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Abstract N A o .
- . - Phenolic compounds and their-antioxidant activities from fruits of eleven Thai
eggplant varieties were determined. Freeze dried samples were. extracted in 70%
methanol and ‘their total phenolic contents were measured, ‘Antioxidant activities of
the crude extracts were evaluated using three different assays: the DPPH (diphenyl-1-
-picrylhydrazyl) assay, the B-carotenoid bleaching assay, and the ABTS" (2,2"-azinobis
3-ethylbenzothiazoline-6-sulfonic acid) assay. The antioxidant activities were
- .expressed as gallic acid equivalents (GAE) to standardize these methiods to allow, for
data comparisons. The three antioxidant assay methods give different antioxidant
activity trends. Phenol contents of the eggplant extracts were- related to their anti-
oxidant activities measured by‘AB’l’sS'_f:in_d"DPPH assay.- In contrast, the results
measured by the B-carotenoid blea ing assay were not related to the phenol contents
of the extracts. On the basis of DPPH results, Solanum torvum has both the highest
total phenolic content and total antioxidant activity.

INTRODUCTION . = | YA/ 2
o Eggplants-are of considerable importance in the Thai diet. They :are. consumed: as %
vegetables -and use -as ingredients in Thai cooking. Some eggplant- species ‘exhihit.

‘medicinal properties-and are used as such. There are at least 20 species of Thai eggplaiits.

‘The common edible eggplants in Thailand are S. melogena; S. “nigrum,-S. torvum and
8. wendlandii (Panpeng, 2003). Thai eggplant fruit exhibits diversity i s

color, depending on the cultivar. They are also rich with phenolic com;
the ‘browning -related substances. Phenolic: compounds are very effe

scavengers; therefore, they are a potential source of antioxidants. The eggplant is ranked
-among the top ten'vegetables in' term of antioxidant capacity (Coa et al 996). This is

nstituents in_the fruit. Fourteen ‘phenolic ‘compounds in
viously -characterized and identified (Stommel and Whitaker,
'2003). Plant.phenolic compounds have been ascribed to promoting several health effe
It has been proposed that consuming phenolic-compound rich fruits and vegetables 1i
reduce several aging-related chronic diseases including cancer and heart disease
- (Halliwell et al,, 1992). Therefore, eggplants: could thus'be:promoted: as -an imiportant
- source for functional food.and 'other applications for Thai people.. However, dita on egg-
“plant phenolic compounds -and antioxidant activities are mainly focused on S. melogena -
- ‘(Hansona et al., 2006; Stommel and Whitaker, 2003).. Such information is needed if
eggplants are to_become a-source of the phytochemicals for Thai censumers. A quick,

 attributed to-the ‘phenolic
-eggplants have ‘been previ

reliable methiod for evaluating antioxidant activities -from eggplant fruit samples’ from
varjous species and'cultivars isnecessary. - T
. ~ The phenolic foods and biological systems is commonly expressed as
‘an amount of gallic ‘acid & nts. It is therefore important to consider the-type of
standard used to-express the an ant activity when testing the antioxidant properties of
phenolic compounds in vitro: Several iethods are used to determine antioxidant activities
- of natural compounds in foc free.radicals .commonly used to evaluate antioxidant
- .activities. : . The ABTS. assay-measures the relative-ability -
“of anti - generated in the aqueous phase ‘and compared
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with a soluble vitamin E analogue, Trolox (Miller and Rice-Evan, 1997). The DPPH is a

stable free radical with an absorption wavelength at 515:nm:. Its:absorbance. is reduced-by
~an antioxidant, and the reduction in absorbance can be measured with a spectrophoto-
meter (Sanchez-Moreno, 2002): Gallic acid-was.used as a-standard in this assay. The B-
‘carotene bleaching assay is used to test antioxidants in foods.and biological systems and
‘consists of oxidizing a lipid or lipoprotein substrate under:standard:conditions. This assay
measures the inhibition capacity.of antioxidants in protec 1g the bleaching of B-carotene,
emulsified with linoleic acid, by the free radical (] immerschmidt and Pratt, 1978)
compared with a synthetic antioxidant, butylated hydroxyt: e (BHT). ,

' Itis interesting to evaluate these antioxidant test ethods using gallic acid as a
standard. These methods will be standardized in order to estimate and.compare the anti- -
oxidant activities of eggplant phenolic compounds. In the present study, the total phenolic
contents from 11 cultivars of Thai .eggplants were ‘measured and their antioxidant

. -activities were evaluated using the ABTS assay, the DDPH ‘assay and the B-carotene
bleaching assay with gallic acid as a standard. The correlation between total phenolic
- content and total antioxidant activities 'was determined. '

"MATERIALS AND METHODS

‘Plant Materials : . e, , |

... Eleven cultivars of eggplant obtained from local markets in Amphur Meung,
Chiang Mai, were used in this study. The fruit were immediately frozen in-liquid nitrogen
after cutting and then vacuum dried. The freeze-dried ‘samples were stored in air tight
desiccators for further analyses. : Tl -

Methods : o\
-+ Freeze dried samples were ground into fine powde
sample powder were extracted for an hour.in 70% methan

- for 15 minutes at room temperature, and aliquots we
andlyses of total phenolic content (TPC) and tofal antiox
.. . TPCwas measured by thecolorimetric
~and Atantee, 1998) and gallic acid was used a

~ ~.as'mg gallic acid equivalent per gram dry w
* ‘measuring the relative ability of antioxidants

12004) and DPPH" (Sanchez-Moreno et al.
. the carotenelinoleate solution was also m
_ colorimetric methods were slightly mo

- bleaching of
1998). These

- Data were teported as mean + standard error of 1 SE)- for five replicate
determinations (Microsoft EXCéIQ_ZXP:‘ve_rsion,'"Miqo,sg earson correlation test
.- was conducted to determine the correlations among means:. U - :

Total Phenolic Content ' ST L :
. The eggplant fruit samples were S. melongena, S. torvum and S. nigrum (Table 1).
. The samples were examined and compared for their TPC expressed-as mg GAE (Fig. 1).
~ The eleven eggplant samples differed from one another in their TPC. The greatest TPC of
- 47.5 mg GAE/g dry weight was detected in the S, torvum (AG4) whereas the S. melogena
" (AG2) has the lowest TPC value of 11.2 mg GAE/g dry weight. .~




Total Antioxidant Activity

1. ABTS assay. Phenolic extracts of the eleven: eggplant fruit samples were: exammed and -
‘thé ‘radical ‘cation ABTS™!, -+
‘The “greatest antioxidant == -~ -
n:S. .torvum (AG4), followed

compared for their free rachcal scavengmg activities ag;
All extracts showed ABTS™ scavenging” capacity “(Fig."
capacity was detected in phenolic compounds -extracted fro
by S. melogena (AG3). The scavenging capacities of ‘the phenollc compounds were also
correlated to the TPC of the fruits (1§ 0.76), especially the: .green color peel (AG group).
AG4 had the greatest both phenolic content and scavcngmg capacity according to the
radical cation ABTS™ scavenging activity.

2. DPPH :assay. The methanol extracts were analyzed and compared with: gallic acid as a
nds extracted from eggplants -~

standard for antioxidant activity. The entire phenolic comy |
were capable of drrectly reacting with and quenching DPPH" (Fig

ig. 2). Furthermore the

antioxidant activities were greater than that determined by the ABTS assay. The greatest

amount of reduction of DPPH was detected in phenolic compounds extracted from AG4,
which had the highest content of phenolic compounds. The TAA was also correlated (#=
10.80) to the TPC of the green-eggplants (Fig. 3).

3. B-Carotene-Linoleic Acid Assay. The antioxidant activities of eggplant fruit extracts
measured by the bleachmg of B-carotene are presented in Fig. 2. This assay gave different
antioxidant activity trends compared to the DPPH and ABTS assays. Phenolic: compounds
extracted from S. melongena (AG6) were found to give the maximum antioxidant activity.
The Jowest antioxidant activity was the eggplant methanol extracts from AG4. The result
also indicated that the antioxidant activity examined by this assay was not correlated with
the phenohc content of eggplants (Fig. 3).

DISCUSSION '

Previous studies have reported that phenolic extracts from S melongena fruit wrth
purple peels has high antioxidant activity and ranked in the top ten antioxidant-rich
vegetables (Coa et al., 1996; Keneyuki et al., 1999). Anthocyanins in the- eggplant peels

may play an nnportant role in those studies. However in results of our study indicated

that green peel eggplants had higher phenolic content and alsp greater antioxidant.activity.
estimated than that of those with purple peels by the ABTS and DPPH assays. The green
peel eggplant, for example, S. forvum, a tiny dark green fruit, i
Thai cooking. Thai people usually-eat green peel eggplant:(
BGl, as a fresh vegetable for salads and dips. Thus, these eggplants are already a major
part of the Thai diet. To achieve the maximum beneﬁts from the eggplants as a functional
food, it is necessary to understand the distribution of: phenohc compounds and their
Aabllrty as antioxidants.”

- TheTAA estimated from three assays gave varied results rangmg from 1 2 to 18.0
mg GAE of dry material. The ABTS and DPPH assay gave similar TAA resuits, which
‘were correlated to the TPC of eggplant extracts. Although.the'B-carotene bleachmg assay

is commonly used to evaluate the ability of plant phenol extracts to prevent the oxidation

of the P-carotene/linoleic acid, our study showed that the TPC and TAA of _eggplant

. extracts were not correlated.. “The ABTS assay is operatlonally simple, and it is widely

used in a variety of research. for studying antioxidant activity of many compounds and

food samples (Huang et al., 2005). However, the value is expressed as Trolox equivalent
~ antioxidant - capacity (TBAC) The DPPH assay is also widely used*“to determine
antioxidant activity -of natural plant extracts such as phenolic compounds. The benefit of

this assay is that the antioxidant is expressed as mg of gallnc acid equivalent (GAE)."

-Gallic acid is a standard for the phenolic determination assay (Singleton and Rossi, 1965);
therefore, it is a straightforward way to .correlate the. total phenolic content ‘and
'antloxxdant activity. The DBPH assay has -good repeatabllrty »'but color interference of
samples that contain anthocyanins may occur and give an-underestimation of antioxidant
activity (Arnao, 2000). In this study, there were three sam
Although the TAA results were lower compared to that of the gr
““color.of methanol cxtracts of: whole fruit samples was not ﬁerent Stlll the TAA results

23

melogen”) fruit, except . |

$ of purple peel eggplants. -
reen peeled eggplants, the




estimated - from DPPH assay was greater than that of the ABTS assay expressed as GAE .
and more related to the TPC. Based ‘on.th 1 results, S: forvum has both the greatest
TAA and TPC. Therefore, the DPPH a$ 10

' method to estimate the TAA of eggplant frurt. Henoli
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Tables

Tablel Spec1es pee] colors and ﬁmt‘ ze

study
Sample no. Species
) fAGl * S. melogena’ nall)”"
i AG2 S. melogera. Green stnps, short: roun ‘cm:(medium)
AG3 S..melogena  Green: stnps short ovat sh $<3cmi(small) -

AG4 S. torvum Dark green; ‘uniform round‘shaped, ¢ 1:5 cm (pea sized)
AG5 S.migrum .. Mottle g green short round shapet ,d) <1cm (small)
AG6 S. melogena  Pale green stnps round sha $5cm (medlum)
AW1 S. melogena  Uniform white, long hn, ar.sh ped" ¢4 cm'(large)
' BG1 S. melogena.  Uniform: pale green; long linear: shaped ¢ 4 cm (large)
- BP1 'S. melogena . Purple strips, short ovate sh _ed $dem (medlum) ‘
BP2 S. melogena  Mottle purple, long lanceo]ateshaped $3'cm (medium)
BP3. S.melogena  Dark purple, oblong shaped, -8 cm (large)

*¢ = approximate diameter of the fiuits
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ABSTRACT

Polyphenol oxidases (PPO) from four cultlvars of eggplant which have

varietis of . ﬁ'utt characters, Sruit textures.-and pe:j colors were characterlzed. The

substrate specgf clty, temperature, opttmal pH the_
the acttvmes ‘were compared. Khaow yoa (0.'
: culttvars had the htghest specific actlwty
mgProteln : OP: 652 54+9.59 AOD min” mg
a substrate. However, the best Substrate foi
for cultzvars oW and OP it was catechm, f _
. for Khaew yoa (OG), it was 4-tert butylcatech_ JJ

: per_'form maxzmum cttvliy from aIl cultzvars '

as a substr»te', th were pH 6. 0 tempera ure

concentratton.

Ihi i acttvztzes of all PPOs

and lnactzvatlon tzme T he mhlbttory ejfects .
" citric acld sodmm chlorta!e, sodtum metab'
- residual enzyme were testell. Ascorbtc aczd a

be the most ejfecttve lnhtbltors Sor. these eggpIa’
| Key words: Eggplant Polyphenol 0x1dase Bro,_'f

- Browning in ﬁ'llltS and: '-}\'ie‘g'etab;les isvl'"‘"c‘o "
shelf-life of fresh—cut fruit and vegetables by red he
‘the. fresh products it is. assocnated w1th loss of'1



- 1992). Browning is caused by enzymatic oxidation of natural phenolic compounds in
the fruit nssue in the presence of oxygen. It occurs pnmanly by the ox1dat10n of
phenolic substances to-quinines, catalyzed by polyphenol ox1dase The: qumones then-
condense to form dark plgments (Beauheu etal., 1999) Most of the current research g
is-focused on the control .of enzymatic browning in frmt and vegetable. However .
.browmng substances from: p_lants also have va\;bene;ﬁt in the food m_dustry: su_ch as in
the pro‘cessi_n_g of black tea (Ullah, 1991), cof’feev-"‘(Airnoﬁm, l 991), 'coc_oa (Lee et al.,’
' 1'9'9:1'), and also as possible natural coloring .agents.. The mtensnyof the brottvnness.
depends on twovivmportant factors, the pheno‘l co'n'tents and the activity -of PPO in the
plant tissue. | A ‘ -] |

~ Several culuvars of eggplants are consumed as raw and cooked vegetables in
Thailand. The common edible eggplants are mainly from the cultivars of S, ‘melogena

_‘whlch has vast varieties of peel colors and fru1t shapes These eggplants can be

divided into two groups according to. their morphologwal and cytologxcal characters

f(Panpeng, 2003). “However, all of their ﬁ'mts exhlblt the browmng in a dlfferent.
manner. Browning: of eggplants develops on the seeds, pulp and skm of the fru1t,_

whem they are prepared for cooklng or processmg Their . browmng phenomenonf"v

taker and Stommel , |
”9;88, P_e.rez-f_

: -occurs as the result: of the high phenol contents in ‘the fruit
2003) and the hrgh act1v1ty of PPO in thelr ussue (Fupta and Tono

_ jparually punﬁed and charactenzed (Perez
' 'Dogan et al., 2002 Concellon et aI 20()4,'?

. melongena which had different fruit characters ﬁ'u1t textures and peel: colors were
characterized and the effects of substrate speclﬁc temperature pH optlmal thermal
' stablhty on PPO act1v1t1es ‘were studied to 1dent1fy the:most appropnate eggplants as’ af

isource for natural browmng agent

-



~ of the assay. Unless otherwise stated, the reactron
- ,10 mM 4-methylcatechol in phosphate buﬁ'er

MATERIALS AND METHODS

Enzyme extraction R v

 Four caltivars of eggplants with different sizes and peel Colors were purchased -

from local mar'_kets' and stored at 8°C. They mcluded m‘edi,urn'round‘»'green fruit (RG), o
small ‘and lon‘g'pur'ple‘ fruit (OP), elongated ovate ‘white ﬁllit (OW) and elongated
ovate green fruit (OG) all of which were . at commercral matunty The extraction -
procedure was modlﬁed from Concellon etal.: (2004) Eggplants were cut into smallgv
pieces and immediately frozen in quurd mtro:genr The frozen samples were ground to’ ’
a fine powder, and- then freeze dried (Flexi-DryTm MP, Kinetics) at -70°C. Five
replicates of 50 mg freeze-dried samples -wé;e,»temxed,-in 1.5 ml of phosphate buffer
(01 M KH,PO,, 0.1 M Na;HPO,, pH 6.0) supplemented with 30 g/l of polyvinyl-
po‘lypyrrolidone (PVPP). The su.spension was ljshaken on ice for 30 minutes and
' centnfuged at 20,000g (Zentnfugen Mikro- 22R, Heltlch) for 20 minutes at 4°C.-
Allquots of the supematant contammg PPO were taken and stored at - 80°C for further .

assays.

Enzyme assays o
: %
PPO actlvmes from the extractlons were carned out in. standard rmcrotttref.- .

o plates using a protocol according to Concellon £ aI (2004) w1th some modlﬁcahoni-'

6:0)-and SOL of énzyme extract (1% ). B
, imlxmg the substrate with the boﬂed enzyme e 1an ak 410
a nm every .10 seconds were recorded durmg three mmutes (Soectra MR, Dynex ’
Technologles) The ‘reactions were carried out at 30°C n: tnphcate measurements. .

Protein determmatlon

Protem content of- the different extracts was measured accordmg 0 the dye
‘binding method (Bradford 1976) with slight mi

determmatron usmg bovme serum albumin (BSA

'tlon for the mrcroplate reader o

;standard protem

~ Evaluation of enzyme properties

a. Substrate ‘:s‘:i.’)'eci'"f‘ic’ity - and‘-vsu”‘b‘strate "c'on

- The activities of PPO from each eggplant ‘cul "Va'r-wer‘e ":te'ste'df us’i'n”g-'the extract ij_

and five substrates 4-methylcatechol 4-tert vbutylcatechol catechol dopamme an -



catechin. All the substrates used Were_;obta_ined from ‘Sigma-Aldrich Chemical Co.
(Singapore) The reaction mixture and the e'nzymatic activityffor each cultivar were

: detenmned at 30°C, pH 6, and 1% (V). enzyme (s,tandardc” dxtxon),.w’[he enzyme

extracts were mlxed with several substrate concentratxons 'm the . range: of 5-20 mM '
The enzymatic activity under each substrate reaction and: for each cultivar was
expressed n: re]atlve form as the percentage of the lnghest activity of PPO for that

cultivar when using 4-methylcatechol as a substrate.

b. Enzyme concentration

The enzymatlc activities of each cultivar were studxed by varying the extract

concentrations from 1 to 20% (v/v), with reserved to: the total volume of the reactlon
mixture. PPO act1v1t1es were measured under the standard condmons as- prev1ously '
‘described. The measurements were carried out in triplicate.
~ -¢. Optimum pH
The enzyme activities were detenmned in the pH range of 5.0-8.0. by ad]ustmg
' the pH of 0.1 M phosphate buffer, usmg 10 mM 4—methylcatechol as a substrate

Enzymatic activities of each cultivar ‘were determmed accordmg to the procedure as" )

'_ prevxously described. All assays were performed in. tnphcate
“d. Optimum- temperatulre

PPO act1v1t1es of the enzyme extracts from dxﬁ'erent cultlvars were studled'

‘between 2 and 80°C. The effect of temperature on the actlf'v""tles of dlﬁ'erent PPOs
'was tested by heating the phosphate buffer 10.an appropr »perature ‘then' mlxmgf ,

' w1th the -substrate “before the . mtroductlon “of nzyme ice’ “the" preference-'

temperature was reached the enzyme was added (Arslan et al 2004 ) and- thie ! assay-_. '
was immediately determined at the constant temperature All the -assays were\: »
performed in triplicate. ’ : ‘
e. Thermal stabnhty
Diluted enzyme solutions (1% v/v).in phosph’ buffer'i ""'Hj-6 0 from the extracts,v .
- of each cultlvar were incubated at 30, 40, 50- and 0°C “Th mcubatlon periods for“ -

.each temperature were 15, 30, 45.and 60 mm R d ual PP¢ act1v1ty was measured: '

were carmed out 1n tnphcate . C

=

under standard assay.condijtions. The Iueasurex_x_;t.




_,hlgh as the msoluble PPO (Concellon et aI 2004) The act1v1ty of PPO ﬁ'o
c } veggp]ant exhrbrts both monophenolase and drpheno]ase acuvmes ¢ Perez-Gr]abert and“- '

f. Inhibitors

~ The inhibitors examined included ascorbic acid, cittic- acid, EDTA,"sodium

e

| chloride (NaC]) and sodlum metablsulﬁte “To determine the. eﬂ’ect of mhlbrtors"[he e

standard reaction medium was shghtly modlﬁed to mamtaln the final concentratlon of T

the substrate and the mhrbltors Conoentratrons of the mhlbltors were varied: in the |

- range of 0.5-2.5 mM for citric acid, NaCl and: sodrurn metabisulfite and-in the range -
- of 2-20 mM for EDTA and ascorbic acid. The effect of mhrbltors on the actrvrty of-

PPO was tested by mixing the enzyme with an appropnate concentration of mlnbltors

before mtroducmg of the substrate The substrate solution was added prior to the

spectrophotometric measurement. All assays were performed in triplicate.

- Statistical analysis

Values are the average of three independent determinations. Cultivar eﬁ'e_éts-

were examined by analysis of variance (ANOVA) and mean diff_efen’(:es werfe EE

determined with the LSD test at the 0.05 level of significance, using the Microsoft

Excel data analysis software package (Microsoft® Office Excel 2003).

RESULTS AND nIscussro“tv
PP(D extractlon and specrf ic actrvrty

PPO 1n plants is found m subcellular locatron of the mtact cell mostly m'v

plastids or chlorop]asts PPO preparatrons from eggplant fruits were found in bothi- o

5 :soluble and msoluble forms, but the enzymatxc actrvrty of soluble PPO was twice: as e

-Garcxa—Carmona, 2000) and the dlphenolase or catecholase predommated the ;__

monophenolase activity.

In the present study, PPOs from eggplants of four culnvars were prepared from;

'ﬁ‘eeze-dned samples in phosphate buffer to obtam the soluble protem as in the

| prevrous study (Concellon et al., 2004). The amount obtamed suggested that ‘most’ of o

" the eggplant PPO is not membrane-assocrated The catecholase act1v1ty was:'v

determined from the soluble protein under the condmon as d mcnbed in the standard

assay condition. The four eggplant cultivars-i in -tbrs »study--can be :d1v1ded into two_i.
groups according to'their textures RG has a° ﬁrm frurt texture and numerous seeds; :

“while OG, OW and OP have a tender to spongy. frurt texture and scarcely any seeds



Each cultivar PPO showed different speciﬁc activlty (Table 1)-when measured with

10 mM 4-methylcatechol as substrate. Under this condmon the values of K and B
 Vinay Obtained from all cultivars; RG (Kg: 2:9 MM, Vina o‘-"'-Aoo-:S)-i_OG Krppermine =
| 3.2 mM, Vpax: 0.10.AOD min™), OW (K: 2.9 mM Vmax 0 14 AOD: mm h andf'-O__P»:

Kin: 2.8 mM, Via 0.20 AOD min™) were similar to the ,;prewous reports .of the
eggplant PPO (Percz-Gilabert and * Garcia-Carmona, 2000,Dogan et al, 2002;
Concellon ef al., 2004). S

| Physnochemlcal propertles of PPO
a Substrate specrﬁcnty and substrate concentration ', '

PPO is active to phenohc compounds that have a high preference to the enzyme.
The structure of the compound, type of side chain, ‘number of hydroxyl groups- and
 their posmon in the benzene ring have a major éffect on the catalytxc actrvrty of the
- enzyme (Yoruk and Marshall, 2003) In the present study, PPO from different
' eggplant cultivars had varymg substrate specrﬁcrtles at drfferent concentratrons
(Figure 1. The PPO from RG oxidized 4—methylcatechol at-all concentratlons ata
much faster rate -than' other structurally—related substances whlle the actlv1ty of PPO
from OG was the greatest with 4-tert butylcatechol followed by catechm and- 4-
methylcatechol The substrate. w1th the hlghest act1v1ty for. OW and OP was: catechm
followed by 4-methy]catechol and 4-tert butylcatechol Catechol 4—methylcatechol
and 4-tert butylcatechol have prevrously been: reported to be the specrﬁc substrates for
'PPO from other vanetres of eggplants with dlﬁferent concentra’nons (- Perez—Gllabert
| and Garcra—Carmona, 2000; Dogan etal, 2002;_. Ce 'ncellon et al 2004 Chenot et al
:2006 Zhang et al 2006) Catechm is a major p._enohc compound found in grapes
(Jaworsk1 and Lee 1987) and tea’ (Ullah, 1991) and s beheved to be a common
natural substrate: of several other: ﬁmt PPOs. Tlns substrate has not been used as the

- substrate for- eggplant PPO before. Its structure thus possrble stronger substrate
.afﬁmty, explains higher activity for PPO of OW: and OP o
" PPO from eggplants also showed act1v1ty tOWard dop aniine but not as high as

substrate ‘specific of

the activity reached by the -other substrates It appears 't
V ‘eggplants PPO is dependent on cultlvars as w_ s "found ina prevrous report (Dogan et
al, 2002). However, K and V,m ,values o

catechin; RG (Ku: 2.7 mM, Vinaxt 0.20 AOD mmj_"-,), 0G (Km 3.9 mM, Vi 009
“AOD mm'l) oW (Km 2.7 mM; Vmax 014 AOD ‘min in? )and OP K 29mM Vmax

enzyme-catalyzed reactlon w1th



0.22 AOD min") were not comparable to those of the Ky, and Vya values with 4-
methylcatechol as substrate. Therefore 4—methylca1echo] w1th the concentratron of
10 mM was set toa substrate for further standard assay vz MO

b. Effect of enzyme concentratlon -4

The specific activities of eggplant PPO usmg 4—methylcatechol as substrate: '
showed a- hnear increase with the: enzyme concentratron (F 1g 2) PPO: actrvrty from :
each culnvar reached the steady penod at drﬂ'erent concentratlons . For ﬁrrther- v
'experrments the enzyme concentratron was: set to 1% (v/v) correspondmg to the'
linear portion of the curve for all four cultivars. -

c. Effect of pH

’ Diﬂ’erent pH- ()pt-ir‘na were determined for PPO from each- cultivar, usin'g 4-
methy]catechol as a substrate and are presented In Frgure 3. These enzymes showed
similar profile of PPO activities. PPOs from. all cultivars were active between pHS5to
8. They had a broad optimum between 5.0 and-_v6.§v.and thencontrnuously declined:
‘Eggplant PPO has a wide range of optimum pH. (4 8-6.0) wrth ‘4-methyl‘cateehol' as
subs'trate Catecholase activity showed a broad maxrmum actrvrty at pH 5.0-55 ’.
(Perez-Grlabert and" Garcra—Carmona, 2000) The actrvrty of PPO i‘om other cultrvarf_.'
was raprdly decreased below pH 4.8 and shghtly decreased from pH 6 0 (Concellon et}::: _
al., 2004). | "

d. Eﬁ'ect of t’cfiiii]t)erajture ;

methylcatechol was. used as substrate Optlmum temperatur s;for maxrmum PPQ*
actrvrty were 30°C for RG 0G and OW then decreased

- temperatures. PPO from OP showed ﬂuctuatrov :
o optrmum temperatures for PPO from OP cultrvar
.relative activities at the temperature optrma w
act1v1ty The relatrve specrﬁc actrvrtles betw
| cultlvar were above 8()% Therr enzymatrc a :
oxrdlzmg ability more than 50% when the t Tper:



those reported for.-another varieties ( lg)oganv et al., 2002; Concellon ef al., 2004).
However, PPO of eggplants remained active even at ‘80°C;--with__ a relative activity
above 30% R LA o '. :_ ‘_: ©admr e
e. Thermal stability of PPO- N
The thermal stability profile for PPO from each: cultlvar presented in the form
of the residual percentage activity, is shown in Frgure 5. PPO act1v1ty of each cultrvar
" showed similar profiles of thermal stabrhty asthe temperatures increased from 40 to
60°C. All the PPOs lost more than 50% of their -'oxrdrzmg-abrlrty when incubated at -
| 60°C for at least 15 min. For instance, the activation of PPO from RG, OW and OP'
showed about a 50% reduction in activity at 60°C after 15 min, while it took longer
period for .mact'rvatron of PPO from OG. Eggplants PPO was ‘reported to be
thermostable _at low temperature, in the range of 0-20°C (Concellon et al,, 2004). At
higher temperatureé ‘the time required for inactivaﬁon, usmg 4-methylcatechol as
substrate gradually decr'eased.as the time and temperature "increased {Dogan et al.,
2002) The drop in percentage residual actrvrty at’ hrgher temperature 18 possrbly due
to the denaturmg of the enzyme (Dogan et al, 2005) However upon heatmg for 60-; !

, -min at 50 and 60°C, all the enzyme residuals still mamtamed more than 20% of therr

o g‘enerally con51dered' to be.an enzyme of 1ow-th

o ' 2003) For example, heat treatment up to 50°C for 201 ;

3 ’factlvmes (Fig. 5). The results. suggested that the eggplant PPG)s from these cultivars:

‘were more heat tolerant than those of prevrous ‘re

1991) The exposure time and terperature re __l ed for ;
. ’qmte variable . among different plant species 'and cultlvars ,_oruk and Marshall A
A' >duce: thie act1v1ty of :
'PPO from longan by 50% (.hang etal, 1999) whereas the ac v1ty of lettuce PPO d1d -

not- showed any reductlon after bemg treated at 70°C for’s mm (Hermda] et al., 1994)." C
f Inhibitors ' ‘ ' :

Vanous mhrbrtors were exammed to determm -their potentral for mhrbrtron of e

’ -eggplant PPO act1v1ty from each cultrvar These:inh bltors mcluded reducmg agents ‘

L (crtnc acid, sodrum metabrsulﬁte), chelatmg agent (EDTA) and an acrdulant (crmc‘

ac1d) These compounds dlmlmsh or mhlbrt the browmng reactlon rate. by means of ;
ehmmatmg enzyme substrate copper or a reactron mtermedrate from’ the reactron

Furthermore, PPO: ﬁom dlfferent sources may react snmlarly wrth 1nh1b1tor}':"



compound, but the effectiveness of inhibitors against the PPOs could vary (Ferrar and
Walker, 1996). As seen, the most effective inhibitors for PPO for_ all eultivars were
" ascorbic acid and Sodium metabisulfite, at-the lowest concentration tested (Fig. 6).
However, 'the sensmv1ty 'of ‘l".PO to EDTA and NaCI.. was diﬂfe}rent from cultivar to
cultivar.  Activity “of PPO from OG was inhibited more “than 50% when the
eoncentratlon of NaCll mcreased to 1.0 mM while:it had little effect on the. enzymatlc -
activity of PPO ﬁom RG, OW and OP, which were 28%, 12% and 33% inhibition,
respectlvely. Adlculants are widely used in food processing to control browning as
acids _are -Mﬁralljpi*ésent in some edible food products_'such-as ascorbic, citric, malic.
Citric acid also functions as PPO inhibitor through its chelating action (Eskin et al.,

1971). Citric acid had slightly affected the activity of eggplant PPO as the amount of
.~ acid may not: be enough to compete with the enzyme-substrate reactlon PPO activity

of water chestnut was inhibited when the concentration of citric acid was 0.1M or

higher (Jiang et al., 2004). Normally, citric acid is used along with another inhibitor .
for a better control of PPO-induced browning, such as in combmatlon w1th ascorbic

a01d (Eskin et al., 1971) or glutathione (Jrang and Fu, 1998) ‘The result suggested

that ascorbic acid and sodium metabisulfite were the most eﬁ'ectrve inhibitors of
' eggplant PPO. Sodmm metabisulfite is banned to use: m fresh ﬁ'u1t and vegetable due '
to safety concems (Martmez and Whitaker, 1995). A combmatlon of ascorbic -acid,
citric acid and heat treatment was proposed as an altematlve method to control the
PPO of eggplant (Almetda and Noguexra, 1995). -

CQNCLUS]ION B

In the present: studly, fruit texture and peel color did not mﬂuence the enzymatic
activity of eggplant PPQ. Their PPO had dxﬁ'erent substrate preferences but the. -
conditions for enzyine activity were similar. The most effectlve substrate was 4- '
methylcatechol for PPO from RG, 4-tert butylcatechol for PPO from OG and- catechm
‘for PPO from OW -and OP. The best condmons for these PPO to perfonn thelr
- browning reaction were at pH 6 0,30°C with 1%. (v/v) enzyme concentratron and w1th '

10 mM 4-methylcatechol as substrate PPO. from?
”‘0°C) Neverthe]ess their act1v1ty_

] cultivars showed thermal stable _
propertles and had broad pptlmal temperaturee('
| decreased with an mcrease in temperature and mactlvatlon t1me Ascorb1c acid. and.

sodium metabisulfite were the most effectxve, mhlbr_tors for eggplant._PPOs.___foun_c;l _1n
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this study. Therefore, these c'ompOunds should be avoided if the maximum PPO

enzymatic reaction is-desired.
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Tablel. Eggplant cultivar characters, protein contents and specific PPO activity from
different cultivars of eggplant (Solanum melongena L.) fruits:

B Fruit "'Pi‘ot'ein
' Fruit character C
<Cultivars : o ' weight content
L and peel color '

EFW) (mg gnw’)

Ch(')’a‘Pra Ya  Roundto oﬁife, uniform D Fo RS ‘-‘.;f. o
s o . 23.8+2.1 _-'13 6i 02 o 305:29 + 16.56
(RG) green ' _ C

‘Khaew yoa Long ovate, uniform green R LT R

T - 819445  295+03  562:89+26.11
(0G) | | _ .
Khaowyoa Long ovate, uniform white A )

S 83.0+62 184103 . 631.33 +38.29
(W) | | -
Mbﬁngkhéﬁ ‘Long linear to »0vate; : 1. 4 SR , o v

' ' 185+ 1.6 18.8+0.1 - 652.54 £9.59

khew (OP) mottle purple

2 Protein content gDW' = total soluble protem per gram of dry wexght* ]
*unit mgProtein” = one unit of PPO -activity was defined as the :

one milligram ‘of soluble protein that causes a cha ge in abso : ,
under standard assay w1th 10 mM 4-methylcatecho] in 0:1M ‘phe sphate buffer pH6 0 at
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%

. substra ites

Flgure 1. Subsirate spemﬁcxty (CAL catechol 4-MGC: 4—methylcatechol TBC:
-tenbutylcatechol CAT: catechm DOP dopamme) and concentratlon for
PPOs from each cultltvar of eggplant ﬁ'ults Values are means of trlphcate

determmat]ons + SE.

[ AN LT



,120

% relative specific activity

" Figure 2.

120 T : o . % ¢

v1'o‘o' 4

% relative specific activity

o 1 2 4 6 8 10 = 20
‘ | ‘enzyme concentration (% viv)

Eﬁect of enizyme concentration on the spec’iﬁe activitie‘s?-bf PPOs Values

" are’means of the relative activity. expressed as a percentage of the:

maxrmum actlv1ty of each concentratron * SE

O-RG -A~0G -O-OW ~A-OP .

50 . 55 60 65 70 15 80

Effect of-pH:on the specific activities of PPQS Valiie e means 6‘1‘-

tnplfeate determmatrons + SE and represent as the relatlve act1v1ty

expressed as:a percentage from the hlghest PPO act1v1ty reached for each
cultivar. )
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incubation p

- Figure 5. . Thermial stability-of PPOS‘vvith:mspect_f' :
temperatures. Values are medns of triplic

expressed as a percentage of the initial’

h IS ) - ==
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Toosmm S1.0mm =2.0mM = 2:5mm i R

©  inhibitors -

Flgnre 6 Eﬂ'ect of mhlbltors on the resrdual enzymatlc actwlty of PPO from dlﬁemnt
S (aSco lca - |
Phlte) and EDTA o

ac1d) NaCl (sodrum chlonde) SMF (sod1umr:_-metab1 _

~ Values are mean of tnphcate determrn'{ 'ﬂons + SE and represent as.a

percentage of 1nh1b1tory effect on the PP
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