during the storage.

As a results of the sensory evaluations (Table)3.H®IP treated samples were
preferred very much during the first 15 days fothbio the aspects of color and odor.
Pressurized samples did not loose their brightrcatal fresh-fruit-like odor during
the first three weeks of storage. This freshnesskaightness were higher than the
untreated samples at the day 0. The color and stadility are higher in 150 psi
squeezed juice than 100 psi squeezed one for @lipgr It is probably because of
higher antioxidant, ascorbic acid and phenolic coonmg content of 150 psi

squeezed juice.

Untreated control samples odor and color propewie® strong and stable just only
for 6 days. Then, color started to turn to browntles pasteurized juice and odor
started to turn into a rotten smell. This is du¢h® increasing microbial load during
the storage.

Thermally treated samples color was quite dark thedsmell was bitter-astringent
since the day 0. These properties did not change towe so much. At the day 30,
astringent smell was a bit stronger and color wasket than the first day. The
pasteurized samples were referred as the mostasglegroup among all from the
beginning by the panelists.

44



Table 3.10 The effect of storage af@ on Sensory Properties as Odor and Color of pomegranate juice squeezed with 100 psi andekSDiresf@rHHP treated and pasteurized samples against control.

Day O Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 y Da Day 30
Odor
100 psi
Raw (Control) 8.16 + 0.68 7.41+0.37 7.25 + 0.4%° 6.50 + 0.44° 5.83+ 0.2 4.66 + 0.4% 3.75 + 0.4%° 2.75 + 0.64' 2.75 + 0.64f
Pasteurized* 5.83 + 0775 5.50 + 0.4 4.75 + 0.6%° 4.00 + 0.54° 3.91 + 0.2% 3.50 + 0.4% 2.50 + 0.5%° 2.50 + 0.5%° 2.50 + 0.54°
HHP Treated**  8.83 +0.9% 8.75 + 0.27 8.58 + 0.37 7.58 + 0.48% 7.08 + 0.37 6.91 + 0.37° 6.83+0.25° 6.75+0.279°  6.75+0.27°
150 psi
Raw (Control) 8.75 + 0.41 8.41+0.49 8.25+ 0.27 8.00 + 0.3% 7.33+0.40 5.08 + 0.49 4.00 + 0.63 3.00+0.3% 1.83 +0.5%
Pasteurized* 6.58 + (F29 6.41 +0.37 6.16 £ 0.2% 5.25 % 0.27 5.08 + 0.37 433+0.2% 4.08 +0.37 3.66 +0.4B 2.75+0.6%
HHP Treated** 9.00 + 0.80 9.00 + 0.06° 8.91 + 0.28° 8.83 +0.28° 8.66 + 0.4%" 8.41 +0.37° 7.91 0.3 7.91+0.3% 7.66 + 0.25"
Color
100 psi
Raw (Control) 7.83+0.2% 7.58 + 0.3 7.16 + 0.407 6.00 + 0.65° 4.40 +0.37 4.33 + 0.2 4.16 + 0.2 3.66 + 0.4 3.14 +0.2%°
Pasteurized* 4.58 + 0786 4.50 + 0.6% 4.41 +0.4% 4.08 +0.37 4.08 +0.3% 3.50 = 0.3%° 3.33 + 0.4% 3.21+0.7% 2.87+ 0.7
HHP Treated** 9.00 + 0.60 9.00 + 0.0F? 8.66 + 0.4¢" 7.91+0.37" 7.25+0.27 7.25+0.27 7.16 +0.2% 7.16 +0.28° 6.91 + 0.26°
150 psi
Raw (Control) 8.50 + 044 8.33 + 0.4fF 8.33 + 0.4f¢ 7.91 £ 0.20° 7.08+ 0.3F 4.33+0.2% 5.75 + 0.4%° 3.50 + 0.44 3.25+0.27°
Pasteurized* 5.66 + 0%80 5.58 + 0.4% 5.25 + 0.4% 5.08 + 0.20° 4.75+0.27 4.41 +0.37 3.66 + 0.57° 3.66 + 0.5%° 2.83 +0.68"
HHP Treated** 9.00 + 0.60 9.00 + 0.06° 9.00 + 0.06? 8.91 +0.26° 8.75 + 0.27° 8.16 + 0.487 7.25+0.29 7.16 +0.28° 7.00 +0.06°

1. All values are the mean * standard deviationxofeplicates (n=6). Values ranged between1-9, petely disliked, 9: liked very much.

2. For each column, similar capital letters demonetrat statistical difference at p < 0.05. For eansh similar small letters demonstrate no statistitéierence at p < 0.05. To examine the effectafs] see Table E.3 and E.4.

*Pasteurization condition is 86 for 10 minutes.

*HHP treatment conditions are 400 MPa af@5luring 5 min for 100 psi squeezed and 400 MP#R@tduring 10 min for 150 psi squeezed pomegranate.ju
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CHAPTER 4

CONCLUSION

Non thermal processing techniques are a risingltediraround the world against
traditional thermal treatment methods. In this gfwbaluating the effect of high
hydrostatic pressure treatment on two differensguiee squeezed pomegranate juice
quality factors relative to traditional thermalateent with untreated sample as
control and investigating the shelf life period veasied. The main goal was to prove
superiority of HHP treatment to thermal treatméfging two different hydraulic
pressure squeezed pomegranate juice was the bamiisésfstudy as to show the
squeezing pressure effect for pomegranate juiceanalyze the HHP effect on this
situation. In the first part of this study, chos#éHP combinations 200, 300, 400
MPa; BC, 18C, 28C; 5 and 10 minutes were applied. Most of thesebioations
gave better results than thermal treatment: % RS20 MPa/18C/5 min treatment
was 121.77 versus of thermal treatment was % 78r5B00 psi; Ascorbic Acid
content (mg / L) of 300 MPa/26/5 min treatment was % 113.49 versus of thermal
treatment 97.49 for 150 psi. According to the mearsents and experiments for
specified quality factors, 400 MPa at’Coduring 5 minutes for 100 psi squeezed,
400 MPa at 3C during 10 minutes for 150 psi squeezed pomegegnite are

chosen as the best combinations. In the secongdsheitt life analyses were
performed to samples which were treated with setfonditions. Both sensory
and chemical analyses gave the best results for &thibhg all three: control,

thermal treated and HHP treated. For instaxi€eralues of HHP treated sample was
13.63 while thermal treated was 19.78 at the erathgf30 for 100 psi; %RSA of

HHP treated was % 108.8 while thermal treated vi&a@77for 150 psi. Furthermore,
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increasing the squeezing pressure increases tHdifghstability due to higher
amounts of antioxidant compounds. The situatidhéssame for sensory evaluation

as well.

In brief, with HHP treatment-a cold fmsization technique, pomegranate
juice can be processed and stored®@t with protecting its quality constituents much
more than thermal treatment. Higher squeezing preskeads higher amounts of
quality factors besides extended the shelf lifdistg than the juice squeezed at

lower pressures.
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CHAPTER 5

RECOMMENDATION

This study’s issue was chosen to create a gengeal about the HHP treatment
effects on chosen quality parameters of pomegrgnate. These quality elements
have been referred as the most important onetenatiure. The exact mechanisms of
the effect of HHP combinations on chosen qualityapeeters require further and
more extensive studies. For example, while 5 mikPHreatment causes better
ascorbic acid content, 10 min treatment make itequvorse. In the industry,
sometimes filtration or clarification is applied pomegranate juice prior to bottling.
The effects of these kinds of physical treatmentpdmegranate juice could give
different quality results after HHP treatment. Tiognse a more reliable judgment
about the processed pomegranate juice for the mdckther investigation could be
done in terms of different pre-processing stepsandther pressure-temperature-
time combinations. Despite all positive effects amults of HHP treatment,
economical aspects of the technique and procesgjngpments are also extremely
important. Managing the economical extent, furthemdemic studies for other food
structures and sharing all results with manufacsuvéll increase the use and extent
of non-thermal food treatments among the commugignsequently, HHP treatment
seem to be a much better option for food procesamd) can be used as a perfect

alternative of thermal pasteurization.
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APPENDIX A

STANDARD GALLIC ACID CURVE FOR
TOTAL PHENOLIC CONTENT CALCULATION

Standart Gallic Acid Curve
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Figure A.1 The standard gallic acid curve for Singleton & lddethod
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APPENDIX B

STANDARD DPPH CURVE FOR
ANTIOXIDANT ACTIVITY CALCULATION

Standart DPPH Curve
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Figure B.1 The standart curve for Brand-Williams Method
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APPENDIX C

STANDARD CURVE FOR
ASCORBIC ACID CALCULATION

Ascorbic Acid Standart Curve 500 nm
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Figure C.1 The standard curve for Cemgho Method
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APPENDIX D

pH
DURING SHELF LIFE
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FigureD.1 pH During Shelf Life Period
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Table E.1 Tukey test results day by day for Ascorbic Acid

APPENDIX E

TUKEY TEST RESULTSOF DAYSFOR SHELF LIFE

Multiple Comparisons

Dependent Variable: Asc100

Multiple Comparisons

Dependent Variable: Asc150

Tukey HSD Tukey HSD
Mean Mean
Difference 95% Confidence Interval Difference 95% Confidence Interval
(I) Days  (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound (I) Days  (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound
,00 3,00 19,9291* 2,01890 ,000 13,4066 26,4517 ,00 3,00 -5,5011 2,17110 ,239 -12,5154 1,5132
6,00 23,0147*|  2,01890 ,000 16,4921 29,5372 6,00 -2,5978 2,17110 ,954 -9,6121 4,4165
9,00 18,2958* 2,01890 ,000 11,7732 24,8183 9,00 -21,4633*| 2,17110 ,000 -28,4776 -14,4491
12,00 26,4158*|  2,01890 ,000 19,8932 32,9383 12,00 -22,3711*|  2,17110 ,000 -29,3854 -15,3568
15,00 31,9002*|  2,01890 ,000 25,3777 38,4228 15,00 ,0789 2,17110 1,000 -6,9354 7,0932
18,00 27,8658*| 2,01890 ,000 21,3432 34,3883 18,00 3,2520 2,17110 ,852 -3,7623 10,2663
21,00 31,5836*| 2,01890 ,000 25,0610 38,1061 21,00 7,0633*| 2,17110 ,047 ,0491 14,0776
30,00 36,9813*| 2,01890 ,000 30,4588 43,5039 30,00 2,8889 2,17110 ,917 -4,1254 9,9032
3,00 ,00 -19,9291*|  2,01890 ,000 -26,4517 -13,4066 3,00 ,00 5,5011 2,17110 ,239 -1,5132 12,5154
6,00 3,0856 2,01890 ,837 -3,4370 9,6081 6,00 2,9033 2,17110 ,915 -4,1109 9,9176
9,00 -1,6333 2,01890 ,996 -8,1559 4,8892 9,00 -15,9622*| 2,17110 ,000 -22,9765 -8,9479
12,00 6,4867 2,01890 ,052 -,0359 13,0092 12,00 -16,8700*| 2,17110 ,000 -23,8843 -9,8557
15,00 11,9711* 2,01890 ,000 5,4486 18,4937 15,00 5,5800 2,17110 ,223 -1,4343 12,5943
18,00 7,9367%| 2,01890 ,007 1,4141 14,4592 18,00 8,7531*| 2,17110 ,005 1,7388 15,7674
21,00 11,6544* 2,01890 ,000 5,1319 18,1770 21,00 12,5644* | 2,17110 ,000 5,5502 19,5787
30,00 17,0522*| 2,01890 ,000 10,5297 23,5748 30,00 8,3900*| 2,17110 ,008 1,3757 15,4043
6,00 ,00 -23,0147%|  2,01890 ,000 -29,5372 -16,4921 6,00 ,00 2,5978 2,17110 ,954 -4,4165 9,6121
3,00 -3,0856 2,01890 ,837 -9,6081 3,4370 3,00 -2,9033 2,17110 ,915 -9,9176 4,1109
9,00 -4,7189 2,01890 ,339 -11,2414 1,8037 9,00 -18,8656* | 2,17110 ,000 -25,8798 -11,8513
12,00 3,4011 2,01890 ,753 -3,1214 9,9237 12,00 -19,7733*|  2,17110 ,000 -26,7876 -12,7591
15,00 8,8856* | 2,01890 ,002 2,3630 15,4081 15,00 2,6767 2,17110 ,945 -4,3376 9,6909
18,00 4,8511 2,01890 ,303 -1,6714 11,3737 18,00 5,8498 2,17110 174 -1,1645 12,8641
21,00 8,5689*| 2,01890 ,003 2,0463 15,0914 21,00 9,6611*| 2,17110 ,001 2,6468 16,6754
30,00 13,9667* 2,01890 ,000 7,4441 20,4892 30,00 5,4867 2,17110 ,242 -1,5276 12,5009
9,00 ,00 -18,2958*|  2,01890 ,000 -24,8183 -11,7732 9,00 ,00 21,4633*| 2,17110 ,000 14,4491 28,4776
3,00 1,6333 2,01890 ,996 -4,8892 8,1559 3,00 15,9622* | 2,17110 ,000 8,9479 22,9765
6,00 4,7189 2,01890 ,339 -1,8037 11,2414 6,00 18,8656* | 2,17110 ,000 11,8513 25,8798
12,00 8,1200*| 2,01890 ,005 1,5975 14,6425 12,00 -,9078 2,17110 1,000 -7,9221 6,1065
15,00 13,6044* 2,01890 ,000 7,0819 20,1270 15,00 21,5422*| 2,17110 ,000 14,5279 28,5565
18,00 9,5700*| 2,01890 ,001 3,0475 16,0925 18,00 24,7153*|  2,17110 ,000 17,7011 31,7296
21,00 13,2878* 2,01890 ,000 6,7652 19,8103 21,00 28,5267*| 2,17110 ,000 21,5124 35,5409
30,00 18,6856* | 2,01890 ,000 12,1630 25,2081 30,00 24,3522* | 2,17110 ,000 17,3379 31,3665
12,00 ,00 -26,4158*|  2,01890 ,000 -32,9383 -19,8932 12,00 ,00 22,3711*| 2,17110 ,000 15,3568 29,3854
3,00 -6,4867 2,01890 ,052 -13,0092 ,0359 3,00 16,8700%| 2,17110 ,000 9,8557 23,8843
6,00 -3,4011 2,01890 ,753 -9,9237 3,1214 6,00 19,7733*| 2,17110 ,000 12,7591 26,7876
9,00 -8,1200%| 2,01890 ,005 -14,6425 -1,5975 9,00 ,9078 2,17110 1,000 -6,1065 7,9221
15,00 5,4844 2,01890 ,166 -1,0381 12,0070 15,00 22,4500%| 2,17110 ,000 15,4357 29,4643
18,00 1,4500 2,01890 ,998 -5,0725 7,9725 18,00 25,6231*| 2,17110 ,000 18,6088 32,6374
21,00 5,1678 2,01890 ,228 -1,3548 11,6903 21,00 29,4344*|  2,17110 ,000 22,4202 36,4487
30,00 10,5656* | 2,01890 ,000 4,0430 17,0881 30,00 25,2600%| 2,17110 ,000 18,2457 32,2743
15,00 ,00 -31,9002*|  2,01890 ,000 -38,4228 -25,3777 15,00 ,00 -,0789 2,17110 1,000 -7,0932 6,9354
3,00 -11,9711*|  2,01890 ,000 -18,4937 -5,4486 3,00 -5,5800 2,17110 ,223 -12,5943 1,4343
6,00 -8,8856* | 2,01890 ,002 -15,4081 -2,3630 6,00 -2,6767 2,17110 ,945 -9,6909 4,3376
9,00 -13,6044*|  2,01890 ,000 -20,1270 -7,0819 9,00 -21,5422*| 2,17110 ,000 -28,5565 -14,5279
12,00 -5,4844 2,01890 ,166 -12,0070 1,0381 12,00 -22,4500%| 2,17110 ,000 -29,4643 -15,4357
18,00 -4,0344 2,01890 ,551 -10,5570 2,4881 18,00 3,1731 2,17110 ,868 -3,8412 10,1874
21,00 -,3167 2,01890 1,000 -6,8392 6,2059 21,00 6,9844 2,17110 ,052 -,0298 13,9987
30,00 5,0811 2,01890 247 -1,4414 11,6037 30,00 2,8100 2,17110 ,929 -4,2043 9,8243
18,00 ,00 -27,8658* |  2,01890 ,000 -34,3883 -21,3432 18,00 ,00 -3,2520 2,17110 ,852 -10,2663 3,7623
3,00 -7,9367*| 2,01890 ,007 -14,4592 -1,4141 3,00 -8,7531*| 2,17110 ,005 -15,7674 -1,7388
6,00 -4,8511 2,01890 ,303 -11,3737 1,6714 6,00 -5,8498 2,17110 174 -12,8641 1,1645
9,00 -9,5700%|  2,01890 ,001 -16,0925 -3,0475 9,00 -24,7153*|  2,17110 ,000 -31,7296 -17,7011
12,00 -1,4500 2,01890 ,998 -7,9725 5,0725 12,00 -25,6231*| 2,17110 ,000 -32,6374 -18,6088
15,00 4,0344 2,01890 ,551 -2,4881 10,5570 15,00 -3,1731 2,17110 ,868 -10,1874 3,8412
21,00 3,7178 2,01890 ,655 -2,8048 10,2403 21,00 3,8113 2,17110 ,710 -3,2029 10,8256
30,00 9,1156*| 2,01890 ,001 2,5930 15,6381 30,00 -,3631 2,17110 1,000 -7,3774 6,6512
21,00 ,00 -31,5836*| 2,01890 ,000 -38,1061 -25,0610 21,00 ,00 -7,0633*| 2,17110 ,047 -14,0776 -,0491
3,00 -11,6544*|  2,01890 ,000 -18,1770 -5,1319 3,00 -12,5644*|  2,17110 ,000 -19,5787 -5,5502
6,00 -8,5689* |  2,01890 ,003 -15,0914 -2,0463 6,00 -9,6611*|  2,17110 ,001 -16,6754 -2,6468
9,00 -13,2878*|  2,01890 ,000 -19,8103 -6,7652 9,00 -28,5267*| 2,17110 ,000 -35,5409 -21,5124
12,00 -5,1678 2,01890 ,228 -11,6903 1,3548 12,00 -29,4344%|  2,17110 ,000 -36,4487 -22,4202
15,00 ,3167 2,01890 1,000 -6,2059 6,8392 15,00 -6,9844 2,17110 ,052 -13,9987 ,0298
18,00 -3,7178 2,01890 ,655 -10,2403 2,8048 18,00 -3,8113 2,17110 ,710 -10,8256 3,2029
30,00 5,3978 2,01890 ,182 -1,1248 11,9203 30,00 -4,1744 2,17110 ,602 -11,1887 2,8398
30,00 ,00 -36,9813*| 2,01890 ,000 -43,5039 -30,4588 30,00 ,00 -2,8889 2,17110 ,917 -9,9032 4,1254
3,00 -17,0522*|  2,01890 ,000 -23,5748 -10,5297 3,00 -8,3900%| 2,17110 ,008 -15,4043 -1,3757
6,00 -13,9667*| 2,01890 ,000 -20,4892 -7,4441 6,00 -5,4867 2,17110 ,242 -12,5009 1,5276
9,00 -18,6856* |  2,01890 ,000 -25,2081 -12,1630 9,00 -24,3522*|  2,17110 ,000 -31,3665 -17,3379
12,00 -10,5656* | 2,01890 ,000 -17,0881 -4,0430 12,00 -25,2600%| 2,17110 ,000 -32,2743 -18,2457
15,00 -5,0811 2,01890 ,247 -11,6037 1,4414 15,00 -2,8100 2,17110 ,929 -9,8243 4,2043
18,00 -9,1156* | 2,01890 ,001 -15,6381 -2,5930 18,00 ,3631 2,17110 1,000 -6,6512 73774
21,00 -5,3978 2,01890 ,182 -11,9203 1,1248 21,00 4,1744 2,17110 ,602 -2,8398 11,1887

Based on observed means.
*. The mean difference is significant at the ,05 level.

Based on observed means.
*. The mean difference is significant at the ,05 level.
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Table E.2 Tukey test results day by day for Antioxidant Activity

Dependent Variable: Antiox100

Multiple Comparisons

Multiple Comparisons

Dependent Variable: Antiox150

Tukey HSD Tukey HSD
Dif'\f/é?::(;e 95% Confidence Interval Mean .
(I) Days  (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound Difference . 95% Confidence Interval
00 3.00 12,6700 161508 000 74522 17,8880 (1) Days  (J) Days (1-J) Std. Error Sig. Lower Bound | Upper Bound
6,00 11,6151*| 1,61508 000 6,3972 16,8330 00 300 Sadadr) 137197 008 98769 L0119
9,00 12'7167* 1'61508 'ooo 7’4987 17’9346 500 14278 | 1,37197 980 58603 30047
’ ’ ’ ’ ; : 9,00 -8,7044%|  1,37197 ,000 -13,1369 -4,2719
12,00 21,1089%|  1,61508 1000 15,8910 26,3268 12,00 -18,8644*| 1,37107 000 -23,2969 -14,4319
15,00 11,9533 1,61508 ,000 6,7354 17,1713 15,00 o3144| 137107 000 13,7460 48819
18,00 16,2911*|  1,61508 ,000 11,0732 21,5090 18.00 45600°| 137107 039 8.9925 1275
21,00 20,9222*| 1,61508 ,000 15,7043 26,1402 21,00 58078%| 137197 003 13753 10,2403
30,00 26,3389%| 1,61508 ,000 21,1210 31,5568 30,00 36378 | 137197 190 7047 8.0703
3,00 ,00 -12,6701*| 1,61508 ,000 -17,8880 -7,4522 3.00 00 54444+ | 137197 006 10119 9.8769
6,00 -1,0550 | 1,61508 ,999 -6,2729 4,1629 6.00 40167 | 137107 105 4158 8.4492
9,00 0466 | 1,61508 1,000 51714 52645 9,00 -3,2600 | 1,37197 318 -7,6925 1,1725
12,00 8,4388*| 1,61508 1000 3,2208 13,6567 12,00 -13,4200¢| 1,37197 000 -17,8525 -8,9875
15,00 -7168 | 1,61508 1,000 -5,9347 4,5012 15,00 38700 | 1537197 133 .8.3025 5625
18,00 3,6210 | 1,61508 1395 -1,5969 8,8389 18,00 8844 | 137107 1999 35481 53160
21,00 82521 1,61508 ,000 3,0342 13,4700 21,00 11,2522*| 1,37197 000 6,8197 15,6847
30,00 13,6688*| 1,61508 ,000 8,4508 18,8867 30,00 9.0822¢| 1,37197 1000 46497 13,5147
6,00 ,00 -11,6151%| 1,61508 ,000 -16,8330 -6,3972 5,00 00 14278 | 137197 980 73,0047 5 8603
3,00 1,0550 1,61508 ,999 -4,1629 6,2729 3,00 -4,0167 1,37197 1105 -8,4492 4158
9,00 1,1016 | 1,61508 1999 -4,1164 6,3195 9,00 -7,2767%| 1,37197 000 -11,7092 -2,8442
12,00 9,4938*| 1,61508 ,000 4,2758 14,7117 12,00 -17,4367*| 1,37197 ,000 -21,8692 -13,0042
15,00 ,3382 | 1,61508 1,000 -4,8797 5,5562 15,00 -7,8867*| 1,37197 000 12,3192 -3,4542
18,00 4,6760 | 1,61508 1113 -,5419 9,8939 18,00 -3,1322 | 1,37197 ,370 -7,5647 1,3003
21,00 9,3071*| 1,61508 ,000 4,0892 14,5250 21,00 7,2356%| 1,37197 000 2,8031 11,6681
30,00 14,7238*| 1,61508 ,000 9,5058 19,9417 30,00 5,0656* | 1,37197 014 6331 9,4981
9,00 ,00 -12,7167*| 1,61508 ,000 -17,9346 -7,4987 9,00 ,00 8,7044*| 1,37197 000 42719 13,1369
3,00 -,0466 | 1,61508 1,000 -5,2645 51714 3,00 32600 | 1,37197 318 -1,1725 7,6925
6,00 -1,1016 | 1,61508 ,999 -6,3195 4,1164 6,00 7,2767%| 1,37197 000 2,8442 11,7092
12,00 8,3922*| 1,61508 ,000 3,1743 13,6102 12,00 -10,1600% | 1,37197 ,000 -14,5925 -5,7275
15,00 -7633 | 1,61508 1,000 -5,9813 4,4546 15,00 6100 | 1,37197 1,000 -5,0425 3,8225
18,00 35744 | 1,61508 412 -1,6435 8,7924 18,00 41444 | 137197 084 -,2881 8,5769
21,00 8,2056*| 1,61508 ,000 2,9876 13,4235 21,00 14,5122+ 1,37197 ,000 10,0797 18,9447
30,00 13,6222*| 1,61508 ,000 8,4043 18,8402 30,00 12,3422%| 1,37197 000 7,9097 16,7747
12,00 00 -21,1089*| 1,61508 ,000 -26,3268 -15,8910 12,00 00 18,8644*| 1,37197 ,000 14,4319 23,2969
3,00 -8,4388*| 1,61508 ,000 -13,6567 -3,2208 3,00 13,4200%| 1,37197 000 8,9875 17,8525
6,00 -9,4938%| 1,61508 ,000 -14,7117 -4,2758 6,00 17,4367%| 1,37197 ,000 13,0042 21,8692
9,00 -8,3922%| 1,61508 ,000 -13,6102 -3,1743 9,00 10,1600%| 1,37197 000 5,7275 14,5925
15,00 -9,1556%| 1,61508 ,000 -14,3735 -3,9376 15,00 9,5500* | 1,37197 ,000 5,1175 13,9825
18,00 -4,8178 | 1,61508 ,092 -10,0357 /4002 18,00 14,3044%| 1,37197 000 9,8719 18,7369
21,00 -1867 | 1,61508 1,000 -5,4046 5,0313 21,00 24,6722%| 1,37197 ,000 20,2397 29,1047
30,00 5,2300* 1,61508 ,049 0121 10,4479 30,00 22,5022* 1,37197 000 18,0697 26,9347
1500  ,00 -11,9533*| 1,61508 ,000 -17,1713 -6,7354 1500  ,00 9,3144*| 1,37197 ,000 4,8819 13,7469
3,00 ,7168 | 1,61508 1,000 -4,5012 5,9347 3,00 3,8700 | 1,37197 133 -,5625 8,3025
6,00 -,3382 1,61508 1,000 -5,5562 4,8797 6,00 7,8867* 1,37197 ,000 3,4542 12,3192
9,00 17633 1,61508 1,000 -4,4546 5,0813 9,00 ,6100 1,37197 1,000 -3,8225 5,0425
12,00 0.1556*| 1,61508 1000 3.9376 14,3735 12,00 -9,5500% | 1,37197 ,000 -13,9825 -5,1175
18,00 4,3378 | 1,61508 177 -,8802 9,5557 18,00 47544 137197 027 3219 9,1869
21,00 8.9689%| 1,61508 1000 37510 14,1868 21,00 15,1222+ | 1,37197 ,000 10,6897 19,5547
30,00 14,3856*| 1,61508 1000 9.1676 19,6035 30,00 12,9522+ | 1,37197 000 8,5197 17,3847
18,00 .00 -16,2911*| 1,61508 ,000 -21,5090 -11,0732 18,00 .00 4,5600*| 1,37197 1039 11275 8,9925
3,00 -3,6210 | 1,61508 395 -8,8389 1,5969 3,00 -8844 | 137197 999 -5,3169 3,5481
6,00 46760 | 1,61508 113 -0.8939 5419 6,00 31322 | 1,37197 370 -1,3003 7,5647
9,00 -3,5744 | 1,61508 412 -8,7924 1,6435 9,00 -4,1444 | 137197 084 -8,5769 12881
12,00 48178 | 161508 002 - 4002 10,0357 12,00 -14,3044% | 1,37197 000 -18,7369 -9,8719
15,00 -4,3378 | 1,61508 177 -9,5557 8802 15,00 -47544%| 137197 027 -9,1869 -3219
21,00 46311 | 161508 120 5868 9,8490 21,00 10,3678%| 1,37197 000 5,9353 14,8003
30,00 10,0478*| 161508 ,000 4,8298 15,2657 30,00 81978*| 137197 000 3,7653 12,6308
2100 00 -20,9222*| 1,61508 ,000 -26,1402 157043 | [2100 00 -5,80787| - 1,37197 003 -10,2403 -1,3753
3,00 82501+ 161508 1000 13.4700 3.0342 3,00 -11,2522+|  1,37197 ,000 -15,6847 -6,8197
6,00 -9,3071*| 1,61508 ,000 -14,5250 -4,0892 6,00 -7,2356%| 137197 000 -11,6681 -2,8031
9,00 82056*| 161508 000 13,4235 20876 9,00 -14,5122+|  1,37197 ,000 -18,9447 -10,0797
12,00 1867 | 161508 1000 50313 54046 12,00 24,6722 1,37197 000 -29,1047 -20,2397
15,00 80680*| 161508 000 141868 37510 15,00 -15,1222+|  1,37197 ,000 -19,5547 -10,6897
18,00 46311 | 161508 120 9,849 ‘5868 18,00 -10,3678*| 1,37197 000 -14,8003 -5,9353
30,00 54167*| 1,61508 036 1987 10,6346 20,00 -21700 | 137197 810 -6.6025 22625
3000 00 -26,3389*| 1,61508 000 -31,5568 ETREITHN B -3.6378 | 1,37197 190 -8,0703 7947
3,00 -13,6688¢| 1,61508 ,000 -18,8867 -8,4508 z’gg ::gzzz: 1:;12; '822 '1;3;;1 "f’gggz
6,00 -14,7238%| 1,61508 ,000 -19,9417 -9,5058 900 1n3a00e| 137197 000 67747 75097
9,00 -13.62227) 161508 000 -18,8402 -8.4043 12,00 225022+ | 1.37107 000 26,9347 18,0697
12,00 °5,2300%)  1,61508 049 -10,4479 ~o121 15,00 129522 137107 000 17,3847 8,5197
15,00 -14,3856%| 1,61508 ,000 -19,6035 -9,1676 18: 00 B1078°| 137107 000 12,6303 37653
18,00 -10,0478¢| 1,61508 ,000 -15,2657 -4,8298 21,00 21700 | 137107 810 52625 66025
21,00 -5,4167*| 1,61508 ,036 -10,6346 -,1987 . : . . -

Based on observed means.
*. The mean difference is significant at the ,05 level.

Based on observed means.
*. The mean difference is significant at the ,05 level.
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Table E.3 Tukey test results day by day for Sensory Evaluation

Multiple Comparisons

Dependent Variable: Odor100

Multiple Comparisons

Dependent Variable: Color100

Tukey HSD Tukey HSD
Mean Mean
Difference 95% Confidence Interval Difference 95% Confidence Interval
() Days _ (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound () Days (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound
,00 3,00 ,3889 ,15383 ,228 -,0961 ,8739 ,00 3,00 ,1111 ,12801 ,994 -,2925 ,5147
6,00 ,7500* ,15383 ,000 ,2650 1,2350 6,00 ,3889 ,12801 ,068 -,0147 ,7925
9,00 1,5833* ,15383 ,000 1,0984 2,0683 9,00 1,1389* ,12801 ,000 ,7353 1,5425
12,00 2,0000* ,15383 ,000 1,5150 2,4850 12,00 1,8944* ,12801 ,000 1,4909 2,2980
15,00 2,5833* ,15383 ,000 2,0984 3,0683 15,00 2,1111* ,12801 ,000 1,7075 2,5147
18,00 3,2500* ,15383 ,000 2,7650 3,7350 18,00 2,2500* ,12801 ,000 1,8464 2,6536
21,00 3,6111* ,15383 ,000 3,1261 4,0961 21,00 2,4167* ,12801 ,000 2,0131 2,8202
30,00 3,6111* ,15383 ,000 3,1261 4,0961 30,00 2,5000* ,12801 ,000 2,0964 2,9036
3,00 ,00 -,3889 ,15383 ,228 -,8739 ,0961 3,00 ,00 -,1111 ,12801 ,994 -,5147 ,2925
6,00 ,3611 ,15383 322 -,1239 ,8461 6,00 2778 ,12801 431 -,1258 ,6813
9,00 1,1944* ,15383 ,000 ,7095 1,6794 9,00 1,0278* ,12801 ,000 ,6242 1,4313
12,00 1,6111* ,15383 ,000 1,1261 2,0961 12,00 1,7833* ,12801 ,000 1,3798 2,1869
15,00 2,1944* ,15383 ,000 1,7095 2,6794 15,00 2,0000* ,12801 ,000 1,5964 2,4036
18,00 2,8611* ,15383 ,000 2,3761 3,3461 18,00 2,1389* ,12801 ,000 1,7353 2,5425
21,00 3,2222* ,15383 ,000 2,7372 3,7072 21,00 2,3056* ,12801 ,000 1,9020 2,7091
30,00 3,2222* ,15383 ,000 2,7372 3,7072 30,00 2,3889* ,12801 ,000 1,9853 2,7925
6,00 ,00 -,7500* ,15383 ,000 -1,2350 -,2650 6,00 ,00 -,3889 ,12801 ,068 -,7925 ,0147
3,00 -,3611 ,15383 322 -,8461 ,1239 3,00 -,2778 ,12801 431 -,6813 ,1258
9,00 ,8333* ,15383 ,000 ,3484 1,3183 9,00 ,7500* ,12801 ,000 ,3464 1,1536
12,00 1,2500* ,15383 ,000 ,7650 1,7350 12,00 1,5056* ,12801 ,000 1,1020 1,9091
15,00 1,8333* ,15383 ,000 1,3484 2,3183 15,00 1,7222* ,12801 ,000 1,3187 2,1258
18,00 2,5000* ,15383 ,000 2,0150 2,9850 18,00 1,8611* ,12801 ,000 1,4575 2,2647
21,00 2,8611* ,15383 ,000 2,3761 3,3461 21,00 2,0278* ,12801 ,000 1,6242 2,4313
30,00 2,8611* ,15383 ,000 2,3761 3,3461 30,00 2,1111* ,12801 ,000 1,7075 2,5147
9,00 ,00 -1,5833* ,15383 ,000 -2,0683 -1,0984 9,00 ,00 -1,1389* ,12801 ,000 -1,5425 -, 7353
3,00 -1,1944* ,15383 ,000 -1,6794 -,7095 3,00 -1,0278* ,12801 ,000 -1,4313 -,6242
6,00 -,8333* ,15383 ,000 -1,3183 -,3484 6,00 -,7500* ,12801 ,000 -1,1536 -,3464
12,00 4167 ,15383 ,155 -,0683 ,9016 12,00 ,7556* ,12801 ,000 ,3520 1,1591
15,00 1,0000* ,15383 ,000 ,5150 1,4850 15,00 ,9722* ,12801 ,000 ,5687 1,3758
18,00 1,6667* ,15383 ,000 1,1817 2,1516 18,00 1,1111* ,12801 ,000 , 7075 1,5147
21,00 2,0278* ,15383 ,000 1,5428 2,5128 21,00 1,2778* ,12801 ,000 ,8742 1,6813
30,00 2,0278* ,15383 ,000 1,5428 2,5128 30,00 1,3611* ,12801 ,000 ,9575 1,7647
12,00 ,00 -2,0000* ,15383 ,000 -2,4850 -1,5150 12,00 ,00 -1,8944* ,12801 ,000 -2,2980 -1,4909
3,00 -1,6111* ,15383 ,000 -2,0961 -1,1261 3,00 -1,7833* ,12801 ,000 -2,1869 -1,3798
6,00 -1,2500* ,15383 ,000 -1,7350 -,7650 6,00 -1,5056* ,12801 ,000 -1,9091 -1,1020
9,00 -,4167 ,15383 ,155 -,9016 ,0683 9,00 -,7556* ,12801 ,000 -1,1591 -,3520
15,00 ,5833* ,15383 ,007 ,0984 1,0683 15,00 ,2167 ,12801 ,750 -,1869 ,6202
18,00 1,2500* ,15383 ,000 ,7650 1,7350 18,00 ,3556 ,12801 ,132 -,0480 , 7591
21,00 1,6111* ,15383 ,000 1,1261 2,0961 21,00 ,5222* ,12801 ,002 ,1187 ,9258
30,00 1,6111* ,15383 ,000 1,1261 2,0961 30,00 ,6056* ,12801 ,000 ,2020 1,0091
15,00 ,00 -2,5833* ,15383 ,000 -3,0683 -2,0984 15,00 ,00 -2,1111* ,12801 ,000 -2,5147 -1,7075
3,00 -2,1944* ,15383 ,000 -2,6794 -1,7095 3,00 -2,0000* ,12801 ,000 -2,4036 -1,5964
6,00 -1,8333* ,15383 ,000 -2,3183 -1,3484 6,00 -1,7222* ,12801 ,000 -2,1258 -1,3187
9,00 -1,0000* ,15383 ,000 -1,4850 -,5150 9,00 -,9722* ,12801 ,000 -1,3758 -,5687
12,00 -,5833* ,15383 ,007 -1,0683 -,0984 12,00 -,2167 ,12801 ,750 -,6202 ,1869
18,00 ,6667* ,15383 ,001 ,1817 1,1516 18,00 ,1389 ,12801 ,975 -,2647 5425
21,00 1,0278* ,15383 ,000 ,5428 1,5128 21,00 ,3056 ,12801 ,300 -,0980 , 7091
30,00 1,0278* ,15383 ,000 ,5428 1,5128 30,00 ,3889 ,12801 ,068 -,0147 ,7925
18,00 ,00 -3,2500* ,15383 ,000 -3,7350 -2,7650 18,00 ,00 -2,2500* ,12801 ,000 -2,6536 -1,8464
3,00 -2,8611* ,15383 ,000 -3,3461 -2,3761 3,00 -2,1389* ,12801 ,000 -2,5425 -1,7353
6,00 -2,5000* ,15383 ,000 -2,9850 -2,0150 6,00 -1,8611* ,12801 ,000 -2,2647 -1,4575
9,00 -1,6667* ,15383 ,000 -2,1516 -1,1817 9,00 -1,1111* ,12801 ,000 -1,5147 -,7075
12,00 -1,2500* ,15383 ,000 -1,7350 -,7650 12,00 -,3556 ,12801 ,132 -, 7591 ,0480
15,00 -,6667* ,15383 ,001 -1,1516 -,1817 15,00 -,1389 ,12801 ,975 -,5425 ,2647
21,00 ,3611 ,15383 322 -,1239 ,8461 21,00 ,1667 ,12801 ,929 -,2369 ,5702
30,00 ,3611 ,15383 ,322 -,1239 ,8461 30,00 ,2500 ,12801 ,579 -,1536 ,6536
21,00 ,00 -3,6111* ,15383 ,000 -4,0961 -3,1261 21,00 ,00 -2,4167* ,12801 ,000 -2,8202 -2,0131
3,00 -3,2222* ,15383 ,000 -3,7072 -2,7372 3,00 -2,3056* ,12801 ,000 -2,7091 -1,9020
6,00 -2,8611* ,15383 ,000 -3,3461 -2,3761 6,00 -2,0278* ,12801 ,000 -2,4313 -1,6242
9,00 -2,0278* ,15383 ,000 -2,5128 -1,5428 9,00 -1,2778* ,12801 ,000 -1,6813 -,8742
12,00 -1,6111* ,15383 ,000 -2,0961 -1,1261 12,00 -,5222* ,12801 ,002 -,9258 -,1187
15,00 -1,0278* ,15383 ,000 -1,5128 -,5428 15,00 -,3056 ,12801 ,300 -,7091 ,0980
18,00 -,3611 ,15383 322 -,8461 ,1239 18,00 -,1667 ,12801 ,929 -,5702 ,2369
30,00 ,0000 ,15383 1,000 -,4850 ,4850 30,00 ,0833 ,12801 ,999 -,3202 ,4869
30,00 ,00 -3,6111* ,15383 ,000 -4,0961 -3,1261 30,00 ,00 -2,5000* ,12801 ,000 -2,9036 -2,0964
3,00 -3,2222* ,15383 ,000 -3,7072 -2,7372 3,00 -2,3889* ,12801 ,000 -2,7925 -1,9853
6,00 -2,8611* ,15383 ,000 -3,3461 -2,3761 6,00 -2,1111* ,12801 ,000 -2,5147 -1,7075
9,00 -2,0278* ,15383 ,000 -2,5128 -1,5428 9,00 -1,3611* ,12801 ,000 -1,7647 -,9575
12,00 -1,6111* ,15383 ,000 -2,0961 -1,1261 12,00 -,6056* ,12801 ,000 -1,0091 -,2020
15,00 -1,0278* ,15383 ,000 -1,5128 -,5428 15,00 -,3889 ,12801 ,068 -, 7925 ,0147
18,00 -,3611 ,15383 322 -,8461 ,1239 18,00 -,2500 ,12801 ,579 -,6536 ,1536
21,00 ,0000 ,15383 1,000 -,4850 ,4850 21,00 -,0833 ,12801 ,999 -,4869 ,3202

Based on observed means.
*. The mean difference is significant at the ,05 level.

Based on observed means.
*. The mean difference is significant at the ,05 level.
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Table E.4 Tukey test results day by day for Sensory Evaluation

Multiple Comparisons

Dependent Variable: Odor150

Multiple Comparisons

Dependent Variable: Color150

Tukey HSD
Tukey HSD
Mean X M
Difference ) 95% Confidence Interval Diﬁ;::(;e 95% Confidence Interval
(I) Days  (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound .
00 3.00 1667 12750 928 2353 5686 () Days  (J) Days (I-J) Std. Error Sig. Lower Bound | Upper Bound
6.00 s | 12720 100 oo 753 00 3,00 0833 | 12340 1999 ~3057 4724
9,00 :7500* ,12750 ,000 ,3480 1,1520 600 1044 12340 816 ~1946 5835
12,00 1,0833* 12750 000 6814 1,4853 900 A167* 12340 026 0276 8057
! ’ : : ’ 12,00 8611%| 12340 ,000 4721 1,2501
15,00 2,1667¢| 12750 ,000 1,7647 2,5686 16.00 2083z | 12340 000 o0t 24724
18,00 27778*| 12750 ,000 2,3758 3,1797 16,00 a1e67| 12340 000 L7776 25557
we | el el ew| me) e R | LGSR W) I
! : ’ : . 30,00 3,3611%| 12340 ,000 29721 3,7501
300 00 ~1667 | 12750 928 ~5686 23531 300 00 0833 | 12340 999 -4724 3057
6,00 1667 112750 928 -2353 5686 6,00 1111 | 12340 993 -2779 5001
9.00 5833712750 000 1814 9853 9,00 3333 | 12340 157 -,0557 7224
12,00 9167*| 12750 000 5147 1,3186 12,00 7778+ 12340 ,000 3887 1,1668
15,00 2,0000%| 12750 000 1,5980 2,4020 15,00 2,0000*| 12340 ,000 1,6110 2,3890
18,00 26111 12750 000 22091 3,0131 18,00 2,0833¢| 12340 ,000 1,6043 24724
21,00 30833 12750 000 2,6814 3,4853 21,00 2,8611%| 12340 ,000 24721 3,2501
30,00 3.8611| 12750 000 34591 4,2631 30,00 32778 12340 ,000 2,8887 3,6668
600 .00 -3333 | 12750 190 -7353 0686 [ Fg 50 00 1944 | 12340 816 -5835 1946
8,00 -1667 | 12750 928 -/5686 2853 3,00 L1111 | 12340 993 -5001 2779
9,00 AL67*| 12750 036 0147 8186 9,00 2222 112340 682 -1668 6113
12,00 17500%| 12750 1000 3480 11520 12,00 6667%| 12340 ,000 2776 1,0557
15,00 1,8333¢| 12750 ,000 1,4314 2,2353 15.00 18889*| 12340 1000 1.4999 2.2779
18,00 24444+ 12750 1000 2,0425 2,8464 18,00 19722%| 12340 ,000 1,5832 2,3613
21,00 2,9167%| 12750 ,000 25147 3,3186 21.00 27500¢| 12340 1000 2.3610 31300
30,00 3.6944%| 12750 000 3,2925 4,0964 30,00 3,1667*| 12340 ,000 2,7776 3,5557
9,00 100 ~7500| 12750 1000 1,1520 -,3480 .00 50 “ater| 12340 026 8057 0276
3,00 -5833*| 12750 000 -,9853 -1814 3,00 -3333 | 12340 157 -7224 0557
6,00 -4167¢| 12750 036 -,8186 -0147 6,00 2222 | 12340 682 -6113 1668
12,00 3333 | 12750 190 -,0686 7353 12.00 aaasr| 12340 013 0554 8335
15,00 1,4167¢| 12750 ,000 1,0147 1,8186 15.00 16667 12340 000 12776 20557
18,00 2,0278%| 12750 ,000 1,6258 2,4297 18.00 17500¢| 12340 000 1.3610 21390
21,00 2,5000%| 12750 ,000 2,0980 2,9020 21.00 25278*| 12340 000 21387 29168
30,00 32778*| 12750 ,000 2,8758 3,6797 30,00 20444| 12340 000 2.5554 33335
1200 00 1,0833"| 12750 000 -1,4853 -6814 200 00 eo1l | 12340 000 12501 a7l
3,00 -9167¢| 12750 ,000 -1,3186 -5147 3,00 7778|2340 000 11668 3887
6,00 -7500¢| 12750 ,000 -1,1520 -,3480 6,00 J6667%| 12340 000 1,0557 2776
9,00 3333 | 12750 190 -,7353 0686 9,00 asaar| 12340 013 8335 0554
15,00 1,0833¢| 12750 ,000 6814 1,4853 15.00 12202¢| 12340 000 8332 16113
18,00 16044 12750 ,000 1,2925 2,0064 18,00 13056*| 12340 000 0165 16046
21,00 2,1667%| 12750 ,000 1,7647 2,5686 21,00 20833| 12340 000 16043 24724
30,00 2,9444*| 12750 1000 2,5425 3,3464 30,00 2,5000%| ,12340 ,000 2,1110 2,8890
1500 00 2.1667%| 12750 000 -2,5686 17647 500 00 20833 | 12340 000 24724 16943
3,00 -2,0000* 112750 ,000 -2,4020 -1,5980 3,00 -2,0000* ,12340 ,000 -2,3890 -1,6110
6,00 -1,8333* 112750 ,000 -2,2353 -1,4314 6,00 -1,8889* ,12340 ,000 -2,2779 -1,4999
9,00 -1,4167* ,12750 ,000 -1,8186 -1,0147 9,00 -1,6667* ,12340 ,000 -2,0557 -1,2776
12,00 -1,0833* ,12750 ,000 -1,4853 -6814 12,00 -1,2222* ,12340 ,000 -1,6113 -,8332
18,00 6111%| 12750 ,000 2001 1,0131 18,00 0833 | 12340 1999 -3057 4724
21,00 1,0833*| 12750 ,000 6814 1,4853 21,00 8611%| 12340 1000 4721 12501
30,00 18611 12750 ,000 1,4591 2,2631 30,00 12778¢| 12340 1000 8887 1.6668
18,00 ,00 -2,7778* ,12750 ,000 -3,1797 -2,3758 18,00 ,00 -2,1667* ,12340 ,000 -2,5557 -1,7776
3,00 -2,6111* ,12750 ,000 -3,0131 -2,2091 3,00 -2,0833* ,12340 ,000 -2,4724 -1,6943
6,00 -2,4444%| 12750 ,000 -2,8464 -2,0425 6,00 1,9722%| 12340 ,000 -2,3613 41,5832
9,00 -2,0278*| 12750 ,000 -2,4297 -1,6258 9,00 -1,7500%| 12340 ,000 -2,1390 41,3610
12,00 -1,6044%| 12750 ,000 -2,0964 41,2925 12,00 -1,3056%| 12340 ,000 -1,6946 -,9165
15,00 -6111*| 12750 ,000 -1,0131 -,2001 15,00 0833 | 12340 1999 - 4724 3057
21,00 A722+| 12750 ,009 0703 8742 21,00 7778%| 12340 ,000 3887 1,1668
30,00 1,2500¢| 12750 ,000 8480 1,6520 30,00 1,1944*| 12340 ,000 ,8054 1,5835
21,00 00 3.2500%| 12750 1000 -3,6520 -2,8480 21,00 ,00 22,0444 12340 1000 -3.3335 -2,5554
3,00 -3,0833¢| 12750 ,000 -3,4853 -2,6814 3,00 2,8611¢| 12340 1000 -3,2501 -2,4721
6,00 -2,0167¢| 12750 ,000 -3,3186 -2,5147 6,00 -2,7500%| 12340 ,000 -3,1390 -2,3610
9,00 -2,5000¢| 12750 ,000 -2,9020 -2,0980 9,00 -2,5278%| 12340 ,000 -2,9168 -2,1387
12,00 -2,1667%| 12750 ,000 -2,5686 -1,7647 12,00 -2,0833%| 12340 1000 -2,4724 -1,6943
15,00 -1,0833*| 12750 ,000 -1,4853 -,6814 15,00 -8611%| 12340 ,000 -1,2501 -4721
18,00 4722+ 12750 ,009 -,8742 -,0703 18,00 L 7778¢| 12340 ,000 -1,1668 -,3887
30,00 7778%| 12750 ,000 3758 1,1797 30,00 4167 12340 026 0276 8057
30,00 00 4,0278%| 12750 000 -4,4297 -3,6258 30,00 00 33611%| 12340 1000 -3,7501 2,9721
3,00 -3,8611*| 12750 ,000 -4,2631 -3,4501 3,00 32778%| 12340 ,000 -3,6668 -2,8887
6,00 -3,6044*| 12750 ,000 -4,0964 -3,2925 6,00 3,1667%| 12340 ,000 -3,5557 -2,7776
9,00 32778 12750 ,000 -3,6797 -2,8758 9,00 2,9444%| 12340 ,000 -3,3335 -2,5554
12,00 2,0444%| 12750 ,000 -3,3464 -2,5425 12,00 2,5000%| 12340 ,000 -2,8890 -2,1110
15,00 -1,8611%| 12750 ,000 -2,2631 -1,4501 15,00 12778 12340 ,000 -1,6668 -,8887
18,00 -1,2500%| 12750 ,000 -1,6520 -,8480 18,00 -1,1044¢| 12340 ,000 -1,5835 -,8054
21,00 7778+ 12750 ,000 -1,1797 -,3758 21,00 -4167%| 12340 026 - 8057 -,0276

Based on observed means.
*. The mean difference is significant at the ,05 level.

Based on observed means.
*. The mean difference is significant at the ,05 level.
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MAIN EFFECTS, INTERACTIONS, RESIDUAL,

APPENDIX F

PROBABILITY PLOTSAND EQUAL VARIANCESFOR
Phenolic CompoundsAS AN EXAMPLE, DECISION FOR
OPTIMUM COMBINATIONS
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Figure F.1 Main Effects Plot for Phenol
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Interaction Plot for Phenol
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Figure F.3 Residual Plots for Phenol
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Probability Plot of SRES6
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Figure F.4 Probability Plot of SRES6
HO: The errors are normally distributed.
Test for Equal Variances for SRES6
Pressure Temperature  Time
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101 ¢—m8m Test Statistic 0,57
3000 5 54 @& | P-Value 0,895
104 &—mmmmmmmm
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Figure F.5 Test for Equal Variances for SRES6

HO: Population of each treatment level have theesaaniance.
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General Linear Model: Phenol versus Pressure; Temperature; Time

Fact or Type Level s Val ues

Pressure fixed 3 2000; 3000; 4000
Tenperature fixed 3 5; 15; 25

Ti me fixed 2 5; 10

Anal ysis of Variance for Phenol, using Adjusted SS for Tests

Sour ce DF Seq SS Adj SS Adj M F
Pressure 2 20004,2 20004,2 10002,1 31,84
Tenperature 2 6316, 4 6316, 4 3158,2 10,05
Ti me 1 187, 9 187,9 187, 9 0, 60
Pressur e* Tenper at ure 4 1774, 2 1774, 2 443,5 1,41
Pressure*Ti ne 2 261, 5 261, 5 130, 7 0,42
Tenper ature*Ti ne 2 28383,8 28383,8 14191,9 45,18
Pressur e* Tenperat ure*Ti me 4 21003,9 21003,9 5251,0 16,72
Error 36 11308,1 11308,1 314,1

Tot al 53 89240,0

S =17,7233 RSq = 87,33% R-Sg(adj) = 81, 34%

P
0, 000
0, 000
0, 444
0, 250
0, 663
0, 000
0, 000

Figure F.6 General Linear Model: Phenol versus Pressure; Eeatyre; Time
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