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We investigate the idluence of buffer electralyte and pH on the electrochemical performance of
gluzose oxidase-lacoase biofusl cell (BFC). A simplified system design is adaopled l.e., we employ
fresly-suspended plucose oxidase amd laccase enzymes. The BFC comprises nicke! mesh as the
oxidative ourrant collector and @ carbon-based air alectrods as the reductive current coillecior,
engiosed in‘acrylic casing of 3 mh volumetric capacity. The alr slectrode also serves as the amblent
oxygen diffusion sie & continuousty feed oxygen inte tha system, Three types of anolym!caﬁwiyte
buiter electrolyte are studied—citrate/citeate, phosphate/phosphate and citrate/phosphate, in the
phi renge 5-6.8. A biocatalytic slectrochamical system Is highly- sensitive. Consequently, any vasla-
sion in the electiolyte Tormulation would alfact the cell dissharge perormance, Thus, we utilize the
diseharge profita capacily of the BFC to slucidate tha oplimum electrelyte formulation. Though the
approach is indirect, the ohserved changes are chvious, suggesting tha method s viable, 1t is found
that the citrate/citrate buifer efectrolyie of oM 5 exhibits the highest power oulput of 1074 W hor
valumetdic power density of 1.7 W h % The cefl is abls to sustain continuous discharge currant
of 30 uA for about $1.75 hours with operating voltage arcund 1.0 ¥, in an uneontrolled opan envi-
tonment. inferastingly, the observed dischargs performance and power density are comparalie to
BFC employing immobilized enzymes and mediators, In a controllad snvironment,
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1. INTRODUCTION

One of the major felds of research in the quest towards
# clean cnergy substitmie for fossil fu¢f is the research
and developsment in biofael cells (BFC)! BFC is an clec-
frochemical system that generates clectricel energy as a
result of hibcaralytic oxidation and reduction of ozganic
fuel reactants. Thus it is a clean, non-potluting, rencwable
energy source and produces hepign by-products as energy
is released.

Enzymes, as functional proteins, are hypersensitive to
the surounding conditions. Furthermere, enzymes.excreted
by different microbes or even varying growth conditions
often resulted in distinct characiéristics.>* "Thus, in devel
oping an etizvmatie BFC, oné of the critiéal parameters is
to screen the eptimum buffer elecirolyie and pH in order
to obtain the highest hiocatalytic activities. The common

approdch was based oz (he individual Racense agsay or
half cet reacion.™ " Since the biocalalytic elecuochemical
systens is highly sensitive, any variation iu the electrolyte
forpulation would affect the overall ceil disclurge perfor-
mance, As such, the preseal work attempted 1o elucidate the
eptimum biccatbytic activities of a glucose oxidase/laccage
BFC based on the cell discharge performance, Glucose
oxidaseflaccase BFC is ong of the mest stulicd hioelec: ]
1rochemical systems due to the high abundanee of glucose 3
in nature and the role of oxygen as the Fuel oxidant.”
The averall electrachemical seactions of the glucese oxi-
daseflaccuse BRC can be summyarized as follow

CHL0, +6H,0 25 600, + 240+ 240" (1)
60, 4+ 2e™ +12H,0 =25, 240H- &)

In the system, glucose oxidase (GOX) enzyme cntatyzes
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the oxidation of glucose fuel into gloconolactone while
faccase enzyme eatalyzes the reduction of oxygen, either in
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the dissolved form in the clectrolyte or in the gaseous form
al the triple gas-liquid-solid phuse of the air elecuode.

2. EXPERIMENTAL DETAILS

The BFC comprised of nickel mesh as the oxidative
1 cuerrent collector and a carbon-based air clectrode as
v the reductive cumrent colfectos, enclosed in scrylic cas-
T ing of 3 ml volumetric capacity. The air electrode also
serves as the ambient oxygen diffusion site to continu-
ously feed oxygen into the system. Figure | iflustrites the
schematic drawing of the BFC. The anotyle congisted of
glucose oxiduse enzyme (30 UY from Aspergifivy iger
{Biobasic inc.), glucose subsirate (200 mM) and FAD co-
enzyme {3.8 mM), while the catholyte consisted.of jaccasi
enzyme {10 U} from B cernificera {(Sigma-Aldrich} und
syvingalduzine substrate (256 M), Syringaidazine in the
catholyte serves as an enhancer o catalytic redustion of
oxyges, Lacease stores eloctrons {rom syringaldazine oxi-
dation which are then itilized to réduce moteeolar oxygen.
A cellolose jonic exchange membrane (Fatasura Chemi-
cal Co. Lid, Japan) was ulilized to separate the anolyie
and eatholyte. In this work, we employed freely-suspendad
glocose oxidase and lacease enzyaes in the boffer elee-
trolyte ie., not immobitized. This simplified design was
ndepted for tapid optiisization approach.

We investigated the electrochemical performance of glu-
cose oxidase-taccase BEC utilizing 3 types of anolytef
catholyte buffer electrotyle—citrate/eitente, phosphate/
phosphate and citrate/phosphate, in the pH range 5-8.5.
The chioice of buffer electrolyse and pH range was based
o commonly reporied elecirolyte formwdations in the
lterstuee®? Qur conjecture wus any small voriaticn in
the elettrotyte fordlation would resuft in 2 distinet dis-
charge profile enpaeity. Thus, the BFC was gauged directly
larm jts continyous discharge capacity at 30 pA. All mmea-
surements were perfocmed using an Eeo Chemie Autolab
Potentiostat/Galvanpstar (PGSTAT302N) and conducted ar
rooni termperastsre of 30 °C in an apen, uncontrolled ambi-
cnt envirosment,
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3. REBULTS AND DISCUBSION

We azdoped a foctorial desiga optimization, Based on
3 1ypes of huffer electrolyte and 3 pH values, there ware
a toa] of 15 electrolyle lormwtations as Jisted in Table 1.
Unlike most studies in BFC, we screened the electralyte
foemulation directly from the electrochemical performance
of a compleie coll father than based on individuad enzyine
assay or half cell reaction, Figures 2 and 3 depict the vari-
ation of total posver gain of the BFC as & funetion of elee-
wilyte formulation, The wial power gals was calcutated
fromn the product of discharge current and the aree vnder
the discinrge plot

Power gait, P =1, f V() dt=1,A, {Wh} (3

where £, i5 the constant discharge currest, A, is the
area undder the discharge piat, V(#) s the cell’s operating

Table I Blectrfyie formulations wsted for the glocose vyidasé dacease
BRC.

Foreutation. Anplyte Cathoiyte
Citrate bulfer (pH)
A
1 5
i A7
3 o3
Phiosphate biffer {pH)
k|
4 5
3 57
6 6.5
Citrate Buffer {pH) Phosphate buffer (piH)
C
7 3 5
8 57 5
g (] 5
(¢} i 8.7
i 57 53
2 6.5 53
£} 5 ]
id 57 (]
15 &5 6.5
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Fig. 2. Plot of BEC porwer outpet gain against electrofyle fomnilaion
fisoth amahvte amd cathelyte cnaploying either citrute or phasphate buffer)
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Fig 3. Plot of BFC power sulput gain agained. electrolyte formiulation {ahovte in ciimte bulfer aod eatholyte i phosphate bifer).

voltage. 4, was edtimated from the Riemanon's Sum
approximation,

A= 3 A5 (x)

4l

2}

where # iy the rotul datz points, Axis the interval between
data points, and f{x,) is the right. end point of the ith
interval. '

As anticipated, yagintion in the clectrolyte formulwion
produced distingt discharge performance. Glucose oxitlase~
lacease BFC employing titrie buffer pH 3 possessed the
highest pewer oulpit Le., F074 W I or volumetrie power
deasity of 1.7 W & !, while the BFC using phosphate

12 4

buffer seemed not favourable for glicose exidase eaalytic
agiivity.

Figure 4 ilostrates the discharge profifes of the BRC
based on the best profile obtained from. efectrolyte formu-
Taticn A, B and € (refer 1o Toble ik The mose-prevalent
feare of citmic buffer pH § formulation as compared
o custonary citraie/phosphate formulation wag its high
operating veltage, around 1.0 V. Althaugh the cell was
able 1 sustain continuous. current drain of 30 pA for
mearty 57 hours, most of the exun discharse duraion
was of low voliage. The observed rosults also sugpest
thar the BFC cmplaying citraté buffer for glucose uxi-
dase and phosphate buffer for Incease appeared 1o be more

@ -Citrate pH 5.9
v~ Citrate pi 5.7iPhosphate pH 5,7
¢ - Cirate pH 5.0/ hasphate pH 5.0
t ] &= Citrate pH 8.0iPhasphate pH 6.5
/ {AnclytefCathoiyte}
&~ Phosphate 5.7
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Fig 4. Disclerge capucity pmﬁ[es of BEC wills dhifferent elociralyte fomusations.
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rolerant o pkf varation, a8 indicaied by the mor or less
compatible discharge performance (profiles b, ¢ and d}
Finally, it s interesting to note that te obsecved discharge
performance und power density are compurable w BFC
emplaying immebilized enzymes.and mediators, as well as
operated in controlled eavironment®

4. CONCLUSION

We have sepeened the optimum elestrolyte formulation,
namely buffer electrolyte and pH, of n glucose oxidase/
laccase BFC utilizing directly the discharge capacity of the
cell, mted at 30 A, As the biocaiatytic clectrachemical
systeni is inherently very sensitive, any variation in the
electrolyte formulation would produce distinet discharge
profile. Alidrough the approach is indirect, the observed
changes are obvious, suggesting the method is viable. It is
dbserved that the glucose oxidaseflaccase BFC employing
citratefeitrate buffer elecirolyte of pH 5 posséssed Lhe opti-
mum power output of 1074 uW h or voluntewic power
density of L7 Wh 1L
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