Oghene Oghener ukevwe Anne and Agoreyo Blessing Ogochukwu

NISEB JOURNAL, Vol. 13, No. 1&2, July, 2013 1595-6938/2013
Printed in Nigeria (c) 2013 Nigerian Society for Experimental Biology
http://www.nisebjournal.org

Phenolic Levels and Polyphenol Oxidase Activitiesf &ggplants
(Solanum spp.) During Ripening

Oghene Oghenerukevwe Anne and Agoreyo Blessing g

Department of Biochemistry, University of BeninlVPB. 1154, Benin City

ABSTRACT: Phenolic levels and polyphenol oxidase (PPO) am#/ivere determined in various eggpla®sanum melongena L.
(round and oval varietiesfolanum aethiopicum L. and Solanum gilo L. (big and small varieties) during ripening. Thevere
variations in the phenolic levels and polyphenatiaxe (PPO) activities in the eggplants duringriipg; the pattern of variations was
based on the type of variety. The phenolic leveleanined by the Folin-Ciocaultau method incredsedll the eggplants in their
overripe stage expect @gilo (big variety) which showed a decrease. The a@wibf polyphenol oxidase (PPO) in the eggplants
were determined using catechol and pyrogallol dsstsates. PPO activities with catechol as substrste higher than that of
pyrogallol. Catechol was observed to be the prefesubstrate for the enzyme in all the eggplarR© Bctivities, using catechol as
substrate decreased in the overripe stage of@kkgigplants except Bmelongena (oval variety) that showed an increase; while the
PPO activities using pyrogallol as substrate irs@dain overripe stage of all the eggplants exae@melongena (round variety).
Phenolic compounds are major antioxidants in hudiah therefore the increase observed in theirlseivethe overripe stage of the
eggplants showed that nutritional benefit can beveé from their consumption. Futhermore the ineerslationship between
phenolic levels and PPO activities in these egdplercept irS.melongena (oval variety) suggests that enzymatic browningrel@ses
with ripening in these fruits.
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Introduction

Eggplants $olanum spp.) are used as food sources. The leaves or frig®me species are consumed due to their nutrtlges.
Edible fruits includeSolanum melongena, Solanum aethiopicum, Solanum gilo and Solanum incanum. Eggplants are commonly eaten
in tropical Africa. The unripe fruits of eggplarse mostly eaten raw or used to prepare sauceewr gGrubben, 2004; Perez-
Amadoret al., 2007; Sodipet al., 2011). Eggplants have considerable economic itapce, since they serve as a source of income
for farmers. They also have medicinal values ingedous medicine (Stommel and Whitaker, 2003; Gsijeet al., 2009).

Phenolic compounds are secondary metabolites of ptégin; they are aromatic compounds possesgiegoo more hydroxyl groups
(Kambleet al., 2011).Phenolic compounds are major antioxidants in oetr (Bcalbertt al., 2005). Antioxidants have been identified
as free radicals or reactive oxygen species (R@8)engers (Rajurkar and Gaikwad, 2012). ROS argéntmusly produced in cells.
Overproduction of ROS causes damage to valuabhadléxules resulting in an increased risk of cardsoular diseases, cancer and
other chronic diseases (Boskou, 2006). Phenoligpooimds as antioxidants protect the body againsetdegenerative diseases. They
also have anti-inflammatory, anti-microbial andisaflergic activities (Bornecet al., 2008). In plants, phenolic compounds are
involved in defense mechanisms such as enzymatieriing (Hayatet al., 2007; Manactet al., 2004). They are synthesized from
phenylalanine which is produced via the shikimaithway and have been found to contribute to cdl@nges and fruit quality due
to their involvement in astringency, bitterness] 8avor during ripening (kkkinen, 2000). Phenolic compounds are classifiesttha
on their chemical structures (the type and numbghenolic ring) (Barkett al., 2012). Studies on phenolic contents of somesfrui
showed that apple, papaya and guava contained, 2838, 115.35 mg gallic acid equivalent (GAE)/Ifesh weight respectively.
Polyphenol oxidase (PPO) is the name for the coppetaining enzyme that catalyses the oxidatiophaiolic compounds to form
corresponding quinone intermediates such as o-doip@nes, which polymerize to form melanin pigmemthe surfaces of cut fruits
(Yoruk and Marshall 2003; Arnolet al., 2010; Sambasivat al., 2013). It is also known as catechol oxidase er o
diphenol:oxidoredtuctase activity of this enzymepiissent in some fruits (Yoruk and Marshall, 20030 is mainly located in the
thylakoid membrane in the chloroplast and its pliersubstrates are located in vacuoles and updndeehage, the enzyme and
substrate come in contact, leading to oxidatiothefsubstrate (Chazarenal., 2001). PPO together with its phenolic substrates
involved in defense mechanisms by forming browmggts that could resist infection on injured swefaof fruits. They are also
involved in plants’ resistance to stressful comdisi like wounds and infections (Lundetilal., 2008). PPO activity has been observed
to change during fruit ripening in olive fruiFi@ncisceet al., 2007).PPO has beecharacterized in strawberry (Marebal., 2007),
pawpaw (Caodi, 2007), tomatoes (Shahryar, 2012)ggglant olanum melongena) (Bibhutiet al., 2012).

Phenolic levels and PPO activity have not beenrghéted in various eggplants during ripening. Thgeotive of this study was to
determine the phenolic levels and PPO activityl{dil and triphenol oxidase activities)Solanum melongena L. (round and oval
varieties),Solanum aethiopicum L. andSolanumgilo L. (big and small varietiesjuring ripening.

Materials and Methods

Plant Material

Unripe fruits of the various eggplantS; melongena (round and oval varietiesh aethiopicum andS. gilo (big and small varieties)
were purchased from New Benin market in Benin-Oiigeria (6°19' N, 5°63’ E). The fruits were allod¢o ripen normally and
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samples were collected from the ripe (yellow) andrope (red) stages for the analyses of phenelielland polyphenol oxidase
activity.

Extraction of phenolic compounds

The extraction was carried out according to thehwetof Ayubet al., (2011). 4 g of each eggplant was homogenized 8vinl of 50
% aqueous ethanol (v/v). The homogenate was alldwestand at room temperature for 30 min with oesd agitation. The
homogenate was centrifuged at 2000 g using a &eger(model 80-2) for 15 min and the supernatarg wsed as the extract for the
determination of phenolic level.

Assay for phenolic compounds

The assay for phenolic compounds was carried simguFolin-ciocaltau’s method (Rajurkar and Gaikwad12). 1.5 ml Folin-
ciocaulteu’s reagent (1 in 10 dilutions) was adtte@d.3 ml of the phenolic extract. 1.2 ml of sodioarbonate (7.5 % w/v) was added
to the reaction mixture and allowed to stand fomd@ at room temperature. Absorbance was read &nh@6and the phenolic level
was determined from a gallic acid standard cunle &ssay was carried out in triplicate and distilleater was used as control.
Phenolic level was expressed as mg gallic acidvetprit (GAE)/g fresh weight.

Extraction of Polyphenol oxidase

Extraction of Polyphenol oxidase was done accorttiniipe method of Adamson and Abigor (1980) wifgtgl modifications. 5 g of
each eggplant was homogenized with 1.25 g of pp@pyrrolidone (PVP) in 20 ml of ice-cold 0.05 Mdiom phosphate buffer pH
6.5.The homogenate was filtered through a doulylerleheese cloth and centrifuged for 10min at 1@ @@sing a centrifuge (model
80-2). The resultant supernatant was used as #yenenextract.

Assay of Polyphenol oxidase activity

Assay was carried out according to the method @fmsbn and Abigor (1980) with slight modificatiods25 ml of 10 mM substrate
(cathechol or pyrogallol) was added to 1.25 ml 4f ®l sodium phosphate buffer (pH6.5). 0.5 ml ofyene extract was added to the
reaction mixture. Absorbance was read at 420 nn3 fiin. Polyphenol oxidase activity was expressedtenge in absorbance per
minute per gram fresh weightA/min/gFW).

Statistical analysis
Data were subjected to analysis of variance (ANOWAINg statistical package for social sciences §RS8ersion 20). Tukey's
honestly significant difference (HSD) was useddentify differences among means at the probabdirgl of 1%.

Results

Phenolic level ofS. melongena (round variety) decreased significantly (P<0.01)1b$7 fold (26.75 %) from the unripe to the ripe
stage; while it increased significantly (P<0.01) b7 (17.97 %) from the ripe to the overripe stéigig 1a). PPO activity irs
melongena (round variety) was higher with catechol as substthan with pyrogallol (Fig 1b). There was an irseerelationship
between the phenolic level and PPO activitySinmelongena (round variety) during ripening. PPO activity inased significantly
(P<0.01) by 1.25 fold from the unripe to the rigage and decreased significantly (P<0.01) by 1r@@ the ripe to the overripe stage,
when catechol was used as substrate (Fig 1b).h©nther hand PPO activity increased significa(Rky0.01) by 1.44 fold from the
unripe to the ripe stage and decreased significéR#0.01) by 1.39 from the ripe to the overripegst, when pyrogallol was used as
substrate (Fig 1b).

Fig. 1a: Phenolic level ofS. melongena (round variety) at various ripening stages.
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Fig. 1b: PPO activity of S. melongena (round variety) at various ripening stages.

In S melongena (oval variety), the phenolic level increased nggniicantly (P>0.01) in all the ripening stagesg2a).
Phenolic level increased by 1.04 fold (3.54 %) fritra unripe stage to the ripe stage and 1.28 (Z&)08om the ripe to
the overripe stage. PPO activity in the same vaietreased in all the ripening stages, when batkahol and pyrogallol
were used as substrates (Fig 2b). PPO activi§ melongena (oval variety) was higher with pyrogallol as subggrthan
with catechol (Fig 2b). There was a linear reladlip between the phenolic level and PPO activit® imelongena (oval
variety) during ripening. The increase in PPO digtiwas 1.11 fold from the unripe to the ripe stagevas non-significant
(P>0.01) and 3.08 fold from the ripe to the ovesrgiage which was significant (P<0.01), when catealas used (Fig
2b). When pyrogallol was used, 1.44 fold increas@®PO activity from the unripe to the ripe stagasvsignificant
(P<0.01) and the 1.04 fold increase from the ripethe overripe stage was non-significant (P>0.(Hip (2b).
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Fig. 2a: Phenolic level ofS. melongena (oval variety) at various ripening stages
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Fig. 2b: PPO activity of S. melongena (oval variety) at various ripening stages

Phenolic level increased in all the ripening stagfeS aethiopicum (Fig 3a). The phenolic level increased non-significantly QR0 1)

by 1.04 fold (3.88 %) from the unripe stage toripe stage and increased significantly (p<0.01) 18y fold (46.73 %) from the ripe

to the overripe stage. PPO activitySnaethiopicumwas higher with catechol as substrate than witbgsitol (Fig 3b). There was an
inverse relationship between the phenolic level BR® activity inS. aethiopicum when catechol was used as substrate and a linear
relationship when pyrogallol was used. PPO actidé#greased significantly (P<0.01) in all the ripenstages of. aethiopicum when
catechol was used (Fig 3b). It decreased by 1.@Bffom the unripe to the ripe stage and by 3.9@ foom the ripe to the overripe
stage. The increase in PPO activity was 1.01 fachfthe unripe to the ripe stage which was nomiigant (p>0.01) and 1.32 fold
from the ripe to the overripe stage which was s$icgmt (p<0.01), when pyrogallol was used (Fig 3b).

=]
in
|

045 4

0.25 4

Phenoliclevel{mg GAE/gFW

0.15

Uniripe Ripe overripe

Ripening stages

Fig. 3a: Phenolic level of. aethiopicum at various ripening stages

81



0.45

0.4

0.35

0.3

0.25

0.1%

0.1

PPO Activity (A8 min/gFW)

0.0%

0.2 =

Oghene Oghener ukevwe Anne and Agoreyo Blessing Ogochukwu

—#— Catechol
—=— Pyrogallol

Unripe Ripe Overripe
Ripening stages

fizura ih: FRO activity of 5. asth fapisum at various rinanins stasas
Fig. 3b: PPO activity of S. aethiopicum at various ripening stages

In S gilo (small variety) the phenolic level decreased sigaiftly (P<0.01) by 1.18 fold (15.58 %) from theripe stage to the ripe
stage and increased significantly (P<0.01) by fdkB (23.44 %) from the ripe to the overripe stgey 4a). Activity of PPO irs
gilo (small variety) was also higher with catechol absstate than with pyrogallol (Fig 4b). There wasiaverse relationship
between the phenolic level and PPO activityimilo (small variety)when catechol was used as substrate and a linationship
when pyrogallol was used. PPO activity increasgdificantly (P<0.01) by 1.52 fold from the unripethe ripe stage and decreased
significantly (P<0.01) by 1.53 fold from the ripe the overripe stage, when catechol was used (g #PO activity decreased
significantly (P<0.01) by 1.26 fold from the ripe the overripe stage and increased significanty0(€1) by 1.26 fold from the
unripe to the ripe stage and 1.41 fold from the tipthe overripe stage, when pyrogallol was uBegi4b).
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Fig. 4a: Phenolic level ofS. gilo (small variety) at various ripening stages
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Fig. 4b: PPO activity of S. gilo (small variety) at various ripening stages

In S gilo (big variety), the phenolic level decreased sigaffitly (P<0.01) in all the ripening stages by 1@ (26.45 %) from the
unripe stage to the ripe stage and 1.15 fold (1%6)4rom the ripe to the overripe stage (Fig 5ajtiity of PPO inS gilo (big
variety) was also higher with catechol as substtiaée with pyrogallol (Fig 5b). There was an ineerglationship between the
phenolic level and PPO activity i gilo (big variety)when catechol and pyrogallol were used as substedteough there was a
linear relationship only in the overripe stage, witatechol was used as substrate. PPO activitgased significantly (P<0.01) by
1.83 fold from the unripe to the ripe stage andelesed significantly (P<0.01) by 2.11 fold from tipe to the overripe stage, when
catechol was used (Fig 5b). PPO activity increased significantly in all the ripening stages (F3) by 1.03 fold from the unripe
to the ripe stage and 1.00 fold the ripe to thergwe stage, when pyrogallol was used (Fig 5b).
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Fig. 5a: Phenolic level ofS. gilo (big variety) at various ripening stage
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Fig. 5b: PPO activity ofS. gilo (big variety) at various ripening stages.

Discussion

In this study phenolic levels increased in all #ggplants in their overripe stage expectSirgilo (big variety) which showed a
decrease. This increase in phenolic levels cogglafth the report of Casa@bal. (2004) who observed phenolic levels increased
during ripening in loquat fruits, but this is not agreement with the report from Onuoha and Nwagk2011) who observed that
phenolic compound decreased in the overripe stadmmnana and plantain. They attributed the logsheholic compounds to the
polymerization insolubilisation rather than decosifion of these phenolic compounds. This resulgests that the overripe stage of
most eggplants contain high phenolic levels. Ndwégal. (2010) reported that the accumulation of phenotimpounds varies in
relation to the physiological state of the fruit @sult of equilibrium between biosynthesis andhfer metabolism including
catabolism. Comparison of the phenolic levels agnibre eggplants showed that in the unripe stagetvtb varieties ofs gilo had
the highest phenolic levels, followed closely &iymelongena (round and oval varieties) ar@l aethiopicum, which had the lowest
phenolic level.

In the ripe stage of the eggplant, gilo (small variety) had the highest phenolic levelldaled by S gilo (big variety), S
melongena(oval variety),S. melongena(round variety) and. aethiopicum respectively.

In the overripe stageS gilo (small variety) also had the highest phenolic le¥ellowed by S. melongena(oval variety ), S
aethiopicum, S. melongena(round variety), ané. gilo(big variety) respectively. This result showed t8agilo (small variety has the
highest phenolic level in all the ripening stagHsis result also suggests that phenolic levelsggptants vary according to species
and varieties.

Polyphenol oxidase (PPO) activities in this studrevhigher with catechol as substrate than pyrolgdliatechol was observed to be
the preferred substrate for the enzyme in all tgpkants except i melongena (oval variety)in which the preferred substrate for the
enzyme was pyrogallol. This result is in agreenweitth the report of Seragt al. (2005) on artichokéCynara scolymus L.) in which
they observed that PPO showed more affinity foedadl than pyrogallol. Similar result was also mepd by Jianhuét al. (2006), who
characterized PPO from mango pulpafgifera indica I. Cv. “tainond ) and found that the enzyme had higher affinity fatechol
This higher affinity for catechol than pyrogallaludd be an indication of the presence of isoforfnBRO with different endogenous
concentrations or it might indicate the presencers isoform of the enzyme with catechol as it$gored substrate. The presence of
different isoforms of PPO has been reported (Jigetral., 2006; Bibhutiet al., 2012). Comparison of the PPO activity in theptggts
in each ripening stage showed varietal differenBesisedelet al. (2000) observed similar results in apple culsv&omparison of the
activity of PPO in each ripening stage with catées a substrate showed that in the unripe sgagédo(small variety) had the highest
PPO activity followed respectively 8 gilo (big variety),S. aethiopicum, andS. melongena (round and oval varieties).

In the ripe stageS gilo(big variety), had the highest PPO activity, foledvby S gilo (small variety) S aethiopicumand S
.melongena (round and oval varieties) respectively.

In the overripe stag& gilo (small variety), had the highest activity, followedS. gilo (big variety),S. melongena (round variety) S
melongena (oval variety), ands. aethiopicum respectively. Comparison of the activity of PPQeath ripening stage with pyrogallol
as substrate also showed that in the unripe st@gglo (small variety) had the highest activity, followbg S. gilo( big variety),S.
melongena (oval variety) S. melongena (round variety) ané. aethiopicum respectively. In the ripe stage,melongena (oval variety)
had the highest activity arfdl aethiopicum had the least activity. Lastly in the overripegeteS. melongena (oval variety) had the
highest activity an& melongena (round variety) had the least PPO activity. Charigd’?PO activities with ripening may be due to an
increased or decreased synthesis of a particudoria in response to change in concentration opiieSerred endogenous phenolic
substrate. In this study, PPO activities showeeris® relationship with phenolic levels $nmelongena (round variety) when both
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catechol and pyrogallol were used as substratewetder, inverse relationship was only observed.igilo (small variety andS
aethiopicum and when catechol was used as substrate. Whenghiglogzas used as substrate, oflygilo (big variety) showed
inverse relationship. This result correlates witle report of Adriancet al. (2005) who observed that PPO activity in peaches
increased during ripening and total phenolic lelestireased during storage. Ngugeal. (2003) also reported inverse relationship in
PPO activity and total phenolic level in bananal pedéow temperature storage. The inverse relatignbetween phenolic levels and
PPO activities in these eggplants suggests thgheatic browning decreases with ripening in thesgp&mts.

Linear relationship between PPO activity and phienlelel was observed i8. melongena (oval variety) when both catechol and
pyrogallol were used as substrates. However, linglationship was only observed $gilo (small variety and inS. aethiopicum
when pyrogallol was used as substrate. This resuielates that of Sejong and Kyung (2011), wheortegl that linear relationship
occured in PPO activity and total phenolic levepersimmon Diospyros kaki Thunb.). Linear relationship between PPO actigitg
phenolic level when pyrogallol was used as sulesira$. gilo (small variety and inS. aethiopicum may not suggest an increase in
enzymatic browning in these species during ripeding to the low activity of PPO with pyrogallol.

From the results obtained in this study phenobmpounds were observed to increase in the ovestipge of almost all the
eggplants. Phenolic compounds are major antioxsdemhuman diet, therefore the increase observetein levels in the overripe
stage of the eggplants showed that nutritional fitec&n be derived from their consumption. Also theerse relationship between
phenolic levels and PPO activities in these egdplarcept inSolanum melongena (oval variety) suggests that enzymatic browning
decreases with ripening in these fruits.

References

Aberoumand A and Deokul, S: Comparison of phenoiimpounds of some edible plants from Iraq and Irfeistan Journal of
Nutrition 8:26-31, 2008.

Adamson | and Abigor R Transformation associatél eathecholase iDioscorea alata during storagePhytochemistry 19:1593-
1595, 1980.

Adriano B and Carlos HGL: Polyphenol oxidase attivBrowning potential and Phenolic content of Pescduring Postharvest
Ripening.Journal of Food Biochemistry 26(6): 624-637, 2005.

Arnok P, Ruangviriyachai C, Mahachai R, Techawaegss and Chanthai S: Optimization and determinatiopolyphenol oxidase
and peroxidase activities in hot pepp€gjisicum Annuum L.) pericarb.International Food Research Journal, 17: 385-
392, 2010.

Ayub MA, Nayan V, Victoria KC, Lalsanglura R andalstombi D: Antioxidant activity of fruits availablie Aizawi market of
Mizoram, India.World Journal of Agricultural Sciences, 7(3): 327-332, 2011.

Barket A,Shafiga M and Niyaz AW: Effect of catechgdllic acid and pyrogallic acid on the germinatiseedling growth and the
level of endogenous phenolics in cucumi&rcimis sativus L.). International Journal of Life Science Biotechnology and
Pharma Research, 1(3): 50-55, 2012.

Bibhuti BM, Satyendra G and Arun S: Purificationdacharacterization of Polyphenol oxidase (PPO) freggplant $olanum
melongena). Food chemistry, 134:1855- 1861, 2012. )

Borneo R, Leon AE, Aguirre A, Ribotta P and Cant&lo Antioxidant Capacity of medicinal plants frehe province of Ordoba
(Argentina) and their invitro testing in model fosgstem Food Chemistry, 112664-670 2008.

Boskou D: Sources of natural phenolic antioxidaftends in Food Science & Technology, 17: 505-512, 2006.

Caodi F: Characterization of polyphenol oxidase antioxidants from pawpawAgéimina tribola) fruit. University of Kentucky
Master’'s Theses, 2007.

Casado VJ, Sellés Marchart S, Gomez Lucas | andMBmiinez R: Evolution of phenolics and polyphenxalase isoenzymes in
relation to physical-chemical parameters duringufiigqEriobotrya japonica cv. Algerie) fruit development and ripening.
International Centre For Advanced MediterraneanoAgmic Studies- Mediterranean Agronomic Institot&Zaragoza,
pp151-198, 2003.

Chazarra S, Garcl’a-Carmona F, Cabanes J: Evidenadetrameric form of Iceberg lettudeattuca sativa L.) Polyphenol oxidase:
purification and characterizatiodournal of Agricultural and Food Chemistry, 49: 4870-4875, 2001.

Francisca O, Santos B, Angeles Peinado M and JuBpl#phenol oxidase and its relationship with oigaein concentration in fruits
and leaves of oliveQlea europaea) cv. ‘Picual’ trees during fruit ripenindree Physiology, 28 45-54, (2007).

Gajewski M, Katarzyna K and Bayer M: The influerafepost harvest storage on quality charégsties of fruit of eggplant
cultivars.Notulae Botanicae Horti Agrobotanici, 37: 200-205, 2009.

Grubben GH: Plant Resources of Tropical Affitgetables(PROTA2),Pp.472, 2004.

Héakkinen S Flavonols and Phenolic Acids in Berees Berry Product¥uopio University Publications D. Medical Sciences, 221.:
17-18, 2000.

Hayat S, Ali B and Ahmad A: “Salicylic Acid: Biosymesis, Metabolism and Physiological Role in PlgnitsHayat S and Ahmad S
(Eds.)Salicyclic Acid: A Plant Hormone, Springer, The Netherlands, pp.1-14, 2007.

Jianhui W, Weibo J, Baogang W, Shijian L, Zhengla® Yunbo L: Partial Properties of Polyphenol @se In MangoNlangifera
Indica L. Cv. “Tainong”) Pulp Journal of Food Biochemistry, 31:45-55, 2006.

Kamble GS, Torane RC, Mundhe KS, Deshpande NRSatdekar JP: Evolution of free radical scavenginteptial of Embelia
basal. Journal of Chemical And Pharmaceutical Research, 3(2):465-471, 2011.

Lundell TK, Makela MR and Hildén K: Lignin-modifyqh enzymes in filamentous basidiomycetes — ecolbgfoactional and
phylogenetic reviewdournal of Basic Micraobiology, 50(1) 5-20, 2010.

Manach C, Scalber A, Morand C, Rémésy C and Jimen&2olyphenols: Food Sources and Bioavailabilitjhe American Journal
of Clinical Nutrition, 79 727-747, 2004.

Marco C, Riccardo NB and Giovanni S: Characteriratf polyphenol oxidase and perioxidase and imib@eon browing of cold
stored strawberry fruitlournal of Agricultural and Food Chemistry, 599): 3469-3481, 2007

Newilah NG, Brat P, Tomekpe K, Alter P, Fokou E &tda FX: Effect of Ripening on Total Polyphenolr@ants ofMusa Hybrids
and Cultivars Grown in Cameroofcta Horticulturae, 879 413-418. (2010).

Nguyen TT, Ketsa S, Wouter GV: Relationship betwéeowning and the activities of polyphenol oxidemed phenylalanine
ammonia lyase in banana peel during low temperatiorage Postharvest Biology and Technology, 30:187-193, 2003.

85



Oghene Oghener ukevwe Anne and Agoreyo Blessing Ogochukwu

Onuoha Cl and Nwagbara EC: Comparative Studies @dfpRenolic Concentration Of Plantain And Banana Xferent Post
Harvest Ageslnternational Science Research Journal, 3: 82 — 84,2011.

Pérez-Amador MC, Mufioz Ocotero V, Garcia Castafiddaand Gonzalez Esquinca AR: AlkaloidsSmlanum torvum Sw
(Solanaceae)nternational journal of Experimental Botany, 76: 39-45, 2007.

Podsedek A, Wilska-Jeszka J, Anders B, and Markodiskompositional characterization of some applgeties.European Food
Research and Technology, 210:268—272, 2000.

Rajurkar NS and Gaikwad Kevaluation of phytochemicals, antioxidant activétyd elemental content édiantum capillus veneris
leavesJournal of Chemical and Pharmaceutical Research 4(1): 365-374, 2012.

Sambasiva Rao KRS, Tripathy NK, Srinivasa Rao Dd &makasham R: Production, Characterization, Qétaland Inhibitory
activities of TyrosinaseResearch Journal of Biotechnology, 8(1): 87-99, 2013.

Scalbert A, Manach C, Morand C and Rem C: Dietary polyphenols and the prevention okdsesCritical Reviews in Food
Science And Nutrition, 45: 287-306, 2005.

Se Jong K and Mi Jung K: Effects of the PPO(Podyyah oxidase) Activity and Total Phenolic Contemtd8rowning and Quality of
Dried-Persimmon According to Maturity Degree of Wegent PersimmonDjospyros kaki Thunb.).2nd International
Conference on Biotechnology and Food Science (International Proceedings of Chemical, Biological and Environmental
Engineering), 7: 115-118, 2011.

Serap D,Yusuf T, Hatibe E and Oktay A: Characté¢ioraand Purification of Polyphenol Oxidase frontiginoke Cynara scolymus
L.). Journal of Agricultural And Food Chemistry, 53 776-785, 2005.

Shahryar S: Demonstration and Modification of theRrofile of Polyphenol Oxidase Bolanum lycopersicum. International Journal
of Bioscience, Biochemistry and Bioinformatics, 2(6): 385- 388, 2012.

Sodipo OA, Abdulrahman Fl, Sandabe UK and Akindii Effects of the aqueous fruit extractSsfanum macrocarpum L. on the
hematological parameters of triton-induced hypé&témic rats African Journal of Pharmacy and Pharmacology, 5(5):
632-639, 2011.

Stommel JR and Whitaker BD: Phenolic acid contert @mposition of eggplant fruit in a germplasmecsubsetJournal Of The
American Society For Horticultural Science, 1285):704-710, 2003.

Yoruk R and MarshalMR Physicochemical properties and function of plpotyphenol oxidase: A reviewlournal of Food
Biochemistry, 27: 361-422, 2003.

86



