PAGE  
[Type text]


[image: image1.png]OH

Ho.,
o
o o
OH on
P H
OH
Ellagic acid
OH

HO' on "
) OH

Punicalagin B Punicalagin A



[image: image2.wmf]�

���

���

���

���

���

���

���

��

��

��

��

���

���

���

T

o

t

a

l

 

f

l

a

v

o

n

o

i

d

s

 

m

g

 

Q

E

 

/

L

Days of fruit set

AH PJ

AE PJ


International Journal of ChemTech Research 

CODEN( USA): IJCRGG      ISSN : 0974-4290

                                                                                                 Vol.5, No.6, pp 2769-2781,       Oct-Dec  2013
Chemical Changes and Antioxidant Activity in Arils Juice of two Syrian Pomegranate Accessions during Fruit Maturation
Rahaf Al-Halabi*, Iman Al-Bakri, Malak Al-Joubbeh.

Chemistry department, Faculty of Science, Damascus University, Damascus, Syria.
*Corres. Author: alhalabi.Rahaf@gmail.com
Mobile: +963 944405501
Abstract:  Polyphenolic compounds concentration of pomegranate fruit is affected by cultivar, environment, and development stage of fruits.
In this study, some chemical characteristics were determined in fruit during maturation stages every 20 day from the 30 to the 150 day-old fruit of two pomegranate accessions locally called  ‘HeloErbin’(AE) and ‘Lafan Al-Hesn’ (AH) grown in Syria. 

The highest concentration of Anthocyanins (281mg cy-3-glu/L) was recorded in the 150 day-old fruit in AE accession which has a sweet taste and strong red aril colour. While the highest concentration of total phenolics(2457mg GE/L), flavonoids (570 mg QE/L), ellagitannins(572 mg EA E/L ), condensed tannins(511 mg cy E/L), and punicalagin, the most important bio-active compound in pomegranate juice, (319 mg/L), antioxidant activity (22 mM AE/L) ,as well as, the highest inhibition of LDL oxidation were recorded in the 30 day-old fruit in AH accession which have an astringe taste. The results provide important information on the changes in chemical properties of pomegranate fruit during ripening, which is very useful for determination of the fruit quality.
Key words: pomegranate arils juice, maturation, polyphenols, punicalagin, antioxidant activity, LDL oxidation, Syria.
1. Introduction

Red fruits are rich dietary sources of antioxidant phenolics and anthocyanins. 1It has been reported that pomegranate juice is one of the important sources of anthocyanins, which give the fruit and aril its red colour, and some of the phenolics and tannins.2The consumption of pomegranate juice has been reported to have many positive health benefits because of the high level of antioxidant capacity of the juice.3Pomegranate fruit contains anti-carcinogenic, antimicrobial, and anti-viral compounds.4 Recent biological studies have proven that certain compounds contained in pomegranate juice, which are anti-atherogenic and signiﬁcantly reduce LDL oxidation.5The antioxidant capacity of commercial pomegranate juice is three times higher than those of red wine and green tea.6 The principle antioxidant polyphenols in pomegranate juice include the ellagitannins, proanthocyanidins, andanthocyanins. 7,8Significant differences have been reported in the concentration of some individual phenolic compounds of different pomegranate cultivars affecting the antioxidant capacity of Pomegranate Juice.9 Antioxidant capacity of Pomegranate juice, like of other fruits, depends on cultivar, growing region, climate, maturity and cultural practice. Also technology used to obtain Pomegranate juice may affect the antioxidant capacity.10Due to the extensive knowledge about the pomegranate’s health attributes and increasing public awareness about nutritional food, pharmaceutical companies, which extracted health beneﬁcial 
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compounds from the fruit,haveincreased signiﬁcantly in many regions .11Although, knowledge of the importance of pomegranates inhuman nutrition has increased tremendously in recent years, the chemical composition of the pomegranate fruit during fruit maturation has not yet been studied in Syrian pomegranate. Chemical changes occurring during the fruit maturation stages can affect the nutritional value and health properties of the pomegranate fruit.The objective of our study was toinvestigatechanges in the major chemical composition, Punicalagin(which is the major bio-active compound responsible for pomegranate juice's antioxidant and health benefits)12  (Fig.1) ,along with antioxidant activity in pomegranate arils juice during different stages fruit development and maturation in two Pomegranate accessions grown in Syria.
  [image: image20.emf]
  Fig. 1. Structures of punicalagins A and B, and ellagic acid
2. Materials and methods
2.1. Chemicals
Quercetin, DPPH, gallic acid, Folin–Ciocalteu reagent, ellagic acid, and punicalagin (HPLC grade)were purchased from Sigma-AldrichCo.Ascorbic acid was obtainedfrom Riedel-de Haën. Acetonitrile and orthophosphoric acid were of HPLC grade, All other chemicals used were of analytical grade.
2.2. Plant materials and fruit processing
Two different pomegranate accessions were chosenfor this study (astringe accession "lafan Al-Hesenreffered as AH and sweet one"HeloErbin" reffered as AE).Young fruits of each accession were marked when fruit set, three fruitsfrom each accession were harvested every 20 days during fruit maturation. The peels and arils were separated from every fruit obtained foreach pomegranate accession during every harvested time and juice was prepared bysqueezing the arils by manual machine depending on triturate the arils and ﬁltered through ﬁlter paper (Whatman no.40). The fresh juices were analyzed for major chemical composition and antioxidantactivity, except HPLC analysis which made on frozen juices at -20 0C.
2.3. Determination of total phenolic content

For total phenol compounds determination, (1:10 in methanol 80%) dilutions of the juices were used. Total phenolic were determined using the colorimetric method.4200 μl of the juice samples/standard wasmixed with 400μlof Folin–Ciocalteureagent and 4ml of distilled water. After ten minutes, 2ml of7% Na2CO3 were added, thesampleswere stored for 2 hours at thedark. The absorbance of the samples was measured at 760 nm by a UV–Visible spectrophotometer (Optizen 3320UV). Final results were expressed as mg gallic acid equivalent per L of Pomegranate Arilsjuice (mg GE/L).
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2.4. Determination of total anthocyanin content 
Total anthocyanin was determined by pH differential method 9 using two buffer systems: potassium chloride buffer, pH 1.0 (0.025 M) and sodium acetate buffer, pH 4.5 (0.4 M). Brieﬂy 0.4 ml of PJ sample was mixed with 3.6 ml of corresponding buffers and read against water as a blank at 510 and 700 nm. Absorbance was calculated as:
A=(A510-A700)pH1.0 –(A510-A700)pH4.5
Total anthocyanin content (TAC) of samples (mg cyanidin-3-glucoside/1L of PJ) was calculated bythe following equation:
TAC=(AxMWxDFx1000)/MA
Where A: absorbance; MW: molecular weight (449.2); DF: dilutionfactor (10); MA: molar absorptivity of cyanidin-3-glucoside (26900).

2.5. Determination of total ﬂavonoid content 
For the total ﬂavonoid content, the method described in 13 was used. One milliliter of (1:5 in methanol 80%) dilutions of pomegranate juice  were mixed with 0.3 ml NaNO2 (5%). 0.3 ml of AlCl3 (10%) were added after 5 min , and after 6 min were neutralized with 2 ml NaOH solution (1M). For all the samples the absorbance was read at 510 nm and the quantiﬁcation was carried out using a calibration curve of quercetin. The results were expressed in mg quercetin equivalents per L (mg QE/L).                                                                                         
2.6. Determining of condensed tannins (proanthocyanidins) content
A colorimetric assay (butanol-HCl assay)14 involves the oxidative cleavage of proanthocyanidins with ferrous sulfate. 0.5 mL of (1:100 in distilled water) dilutions of juice is added to a 5mL portion of an acidic solution of ferrous sulfate (77 mg of FeSO4.7H2O dissolved in 500 mL of 2:3 HCl/n-butanol). The tubes are loosely covered and placed in a water bath at 95°C for 15 min. The absorbance is read at 530 nm. The concentration of proanthocyanidins is expressed as cyanidin equivalents (mg cy E/L) .The molecular extinction coefficient εmol that can be used to convert the absorbance values to a concentration is equal to 34700 Lmol-1cm-1.
2.7. Determination of ellagitannins content
Ellagitannins determined as described in14. After hydrolysis of ellagitannins, ellagic acid concentration can be determined through an oxidation reaction with nitrous acid. To maximize the formation of a red-colored product in the assay the sample containing ellagic acid is dissolved in pyridine to a volume of 2.1 mL. A volume of 0.1 mL concentrated HCl is added, and the mixture is brought to 30°C. After a volume of 0.1 mL 1% (w/v) NaNO2 is added, the mixture is quickly mixed and the absorbance at 538 nm is read immediately afterwards (A538, t0). After 36 min at 30°C the red product reaches its maximum concentration, and the absorbance (A538,t36) is recorded again. The ellagic acid concentration in the sample is a function of the difference between (A538,t0) and (A538,t36).A stander curve of ellagic acid was used. The ellagitannins was expressed as mg ellagic acid per L.(mg EA E/L)This procedure is based on the formation of the electophile NO+ which can react with an ellagic acid residue .

2.8. Evaluation of total antioxidant activity

Total antioxidant activity was estimated by two methods DPPH and FRAP.
2.8.1. Ferric reducing antioxidant power (FRAP)
The ferric reducing power (FRAP) of pomegranate juice arils was determined by using thepotassium ferricyanide-ferric chloride method as described in 13. One mL of juice was added to 2.5 mL phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide (1%). The mixtures were incubated at 50 °C for 20 min, after which 2.5 mL trichloroacetic acid (10%) was added .An aliquot of themixture (2.5mL) was taken 
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and mixed with 2.5 mL water and 0.5 mL 0.1% FeCl3. The absorbance at 700 nm was measured afterallowing estimated in terms of Ascorbic acid equivalent antioxidant capacity inmmol/L (mMAE/L).
2.8.2. DPPHradical scavenging activity

Radical scavenging potential Antioxidants react with DPPH, which is astable free radical, and convert it into α, αdiphenyl-β-picryl hydrazine. The degree ofdiscoloration indicates the scavenging potential of the antioxidant. 
Antioxidant activity was determined by the DPPH method described by 15with some modifications.(1:10 in methanol 80%) dilutions of the juices were used. (200μl) of diluted juicewas mixed with 3 ml of DPPH (45μg/ml in methanol 80%).The mixture was shaken vigorously and left to stand for 30 min. Absorbance of the resulting solution was measured at 517 nm.The antioxidant activity was calculated using the following equation:
Antioxidant activity (%) = (1-[A of sample/A of control]) x 100
2.9. Inhibition of low density lipoprotein (LDL) oxidation
Inhibition of LDL oxidation was determined according to previous method 16 with some modification, human serum was collected and diluted by phosphate buffer (50 Mm,Ph 704) to the concentration of 0.3%. Aliquots of 10 ml diluted serum were mixed with 20 μl DMSO or 10 μl DMSO added to 10 μl of pomegranate arils juice from the different ages of pomegranate. TheCuSO4 solution (40 μl of 2.5 mM) was added to initiatethe reaction. The absorbance at 234 nm was recordedimmediately and was taken every 20 min thereafter for 120 min at room temperature.

2.10. HPLC condition for punicalagin and ellagic acid determination
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HPLC conditions of 17 was used with some modifications, the mobile phase solvent A (acetonitrile) and solvent B (0.4% aqueous phosphoric acid), was used under binary linear gradient conditions as follows: 0-10 min, 5-15%solvent A in solvent B; 10-30min, 15-25%solventAin solvent B; with a flow rate of 1.5 mL/min. All samples were filtered (0.45 μm), loaded (25) μL injection volume, and analyzed on KNAUER Vertex plus column 250 X 4.6 Eurospher 100-5 C18. The monitored wavelength was 360 nm for the detection and quantification ofpunicalagins A and B, and ellagic acid. The retention times for punicalagins A and B, and ellagic acid at the above HPLC condition were 9.867, 11.650, and 28.317 min, respectively (Fig.2).
  Fig. 2.Punicalagin A and B, and Ellagic acid HPLC chromatogram.
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Fig. 3. Total phenolic compounds content represented as mg Gallic acid equivalents (GE) ,and Total Anthocyanins content represented as (mg cyanidin 3-glucoside (cy-3-glu) equivalents per Liter of pomegranate arils juice, during fruit development and maturation in two accession (AH, AE). Data shown are the means of three replicates vertical bar represents ± standard error

3. Results and Discussion
3.1. Compositionalchanges
3.1.1. Total phenolic content and Anthocyanin pigments content
The level of total phenolics was higher in the arils juice of AH accession (AHPJ) than in the arils juice of AE accession( AEPJ) for all fruit development stages. The highest phenolic content (2458 mg GE/L AHPJ, 1545 mg GE/L AEPJ) was recorded in the 30 day-old fruit. There was a nearly 26% AHPJ, 54% AEPJ reduction in total phenolicsfrom 30 to 150 days of fruit development (Fig. 3). Our results agree with other research18which showed that the total phenolic contents of pomegranate vary considerably from one cultivar to another.  The decline in total phenolic may be due to oxidation of phenolic content by polyphenol oxidase that characterizes these stages of maturity, Since total phenolic, especially the hydrolysable tannins, are major contributors to the astringent taste of fruit, their reductions are important in adjusting the fruit taste.4 A decrease in phenolic compounds with maturation and ripening has also been reported in banana19, pear20, guava21, andother pomegranate accessions2,4,22,23. Some phenolics are substrates for enzymatic browning. A reduction in the phenolic content with development may reduce the incidence of enzymaticbrowning2.
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A decrease in phenolics also coincided with an increase in anthocyanin pigment content (Fig. 3). The negative correlations between these two parameters can be explained, as previously suggested, since the ﬂavylium ring required for anthocyanins formation is made from phenolics compounds and this may lead to a reduction in their content and an elevation in anthocyanins levels.2,4The anthocyanins levels in the aril juice were signiﬁcantly increased during maturationin AE accession, which has a strong red aril colour, (from38(30 day-old fruit)to281(150 day-old fruit)mg/L).Anthocyanins levels increasing in AH accession was less (from35(30 day-old fruit)to142(150 day-old fruit)mg/L) (Fig.3)

The highest concentration of anthocyanins was recorded in the 150, day-old fruit in AE accession, and in the 110 day-old fruit in AH accession which was followed by a slight decrease of up to the 150days of fruit development .such decrease in the last stages of maturation was observed in other pomegranate accession and was attributed to a decrease in acidity since the anthocyanin pigments undergo reversible structural transformation with a change in the acidity.2
3.1.2. Total flavonoids content

The total flavonoids levels were reduced by 36% in AHPJ and 34% in AEPJ. The highest Flavonoids content (570 AHPJ, 514AEPJmg QE/L) was recorded in 30 day-old fruit. (Fig .4) 

Areduction in major flavonoids during repining such as (Quercetin 3-glucuronide, Quercetin derivatives, and Kaempferol 3-glucuronide) was found in red raspberries24. The reduction in such flavonoids compounds is the key .Since they used in Biosynthesis of anthocyanins and condensed tannins proanthocyanidins25.
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Fig .4. Total Flavonoids content of pomegranate arils juice represented as as mg Quercetin equivalents (QE) per L, during fruit development and maturation in two accession (AH, AE).  Data shown are the means of three replicates vertical bar represents ± standard error.

3.1.3. Total proanthocyanidine and ellagitannins content
The proanthocyanidinscontect decreased significantly during fruit ripening in both accessions. The higher concentration of proanthocyanidins (511 mg/L) was observed 30 day-old fruits in AH accession (Fig. 5). The decline in Proanthocyanidins content may be attributed to enzymatic activities such as anthocyanin synthase (ANS) and (LAR) leucoanthocyanidin reductase25. The reduction on proanthocyanidins during ripening was reported in other pomegranate accessions [23], and bilberries6. The level of total ellagitannins which belong to the total phenolic compounds such as punicalging, and punicalin, which characterise the pomegranate, were determined during pomegranate maturation for the first time in the current study. 
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A reduction in total ellagitannins was noticed in both accessions. The intensity of reduction was higher in AE accession (depletion by 54% from 429 (30 day-old fruit) to 197 (150 day-old fruit)) EA E mg/L) than AH accession (depletion by 29% from 572(30 day-old fruit) to 406(150 day-old fruit) EA E mg/L).The higher concentration of ellagitannins was observed in AH accession (Fig. 5).  The reduction in ellagitannins content may be attributed to many reasons such as oxidation by PPO 4, condensation between ellagitannins and proanthocyanidins may occur depending on enzymes activity and acidity27. It is concluded that loss of astringency, which occurs on ripening, is most probably connected with increased polymerization of tannins to high molecular weight insoluble polymers 19,28.
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Fig.5.: Total Proanthocyanidins content represented as mg cyanidin equivalents (cy E) ,and Total Ellagitannins content represented as mg Ellagic acid equivalents (EA E) per Liter of pomegranate arils juice, during fruit development and maturation in two accession (AH, AE). Data shown are the means of three replicates vertical bar represents ± standard error
3.1.4.Punicalagin and ellagic acid content
The concentration of punicalagin and ellagic acid was studied in the aril juice of AH and AE pomegranate accessions during maturation. Punicalagin concentration showed Progressive decreasing from 30 to 150 day-old fruit in both accession. In general  punicalagin concentration was higher in AH accession in all maturation levels,  the highest concentration ( 319mg/L)  were recorded in 30 day-old fruit in AH accession which have an astringe taste. (Fig. 6) that agree with 29which reported that Punicalagin ranged from 4-565mg/L in selected pomegranate aril juices.
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Free ellagic acid present in low concentration compared to ellagitannins in pomegranate juice in both accessions.The highest concentration(55mg/L) was recorded  in 130 day-old fruit in AH accession and in 70 day-old fruit in AE accession (47mg/L). (Fig. 6)
There is no progressive decreasing or increasing in free ellagic acid concentration during maturation. This may be due the degree of undergoing in ellagitannins composition reactions which consume ellagicacide and decrease free ellagic acid concentration. Ellagitannins are hydrolyzed to ellagic acid under physiological conditions 30. Hydrolysis of ellagitannins could cause an increasing of free ellagic acid concentration. Free ellagic acid concentration was very low and out of detection limit insix maturation stages in AE accessions.
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Fig. 6.: Punicalagin, and ellagic acid concentration of pomegranate arils juice represented as mg per Liter, during fruit development and maturation in two accession (AH, AE).  Data shown are the means of three replicates vertical bar represents ± standard error.

3.2. Antioxidant activity
The DPPH and FRAP methods were used for determination of antioxidant activity,the values calculated as equivalent to ascorbic acid for FRAP assay. FRAP Assay showed that the level of antioxidant activity was signiﬁcantly reduced during the maturation in AE accession from (17.19(30 day-old fruit) to 9.27(150 day-old fruit) mM AE/L). However, a slight reduction from (22.45(30 day-old fruit)  to 17.45(150 day-old fruit) mM AE/L ) (Fig. 7)was observed in AH accessions which has a high phenolics level, this results agree with DPPH assay results which showed that antioxidant activity was signiﬁcantly reduced during the maturation in AE accession from (87.15%(30 day-old fruit)  to 74.12%(150 day-old fruit)) and slightly (from 92.41%(30 day-old fruit)  to 89.10%(150 day-old fruit)) in AH accession(Fig. 7).
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Fig. 7: Antioxidant activity of pomegranate arils juice  by FRAP assay represented as mmol of ascorbic acid  equivalents(AE) per L juice ,and DPPH assay represented as percentage, during fruit development and maturation in two accession (AH, AE).  Data shown are the means of three replicates vertical bar represents ± standard error.

The highest antioxidant activity was recorded in 30 day-old fruit in both accessions the result also showed that AH accession which relatively had a high concentration of Phenolic had stronger antioxidant activities than AE accession 

AH accession showed a rapid decrease in antioxidant activity  from 30 to 50 days of fruit development in both assays, followed by slightly decrease to 90 day-old fruit, this is correlated with total phenolic level which decreased in the same way, correlation coefficient  between total phenolic concentration and antioxidant activity% ,by DPPH, from 30 to 90 day -old fruit of AH accession was (r² = 0.975).while High correlation between total phenolic concentration and antioxidant activity% ,by DPPH, from 30 to 150 day -old fruit noticed in AE accession (r² =0.982) (Fig. 8).  A surge in antioxidant activity from the 90 day-old fruit onwards noticed only in AH accession.Such surge noticed in ‘Ganesh’ accession was attributed to an increased concentration of anthocyanin pigments. 2The surge in AH accession might be attributed to many other non-phenolic antioxidant activities  maybe such as ascorbic acid concentration that may increase4 or decrease 2 during ripening depending on pomegranate accession, or composition of Millared reaction products ,this reaction may occur in flesh of fruit during repining in suitable conditions such as pH and temperature..31
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Fig.8: antioxidant activity (by DPPH) of pomegranate arils juice obtained from different ages of fruit of AE and AH vs total phenolic content as gallic acid equivalents.

3.3. Inhibition of low density lipoprotein (LDL) oxidation

In the current study, we examined the inhibitive action of pomegranate arils juice (from the different ages of fruits of the two accessions)against CuSO4-induced LDL oxidation, as evidenced by decreased conjugated dienes (measured at 234 nm) production. 
The results showed that pomegranate arils juice of AH accession (in all studied maturation stages) were more effective in reducing LDL oxidation. Thehighest inhibition of LDL oxidation was observed using juice of the 30 day-old fruit of AH accession, the juice of (90,110,130,150) day-old fruit of AH accession had very similar inhibitive action (Fig. 9).
We investigate the relation between the percent inhibition of LDL oxidation (at the 60 minute of reaction) calculated as [(A of control – A of sample)/A of control] × 100 of pomegranate arils juice (from the different ages of fruits of the two accessions) and the corresponding concentration of total phenolic, a high correlation were found in both accession (Fig. 10 ).
Our results agree with16,32  reported that pomegranate juice could effectively protect LDL against oxidation in vitro, which was attributed to the polyphenols contained in the juice. 
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Fig. 9: The inhibitory effect of pomegranate arils juice obtained from different ages of fruit of AE and AH accessions on Cu2+induced-LDL oxidation. Oxidation was determined by monitoring the change at 234 nm due to increase in conjugated dienes formation for 120 min. All results are the averages of triplicate measurements.
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Fig. 10:  percent inhibition of LDL oxidation (at the 60 minute of reaction) by pomegranate arils juice obtained from different ages of fruit of AE and AH vs total phenolic content as gallic acid equivalents.
4.Conclusion

During fruit development and maturation, signiﬁcant changes were found in the chemical proﬁle of pomegranate arils .Basically, the two accessions that were tested showed a similar trend in most of the aril parameters examined. For example, the levels of antioxidant activity, total phenolics compounds,flavonoids, ellagitannins, proanthocyanidines were reduced during maturation in the aril juice, while the levels of anthocyanins, increased. Some trends can be found in one accession but not in the other. For example, a surge in antioxidant activity in the last maturation stages in AH accession. The levels of major polyphenolics such as flavonoids, Proanthocayanidins, and ellagitannins were higher in AH(the astringe accession).While the level of anthocyanins was higher in AE (the sweet accession).

Punicalagin (the most important bioactive compound in pomegranate) present in considerable concentration in two accession especially AH accession. Isolation this bioactive compound for further studies is advisable to be in the first steps of maturation since concentration of punicalagin is the highest in 30 day-old fruit. 
This data are very useful for determination of the fruit quality, as well as determine the optimum time for extract individual health-promoting compounds that varied signiﬁcantly according to the developmental stage and cultivar.
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