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Musa paradisiaca stem juice as a source of peroxidase and lignin peroxidase 
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Musa paradisiaca stem juice has been shown to contain peroxidase activity of the order of 0.1 enzyme uni t /mi. The 
Kill values of this peroxidase for the substrates guaiacol and hydrogen peroxide are 2.4 and 0.28 mM respectively. The pH 
and temperature optima arc 4.5 and 62.5°C respectively. Like other pcroxidases. it follows double displacement type mecha
nism. At low pH, Musa paradisiaca stem juice exhibits ligninperoxidase type activity. The pH optimum for hgninperoxi
dase type activity is 2.0 and the temperature optimum is 24°C. The Kill values for veratryl alcohol and n-propanol are 66 and 
78 J-lM respectively. 

Peroxidases [EC 1.11.1.7 J are heme contam tng en
zymes found in plants, in some animal tissues and in 
tnicroorganisms 1

• They perform a variety of physio
logical functions like lignification of cell wa ll and in 
defense mechanism against pathogenic attacks2

. Some 
of the peroxidases play crucial roles in delignification 
of lignocellulosic materials3 and in degradation of re
calcitrants organic pollutants4

. Recent studies have 
revealed that not all peroxidases are simi lar in their 
structures and fuction s2

· 
5

'
11

. Ligninperoxidase differs 
from horseradish peroxidase in the sense that lignin
peroxidase directly oxidises veratryl alcohol whereas 
horsenrdish peroxidase can noe. Soyabean peroxi
dase?".has Iinginperoxidase type activity but it is more 
stable. ~t ac idic pH and at higher temperatures than the 
linginperoxidase. These studies have indicated that 
peroxidases from different sources should be studied 
to find their biocatalytic potential 12

. Keeping thi s 
point in view, we have analysed the Musa paradisiaca 
stem juice for peroxidase activity and have found that 
it is a good source of peroxidase. Moreover, M. para
disiaca stem juice contains li gninperoxidase activity 
as well. 

Materials and Methods 
Varatryl alcchol was from Aldrich (USA) and 

guaiacol was from Sigma (USA). All other cheinicals 
were from S.d. fine chemicals (Mumbai) and were 
used without further purification. 

The enzyme was isolated by cutting the stem of 
Musa paradisiaca into small pieces, crushing the 

·correspondent author 

pieces in mortar with pestle and extracting the juice 
by keeping the pieces in four layers of cheese cloth 
and squeezi ng it. The juice was centrifuged using 
Sigma (Germany) model 3K 30 refrigerated centri
fuge at 4000 g for 20 min at 4°C to remove the 
cloudiness of the juice. The c lear juice was concen
trated 20 times in an Amicon ( USA ) Concentratiot1 
Cell model 8200 using PM JO ultra fi ltrati on mem
brane with molecular weight cut off value of 10,000. 
The concentrated enzyme was stored at 4°C. The en
zyme stored in thi s way does not loose any activity 
even after 4 months. 

Peroxidase activity of the enzyme was measured in 
50 mM sodium phosphate buffer pH 7.0 at 30°C us ing 
guaiacol 5 mM, hydrogen peroxide 0.6 mM as the 
substrates and by monitoring the absorbance changes 
at 470 nm using molar extinction coefficient value of 
2.66x W~ M 1 cm- 1 for the product tetraguaiacol 
fo rmed by the enzymatic reaction 13

. 

Linginperoxidase activity of the enzy me was tested 
using veratryl alcohol 2 mM, hydrogen peroxide 
0.4 mM at 30°C by monitoring absorbance changes at 
310 nm due to the formation of the product veratral 
dehyde and using molar extinction coeffic ient value 
of 9300 M 1cm· 1 16

. Lingnolytic activi ty has also been 
tested using a newly reported method 15 in which n
propanol has been used in place of veratryl alcohol 
and the rate of the formation of the product propanat 
has been monitored at 300 nm using molar extinction 
coefficient value of 20M-1 cm-1

• Hydrogen peroxide 
used in both the above cases was freshly prepared 
each time by measuring absorbance at 240 nm using 
molar extinction coefficient value of 39.4 M 1 cm· 1 
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and suitably diluting the solution. All spectropho
tometric measurements were done with UV NIS 
spectrophotometer Hitachi (Japan) model U-2000 
which was fitted with electronic control unit for 
variation of temperature in the cuvettes. The least 
count of the absorbance measurement was 0.001 and 
one enzyme unit is the amount of enzyme which pro
duces 1 J.!mollmin of the product. 

Results and Discussion 
Figure 1(a) is a typical plot showing the variation 

of absorbance at "-=470 nm vs time in a peroxidase 
assay solution containing M. paradisiaca stem juice. 
Fig. 1(b & c) are corresponding plots for the same 
assay solutions containg no juice and juice which was 
denatured by boiling in water for 1 hr respectively. In 
case of assay solution containing active juice absorb
ance at "-=470 nm increases with time whereas in 
cases of assay solutions containing no juice or juice 
which was denatured by boiling, absorbance does not 
change with time indicating clearly that M. para
disiaca stem juice contains peroxidase activity. The 
calculation has shown that the juice contains ap
proximately 0.1 enzyme unit/ml of the juice indicat
ing that it is a good source of peroxidase enzyme for 
biotransformations 12

. 

Musa paradisiaca stem juice peroxidase has been 
tested for Michaelis-Menten type kinetics using guai
acol as the variable substrate at the saturating con-
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Fig.l-Peroxidase activity of M. paradisiaca stem juice. Assay 
solution contains 5 mM guaiacol, I mM hydrogen peroxide in 
50 mM sodium phosphate buffer pH 4.5 at 30°C and 20 J.!L of 
enzyme stock having 0.1 enzyme unit!ml has been added. (a) Ac
tive enzyme (0), (b) boiled enzyme (L'l) and (c) no enzyme ( ). 

centration of hydrogen peroxide and also using hy
drogen peroxide as the variable substrate at the satu
rating concentration of guaiacol. Double reciprocal 
plots in both the cases are straight lines showing that 
the reported peroxidase obeys Michaelis-Menten ki
netics 17

• The calculated Km values for guaiacol and 
hydrogen peroxide are 2.4 mM and 0.28 mM respec
tively. The corresponding values of Km for horserad
ish peroxidase16 are 0.8 and 0.1 mM respectively indi
cating that the reported enzyme has lower affinity for 
both the substrates in comparison to horseradish per
oxidase, a plant peroxidase which has been studied 
extensively. Since peroxidases are known to follow 
double displacement type kinetics 17

, Mus a para
disiaca stem juice peroxidase was also analysed for 
this type of kinetics by measuring steady state veloc
ity of the enzyme catalyzed reaction at three different 
fixed concentrations of hydrogen peroxide and vary
ing the concentration of guaiacol at each hydrogen 
peroxide concentration and also at three different 
fixed concentrations of guaiacol and varying the con
centration of hydrogen peroxide. Double reciprocal 
plots in both the cases have been found to be parallel 
straight lines confirming that the reported peroxidase 
also follows double displacement type mechanism 
observed in case of other peroxidases 17

• 

In order to find the optimum conditions for the 
functioning of this peroxidase as an efficient biocata
lyst, the activities of this peroxidase at varying pH 
and varying temperature have been studied. The per
oxidase has pH optimum around 4.5 and temperature 
optimum around 62.SOC (Figs 2 & 3). 

8 
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Fig.2-SEM micrograph of C/Poly(I,5-DHN) electrode prepared 
under potentiodynamic condition. 
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Recently. 2
'
7 some plant peroxidases have been 

shown to ex hibit linginperoxidase type ac ti vity and 

can ox idi se veratryl alcohol directly in presence of 
hydrogen peroxide at low pH. The M. paradisiaca 
stem juice was a lso analysed for linginperox idase type 
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activity at pH 2.0 using veratry l alcohol as the sub
strate. A typical plot showing the increase of absorb
ance at 310 nm with time due to formation of vera
traldehyde is shown in Fig. 4(a). Recently it has been 
reported 15 that n-propanol can also be used for assay-
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Fig.3-Dependence of the enzyme activity on temperature of the assay solution. Assay solution composition is the same as ment ioned in 
the legend to Fig.! except the te mperatu re of the reaction medium which has been varied. 
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Fig.4-Linginperoxidase act ivity of M. paradisiaca stem j uice using veratryl alcohol and n-propanol as different su bstrates. (a) Assay 
sol ution contains 2 mM veratry l alcohol, 0 .4 mM hydrogen peroxide in 50 mM sodium phosphate buffer pl-1 2.0 at 30"C and 20 j..tL or 
concentrated juice has been added. (b) Assay sol ut ion composition is the same as in case (a) except the veratryl alcohol which has been 
r.?p!aced by 3.25 mM n-propanol. 
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Fig.5-Dependence of lingi nperoxidase ac tivity on pH of the assay solution using veratry l alcohol and n-propanol as different substrates. 
Assay solution compositi on is the same as mentioned in the legend to Fi gs. 4 (a) and 4 (b) respectively except the p H of the reaction me
dium which has been varied. (a) Veratryl alcohol , (b) n-propanol. 
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Fig.6-Dependencc of linginperox idase activity on temperature of the assay solution using veratryl alcoho l and n-propanol as d ifferent 
substrates. Assay solution co mpositi on is the same as mentioned in the legend to Fi gs. 4 (a) and 4 (b) respectively except the temperature 
of the reaction med ium which has been varied . (a) Vcratryl alcohol , (b) n-propanol. 

ing the linginperox idase type activity in place of 

veratry l alcohol and the absorbance c hange at 300 nm 
can be monitored. Thi s new ly reported 15 method was 
also used for assay ing the ling inperoxidase type ac
ti vity of M. pamdisiaca ste m juice. The typica l plot is 
shown in Fig. 4(b). It is obv ious from both the 
Fig. 4(a and b) that the stem juice has ligninperoxi
dase type acti vity as well. 

Michaelis-Menten type kinetics for linginperoxidase 
type acti vity of M. paradisiaca stem juice has been 
tested using veratryl a lcohol and n-propanol as the 
variable substrates in di fferent experiments at the 
saturating concentrations of hydrogen peroxide. The 
double reciprocal plots in both the cases are straight 
lines confirming that the linginperoxidase type acti vity 
foll ows Michaelis-Menten kinetics 17

. The Km values 
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for veratryl alcohol and n-propanol are 66 and 78 MM 
respectively. The pH and temperature optima for this 
activity have been determined using veratryl alcohol as 
well as n-propanol as the substrates and monitoring the 
formation of veratraldehyde and n-propanol at 310 and 
300 nm respectively. The results are plotted in Fig. 5 
and 6. It is obvious from these fi gures that pH optimum 
for linginperoxidase type actiYlty is 2.0 and 
temperature optimum is 24°C. The most extensively 
studied linginperoxidase acttv1ty is from 
Phanerochaete chrysosporium which has pH optimum 
around 3.0 and temperature optimum around 26°C. The 
reported pH optimum for the linginperoxidase type 
activity of soyabean peroxidase7 is 2.4 and of tobacco 
peroxidase 2 is 1.8. Thus pH optimum of 
linginperoxidase type activity of M. paradisiaca stem 
JUICe is in the same range as reported for 
linginperoxidase type activity from soyabean 7 and 
tobacco2 sources. The temperature optimum of 
linginperoxidase type activity from soyabean and 
tobacco sources is not reported and hence a comparison 
can not be made. 

Recently Adam et a/. 12 have reviewed the literature 
on the synthetic applications of peroxidases which 
include hydroxylation of arenes, the oxyfunctionali
zation of phenols and aromatic amines, the epoxida
tion and halogenation of olefins, the oxygenation of 
hetero atoms and the enantioselective reduction of 
racemic hydroperoxides. We report here a convenient 
and rich source of peroxidase which can be tested for 
the above conversions . 
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