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ABSTRACT

Production ofa- amylase under solid state fermentationSigeptomyces erumpeMdTCC 7317 was investigated
using cassava fibrous residue, one of the majoid sehste released during extraction of starch froassava
(Manihot esculentaCrantz). Response surface methodology (RSM) wed s evaluate the effect of the main
variables, i.e., incubation period (60 h), moisturelding capacity (60%) and temperature 6D on enzyme
production by applying a full factorial Central Cpwsite Design. Varying the inoculum concentratib26%) of

S. erumpenshowed that 15% inoculum (v/iw, 2.5 X TOFU/mI) was the optimum far- amylase production.
Among the different nitrogen sources supplemertiedf extract was most suitable for enzyme producfide
application ofS. erumpengnzyme in liquefaction of soluble starch and ceasaarch was studied. The maximum
hydrolysis of soluble starch (85%) and cassavac$taf70%) was obtained with the application of 5 enide
enzyme (17185 units) after 5 h of incubation.

Key words: a- amylase, cassava fibrous residue, optimizatiespaonse surface methodology, solid state
fermentation

INTRODUCTION process, which contain about 10-15% crude fiber
and 55-65% starch (on dry weight basis) (Ray,
Cassava MNanihot esculenta Crantz; Family, 2004; Jyothi et al., 2005). However, there is
Euphorbiaceapis considered an important sourceserious concern about the disposal of solid residue
of food and dietary calories for a large populatiorieft after the large-scale extraction of starchnfro
in tropical countries in Asia, Africa and Latin cassava. Due to its rich organic matter and low ash
America. It contains 20-30% extractable starctgontent (Pandey et al., 2000a,c), it can servenas a
depending on the varieties. In India, more thaideal substrate for microbial processes for the
1500 cottage and small scale industries crush ovproduction of value added products, i.e., organic
5000 tonnes of cassava per day during harvestid (Jyothi et al., 2005), ethanol and enzyme (Ray
season (Edison et al., 2006). In the extraction dft al., 2008), etc.
starch from cassava, fibrous residue, called a&mong the various extracellular thermostable
cassava fibrous residue (CFR) constitute about 18nzymes, a- amylase ranks first in terms of
20% by weight of cassava chips/ tubers processegdommercial exploitation (Pandey et al., 2000a;
is retained on the sieves during the raspinglaki and Rakshit, 2003), particularly in starch
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processing industry. Industrially important MATERIALS AND METHODS

enzymes have traditionally been obtained from

submerged fermentation (SmF) because of thRlicroorganism

ease of handling and greater control offheS. erumpen$/TCC 7317 was isolated earlier
environmental factors such as temperature and pHrom a brick kiln soil near by Bhubaneswar, India.
However, solid-state  fermentation  (SSF)The culture was maintained on starch- beef extract
constitutes an interesting alternative since th¢soluble starch, 1%; beef extract, 1%; MgSO
metabolites so produced are concentrated ar@01%; glycerol, 0.02%; agar, 2%; pH, bdpar
purification procedures are less costly (Nigam andlants at C.

Singh, 1995; Pandey et al., 2000b). SSF process

takes place in the absence and near absence of fegssava fibrous residue (CFR)

water, thus being close to the natural environmer@FR [(g/100g dry residue); moisture, 11.2; starch,
to which microorganisms are adapted. SSF ha&3.0; crude fibre, 10.8; crude protein, 0.9 andltot
numerous  advantages  including  higherash, 1.2] (Ray et al., 2008) was used as solid
productivity and may be preferred to SmF becaussubstrate (support and nutrient source) for SSF.
of simple technique, lower levels of catabolicCFR was collected during starch extraction
repression and end-product inhibition, bette{February-March 2007) from cassava using the
product recovery and low waste water out putnobile starch extraction plant (Edison et al.,
(Gangadharan et al., 2006). In the SSF process, the06). Because of its high water and starch
solid substrate not only supplies the nutrients tgontent, the residues were de-watered, sun-dried
the cultures but also serves as an anchoragedor tfor 6-8 days and then oven — dried af@@or 24
microbial cells. h. The dried CFR was stored in air-tight container
Response Surface methodology (RSM) is amntil required.

experimental strategy for seeking the optimum

conditions for a multivariable system (He et al.Optimization of incubation period, moisture
2004) and is used for optimization of culturenolding capacity and temperature by applying
conditions (Rao et al., 1993). RSM consists of &RSM

group of mathematical and statistical procedureShe characterization of different factors for
that allows quick screening of large experimentag- amylase production was optimized by applying
domain and can be used to study relationshipfie RSM. The statistical model was obtained using
between one or more responses and a number & Central Composite Design (CCD) with three
independent variables. RSM has been successfuliydependent variables [incubation period (A),
applied for the production of primary andmoisture holding capacity (B) and temperature
secondary metabolites (Shirai et al., 2001; Boyac{C)]. Each factor in this design was studied ag fiv
2005), amino acid (Xiong et al., 2005), ethanobifferent levels (Table 1). A set of 20 experiments
(Carvalho et al., 2003) and enzymes (Rao an@las performed. All the variables were taken at a
Satyanarayana, 2003). central coded value considered as zero. The
In a previous study, a moderately thermostablgninimum and maximum ranges of variables were
a- amylase producing actinomycete strainysed. The full experimental plan with respect to
Streptomyces erumpeTCC 7317 was isolated their values in coded form is shown in Table 2.
from a brick kiln soil (Kar and Ray, 2008). The Upon completion of the experiments, the average

strain showed the optimum incubation period, pthf g-amylase production was taken as the
and temperature far-amylase production in SmF gependent variable or response.

as 36 h, 6.0 and 50°C, respectively and the
molecular mass of the enzyme was 54.5 kDa. Thetatistical analysis and modeling

purpose of the present investigation was to studynhe data obtained from the RSM oramylase

the a-amylase production b$. erumpens$ITCC  production was subjected to the analysis of
7317 in SSF using CFR as the substrate anfhriance (ANOVA). The results of RSM were
optimization of the fermentation parameters,seq to fit a second order polynomial equation (1)
(incubation period, moisture holding capacity andyg it represented the behavior of such a system
temperature) by applying RSM. more appropriately.
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Y= Bo+P1A + P2 B + B3 C + By 1 A + B, B, B variables. Statistical significance of the model
+ B3 PsC? + B1 P2AB + B BsAC + B, psBC (1) equation was determined by Fisher's test value,
and the production of variance explained by the
Where Y was response variabfig,was intercept, model was given by the multiple coefficient of
B1. B, and ps were linear coefficients; 1, .. and  determination, R squired fRvalue. Design Expert
Bs3 were squared coefficienfi;,, P13 and B,z (ver, 7.0; STATEASE INC; Minneapolis, MN,
were interaction coefficient and A, B, CZ AB? USA) was used in this investigation.
C? AB, AC and BC were the level of independent

Table 1 Range of the values for the response surface melihgyl

Independent variables Coded Factor Levels

-a -1 0 +1 .
Incubation period (h) 24.48 36 60 84 141.12
Moisture holding capacity (%) 20.4 30 60 90 151.2
Temperature (°C) 20.4 30 50 70 151.2

Effect of incubation period on enzyme The effect of temperature and inoculum volume
production was studied by growing the culture at different
The inoculum was prepared in soluble starch-be¢émperatures (30 — %D) and inoculating with 5 —
extract broth by transferring a loop full of S.25% inoculum. Beef extract (1%) present in the
erumpensfrom a stock culture and incubating atbasal medium was substituted with equal amount
500C and 120 rpm for 24 h in an orbital incubatoof different organic and inorganic nitrogen source.
shaker (Remi Pvt. Ltd, Bombay, India). CFR (20The cell population in the inoculum was counted
g) was taken in Roux bottles (132 mm x 275 mm)using a hemocytometer. Data were given as a
moistened with 27 ml of distilled water containingmean of three replicates.
1% beef extract and 0.02% glycerol to provide
60% moisture holding capacity (MHC) and theThin-layer chromatographic analysis
contents were mixed thoroughly. The bottles wer&he products liberated by the action of amylase on
autoclaved at 15 Ib pressure for 30 min. Afteistarch were identified by spotting the starch diges
cooling at room temperature, (8I0C) these were and standard sugars (glucose and maltose) on a
inoculated with 15% (v/w) (equivalent to 2.5 x 106silica gel plate activated at 80°C for 30 min. The
CFU/ml) inoculum and incubated under staticplates were developed in butanol: ethanol: water
condition at 500C for 84 h. Triplicate bottles werg(50:30:20) and dried overnight at 32 + 2°C. The
maintained for each treatment. The contents in thadividual sugar(s) were visualized with acetone-
bottle were periodically mixed by gentle tapping.silver nitrate solution (0.1 ml saturated solutifn
At interval of 12 h, the enzyme was extracted wittAgNOs in 20 ml of acetone).
25 ml of distilled water (1:2 [CFR: Water] ratio)
and squeezed through a wet cheese cloth. Themylase assay
pooled enzyme extract was centrifuged at 8000he amylase assay was based on the reduction in
rom for 20 min in refrigerated centrifuge (Remiblue colour intensity resulting from the enzymatic
India Pvt Ltd, Bombay, India) and the clearhydrolysis of starch and formation of starch-iodine
supernatant was used for enzyme assay. complex (Swain et al., 2006). The reaction mixture
consisted of 0.2 ml enzyme (cell free supernatant),
Effect of moisture holding capacity on enzyme 0.25 ml of 0.1% starch solution and 0.5 ml of
production phosphate buffer (0.1 M, pH 6.0) incubated at
The influence of MHC on the enzyme titer was50°C for 10 min. The reaction was stopped by
evaluated by varying the moisture content of th@dding 0.25 ml of 0.1 N HCI and the colour was
substrate from 30 to 90% MHC and the sampledeveloped by adding 0.25 ml of I/KI solution (2%

were incubated for 60 h at 500C. Kl'in 0.2% 1). The optical density (OD) of the blue
Effect of temperature and inoculum volume ancdcolour solution was determined using a UV-Vis
nitrogen sources on enzyme production. Spectrophotometer (Model no CE 7250, Cecil
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Instrument, UK) at 690 nm. One unit of enzyme(incubation period, MHC and temperature) along
activity was defined as the quantity of enzyme thatith the mean predicted and observed responses
resulted in 0.01% reduction of blue colourare presented in Table 2. The regression equations
intensity of starch- iodine solution at’8Din one obtained after the ANOVA gave the level of
minute per ml (Swain et al., 2006). In SSF, unitamylase production as a function of the initial
of enzyme activity were calculated as units pevalues of incubation period, MHC and

gram of dry substrate (gds). temperature. The final response equation that
represented a suitable model far-amylase

Rate of hydrolysis of starch production was as below:

A 2% (w/v) of soluble starch and cassava starch

were incubated with 2-6 ml &. erumpensrude Y=57.97+178 A~0.17B+2.48 C-0.88 A

enzyme obtained from SSF at %0 in an - 249 B-578C+ 1.12 AB + 2.28 AC +
incubator. The degradation of starch was evaluated 1.82BC

at one hour interval up to 6 h. Where Y was enzyme production, A was

incubation period (hr), B was MHC (%) and C was
temperature®C).
The coefficient of determination {R was

. . . .. calculated as 0.9505 fom-amylase production
Using thin-layer chromatographic analysis, it wa Table 3), indicating that the statistical model

ascertained that the amylase produced by t uld explain 95.05% of variability in the

S. erumpenw/asa- amylase owing to the presence g qhonse The Rialue is always between 0 and 1.
of two important sugars (i.e., glucose and maltosep closer the value of?Ro 1.0, the stronger the
as the end-product of starch hydrolysis (results NQ,qqe| and the better it predicts the response
shown). Amongst the nitrogen sources, organigs\,\,‘,iin and Ray, 2007). An adequate precision of
”i”oger? S“ppofted _higher— ?‘my'f?‘se secretion in 15.105 fora- amylase production was recorded.
comparison with inorganic _ nitrogen SOUrCeS o predicted R of 0.6357 was in reasonable

Maximum amylase production (3437.5 + 105'0)a reement with the adjusted Bf 0.9059. This

was obtamed when beef extract was supplemente? icated a good agreement between the
as the nitrogen source. Other nitrogen sources

(1%) resulted in enzyme production (in units) as xperimental and predicted value faramylase

follows: ammonium acetate, 1312.5 + 105.0_production. The model F- value of 21.32 and

ammonium chloride, 932.5 + 95.0; ammonium\/alues of prob> F (< 0.05) indicated that the model

. . : terms were significant. Fer- amylase production
nitrate, 1781.2 + 110.0; ammonium sulphate S
12315 = 110.0; asparagines 291.3 + 123.0:, C, AC, BC, B and C were significant model.

potassium nitrate, 1678.8 £ 120.0; urea, 937.5 he "lack of fit F- value of 16.97 implied thateh

. . ) ack of fit” was significant.
115.0; casein, 2850.0 + 121.0; peptone, 3245'.0 The Response surface was generated by plotting

the responsenfamylase production) on the z-axis
against any two independent variables while
eeping the other independent variable at their

RESULTS

inoculum concentrations (5-25%) &. erumpens
cell during the fermentation showed that 15%

(viw; 2.5 x 16 CFU/mI) inoculum was optimum
for enzyme production (data not shown) zero level. Therefore, three response surfaces were
yme p ' obtained by considering all the possible

The results of CCD experiments for studying the e
. ) ; combinations.
effect of three independent fermentation variables
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Table 2 -Experimental design and result of CCD of respanséace methodology.

A: Incubation B: Moisture C: Temperature .
Std period (h) holding capacity (%) (°FC):) Enzyme production (U/gds)
Predicted Experimental
1 -1 -1 -1 2556.51 2588.33
2 1 -1 -1 2216.11 2410.00
3 -1 1 -1 1919.83 2130.00
4 1 1 -1 2064.93 2160.00
5 -1 -1 1 2153.04 2190.00
6 1 -1 1 2758.15 2680.00
7 -1 1 1 2266.86 2205.00
8 1 1 1 3357.46 3345.00
9 -0 0 0 3065.08 2670.00
10 +o, 0 0 3440.19 3245.00
11 0 o 0 3092.45 2541.00
12 0 ot 0 3073.77 2415.00
13 0 0 e 2579.59 1150.00
14 0 0 + 3024.12 2215.00
15 0 0 0 3362.99 3457.67
16 0 0 0 3362.99 3427.00
17 0 0 0 3362.99 3397.00
18 0 0 0 3362.99 3427.00
19 0 0 0 3362.99 3387.00
20 0 0 0 3362.99 3227.00

Table 3-ANOVA for a- amylase production in solid state fermentation.

Source Sum of Squares Degree of freedom Mean Square F-Value p-value
Model 740.65 9 82.29 21.32 0.0001
Pure Error 2.15 5 0.43
Total 779.25 19

R°= 0.9505

Adjusted B~ 0.9059
Predicted R= 0.6357
Adequate Precision= 15.105
Lack of Fit F- value= 16.97

Fig. 1A depicts three dimensional diagram and aigher temperature (80) was optimum (Fig. 1B)
contour plot of calculated response surface frorwith 60 h incubation period fora-amylase
the interaction between incubation period angbroduction. The response surface was mainly used
moisture holding capacity while keeping the otheto find out the optima of the variables for which
variable (temperature) at ‘0’ level. A linearthe response was maximized. An interaction
increase ino-amylase production was observedbetween the remaining two parameters (MHC and
when incubation period was increased up to 60 ttemperature) (Fig. 1C) suggested a little diffeeenc
and there after, it declined. When the level ofwith the earlier responses. Thus, the incubation
MHC was increased from 30 to 60%, a lineaperiod (60 h), MHC (60%) and temperature’0
increased inu-amylase production was recorded.were adequate for attaining the maximum enzyme
At the ‘0’ level of MHC, the response between theyroduction (3457.67 U/gds) as shown in Table 2.
incubation period and temperature indicated that a
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Figure 1 - Statistical optimization of enzyme production gsiRSM, (A) incubation period and

moisture holding capacity; (B) incubation periodldamperature and (C) temperature
and moisture holding capacity.

Validation of model Application

Validation was carried out under the conditionsThe application ofS. erumpensrudeenzyme for
predicted by the model. The experimental valuelydrolysis of soluble starch and cassava starch is
were very close to the predicted values; hence, ttglhown in Fig. 2. The rate of hydrolysis of starch
model was successfully validated. The validationncreased with increase in enzyme concentration
of the statistical model and regression equatio(2- 6 ml) as well as incubation period (1- 6 h).
was performed by taking A (60 h), B (60%) and CWith application of 5 ml crude enzyme (17185
(50°C) in the experiment. The predicted responsenits) for 5 h, there were 85 and 70% hydrolysis of

for a-amylase production was 3362.99 U/gdssoluble starch and cassava starch, respectively
while the actual (experimental) response was

3457.67 Ulgds, thus proving the validity.
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DISCUSSION would help to solve many environmental hazards
(John et al., 2006). Several processes have been

In recent years, the application of the agrodeveloped that utilize these as raw materials,

industrial residue (i.e., CFR, sugar cane bagass@cluding CFR for the production of value added

sugar beet pulp, apple pomace, wheat bran, etpjoducts such as ethanol, enzymes, organic acids,

has provided an alternative way to replace the puefc (Pandey et al., 2000b).

and costly raw materials. The use of such materials

A

Soluble starch concentration

1 2 3 4 5 6

Incubation duration (h)

D2ml @3ml B4ml B5ml E6ml |

14

Cassava starch
concentration (%)
=

1 2 3 4 5 6

Incubation duration (h)

|@2mi B 3ml B4ml B5ml B6m |

Figure 2 - Hydrolysis of soluble starch (A) and cassavactaB) by different concentration
(2-6 ml) ofa- amylase frons. erumpens.

The RSM used in this investigation suggested thel3 (Dey et al., 2001) andGeobacillus
importance of various fermentation parameters dhermooleovorangRao and Satyanarayana, 2003)
different levels. A high similarity was observedby using RSM; carbon (glucose) and nitrogen (soy
between the predicted and experimental resultbean meal or yeast extract) sources significantly
which reflected the accuracy and applicability ofinfluenced the enzyme production. In this
the RSM to optimize the process for enzymenvestigation, incubation period (60 h), MHC
production. A 1.25- 2.0 fold increasednamylase (60%) and temperature (80) were the major
production was reported Bacillus circulansGRS factors that gave higher enzyme vyield. The
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decrease in enzyme yield after the optimunBaysal, Z.; Uyar, F. and Aytekin, C. (2003), Soltdte
incubation period (60 h) might be because of the fermentation for production ot- amylase by a
denaturation or decomposition afamylase due thermotolorant Bacillus subtilis from hot spring
to interaction with other components in the culture, ater-Process Biochemisty8, 1665-1668.

. oyaci, |. H. (2005), A new approach of determioati
mggtLJUTe (va?{;]gag:]oall(r)?}ge? eilli’cuzb%q[i?))narﬁ !)S Of ot enzyme kinetic constants using response surface

methodology.Biochemical Engineering Journa25,
(Baysal et al., 2003). In contrasti-amylase 55-62.

production from Streptomyces rimosuswas Carvalho, J. C. M.; Vitolo, M.; Sato, S. and Aquago
reported at 180 h incubation using sweet potato E. (2003), Ethanol production bgaccharomyces
residue as the substrate (Yang and Wang, 1999). cerevisiaegrown in sugarcane blackstrap molasses
Moisture holding capacity is one of the most through a feed batch process: optimization by
important factor in SSF that influences the growth response surface methodologypplied Biochemistry
of the organism and thereby enzyme production 2"d Biotechnologyl10,151-164. .

(Babu and Satyanarayana, 1995; Baysal et aﬁey, G.; Mitra, A.; Banerjee, R. and Matri, B. R.

. ’(2001), Enhanced production of alpha amylase by
2003). MHC (60%) was found to be optimum for optimization of nutritional constituents using

a-amylase production in the present study in response surface  methodology.Biochemical
commitant with some other reports (Yang and Engineering Journal7, 227-231.

Wang, 1999; Gangadharan et al., 2006). BeyonHdison, S.; Anantharaman, M. and Srinivas, T. (2006
60% MHC, the activity was found to decline. The Status of cassava in India — an overall viéiech
decline might be attributed to poor porosity, lower Bull Setr Central Tuber Crops research Institute,
oxygen transfer, poor aeration and adsorption of Thiruvanathapuram, Indidg, 79.

enzvme to the substrate particle (Pandev et aﬁ;angadharan, D.; Sivaramakrishnan, S.; Nampoothiri,
ZO?(I)b' Ray et al u2006) part ( y 'K. M. and Pandey, A. (2006), Solid culturing of

Bacillus amyloliquefaciens for alpha amylase
production.Food Technology and Biotechnolog,
269-274.
CONCLUSION Haki, G. D. and Rakshit, S. K. (2003), Developments
industrially  important thermostable enzymes-
The result obtained in the present study indicated Review.Bioresource Technolog$9, 17-34.
thatS. erumpenMTCC 7317 could be a potential He, G. Q.; Kong, Q. and Ding, L. X. (2004), Respons
actinomycete strain fon-amylase production in  surface methodology for optimizing the fermentation
SSF using CFR as the substrate. The RSM allowegmedium ofClostridium butyricumLetters in Applied
the optimization of cultural parameters such aﬁo'\r/:'ncrgb'gl(_)?\lyﬁng’g’gtgh'iffi M. and Pandey, A. @00
incubation period (60 h), MHC (60%) and ' atat P P Y,

e 2 . . Solid state fermentation for L- lactic acid prodaot
temperature (5C) for attaining the high yields of  fom agro- wastes usingactobacillus delbrueckii

a-amylase. Process Biochemisty¢1, 759-763.

Jyothi, A. N.; Sasikiran, K.; Nambisan, B. and
Balagopalan, C. (2005), Optimization of glutamic
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