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ABSTRACT

The aim of the present work was to investigate feasibility of jackfruit seed powder as a substréde the
production of pigments by Monascus ruber in solades fermentation (SSF). Pigment production by filmegus
Monascus sp. was studied to determine the moreguigim solid culture than in submerged culture. Thegi
actively grown in Potato Dextrose Agar (PDA) medidapigment yield of 2.85 OD Units/g dry fermergatistrate
was achieved by employing jackfruit seed powdemnt production was carried out 50% initial moistgontent,
incubation temperature 30 °C, 1 x %§pores/g dry substrate inoculum and an incubagieriod of Fourteen days.
The pigments were extracted with water and ethahlok absorbance of these pigments was analyzekeity-
visible spectrophotometer. The absorbance of tleésanol extract was found to be higher (2.85 ODttJg). The
ethanol extract of each substrate was subjectelL and it was determined that extract containshballow and
red pigments. The genomic DNA was isolated anasdt electrophoresed in agarose gel and then it iatee from
the gel for further study. Then the PCR products elactrophoresed along with the DNA marker amniais viewed
in the under Gel documentation system. From thisaveconcluded that this Monascus ruber pigmentslzEused
as a natural colorant in the food industry replagithe synthetic ones. Furthermore, the isolatiorthef specific
gene may pave the way for the isolation of nowgingints from the fungus. To the best of our knowlékig is the
first report on pigment production using jackfrsiged powder in solid-state fermentation (SSF) apdustion by
using ethanol extract.

Keywords: Monascaceae, Pigments, TLC, FTIR, DNA, PCR.

INTRODUCTION

The genusMonascuswhich includes four specieM. pilosus, M. pupureus, M. rubandM. floridans belongs to
the class Ascomycetes and the family Monascacedais. flingus is a source of various secondary metabobf
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polyketide structure. Fungi are used in many indisprocesses, such as the production of enzywitsnins,
polysaccharides, polyhydric alcohols, pigmentsjdip and glycolipids. Some of these products amdypced
commercially while others are potentially valuabiebiotechnology (Adricet al., 2003). Since prebibilical times,
fungi including both true filamentous fungi and gt have been used to produce products such gsiiee, bread
and cheese. The twentieth century, a golden agedaktrial microbiology, yielded a myriad of prodsieanade by
fermentation processes: solvents, antibiotics, sy vitamins, amino acids, polymers, and manyrotiseful
compounds (Demain, 1999). Fungal secondary metabalre extremely important to our health and tiotriand
have tremendous economic impact. (Adetoal., 2003). In general, a pigment is any material tesylin color in
plant or animal cells and is the result of selectbsorption. A chemist defined pigments as thosepounds with
absorption in the UV-A or UV-B regions, and mostpiontantly in the visible region (Bandaranayke, 2006
Pigments are water insoluble substances that & toscolor articles like ink, paper, textiles andny more. But
certain biopigments like anthocyanin is water-stdubMoreover, there are some biocolorants, which ot
pigment in any sense (structural colors, light &ngtluciferin). Hence, biocolourants are coloriagent obtained
from biological sources (Chattopadhyetyal.,2008).

The most important characteristic of this fungushs ability to produce secondary metabolites dfyketide
structure which are synthesized by the polymegratif acetyl and propionyl subunits in a similaogess to fatty
acid synthesis (Juzlovet al., 1996). Monascusis known to produce at least six molecular strieguof pigment
which can be classified into three groups dependmgheir color. They include yellow pigments Mocias(C21
H26 O5) and ankaflavin (C23 H30 O5), the orangengigts Monascorubin (C23 H26 O5) and rubropunc(&ii
H22 05), and finally red pigments monascorubram(i@@3 H27 NO4) and rubropunctamine (C21 H23 NO4)
(Pattanagulket al., 2007). The color specification of the latter dafieeron the associated amino acid or protein.
Growth ofMonascus rubewould be directly affected by the composition w@ireh or type of carbon sources (Lete
al., 2007). Aldohexoses as glucose and dextrose ater lwetrbon sources for the growthMbnascus ruberthan
sugar alcohols such as Sorbitol and Mannitol whilerose reduced the growth of the fungus (Bakstta., 2006).

The orange pigments, monascorubin and rubropunciaéi synthesized in the cytosol from acetyl copre by
the multienzyme complex of polyketide synthesé&hkse compounds possess unique structures thegspensible
for their high affinity to compounds with primaryn@no groups (so called aminophiles). Reactions wittino acids
yield the water soluble pigments monascorubramirterabropunctatinMonascus rubepigments can be reduced
oxidized and react with other products especialtyn@ acids to form various derivative products stmes called
the Complexed pigments. The free pigments are uhélin water. However their complexation with gias and
peptides in the culture medium makes them soluble agueous media. Glutamylrubropuntatine and
Glutamylmonascorubrine are complex pigmentMohascus rube(Juzlovaet al.,1996),

They have low water solubility, sensitive to heatl ainstable in pH range of 2-10. Stability of pignsecan be
affected by Acidity, Temperature, Light, Oxygen, Mfaactivity and Time. The carbon source, nitrogearce and
pH have been shown to influence pigment produdipMonascussp., (Su, 1978). The color can be influenced by
the culture conditions, in particular, by the pHuwe phosphorus and nitrogen sources in the subsfrae pigments
can easily react with amino group containing conmaisuin the medium such as Proteins, amino acids\arateic
acids to form water soluble pigments.

Monascuscompounds have application as pharmaceuticals i &ulditives (Kraialet al., 2000). In the former
case, monocolin K was found to inhibit cholestexyiithesis thus reducing hypolipidemia, and lovastaas found
to reduce serum cholesterol and triglyceride (Patdd.,2009). The red pigment has been of increasingdsteo

the food industry because products are extracellatal water soluble making them easy to use. Aafitins

include the increased red coloring meat, fish, ketthup (Hamano and Kilikian, 2006). It can alsoused in
traditional foods to replace nitrate or nitrite fquality improvement. Colorants can be added ta fitavored

yoghurt for enhancing the color of the fr(iuzlova et al., 1996).

Many of the studies involvingMonascushave dealt with the general culture conditions rgpriove pigment
production.Monascusds probably a xerophilc fungus, which grows in alevivariety of substrates (Babitkaal.,
2006). Some natural substrates that have alreadyhtlve already been tested, besides rice and otheals, are
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cassava starch, wheat bran, wheat meal, bread coealmeal and diary milk. Various agro industriedidues such
as rice bran, wheat bran, cassava, etc., havedxgdnited for pigment production (Babitkaal.,2006).

With the advances in biotechnology, molecular geaehave been employed for rapid identificationddferent
kinds of fungi (Leeet al.,2006). Molecular technology can greatly enhandedali®n sensitivity, as well as simplify
and expedite the identification of fungi. Severathods, including random amplified polymorphic DNRAPD),
arbitrary primed PCR (AR-PCR), restriction fragmdength polymorphism (RFLP), PCR-PFLP and DNA
sequencing, have recently been used for the aithéoh of biological materials. In this presentidyt deals
analyses the production of secondary metabolitepigments from the fungi namelylonascus rubemith
optimized substrates, and also analyses the expetantechniques used to characterize the massptiuation of
pigments production, analyses the role of pigmeéntghe various industries applications for futureedful.
Secondary metabolites were analyzed by using FTIR.

MATERIALS AND METHODS

Collection and maintenance oMonascus ruber

The materials used for the production of Menascus rubepigments, the methodology adopted to produce the
Monascus rubepigments, and characterize their pigments. Thien@iMonascus rubeMTCC 2326, obtained from
Microbial Type Culture Centre, Chandigarh, Indiadanass multiplied in the laboratory of CLRI, Chenrghe
fungusMonascus rubewas maintained on Potato Dextrose Agar (PDA) slamd incubated at 30°C-32°C for
seven days, preserved at 4°C and sub cultured ewes/ four weeks. The culture medium for cultivatiof
Monascus rubePotato Dextrose Agar (PDA) was obtained from Hidiadaboratories, Mumbai, India. The spores
were scraped off under aseptic conditions to predyore suspension which to be used as the inosulum

Substrate Selection

The best suitable substrates were selected forrmemiyield of pigment production. Selected subssrate as
follows: jackfruit seed powder, grape seed powdegbean powder, wheat bran, rice bran, rice, bpadder,
combination of rice bran and wheat bran were obtaiiried at 60°C for twelve hours and then grounded gram
of each substrate was added in 250mL conical ffask a salt solution (4 mL) containing: KRO 4; NH; NOg;

NaCk and MgSq.7 H,O were added. The contents were mixed thorougtdytiaen autoclaved at 122 for 15 min.

On cooling, they were inoculated with the sporepsusion containing 1x£Gspores/ml ofMonascus rubemand
incubated at 3 for fourteen days.

Preparation of Monascus Red Pigment

The fungal spores were grown on the substrategr Aftubation for about two weeks these substratee filtered
and taken for further studies. These cultures waten with known volume of water and shaken wdfisTextract
was then filtered and collected. The same funglilias were treated with solvent (Ethanol) and keghe shaker
for 12 hrs. This extract was again filtered andemted in another beaker.

Absorption Spectra of Red Pigment

The analysis of pigment production was done by mnéag absorbance maxima of pigment extract by spect
analysis using a double beam spectrophotometeO@trd (Shimadzu, UV1601). Water extract and extiHct
pigment was determined by Spectrophotometer.

Thin Layer Chromatography (TLC) Analysis

Crude extract was analyzed by thin layer chromaiolgy (TLC). Concentrated ethanol were applied tcs&iGel
60 plates (Merck, Darmstadt, Germany) and develeg#da solution of chloroform/methanol/water (vola ratio
of 90:25:4) to compare the Ralues of the pigments.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis

FTIR is most useful for identifying chemicals tlae either organic or inorganic. It can be utilizedjuantitative
some components of an unknown mixture. It can lpdiegto the analysis of solids, liquids, and gas&amples
for FTIR can be prepared in a number of ways. kaquid samples, the easiest is to place one drogaofple
between two plates of sodium chloride (salt). Saltransparent to infrared light. The drop the pégimextracts
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which forms a thin film between the plates thisnfilwhich is also transparent in the IR, and is usedgigment
functional group identification.

Polymerase Chain Reaction (PCR)

The total genomic DNA was isolated from the funddsnascus rubermnd Separation of DNA is achieved by
electrophoresis in agarose. The presence of DNgnfemts in the gel can be determined directly byirig in the
UV transilluminator after staining with ethidiumdmide which intercalates between the stacked bafstbe DNA
molecules and fluorescence bright orange wheniated with UV light. The isolated DNA eluted fromet agarose
gel by using gel elution method. The eluted pudifidNA subjected to PCR amplification. Each PCR tieacwas
carried out 2Bl containing template DNA, dNTPs, MgClTag DNA polymerase (Sigma Aldrich chemicals,
Bangalore, India), primer and PCR buffer. Amplifioa was performed in Thermo cycler. Programmed dor
initial denaturation at 94°C for 1 minute, 50°C fbrminute and 68°C for 2 minutes, 72°C for 5 misuter 35
cycles and a final auto extension step. PCR pradwetre resolved in 0.8%agarose gel, visualized digguUV
transilluminator.

RESULTS

Growth of the fungi Monascus ruber

The fungiMonascus rubewas grown in Potato Dextrose agar (PDA) and it imasbated at 3. The growth of
the fungi was observed within three to five dayhjoh it has slight pigmentation. The growth andnpémptation of
the fungi occurs, thereby the spores of the fuagilze readily taken as an inoculums.

Production of Pigments in various substrates

Various substrates are produced pigments fikd@mascus ruberThe substrates used are as follows, jackfruitl see
powder, grape seed powder, soybean powder, whaat fice bran, rice, bread powder and combinatfaice bran
and wheat bran.

Thin Layer Chromatography

The qualitative analyses of the pigments producethb substrates were analyzed by thin layer chtognaphy,
which was shown in thEigure 1. The R values of the pigments were interpreted inTable 1, which shows that
Rice, Rice Bran, bread powder and combination odattoran and Rice bran have higher Rf values tharother
substrates. The table one shows that rice, rice, lor@ad powder and combination of wheat bran asdbran have
higher Rvalues 3.20, 0.73,0.90,0.90 for ethanolic extrant 2065, 2.60, 0.67, 0.70 for water extract retbyey.
These indicate the respective \Rlues of yellow, orange and red for the pigmediaets. R values of substrates
were essentially the same. These results indidastdhe same yellow, orange and red components preduced
during fermentation, regardless of the initial pHtlee substrate. Contaminants were not identifiedrbC plates,
since the spots obtained were in agreement withrebalts of spectral analysis. This could be atted to the
buffering activity of the substrates.

Spectrophotometric Analysis

From the spectral analysis, the absorbance of thterwextracts and ethanol extracts of the pigméots the
substrates were analyzed. The ethanolic extrasts higher absorbance than the water extracts ofubstrates.
The higher absorbance was absorbed in the sulssgaté as rice, bread powder and rice bran hasdheemn. The
optical density values obtained were shown inTthkle 2 The optical density of the ethanolic extractioér bread
powder, rice bran, combination of rice bran and ath@an were 3.20, 3.60, 3.20, 3.80 respectivehicivshows
higher absorbance, whereas the optical densithefsater extracts of the above substrates werg 2.88, 2.60,
2.50 respectively which have lower absorbance #ithsupplementation of the additional source, ttsedestrates
gives the maximum vyield of red pigment as well alfopv pigment.

FTIR analysis
The infrared (IR) spectrum of tiMonascuged pigment was shown Figure 2. The main absorbance peak include

3424.95, 2915.12, 2361.62, 1654.35, 1458.06 an8.164m". The peak at 3424.95¢nshows a broad peak so it
may be OH group. The peak at 2915.12 is, @tbup. The peaks at 2361.62 and 1654.35 icmiicated that there

430

Pelagia Research Library



J. Nithya Kamalam et al Euro. J. Exp. Bio., 2012, 2 (2):427-435

might be NH group present. The peaks at 1458.06 amd 1045.16ch indicate that there the presence of C=0
groups.

Amplification of the DNA of Monascus ruber

The DNA was isolated from the fungi and it was #Bigghoresed in agarose gel. From the gel, the DA aluted
and it was subjected to polymerase chain reactimeuoptimum condition. The PCR product was obthiaed it
was electrophoresed along with one-kilo base fdd{B) marker and it was shown in tiégure 3. The identified
gene fragments observed in the lane 1 was at thle2élso the gene amplified at 519bp when compardatider.
The lane 3 which acts a negative control.

DISCUSSION

Growth of the Fungi

They have low water solubility, sensitive to heatldJnstable in pH range of 2-10. Stability of pigrnecan be
affected by Acidity, Temperature, Light, Oxygen, Mfaactivity and Time. The carbon source, nitrogearce and
pH have been shown to influence pigment produdipiMonascus sp(Su, 1978). The color can be influenced by
the culture conditions, in particular, by the pHuea phosphorus and nitrogen sources in the substide
productivity were reduced too much lower levelsniedia with glucose, sucrose or starch as a carbarcs.
Sources of carbon and nitrogen are also incredgepigment production bylonascus sp reported by Pastrana,
1995). Carel and Shepherd, 19&Xplained the effect of different nitrogen sources pigment production and
sporulation oMonascus spin submerged shaken culture.

Substrate Selection and Effect of Carbon Supplemeation

Cultivation of Monascus rubem solid media has a long tradition in Asian coig® to produce a red colorant used
as a food ingredient. The fungus produced highigghent production on rice, bread powder, rice bsahstrates
and lowest yield was observed from the other satetrsuch as jackfruit seed powder, grape seedgrpwdd
soybean powder and wheat bran. The advantage rof dse as a substrate is that fermentation pesias shorter
than compared with that of Chairaéal. (2007) who used three week for fermentation ofksgtigce (Korker 6 &
Sanpatory 1). In this experiment, the substrate® wepplemented with glucose; pigment productios imareased
six fold after one-week incubation. Monosaccharides readily metabolized sugar alcohols less so and
consequently pigment production is reduced (Baletheal, 2006). Rice with addition of glucose might betéefor
pigment production when compared with sticky rigece it induced a threefold higher pigment productand
shorter fermentation periodlthough, in fermented RD®6, the addition of soybenitk gave a darkened color,
fermentation without soybean milk gave the highgstd of momacolin K and compactin (Chairaeal., 2008)
Our results agreed with those of lehal. (1992 who concluded that the utilization of carbon seufor growth and
pigment production depended on strain specificat®lucose and its oligopolysaccharide were bettan tother
carbon sources for both growth and pigment prodactThe high amount of pigment is produced by using
Monascus sp cultivated over rice. In this present studygrand rice bran as a growth substrateMonascus sp
which produce high amount of pigment.

Pigment Analysis

Monascus pigments are the group of azaphilones that is ietabolite synthesized from the polyketide
chromophores and beta-keto acids by esterificatitsa red pigment and citrinin are common syntheateways in
this fungus controlled by pksCT gene of &7,838bfhvé single intronChairoteet al., 2008). In this study, pigment
extracts produced bionascus rubemwere separated by thin layer chromatography. Suopghéation with the
carbon source might affect the pattern of the pignproduction. The results showed that the Rf vdhrethe
yellow pigment was same for all extracts, but intcast the red pigment was present in more thanspotin each
of that extracts. These results were different ftbiwse of Babithat al (2006) who showed that lowest Wlue.
This result indicated that, during fermentationlg®l and red pigments were produced and the suppitien of
the glucose affected the pigment production. Theoua types of red pigment production indicatedRfyvalue
might be dependent on the effect of the substyate. fTo produce pigment, it can be easily readh aiino group
containing compounds in the substrate such asipsptamino acids or nucleic acids, according tod3séeet al.
(2005). The colour specification of Monascus reghgents greatly depends on the amino acids or potehich the
pigment was associated and they also found thagythéhesis of the new red pigment might start \ili restraint
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of the esterification course between beta-keto anul polyketide chromophores. Crude extradviohascus ruber
was analyzed by thin layer chromatography (TLC)n€mtrated ethanol extracts were applied to SiBeh 60

plates (Merck, Darmstadt, Germany) and developél avisolution of chloroform/methanol/water (volumagio of

90:25:4) to compare tHg values of the pigments (Babitkaal, 2006).

:_ L ﬂ i i L
1 2 3 4 § ] 7 B

Fig 1. TLC analysis of pigment extracted from fermented shstrate. 1 Jackfruit seed powder, 2. Grape seed powder,

3.soybean powder, 4. Wheat bran, 5. Rice bran, 6.i¢®, 7.bread powder, and 8.combination of rice bramand wheat bran

Table 1.Rs values of ethanol extracted pigments and water exeicted pigments from various substrates

Ry value

SI.No Substrate Ethanol  Water
1. Jack fruit seed powder 0.65 0.50
2. Grape Seed powder 0.75 0.60
3. Soybean Powder 0.42 0.20
4. Wheat bran 2.70 2.11
5. Rice bran 3.20 2.65
6. Rice 3.20 2.60
7. Bread powder 0.73 0.67
8. Rice bran + Wheat bran 0.90 0.70

Table 2. Optical density observation ofMonascus ruber grown in different medium at 500nm by UV —visible

spectrophotometer
S .No Substrate Ethanol + Pigment  Water + Pigment

1. Jackfruit Seed powder 2.85 2.00

2. Grape Seed powder 2.08 1.64

3. Soybean powder 2.50 1.85

4. Wheat bra 2.7C 211

5. Rice bran 3.20 2.65

6. Rice 3.20 2.60

7. Bread Powdge 3.6(C 2.8t

8. Rice bran + Wheat bran 3.80 2.50
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Fig 2. (a, b) Absorbance peak of the Pigment extram the Fourier Transform Infra Red Spectroscopy

Amplification of DNA
Molecular technology can greatly enhance deted@nsitivity, as well as simplify and expedite tHeritification of

fungi. Several methods, including random amplifigedymorphic DNA (RAPD), arbitrary primed PCR (AR-RY
restriction fragment length polymorphism (RFLP),FRRRFLP and DNA sequencing, have recently been fmed
the authentication of biological materials (Lotwoal., 1994; Lakraet al.,2007; Taylor and Ford, 2007). Although
they have been proven to be efficient in taxonoiéntification and in distinguishing genuine crudteigs from
their substitutes or adulterants in previous repdhe application of these methods is limitedHsy thigh cost of the
fine quality template DNA that is required in thesgeriments. The quality and concentration oftémeplate DNA,
the ratio of template to primer, and slight fludtaas of reacting components or cycling paramebeavily affect
the reproducibility of RAPD analysis. In regardsttee PCR-RFLP method, the length of PCR products al
confines its utilization, as the number of restoictenzyme sites is limited in DNA segments betwien primers.
Although sequence analysis of PCR products is quiezise and stable, the relatively high expens®NA
sequencing and the sensitivity of contaminatiorthie PCR reaction using universal primers obstrigtwide
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acceptance in quality control of medicinal materi@/anget al., 1997). This study presents an efficient method for
identifying the pigment-producing gene in thlwnascus ruberBased on the DNA sequence, the primers exactly
match a specific DNA sequence. Therefore, a highgagncy PCR reaction with the primers fdonascus ruber
has a positive signal, which amplifies the DNA. thermore, the process of identification by Polyrserahain
reaction (PCR) is much simple and convenient to use

M 1 2 3

Fig 3. PCR amplification of the Monascus ruber, M-DNA marker, Lane 1&2-Positive control; Lane 3-Neyative control.
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