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ABSTRACT

Isolation of high yield and quality of genomic DWAparamount for ensuring confidence in moleculaglgzing
food. PCR-based methods are the most common aiadhleemethods developed thus far. We developedngeno
DNA extraction methods and also assessed the effedtlicrowave application on DNA degradation in
pasteurization and drying of orange samples. Théyand concentration of DNA obtained from the géas were
evaluated by spectrophotometric and gel electrophisranalysis. It was found that the quantity andlity of DNA
by CTAB (cetyltrimethylammonium bromide) methodewdgher than by Wizard kit method. The resultsfioon
that the stability of DNA in orange products diffdrin terms of processing conditions. Microwavetingaas
compared with thermal heating resulted in lower Déiggradations and also drying process led to thstrsevere
changes in contrast to pasteurization process ange samples.
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INTRODUCTION

Citrus fruit as a nourishing fruits most widely somed worldwide. They are a great source of noiratly
important compounds such as vitamin C and fibberelsas in flavonoids and terpenes [1, 2]. In récgears, the
fresh consumption of the citrus fruits having desesd. Although, the demand for citrus derived pctslas a
healthy, natural and tasty source is continuoustygasing. Heat processing of orange productssisnéal for its
shelf life, which decrease organoleptic quality[3].

The use of microwave heating for processing mdseries the potential to increase product yieldsluce
processing time and promotes product purities leyedesing unwanted side reactions compared to ctiomahheat
transfer. Anyway, some critical points arose whesrfggming MW heating, for instance, difficulties ke
encountered in temperature readout and controlegserraditional probes fail [4].In such a connettie number of
studies have been conducted to improve microwayiaglby investigation the effects of different povievels and
drying temperatures[5-9]. Zhang et al. (2006) hexéewed recent research on microwave assistedgirfocusing
primarily on fruits and vegetables [10].

The product can be traced at any point of its traleng the food supply chain. Different geneticl dnology-based
methods exist for this purpose[11]. All these methare based on nucleic acid analysis[12].Thist®m@plished

by using either the DNA itself or its proteins[18}1An example for the former group of methods @dykherase
Chain Reaction (PCR), which identifies the novelMahd makes it possible to detect any traces cbgénDNA
remaining in a food matrix or combined with contaanits [17].0n the other hand, a major protein-based
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identification method is the enzyme-linked immuoebent assay (ELISA), which identifies the novedtgin in raw
products [13, 18-20]

In the molecular analyses of food matrices, Peard. €2004)determined that three different critijgaints, such as
the degree of DNA damage(e.g., depurination ofDMA), the presence of PCR inhibitors, and the shodrage
length of DNA fragments have been regarded. Thesanpeters are influenced by the samples itselfedsal the

physical and chemical treatments performed durirey groduction of the food [21].Bauer(2003) confidrihat

various factors totally as: shear forces, tempeeatpH, ionic strength, chemical agents, and enzyaftect the
primary structure of DNA, so that its decay leaalsi¢purination, deamination, and strand breakseliyeincreasing
sensitivity to further degradation[22, 23].

Conventional PCR used as the main analytical toolnfiost studies on DNA degradation and employea as
qualitative method to determine the processingssteynich led to the loss of target molecules [Z2hen et al.
(2007) used a conventional PCR method to analyz@tbact of processing procedures, such asjordasymgping,
blending, homogenization, and sterilization duriegymilk preparation from Roundup Ready Soybean[25].
Furthermore Vijayakumar et al. (2009) detected #uauplicon size of gene sequences in MON-810 cowh an
Roundup Ready soybean during conventional PCR rdetfas affected by heat processing viz. microwawnd
autoclaving [26].

However, studies about the effect of microwavetinemts on DNA degradation of processed orange arg v
limited. Therefore, the objectives of this study&weevaluate and compare the effects of microwasegihg and
traditional heating on orange DNA degradation irdiidn to the effect of different treatments (dnyirand
pasteurization) on the quantity and quality of éxtracted DNA. We also aim to compare two methddBNA
extraction (CTAB protocol and Wizard kit) in termktheir efficiency.

MATERIALS AND METHODS

1. Plant materials

Orange fruits Citrus sinensid.., var. Valencia late) were purchased from allsopermarket and stored at 5°C for a
maximum of two days until the experiments were iedriout. After suitable washing and hygienizatiomanges
(approximately a total of 40 kg) were divided ifitee similar groups and then separately processedrding to
different procedures:

a. The fruits were sliced (5 mm thick).

b. The fruits were sliced (5 mm thick), and thenliing process was carried out at 80 °C for 6 rthirs (pre-
treatment inactivated the enzymes). Drying expeminevere carried out in a microwave oven. The imctdand
reflected power of MW were controlled by using eedtional coupler in the power measure systemtimate the
power absorbed by sample. 300 W of supplied MW gyomere applied. In each experiment, 5 slices \peitein
the oven.

c. The fruits were sliced (5 mm thick). After blduireg process at 80 °C for 6 min., the samples wees in hot air
drier. The temperature and velocity of the air wed€C and 2 m/s, respectively.

d. The oranges were half cut and squeezed usimgnestic squeezer (Lomi mod. 4, Madrid, Spain), theth was
filtered using a 2 mm steel sieves. The juice wamédiately pasteurized between 95 and 105 °C far 10

e. The oranges were squeezed and then pasteunizzdamestic microwave oven (Panasonic 600 W pofeer)
30s.

2. DNA isolation

Genomic DNA was extracted from 200 mg of fresh gemand dried oranges. Samples were placed irdliqui
nitrogen before being ground into powder. For pasted orange juice, genomic DNA was isolated fi@mi of the
sample after centrifugation at 14,000 rpm for 5 @ separation of pellets. CTAB method and WiZdtrdvere
used to extract genomic DNA from raw and processadge products.

2.1. CTAB method
This procedure is a modification of the protocdligated in (1), carried out following the indicat@oof Doyle and
Doyle (1990) [27].
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Reagents Extraction buffer [20 g/L CTAB(Sigma), 1.4 molMacCl, 0.1 mol/L Tris—HCI, 0.02 mol/L Na2EDTA
pH 8.0]; Chloroform; Isopropanol; Ethanol 70%; X.TE buffer [L0 mMTris—HCI, 1 mM EDTA pH 8]; RNaseA
enzyme.

Protocol: 500ul of extraction buffer was preheated at 650C20-30 min and with 4QL solution of proteinase K
was transferred into a 1.5-ml Eppendorf tube coirigi ground tissue of each sample. Tubes were atedbat 60
°C for at least 1 hour and were shaken gently e®ergin. After centrifugation at 14000 g for 5 mih raom

temperature, the agqueous phase was transferrexde appendorf, mixed with 60 pl Chloroform. Thenpée tubes
were centrifuged at 14000 g for 10 min, then thpesmatant was collected, 50 pl isopropanol wereeddthe
mixture was shaken. After 30 min of incubation@m temperature, the mixtures were centrifuged4800 g for

15 min. The pellet was washed twice with 250 mkofd ethanol, left to dry at room temperature befirwas

dissolved in 20 ml of TE buffer with RNase (200ulg/then incubated at 65 °C for 2 min. The colledddA was

ready for use or stored in a freezer at -20 °C.

2.2.Wizard kit
DNA isolation from raw and processed orange wasiexhrout with commercial kit according to manufaets

instructions.

Reagents Extraction buffer[10 Mm Tris—OH, 150 mM NacCl, 2MnEDTA pH 8, 1% (w/v) SDS]; guanidine
hydrochloride (5 M); proteinase K solution (20mg/miizardresin (Promega, Madison, USA); elutionfbui(10
MMTris-OH).

Protocol: 86QuL of extraction buffer (preheated at 65 °C),1000f guanidine hydrochloride and 44 solution of
proteinase K were added to fine powder of each Eamp 1.5 mL microtube. The mixture was vortexed after
incubation at 65 °C for 80 min,was vigorously shraked centrifuged at 13,500 g for 10 min. Followthgs, 500

uL of the upper phase was transferred to a new tobeed with Wizardresin and pushed through a Wizard
minicolumn (Promega, Madison, USA). Thecolumn washed with 2 ml of isopropanol then was spun €20@2g

for 5 min. The Nucleic acid was eluted with 90 ofelution buffer(preheated at 65 °C) and aftewipation at room
temperature for 1 min, column was centrifuged g0@0 g for 2 min. Finally, the achieved DNA wasrstbin a
freezer at -20 °C

3. Quantification of genomic DNA

Quantity of extracted DNA was assessed by measspegtrophotometric optical densities (OD) at 260and 280
nm [28]. The purity of genomic DNA was measurechgsihe UV absorbance ratio of 260 and 280 nm. Bche
sample, concentrations (ng/uL) were evaluated bysuoméng the absorbance at 260 nm [29].

4. Agarose gel electrophoresis analysis

The quality of genomic DNA were analyzed by gelceigphoresis using 0.7% (w/v) agarose gel (TAE dwuff
system)contained with superior Gel Red 1x (Biotitdtayward, CA, USA: 0.5 pg/mL) [28]. The marker (1 RNA
ladder, Promega, Madison, USA) was used to determia DNA fragments’ size. Then gel was visualineder
UV light by employing a Bio-Rad Gel Doc 2000 (Bi@fRLaboratories Inc., Hercules, CA).

5. PCR amplification
primer sequences and expected amplicon lengtHisted in Tablel.

Tablel- List of PCR primers used

Target gene Primer Sequence(53") Amplicon size (bp)
PC2 for TCTTGCCTGCTTTGAATGGA

GAPC2(Glyceraldehyde-3-Phosphate Dehydrogenase PC2 rev TGTGAGGTCAACCACTGCGACAT 950bp

B-tubulin B-tubulin for ~ TTCCCATCTCCTAAGGTCTCTG 340b
B-tubulinrev  CCAAAGCTTGGAGTGCTGAG P

18S rRNA 18S rRNA for GATGAAGAACGTAGCGAAATGC 200bp

18S rRNArev. GGGTAATCCGCCTGACC

Primer Express 2.0 software (Applied Biosystems, Foster City, @/SA) was used to design primers for PCR
analysis. Primers synthesized by Sigma Genosysn@jldrich, UK) were diluted to a final concentaati of 10
pmol ul-1 with Milli-Q water and stored at -2@ until used.

Amplifications were performed using a TC-512 thermycler (Techne Inc. USA).The reaction mixture (2h)
consisted of 12.51L of TagMan-Universal PCR Master Mix (Life Techngles), LL of primers with final
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concentration of 0.4M each and 100 ng of DNA template. The thermalifgefemployed in PCR analysis were as
follows:

» For GAPC2: denaturation for 2 min at 94°C; ampdifion for30 s at 94°C, for 45 s at 54°C, for 6@ts/2°C;
number of cycles36; final extension for 5 min atG2
* For B-tubulin: denaturation for 2 min at 94°C; amplificen for30 s at 94°C, for 30 s at 55°C, for 30 ¥2at°C;
number of cycles25; final extension for 7 min atG2
*For 18S rRNA: denaturation for 2 min at 94°C; aifiqgdtion for30 s at 95°C, for 40 s at 54°C, for 4@t 72°C;
number of cycles40; final extension for 3 min atG2

PCR products were electrophoresed through a 1.78@rose gel containing superior Gel Red 1x (Biotium,
Hayward, CA, USA: 0.5 pug/mL), .As a size referer@®NA ladder (100bp DNA ladder, Promega, Madidd8A)
was employed and Visualization of the gels wasopered with a Bio-Rad Gel Doc 2000 (Bio-Rad Laborags
Inc., Hercules, CA).

6. Statistical analysis

All experiments were performed in triplicates. Tdignificance of differences among the differenatneents was
determined with analysis of variance (ANOVA) andttiled independent-sample T-test in SPSS 16.Qvacé
(SPSS Inc., Chicago, IL, USA) was applied. To aperihe statistical significance of all data, th&uea of means +
S.D (standard deviation) were reported.

RESULTS AND DISCUSSION

This study compared two methods of extracting DMaéuf fresh and processed orange in an attempt &rdiete
the purity, concentration, and quality of the DNaxples.

1. The purity, concentration, and quality of DNA estractions

The purity and concentration of DNA solution sanspdee presented in Table 1. DNA samples extracted: ffresh
orange, orange juice pasteurized with traditiomal microwave heating, and orange slice dried waHitional and
microwave heating.

Table 2:The purity and concenteration of genomic DX solutions extracted from orange samples using twextraction methods

Products CTAB method Wizard

Fresh orange 1.99+0.05 1.89+0.08

Purity MW pasturized orange juice 1.92+0'01 1.84+0.04"
Thermal pasturized orange juice 1.87+0.05 1.72+0.07

MW dried orange slice 1.75+0.05 1.83+0.04

Thermal dried orange slice 1.72#0°05 1.75+0.07

Concenteration ~ Fresh orange 127.7%4.5 108.7+6.8
(nghil) MW pasturized orange juice 100.748.0 81.0+3.0
Thermal pasturized orange juice 84.0£3.0 56.7+1.5

MW dried orange slice 37.3+2.0  28.0+1.0

Thermal dried orange slice 15.13#0.5 11.7+1.5

Data are means +S.D of triplicate measurements
Values with different superscript upper case latiara column are statistically significant at POsO1.

According to the information in Table 1, A260nm/ARSn ratios of the DNA solutions extracted from a@an
product samples via CTAB modified with an averafj&.85 were significantly highdpk 0.05) than the Wizard kit.
Therefore, the genomic DNA extractions with moreitgufrom orange samples were obtained, using thaR
protocol. Although, the absorbance ratios of DNAraeted by Wizrd kit procedures were not within thage of
1.9-2.0.These results indicating that DNA extragtgained with CTAB procedure were relatively puneda
contained low amounts of proteins, RNA, or othemtaminants.

The results in Table 1 suggest that the conceoatrsitdf the intact DNA in fresh orange and processehge
samples by CTAB method were in the range 73uUngHowever, those by Wizard kit method were in thage
57ngfiL. In other words, the yields of the genomic DNAdrange samples using the Wizard kit were signitiga
lower (P< 0.01) than the CTAB method. It is also eviderattthe DNA extraction kits are generally fasterntha
CTAB methods; however, they may be more expensive.

In this context, an appropriate amount of DNA coloédobtained from orange products even from highbcessed
fruit products. Greiner &Konietzny(2008) by emplogithe CTAB and Promega Wizard kit protocols exwdc
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appropriate quantity of DNA from processed food$[3ur results were also consistent with the rasaftother
previous studies [31, 32]. Although some researctmiied that the difficulty of extracting suffient amount of
genomic DNA from processed food related to theuerfice of processing treatment as; heat, low pHpaessure
[21, 26, 33, 34 and 35].

The effect of pasteurization and drying on the fyuaind concentration of extracted DNA was also stigated. The
results (Table 2) confirm that the concentratiod greld of intact DNA extracted from unprocessednge was
higher than the quantity of DNA extracted from presed orange samples employing two extraction gotgo
However, results demonstrated that the averagd gieDNA from orange juice, pasteurized by tradiibheating,
were significantly lower than those pasteurizedrigrowave heating.

In all DNA extraction procedures tested, the yieldl concentration of processed oranges were signtfy lower

than unprocessed fruits, which possibly indicatimgrelation of breaks in DNA strands. Peano ef28l04) showed
that physical and chemical treatments, such as beald result in fragmentation of genomic DNA stta and also
decreased the average fragment size [21]. AlthoGgyson et al. (2007) confirmed that heat procese2aduces the
overall DNA fragment length without reducing the BNoncentration [36].

Moreover, Turci et al. (2010) illustrated the effed temperature as a major factor on DNA depuiimatThey
concluded that temperature can cause enormouslarkisgy compounds, resulting in ball-shaped nucletids and
proteins which hamper with nucleic acid extractéod/or amplification [37]. Furthermore, Gryson (BD&nalyzed
transgenic soybean (soybean sauce, soymilk, safiu, and notto) and transgenic corn (corn puff Eeacorn chip
shacks, and corn flakes). He found that any chdrargahysical treatment of food samples would aftee removal
or damage of the extracted nucleic acid[38].

The genomic DNA extracted from fresh and processadges, using the two experimental methods, wareon
agarose gel in order to evaluate the quality ofetkteacts. Fig. 1 shows the results from gel etgdtoresis.

Fig. 1.Agarose gel electrophoresis of genomic DNAined from processed orange samples
A, CTAB method; B,Wizard kit: Lane M, 1kb laddeesnarker; Lane 1,Fresh orange; Lane 2, MW pastedrbrange ; Lane 3, thermal
pasteurized orange; Lane 4, MW dried orange; Lajieesmaldried orange.

It can be seen that the genomic DNA extracted fapple via the modified CTAB method are free fromeans and
impurities so that after running on agarose galy thppeared in a sharp, pure, and with the highexgtee of DNA
quality(Fig. 1A, lanes 1-5).

The analysis of gel electrophoresis confirmed thagtrong correlation exists between the efficienfyDNA
extraction method and the quantity of orange DNA also there is a correlation between the degreeaufessing
and recovery of genomic DNA. Food processing cdojitsuch as freezing, high temperature, and predsave
drastic impact on DNA fragmentation.

2. PCR amplification

PCR analysis was carried out on the extracted DN#chvhad adequate quality and quantity; that is,thm
extracted DNA using the CTAB methods. In order $sess the degree of DNA degradation on PCR angiliic,
extracted DNA from orange samples were amplifiegeing sequence of GAPCZtubulin and 18S rRNA.
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950 bp

Fig. 2. Agarose gel electrophoresis of PCR amplifition of DNA extracted from orange samples usingGA®2 gene
Lane M: 100pb ladder size marker; Lane C, premisgtrol; Lane N, non-orange-fruit;Lane 1,Fresh nge; Lane 2, MW pasteurized orange ;
Lane 3, thermal pasteurized orange; Lane 4, MWdddeange; Lane 5,thermaldried orange.

The results (Fig.2) of Agarose gel electrophorgsgsformed on the PCR amplification of extractedA)Nbtained
from orange samples, using GAPC2 gene.

In this study, for all fruit products, the 950bpdment was observed in the agarose gel electrogibotewas found
that the drying process had the most influence ARG2gene and microwave heating resulted in the l@lvanges

than traditional heating.

340 bp

Fig. 3.Agarose gel electrophoresis of PCR amplifitian of DNA extracted from orange samples using-tubulin gene
Lane M: 100pb ladder size marker; Lane C, premisgtrol; Lane N, non-orange-fruit;Lane 1,Fresh nge; Lane 2, MW pasteurized orange ;
Lane 3, thermal pasteurized orange; Lane 4, MWdddeange; Lane 5,thermaldried orange.

Fig. 3 presents the PCR detection resultB-tfbulingene in orange and derived products. Ditegesults of the

340bp fragment ofi-tubulingene show that this gene had not been degdrdor fresh fruit. However, for dried
orange, sharp bands were not observed in the aggedlectrophoresis. THetubulingene, affected of different
methods of processing fruit, was more stable tha@G2Agene.

M C N 1 2 3 4 5

200bp

Fig. 4.Agarose gel electrophoresis of PCR amplifitan of DNA extracted from orange samples using18fRNAgene
Lane M: 100pb ladder size marker; Lane C, premisgtrol; Lane N, non-orange-fruit;Lane 1,Fresh nge; Lane 2, MW pasteurized orange ;
Lane 3, thermal pasteurized orange; Lane 4, MWddarange; Lane 5,thermaldried orange .

Fig. 4 shows the results of PCR amplification oEI&NAgene in orange samples which compares thktyjoa
recovered amplifiable genomic DNA after productimindried and pasteurized samples with both traditicand
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microwave heating. Detection results of the 20Ghgrhent of 18S rRNAgene show that this fragmentiwdeen
degraded for fresh fruit. However, for dried orangdarp bands were not observed in the agarose
electrophoresis.

In current study, our findings demonstrated tha® TBNA primer with amplify fragments of 200 bp ht best
result PCR analysis. It was previously recommengetiupfer et al. (1999) [39].The result of Vijayakar et al.

(2009) showed that recovery and amplicon size {#f0@re most suitable for the successful detecti@®dO when

analyzed soybean and maize[26]. Although Costh €2@10) reported that target DNA fragments<af00 bp were
better strategies for detecting nucleic acid inetegle oils[40]. Several researchers have showsdlile choice of
small DNA fragment is critical for analyzing proses food[26, 40- 43].

The results of PCR amplification of three genassiiated that, the severity of damages employédiihprocessing
have a great influence on the quality of the recede@mplifiable DNA. The present study confirmstttigying and
pasteurization process have a significant impa@%0bp, 340bp and 200bp fragments.

It is also evident that the DNA yield from freshiifrwas nearly 3.5 times greater than dried orangbis could be
due to drying process included two procedures asching treatment and intensity of heat, resulte¢hé most
severe DNA degradations. Moreover, the effect afrawave resulted in lower degradation than pastatian of
fruit juice. Similar trends were previously repattey Vijayakumar et al. (2009) who mentioned anmpiicizes of
gene sequences in MON-810 corn and Roundup Reathgan during conventional PCR method was influertyed
heat processingiz. autoclaving and microwaving[26].

In current study, the pasteurization process onptesyof fruit juice led to slight nucleic acid dadations. Our
finding was also in agreement with those reportedMiess et al. (2007) who analyzed the effect dftguarization
conditions on plant DNA degradation in the food mix§44].

By making a comparison between fig 2,3 and 4, ttesgnce of clear and sharp band without any exradin
amplification of 18S rRNA for orange samples, itpioved that in PCR amplification 18S rRNA fragménthe
most stable. This finding was in agreement by otasearchers [32, 45 and 46].

Based on these results, we conclude that convett®8R with three primers for analyzing DNA degitiata is
satisfactory, even in highly processed orange prsdulthough, this work could be extended by enjipig Real
time-PCR and more primer for better analysis initfeit

CONCLUSION

We evaluated two different procedures to obtaiiga DNA yield from fresh orange and processed oegmpducts
(dried sliced orange, pasteurized orange juiceg &ktraction of DNA from orange and processed prtsdwas
successfully carried out with the procedures of BTlethod. Subsequently, results demonstrate thatomiave
treatment of orange samples had significantly loeféect on DNA degradation, when compared with itraxal

heating, also fruit drying with a longer heatingéi was more severe process than fruit juice pastegiprocedure.
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