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ABSTRACT

I'olphenol oxidlses from Usuressa tissues havc a high catal'1ic activily fof rhe aerobic oxldation ofelther carectriD lo .espective ,r,rquinoncs. rrn anrperometr;c biosens.i *" rf**f",. U. ***""a
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fruil rissuc of ujuresM in a carbon pasre n_t;x rr,e e-ymaii"auy generat"a
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presqt in the solutior 'lte proposed biosensor provides a s-cllsirive response (2.40 xl06 nA dm, mol') tbr carechin in rhe wide lincar dynamic range (j.sO x l0 5 3 59 r rb" _oi d-_i *i,rcsponse timc (less than 2 t and ;useful lifetDnc or Drore &an 25 .rays. Appa..,, ,nn"1i.:iit""f",j' n . l . r a r r  K .  $ d . d l " o ( , r n r i r c d r u o e ' 2 r  l 0  r o t . t m  A .  r . r r p  I r n e * . r , e r  B r r  p t o r .

I.INTRODUCTION

Il,"^..r,:::"{llll "!iliries, 
oftioloEical orga:.risms lor foreigll subslances are unparalleled.Jcrctlosls nave recefl y developcd nc\l/ chemical analysis tools, l(rlown as biosensors, usrngbiochemical nolecular recog'itior from biological organism"'or ,"""pior. 
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b,iotosicat systcns. These teviccs" have many ?uvorat,te unatyicatcnaractenstlcs, such as selectivitv. sensitivity, podability, speed, low cost and potcnti;l lorminiaturisationlr. Thus, bioselxors offer exciting oppoflLuities for nurnerous decentralized
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and rhcy are quickly beco;ins useful loots in ni"ai"in", ro.a q,urity

ll1,].o,; f"t,.91.9n111 
monitoring and other practical fielcls:-i. In principle, biosensors can be
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individual analylical dcmands fbr almosl ony tuiger niot..ule or compourldtllat lnteracts selectively with a biological system,.

A bioseDsor is usLral ly defined as a seusing device consisl ing of a biological recogDlltonele cnt in irtimate contact with a slii:trle transducer. q,hich is able to conv!ft fte biologicalrecognition.reaction or the biocatalltic ptoccss into a ueasurablc electrical signai. Enzymesare tlie biological components mosl conlinonly used i'biosensors, *ul" J""tao.t-r"-i"ul
: ."" 'o' l t ' l " :  
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techniques. In potentiometric devices the anal)'tical information is obtained by converting the
biorecognition process into a potential signal, whereas the ampcromctric types are based on
monitoring the curent associated.with oxidation or reduction of an electroactive spccies
in ro l rcd  in  t l_c  rccogn i r ion  proce( .  .

Calechins arc phltochcmicals composed of several linked ringJikc structures. Attached to
each strLrcture are chemical tags such as phenol groups, and because thcrc are many phenol
groups, these catechins caD be considcred as polyphenols. Catechin is uscd as a potent
antioxidant, in the areas offood production, agriculture, medicine, cosmetics alld in research
studics. '- The multiple phenolic goups available capture pro-oxidants and free radicals,
extending the "life span" cells. Catechin has been shown not only to protect agaitst
undesirable pro-oxidant attack, but also lo detoxify radicals produced from the envircnnental
toxins. 11 also ranks as some of thc most promising natu.al prcducts loi the prevention of
chronic degeneratr!e di5ss5q5. q.pccial l l  in rhe area ofcancer'.

Vgorcssa (Flacourtid runontchii) tissues contain pollphelol oxidase (PPO) which is a
copper-containing enzyme that is widely distributed in plants and other organisms. This
enzJ4ne catalyses tivo reactions in the presence of molccular oxygen: hydroxylation of
monophenols to oflro-diphenols and oxidation of otro-diphenols to o/-1ro quinones. In this
reaction, the pollphenols have an oxygen atom added on to them in the presence of the
enzyrnc polyrhenol oxidase'. The oxygen itself is derived from air. It was observed in this
projcct that polyphenol oxidation ofuguressa tissue has high activity toward catechin- As a
result of enz),matic activity, catechin is oxid;sed to catechin-orthoqLrinone (Figurc.l), which
is
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Catechin
I

Elecirochemical reduction
Fig l. Thc biocatal).trc reaclioD at the electrode slulace

amperometrically at 0.020 V (vs. SCE). The resulting reduction cunent is directly
proportional to the conceniration ofcatechin present in thc solution'".

-0.2v
Catechin-orthoquinone
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The nrain objective of this research is the conshrctjon of an amperometric biosensor using
Uguressa tissue modified carbon paste clccirode to detect catechin. Optimum opemtional
conditions lor this sensor, such as, tissue conposition, pH, tempenture and electrode
potential were evaluated. Also, analltical characterislics of the sensor sLrch as coefficicnt of
variation, detection limit, signal to noise ratio, linear d),nanic mnge, as \rell as enzymc
kinetics ucrc also investigatedll  l : .

OH

OH OH

-50



2. MATERIALS AND METHODS

2.1 Apparatus

Stcady-stale arnpcrometric measurements werc ntade $,ith a CV-lb cyclic Voltammograph.
Uguressa tissuc modified, carbon paste working electrode, a satlLrated calomcl reference
elechode (SCE) and a platinum wire counter eleclrode were used ds the three-electrode
system. Thc amperometric response was recorded on a BAS X y charr recoroer.
Amperomctric detection of clectrochernically-generated orro,quinone was acco1nplished by
applying a constant potcntial of -0.20 V (vs. SCE) and allowing the background curent to
decay to a steady state value.

2.2 Reage ts

Racemic mixturc ofcatechin (1) was obtained from Signa chemical company. Uguressa fruit
was obtained liom a local market. All the solutions were prepared with deionised water.
Slock solution of 0.01 1l1ol d 

' 
catcchin and Uguressa fruit tissue modifled carbon paste

were storcd at 4 rC until use.

2.3 Proceahrye

0.E g (8%) ofUgurcssa tissue was ground and mixcd thoroughly with 4.2 g (42%) ofmineral
oil and 5 g (50%) of graphite powder. This carbon paste was then packed at the end ol an
electrode body ofdiametcr 2.5 mm. A copper wire provided the electrical connection.
A Stock solution (0.001 mol dm') of catechin was prcparcd daily and protected Aon1
srmlight. Phosphate buffer (0.1M) was used for pH optimisation. The optimum pH of this
sensor was found to be 7.0; consequcntly all the expcriments were donc in tllis buffet: ,

Potential optjmisation \\'as car ed out over the potcntial .ange frorr 0.15 V to {.30 V vs.
SCE and optirrun potential \\'as found to be -0.20 V. Therefore. all thc exDeriments were
carrico oul hr l l l is^|otr 'nttal.  A'.o. accordir,s ro the oprimis ion oftemperrlure. rcn3ing frot- l
15 "C ,10 'C, i5 'C v.rs fouLrd to hc rhe optimum temperaturc. Llowever, all thc experrmenrs
were carncd ou1 at room temperalure.

Calibration ofthc sensor was calried out with rcspecl to catoclin over thc concenlration aange
fton 3.8 x l0 5 mol dm 3 to 3.59 x l0 a mol dnr l. Thc rosponse time of the sensor was
calculatcd i iom thc response t i lnc cur,, e dt thc concentration oI -1.8 lOj mol dmr oI
catechin with tlte tissue nodilted elcctrode with a chart speed of 25 cm s r . l'hc tirne required
to reach 90o% of ma-ximum response (!90) rvas calculated. Ihe stabilitv of tlrs sersor was
chccked over a pefiod ofone month.

3. RESUI,TS AND DISCUSSION

The l-lgllrcssa lissue based carbon pasle ntodificd sensors produced a stable basc-lile
rcsponse aftcr allo\\ ing rbe lil]]e fbr the backgro[nd cufent to decay. Results of the stcad),
state amperonrct c response ofthe sctlsor \\ i th successive injcctjons ofcatechin ( iD 100 $m
stqrs) are given in Figure (). Further, dlc response ofblank carbon paste electrodes (\\ithout
tissue) recolded ovcr the same range of catcchin concentratiolls was found to be insignificant
compa.red with those oftlle lissue nlodified electrodcs.
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According to the optimisation process, the optimum working potential with respect to applied
potential ofthe tissue electrode was found to be 0.20 V vs SCE (Figure 2).
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frg..2 Sensor re.poase. ar ,lirerenl operdtjng tnrcnrar'.

The optimum tissue composition was found to be 8 % (Figurc 3). Optimum pH ofthe s€nsor
was found to be 7 (Figure 4) and optimum-working temperatu.e was found to be 35 " C
(Figure 5).
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Fig. I Sansor responses at different tissue compositions.

Thg calibration graph obtaifed for catechin with the Uguressa fruit tissue based sensor

shorved line:u response over thc concentration range 3.80 x l0_5 3.59 x lOa mol dm'l as

show! in the inset ofFigur 6 together with corresponding amperometric resPonses.
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Fig. 5 Sensor responses at different operaling temperatues.

The response sensitivity of the sensor (slope ofthe calibration graph) is estimated to bc 2.40
x 106 nA dmr mol-r. The relative standard deviation for the sensor was ,1.33% for twenty
mcasurcments carried out wilh a 3.8x10" mol dm'catechin solution. The steady state
response time olthe sensor (t-90) was estimated to be 1.8 s.

V.* (at 8% tisslre) and the apparent Michaclis-Mcnten constant Knr, of the pollphenol
oxidase \\'ith catechin, as eslimafed by the Lineweaver Burk plot (doublc rcciprocal plot)
givcn in Figure 7 are 1.52 xl0r nA sr and 2.2lxl0r mol clm:r respectively. In this study, a
racemic mixture of catcchin (t) and (+) cateclin was used to obtain the amperornerric
response_
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Fig.6 Amperogram of the Llgurcssa lissue based sensor with incfeasiDg conccntratiotr o1'

catechin in 4xl0 a n1ol dmr steps. Also shoxn (inset) is thc resultirg callblation graph.
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Fig.7 Lineaweavef Burkplot obtained with Uguressa tissue modified elect.ode for Catechin.

Howcvcr, ampcrornctric experiments conducted with (+)-calechin alone indicated that thc
sensor produced more or less similar arnperometic respor-Nes, for both raccmic catccbin (t)
and (+) catechin inclicating lhat lhe seisor is ro1 specific to one isomcr.

fhe long-tenn stabilily of lhe Uguressa tjss[e modified ser]sor- is illustratcd in Figure 8. I'his
sllows that the scnsor cxhibits rcrllarkablc long-term stability ofmore than one nonth.
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3. CONCLUSION

Uguessa tissue-nlodified amperometric biosensor has bcen constructed and chamcterised for
the detection of catechin with desirable aralytical characteristics slrch as sensitivity, response
time, relative standard deviation, signal/noise ratio, detection limit and lifctime stability. The
V*, and the apparent Michaelis-Menten constant K-, of the polyphenol oxi<lase with
calechin are 1.52 x103 nA sl and 2.23x10a mol dm3 tespectively. Also the amperometric
experimcnts conductcd with (t) catecin and CF) cateclin indicated that the sens'or.produced
more or less similar amperonetric rcsponses for both (_t) catechin and (+) catechin indicating
that the sensor is not specific to one isomer.
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