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ABSTRACT

Solid state fermentation (SSF) process was used to produce extra cellular
amylase enzyme from Bacillus amyloliquefaciens by using coffee pulp
waste as a substrate. This substrate gave maximum yield of amylase en-
zyme (750U/gm) at 120hrs of incubation under optimum conditions. The
maximum relative enzyme activities of crude and purified enzymes were

shown at pH 8.0-9.0 and at 45-55°C respectively.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Coffeepulp asawasteisusually disposed off with-
out any treatment and | eft to degrade naturaly in heaps,
with the uncontrolled liberation of noxious odor and
nutrient load leaches out asaconsequence. It may take
six to eight monthsto achieve stabilization of the or-
ganic matter and moreover thenitrogenintheresidue
does not contain more than 2% of the dry weight(®.
Coffeeistheoneof themost important agricultural com-
modity in the world. Coffea arabica and Coffea
robesta arethetwo principal veritiesof thegenusculti-
vated al over theworld for commercia production.

Coffee has traditionally been grown under the
canopy of theflowering forest or inter-cropped fruit
trees.

Inindustrial processing of coffeecherriesisdone
toisolate coffee seedsby removing shell and mucilagi-
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nous part from the cherries. Therearetwo methods of
processing, i.e., wet or dry process, the solid residues
(sub-product) obtained aretermed aspulp or husk. In
India, the coffee cherriesare generally processed by
thewet method resulting in the coffee pulp, which are
richin organic natureand nutrients.

Solid-state fermentation (SSF) has been consid-
ered asauseful tool for biomassenergy conservation,
solid waste treatment and production of added value
molecules such asenzymes, organic acidsand biologi-
cally active secondary metabolites ™,

Theabundant useand cost effectiveagriculturd by
products, such as cereal grains, wheat bran, etc., are
commonly useto produce a-amylasein solid-statefer-
mentation (SSF) by the growth of microorganismson
moist substratesin the absence of freeflowing water;
wherewater ispresent in an absorbed or in complex
form with the solid matrix and substrates®. Thus, SSF
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Figurel: Production of a-amylaseamylaseat different time
interval in SSF

isan alternative attractive processto produce micro-
bial enzymesduetoitslower capita investment and
lower operating cost®.

Alphaamylasesarethe endo acting enzymeswhich
randomly hydrolyze a-1,4-glycosidic bonds between
adjacent glucoseunitsin thestarch polymer leading to
theformation of linear and branched oligosaccharides.
Thesegtarch hydrolytic enzymes co 30% of theworld’s
enzyme consumption. Thus, o-amylases are used ex-
tensively in sugar, textile, a cohol and paper industries.
They are also used in food industry such as baking,
brewing, preparation of digestiveaids, production of
cakes, fruit juicesand starch syrups.

Many reportsareavailable on theproduction of o-
amylaseenzymein SSF by fungal speciesbut thereare
few reportson the production of a-amylase by bacte-
riain SSF. Among these, a-amylase productionisof
very low yield by Bacillussp. onvarious subgtrates. In
the present study, thehigh level of a-amylasewas pro-
duced by Bacillus amyloliquefaciens on coffee pulp
waste under the solid state fermentation process. The
propertiesof theenzymeactivity ondegradetion of arch
at different pH and temperature profilesrevea ed that
coffee pulpisanovel substratefor the production of
commercidly vauablea-amylaseenzyme,

MATERIALSAND METHODS

Collection and processof coffee pulp waste

The coffee pul p waste of Coffea arabicawascol-
lected from the coffee seed processing industry at
Sirumadla Hills, Indiaand air driedinlaboratory.
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TABLE 1: Summary of a-amylase produced from coffeepulp
wade

Total Total . . .
Enzyme processing protein activity icptei\c/liftlc \E;/il)d Pur}féclzgnon
(mg)  (U/ml) y
Crude enzyme 350 1470 4.2 100 1.0
Ammonium sulphate  o7q 4444 53 982 1.2

precipitation

Seed culturepreparation

TheBacillusamyloliquefaciens(MTCC 610) ob-
tained fromthe IMTECH, Chandihargh. wasgrown on
agar plates containing Nutrient Peptone 0.5%, Soluble
starch 1%, Agar 2%. The culture had stored at 4°C
and sub-cultured monthly. The seed medium used for
overnight culturewasamodified form of medium de-
scribed by Anderson et al.¥ used for seed culture
preparation. Seed mediumwasg/l: 10D. Glucose; 5
Peptone; 2 Yeast extract; 1.5NaCl; 0.5KH,PO,; 0.5
MgS0O,.7H,0; 0.1 CaCl.,. The pH of the mediumwas
adjusted to 7 by 1M NaOH and 1M HCI before ster-
ilization. TheD-glucosewasderilized by usng (0.45um)
filtration process.

Solid statefer mentation

Theexperiment was conducted in 1000ml Erlenm-
eyer flaskscontaining 100g of sterilized coffeepulp as
substrate and 10 ml of salt solution containing thefol-
lowing (g/l) in distilled water: K,HPO,, 5;
MgSO,.7H,0, 0.5; NH,NO,, 0.2M; CaCl,,
0.0275M. Distilled water was added to achievefinal
substrate moisture content of 80%. After sterilization,
theflaskswere cooled and inoculated at 37°Cfor 168
hrs. Duringincubation, thefermented substratesfromthe
flaskswereharvested and assayed at 24hrsintervas.

Assay of amylase enzyme

At theend of thefermentation, the solid fermented
substratewas mixed with 150 ml of distilled water and
agitated thoroughly on amagnetic stirrer for 30 min-
utes. Thenthe entire contentswerefiltered through the
muslin cloth and residue was treated with 100 ml of
distilled water and the processrepeated. Thefiltrates
were collected, centrifuged at 10,000rpm for 10 min-
utes and the clear supernatant used as the enzyme
source.

o-amylase activity had determined by the method
of Okolo et al.[*4, Thereaction mixture consisted of
1.25ml of 1% soluble starch, 0.5ml; 0.1ml 0.1M ac-
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Figure2: Amylaseenzymeactivity with temperature

etate buffer (pH 7.0) and 0.25ml of crudeenzyme ex-
tract. After 30min of incubation at 37°C theliberated
reducing sugars(glucoseequivaent) wereestimated by
theDinitrosdicylic acid (DNS) method*Y. Thecolor
developed wasread at 575nm using spectrophotom-
eter. Glucosewas used asthe standard and the blank
contained 0.75ml of 0.1M acetate buffer (pH 7.0) and
1.25ml 1% starch solution. Oneunit (1U) of a-amylase
isdefined astheamount of enzymereleasing 1umol of
glucose equivalent per minute under assay condition.
Amylaseactivity wasalso determined at different pH
(4-10) and temperature (25-65°C) by added with 1 %
(w/v) solublestarch as substrate“l. Theresidua pro-
teininthe samplewas estimated with crystaline serum
albumin as standard by the method of Lowry, et al .*%
and the percentage of theyield (PE) also calculated by
thefollowing equation: PE (%) =[(B-A)/B]x100, where
A indicatestheresidua protein after adsorption and B
representsthe protein concentration intheoriginal en-
zZymesolution.

Enzymepurification

The crude enzymewas collected after fermentation
and partia purification of enzyme by ammonium salt
precipitation. The enzyme was subjected to 70% of
ammonium sulfate and the preci pitateswere collected
by centrifuged at 10000 rpm for ten minutes. Theen-
Zyme precipitates were suspended in acetate buffer
0.1M at pH 7. The partially purified enzyme extract
used to determine enzymeactivity by DNS method and
concentrated by lyophilization process.

RESULT AND DISCUSSION

Amylaseenzymeproduction in SSF
The coffee pul p used asthe substratefor a-amy-
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lase enzyme production under solid statefermentation.
This substrate offered better substratefor the growth
of Bacillus amyloliquefaciens culture. The higher
amount of theenzyme production 550U/gwasobtained
after 120 hoursof theincubation (Figure 1) isin stark
contrast to enzymeyield of 261U/gfrom agroindustria
waste substrates such as wheat bran, millet cereal,
etc.18,

Enzymeactivity at different temperatureand pH

Thetemperature and pH are the most important
factors, which directly influenceenzyme activity. The
maximum enzymeactivity wasrecorded a 35-45°C of
both purified and crude enzymes and any further in-
creasein temperature decreasein the activity of amy-
lase (Figure 2); theenzyme showed good stability upto
50°C. Thesimilar result reported by Elliah et d .18, Tdl -
lieswith the present findingsthat the enzyme has con-
Sderablethermostability favorableto brewing andfood
processing industries®4. Figure 3 represents maximum
enzymeactivity maximum obtained at pH 8-9 both pu-
rified and crude enzymes. M ost bacterial o-amylases
areoptimally activetill the pH 9.0, Thisenzyme ac-
tivity at various pH reported here concurswith reports
of fungal amylase produced by solid statefermentation
on different substrates such as coconut oil cake, ground
nut oil cakeand ricebrani?. Thisresult showsthewide
range of pH isof much usein processesof textileand
foodindustries.

Enzymeactivity of crudeand partially purified en-
zyme
Themaximum enzymeactivity of partidly purified
enzymeat the 70% of fractionwiththehighyidd of 92.5%
and specificactivity of 5.4wasshownon TABLE 1.
Thisresult issupported by Dhanya Gangadharan.
Thisproperty of thehigher yield of purified enzymefor
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degrading starchindicatesitspotentid for useinindus-
triesonalargescae.

CONCLUSIONS

Fromtheseresults, we concludethat thehigher yidd
of commerdid amylaseenzyme productionwasachieved
by using coffee pul p waste asasubstrate under solid
statefermentation. Asthissubstrateiseasily available
and cheap, it is process can be further improved for
large scale production of thisindustrially va uable en-
zymeby solid state fermentation.
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