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ABSTRACT

P. chrysosporium BW8B08 (MTCC 787) was used for enzyme production to treat different synthetic melanoidins
solutions namely sucrose-glutamic acid (SGA), sucrose-aspartic acid (SAA), glucose-aspartic acid (GAA) and
glucose-glutamic acid (GGA) Maillard products which are mixed in equal proportions as well as real melanoidins.
Treatment efficiency was monitored in terms of clarification, color removal, COD reduction, pH change for an
incubation period of 10 days. Results showed that Laccase, Lignin Peroxidase (LiP) and Manganese Peroxidase
(MnP) activities reached a peak on the eighth day incubation and started to decline on the tenth day with both SMM
(Synthetic melanoidin mixture) and RM (real melanoidin). The peroxidase enzymes were developed to a similar
extent in both the SMM and real melanoidins whereas the Laccase activity was higher at 120 U/l with SVIM than
with real melanoidins which was 100 U/I. The optimum pH range of the three enzymes under investigation laccase,
lignin peroxidase and manganese peroxidase is 4.5-6; 4.5 -5.5 and 4.5-5.5 respectively. Laccase showed higher
activity with SMM than with real melanoidins throughout the entire pH range from 3-8. There is maximum
decolorization and appreciable reduction of COD from 10% to 60 % in SMM and 10% to 56% in RM at ph 5.5. The
clarification and decolorization were measured by % transmittance and absorbance values respectively. The
synthetic melanoidins were clarified and decolorized a little better than the melanoidins collected fromthe distillery.
The development of enzymes in the broth cultureis crucial to the clarification, decol orization and reduction of COD
of in both real melanoidins (RM) and mixture of synthetic melanoidins (SMM).
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INTRODUCTION

Melanoidins are dark brown to black colored nateaidensation products of sugars and amino acmiuped by
non-enzymatic browning reactions called Maillardatéons (1). These compounds are highly resistantitrobial
attack, conventional biological processes sucthcagated sludge treatment are inefficient to dednédomelanoidin-
containing wastewaters, such as molasses wastewfaten distilleries and fermentation industries][2Normally
Melanoidins are found at concentrations of 2.0 %effluents discharged from molasses processingsingu
Untreated distillery effluents or spent wash ardl kieown to cause enormous pollution in the natweslources by
increase in organic load, depletion of oxygen contdiscoloration and destruction of aquatic I3 [
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They exist extensively not only in foods but alsowastewaters released from various agro-basedstines: as
sugarcane molasses based distillery and fermentatidustries. The distillery wastewater colorante enainly
polyphenols, melanoidins, alkaline degradation potsl of hexoses, and caramels. Due to hazarddusenaf
melanoidins, its chemical and microbial degradatltas been attempted to reduce its toxicity and atso
characterize its chemical structure so that bstrategies could be achieved for its degradati@hdatolorization.
A lot of efforts have been made by the researchnoonity to remove the colorants including biologicaéthods
employing different fungi, bacteria ,algae, enzyimdteatment, chemical oxidation, coagulation/pgpéetion,
oxidation and membrane filtration [4 ]. These temlbgies could also be employed in the industriesetoove the
colorants as a final treatment step after the aéedigestion [5].

Microorganisms (bacteria/fungi/actinomycetes) doeheir inherent capacity to metabolize a varietycomplex
compounds have been utilized since long back foddgradation of complex, toxic and recalcitrant poomds
present in various industrial wastes for environtakesafety. Microbial degradation and decolour@manf industrial
wastes is an environment-friendly and cost comipetialternative to chemical decomposition proceksvastes
minimization (6, 7).

Moreover, the utility of microbes in industrial was treatment process is largely depends on thgrexic setup,
nutrient requirement of microbes as well as natlmical structure of recalcitrant compounds andrenmental
conditions (8 ). Microbial decolorization of anaeiaally treated effluent reduced the hazard froriceffect which
indicated that there is necessity for microbial rdegtion at secondary or tertiary stage prior sodisposal for
environmental safety [9].

The decolorization of four types of synthetic meligins i.e., glucose—glutamic-acid (GGA), glucospatic-acid
(GAA), sucrose—glutamic acid (SGA), and sucroseasdipacid (SAA), were investigated using threefatiént
isolates, viz.Bacillus thuringiensis, Bacillus brevis and Bacillus sp. [10 ].The degree of decolorization of the
melanoidins separately by each isolate was in #81% range. The results also indicated that the (@aKmer
was the most recalcitrant among the melanoidingedesThe clarification and decolorization of melali by
bacteria are mediated due to prevalence of manggresxidase (MnP) as decolourising enzyme [11]@ay an
important role in degradation of several dyes [1&jtic acid bacteria also prove to be useful indbgradation of
melanoidins from sugarcane molasses processingstiielsl and phenolics from palm oil mills (13 ) Thake
microbial decolorization can be exploited to depebo cost effective, eco-friendly biotechnology pegk for the
treatment of distillery effluent.

Phanerochaete chrysosporium (P. chrysosporium) is known to secrete a large number of hydrolgiic oxidative
enzymes for degradation of natural lignocellulogiaterial, which includes cellulases, hemicellulademin
peroxidases, manganese peroxidases (14, 15, 18110 ) and pectinases (20 ). It also produces piiteinase,
glutami-nase and five kinds of peptidases whichratated to aspartyl protease family (21). The gaee activity
investigated in the batch culturesmfchrysosporium (22) had showed both primary (81.5, 71.5, 52, 28ad 22
KDa) and secondary activity (75.5 and 25 KDa). Rattal demonstrated that Phanerochaete chrysosporium
BW808 (MTCC 787) is capable of producing a protesssyme system with agro-substrates (23).

Phanerochaete chrysosporium PC has been showmdogar a relatively nonspecific ligninolytic enzyrsgstem
which appears irrespective of the presence ofnihB), and this fungus can oxidize a broad spetwiichemical
compounds (5). So the decolorization of four typésynthetic melanoidins i.e., glucose—glutamiada@sGA),
glucose—aspartic-acid (GAA), sucrose—glutamic 8GA), and sucrose—aspartic-acid (SAA), were ingagtd
using Phanerochaete chrysosporium, the wood rayusinOur study is a preliminary attempt to decakrthe
synthetic and real melanoidins with the crude ereyreparations from PC BW808 (MTCC 787) culturethwi
10% melanoidins.

The possibility and efficiency of laccase and pa&age producing wood rot fungus Phanerochaete apgsium
for the clarification and degradation of synthetielanoidin mixture (SMM) and real melanoidins (Rbblutions
were evaluated in this study. Samples of waste matiected from a distillery in Maharashtra (908%) were
studied under submerged culture conditions. Phahesie chrysosporium was selected because it iarkio
produce Laccase and peroxidases which might provbet useful in the biodegradation of melanoidinamr
distillery effluents.
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MATERIALSAND METHODS

Media and strain used inoculum

Organism

P. chrysosporium BW808 (MTCC 787) was obtained from IMTECH, Chandigindia. It was maintained at 37°C
on 1% malt extract agar slants and subculturedyaveek.

Inoculum and crude enzyme preparation
All the culture media used in this study were aflbgical grade. The reagents and chemicals wereuped from
Hi Media, Merck and SD fine chemicals all from Muanbindia.

The inoculum was taken from stationary cultures taming fresh conidial suspension with a conidium
concentration of 5 x fOspores per ml. The inoculation ratio of the experital cultures was 2% (v/v), and the
incubation temperature was maintained at 37°Clicases. The growth and maintenance medium usedrwis
broth medium [1% (w/v) malt extract, 1% (w/v) yeastract, 0.1% (w/v) KH2PO4, 2% (w/v) dextrose afdD
agar contain 1.5% agar] at pH 6.5. Basal mediund fiseenzyme production contained 3% (w/v) starcérijon
source), 0.3% (w/v) NaNO3 (nitrogen source), 0.0984v) KCI, 0.1% (w/v) KH2PO4 and 0.01% (w/v)
FeS04.7H20 and maintained at 37°C in an orbitakeshfl20 rpm) for 24 to 96 h. At the end of incubaj the
whole fermentation medium was filtered, centrifuged000 rpm for 15 min and the clear supernata# used as
crude enzyme preparation.

Enzyme assays

Briefly, the laccase activity was determined ushg’ azinobis (3 ethyl benthiazoline-6-sulfonic &cjABTS] (as
per sigma Aldrich Method) as substrate. The absmdavill be monitored by using spectrophotometet2t nm.
Lignin peroxidase activity was determined by meisguthe production of veratryl aldehyde from veyh&idcohol at
310 nm in glycine HCI buffer at pH 3 at 30°C by #ieh of H202.Manganese peroxidase activity wagdeined
by monitoring the oxidation of guaiacol (2-methokgnol) at substrate at 465 nm.

Preparation of synthetic melanoidins

The synthetic melanoidins solution used in thisdgtwas prepared by refluxing the equimolar (1M)usoh of
sucrose ,aspartic acid and 0.5M sodium carborntal®@-C for 7 h whereas; natural melanoidins solutiors wa
prepared from distillery effluent. Four types oflem®idins i.e., sucrose-aspartic-acid (SAA), suergkitamic acid
(SGA), glucose-aspatrtic-acid (GAA) and glucoseahit-acid (GGA) were synthesized SAA was synthekize
using sucrose, aspartic acid and sodium carboB&#, from sucrose, glutamic acid and sodium cartn@afA
from glucose, aspartic acid and sodium carbonate G8A was prepared utilizing glucose, glutamic aaitt
sodium carbonate under above conditions and them afljustment of the reaction mixture to pH 7.4hwiN
NaOH. These solutions contained mg/l COD from 2&76® 418000 mg/l. All of them were mixed in equal
proportions and used to amend the medium.

The enzyme assays were carried out in the presanigeth real melanoidin pigment collected from thistillery
and the synthetic melanoidin mixture .To determtine optimum pH of the enzymes the assays were [sét u
triplicate with the crude enzyme preparation atedént ph values from 3-8

Enzyme Production

Enzyme production was done in 500 ml flask contajriOOmI of culture media (pH-5.5-6) containingagise 1%,
peptone 0.3%, KH2PO4 0.06%, ZnSO4 0.0001%, KH2P04%, FeSO4 0.0005%, MnSO4 0.05% and MgSO4
0.05% as previously reported. The media were iradedl with seven days old sporulated culture, suspen
prepared from the culture grown in Petri-plates. gfowing Phanerochaete chrysosporium in suspensiooulum
(250 mg) was prepared by homogenizing the six ddyrycelium obtained from Petri-plates. Enzyme \attiwvas
determined at three day intervals, after whichdléure will be centrifuged at 10,000 g of 30 mi18°C.

Inoculum preparation and decolorization studies

The inoculum was prepared for decolorization stidietwo steps. In the first stage, a pure cultvas transferred

to a 50 ml modified YMD broth consisting of (w/v).0% glucose, 0.05% peptone, 0.1% K2HPO4 and 0.05%
MgSO4 - 7H20, incubated for 24 h in shaking flackd40 rpm) under aerobic condition at 30 +2 °C. saduently,

it was transferred into flasks containing synthetelanoidin mixture (5%) mended YMD broth.
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In the first experiment, the decolorization expemnts were carried out by the addition of fungalcuidams (
OD590 0.05- 0.08) in 250 ml flasks containing rfied YMD broth containing 5% synthetic melanoidirixture
at pH 5.5 and 30 +2 °C for 10 days. A separatefehinoculated flasks was maintained in paralketontrol.

In the second experimette fungal isolates consisting of PC were assessed for tregioldrization potential in
natural melanoidins pigment (10% (v/ v)) amendethwieast extract (0.1% wi/v) under similar conditias the
first experiment conditions (140 rpm) at pH 5.5 @&+2 °C for 5 days. A loopful of PC inoculunts 250 ml

flasks containing 50 ml real melanoidins (5% v/m@®0% sterilized water containing yeast extra@tl@ w/v) at
pH 5.5 and 30 +2 °C. A separate set of uninoculfitestks was maintained in parallel as control.

Samples were withdrawn from culture media at reg@é h intervals for decolorization measurementse T
supernatant was taken after centrifugation (100@0@glO min) for determination of color and chemicadygen
demand (COD) [16]. Melanoidins removal or adsorptiativity was determined as a decrease of optieasity in
the absorbance at 475 nm against the control. Fhevas determined in supernatant. Experiments wepeated
three times to reduce experimental error. Percansmittance (%T) was determined from absorbangén(All the
flasks by using the formula A = 2 - Ig@6T.

RESULTSAND DISCUSSION
The fungal isolates that were maintained with effiuand without effluent for a period of 10 daysved as tests

and controls respectively. They were assessedéogtowth and activity of enzymes on modified YMgaaplates
amended with synthetic melanoidin mixture and Opt¥énol red (w/v).

Fig1&2:
Fig 1 showing the streaked plate of Phanerochaete chrysosporium on YM D agar
Fig 2: showing luxuriant growth of Phanerochaete chrysosporium on YM D agar
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Fig 3& 4
Fig 3 showing the growth of Phanerochaete chrysosporium on YMD broth with RM
Fig 4: showing clarified and decolorized broth shown in fig 3in 10 days

The culture isolates of PC showed optimum growith exhibited peroxidase activity by changing thepdessl color

of dye to light yellow. PC was found to exhibit ¢ase, LiP and MnP peroxidase activities which mten
capability to degrade melanoidin compounds. Theelbgment of enzyme activities with SMM and the real
melanoidin pigment is investigated at throughawustudy period of ten days and the results amrded at each 24
hr interval. The results of the enzyme assays i@endelow.

140 - Enzyme Activities developed with synthetic and real
120 - melangidins =@—Laccase activity in
I U/ml with RM
S~
> 100 - == Laccase activity in
S 0 U/ml with SMM
2 ]
2 ==fe=LiP activity in U/ml
© 60 - with RM
[}
§. 40 === LiP activity in U/ml
g with SMM
20 .
=== MnP activity in U/ml
0 T T T T 1 With RM
2 4 6 8 10 —@—MnP activity in U/ml
incubation time in days with SMM

Fig 5: Theresults of enzyme assayswith SMM and RM in graphical representation
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The results showed that the enzyme activities eheh peak on the eighth day incubation (Fig 5) stadt to
decline on the tenth day. This result was obsewigdboth SMM and real melanoidins. One of the imaot trends
that were observed is that the peroxidase enzynees developed to a similar extent in both the SMiM eeal
melanoidins whereas the Laccase activity was higitel20 U/l with SMM than with real melanoidindieh was
120 U/.

140 - Enzyme activities at pH values 3-8

120 == _Laccase activity in
— i U/mlin RM
£
S 100 - == Laccase activity in
£ U/ml in SMM
2 80 -
s LiP activity in U/ml in
S 60 - RM
(]
£ =>=iP activity in U/ml in
X 40 7 SMM
b

20 ==ie=MnP activity in U/ml in
RM
0 T T T T T T T T 1

MnP activity in U/ml in
SMM

3354455556657 758
pH

Fig 6: The graph showsthe optimum pH range of Laccase and peroxidases

The optimum ph range of the three enzymes undeestigation laccase, lignin peroxidase and manganese
peroxidase is 4.5-6; 4.5 -5.5 and 4.5-5.5 respelgtivt is interesting to note that both the pedases show the
same range and the laccase is rising till ph 6.r€bkelts showed that the peroxidases developeditoitar level in

both real melanoidins and SMM throughout the plgeanf 3-8.Laccase showed higher activity with SMMrt

with real melanoidins throughout the entire ph mfrgm 3-8.The results are shown in the graph gnéri

CLARIFICATION STUDY AND COD REDUCTION

Melanoidin pigments are complex products formed assult of non enzymatic reactions between swugadsamino
acids and the first and foremost aspect to be adddeis the dark brown color along with the thiokl aiscous
nature which pollutes and damages the place dhthg where they are dumped. So clarification aedotbrization
studies are taken up with respect to incubatior temd ph to test the potential of PC to degrademodins. The
fungus was used to study the visual clarificatiow @ecolorization of the real melanoidins and thethsetic
melanoidin mixture (SMM)Decolorization study along with monitoring of retioa in COD levels at each 24 hr
interval was carried out by growing PC in the ojitied conditions namely at room temperat80e2C,ph range
4.5-5.5 for 10 days in the presence of SMM and Rlbsately as described in materials and methodsyitt@etic
and real melanoidins were visually clear and transmt after the 10 day treatment with PC.

40% decolorization was observed in both SMM and &\H 3 and it increased as the ph is raised Befrb.At
ph 6.5 the maximum clarification and decolorizatiwas observed with both SMM and RM.As the ph iseadi
beyond 6.5 the % decolorization decreased and 50ty was observed at ph 8 with RM and 60% was shaiin
SMM. On the whole, SMM were decolorized more thae RM throughout the ph range from 3-8.The scerario
the results is shown in the graph in fig 7.

During the initial stage of the experiment on th&day the COD reduction that was observed was 1084CD
was reduced to 75% and 70% with SMM and RM respelgtias the experiment went on till 1@ay. A 10%
reduction of COD was observed at ph 3 and the C@B reduced further as the ph is increased to S5tidnd
was observed in the case of both SMM and RM. Abghand 6, 60% and 50% reduction in COD was observe
with SMM and RM respectivelyThe results are shown in the graph below in Fig 8.
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90 - Percent decolorization and percent COD reduction at pH
go | Vvalues 3-8

70 -
60 ==@=="% decolorization in RM
50 - T
== % decolorization in
40 -+ SMM

30 - % COD reduction in

20 RM

==3é=9% COD reduction in
SMM

10 -

% Decolorization and %COD reduction

0 T T T
335445555 6657758

pH

Fig 7: Decolorization and COD reduction at pH range 3-8

Percent decolorization and percent COD reduction

80
§ during 10 day incubation
© 70 -
>
©
260 - decolorization in RM
a
o]
O 50 4
X == % decolorization in
e 40 - SMM
(]
S30 % COD reduction in
E RM
$20 - . o
s ==3é=% COD reduction in
2 10 - SMM
]
X
0 T T T T 1
2 4 6 8 10

incubation time in days

Fig 8: Decolorization and COD reduction at different days of incubation

To understand whether the fungal fermented brothk the effluent and SMM are clarified by the enagn
developed the percent transmittance (%T) was madtevery day of the study period and the resuksgiaven

below in fig 9.The %T was increased from 27.54%tanfirst day to 77.62% on the tenth day of thelgtoeriod in

SMM whereas it rose from 25.11% to 63% in RM shmihat about 50% increase in transmittance demaiast
the proof for clarification of SMM and RM by the ame activity. One of the important points is thatrease in
%T is more in SMM than in RM as the results shotved the difference between first day and tenthwlay 50.1%
in SMM whereas it was 38% in RM (Fig 9).

The results showed that the decolorization andatémiu of COD were maximum at a ph range 4.5 -6.®mwthe
enzyme activity was maximum. It means that the emegy play a key role in the decolorization of meidims
whether synthetic or real. 80% decolorization & MM and 70% decolorization of RM was observethanbroth
cultures. This might be because of the fact thaSMM exclusively melanoidins are present whereafkivi
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collected from the distillery other substances like unreacted sugars and proteins which do nat reith the
enzyme but can interfere with the reactions are mlixed up with the RM. It seems that due to thisson there is a
little more decolorization in SMM than RM.

0 %T of synthetic melaniodin mixture(SMM)and real
melanoidins (RM) during 10 day incdbation

70 B %T of synthetic
o 60 melaniodin
§ 50 mixture(SMM)
e
€ 40
g H %T of real
= 30 melaniodins
ES (RM)

20
10

1 2 3 4 5 6 7 8 9 10
Incubation time in days

Fig9: % T of synthetic melaniodin mixture(SMM) and real melanoidins (RM) during 10 day incubation

The decolorization of both synthetic and real meildims was successfully accomplished by the woadurgusP.
chrysosporium BW808 (MTCC 787).1t is evident from the study thhe optimum pH range for the laccase and
peroxidases, 4.5-6.5, is the pH range where thgnemactivity and decolorization were maximum. Raafollows
from the study that there is a remarkable redudtiddOD up to 55% at pH 6.

CONCLUSION

The decolorization of melanoidin by PC was showbdalosely related to the composition and pHthe medium
and the nature of melanoidins.

Thus, it can be concluded that the environmentetofa like pH, temperature, and nutrients play talwole in
microbial degradation process of industrial wadtesause the activity of enzymes is greatly infleehby them
various environmental factors. It can be inferredt the development of enzymes in the broth culisi@ucial to
the clarification and decolorization and reduct@nCOD of SMM and RM. Further experimental and gtieahl
work is required to understand the exact functibeach enzyme in degradation of melanoidin pigments
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