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ABSTRACT

Solid state fermentation processes involve the growth of microorgan-
isms on a solid material in the absence or near absence of free-flowing
water. Hence, the objective of the present study was the optimization of
medium composition and cultural conditions for levansucrase enzyme
production by Bacillus licheniformis under solid state fermentation us-
ing cheaper sources as agricultural residues. The enzyme production was
affected by incubation periods, level of moisture content and carbon
source supplementation. Maximum enzyme production of about 62.68
U/g of levansucrase was obtained under optimum conditions with an in-
cubation period of 48 h, initial moisture content of 80% and in the pres-
ence of waste dates (6g) at 40°C. The extraction of enzyme was found
depending on different parameters such as the nature of extractant, the
temperature and the pH, etc. Optimizing the SSF conditions increased
the levansucrase production and this inexpensive enzyme production for
such a potent and industrially valuable levansucrase is promising and of
considerable commercia interest for biotechnological applications.
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INTRODUCTION Solid-state fermentation (SSF) produces product
many-fold higher than that from submerged cultureand
hasardatively low energy requirement. Most of bac-
teriaand fungi growing under SSF conditions capable
of supplying globa demand for various metabolites®.
SSF by low cost materials is considered to be best
way especidly in devel oping countries.

There are many reports on the production of

Levansucrases, which are fructosyltransferases
(E.C.2.4.1.9) belonging to glycos de hydrol asesfamily
68, catdyzesformeation of fructooligosaccharides (FOS)
and synthesisof 3-(2-6) levan by transferring fructosyl
group of non-activated sucroseinto fructan chan®. FOS
areextensvely used infood industriesbecause of their
functional properties?. Levan hasalot of potentid ap-

plications such asin food industry (asalow-caloric
sweetener), cosmetics, pharmaceuticals, medicineas
antitumor agent thanksto its physical properties®, a
hypochol esterolemic agent® and asan increasing agent
of bifidobacteriapopulationintheintestina track®.

levansucrase by submerged fermentation (SmF)[™.
However, there are few reports on the production of
levansucrase by solid state fermentation (SSF)®. SSF
isdefined asaprocessin which micro-organismsare
grown on solid substratesin the absence or near ab-
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sence of free water and secrete the enzyme necessary
for thedegradation of the avail ablesubstrate molecules
inorder to meet their optimum nutritional value. The
production of enzymes by SSF has merit over SmF,
with respect to thesmplicity of the deployed technique,
thesmilitudewith natura conditionsavailablefor mi-
croorganisms, the product concentration, decrease of
the growth of contaminants, increase of the production
levels and substrates cost!®. SSF appearsasan inter-
esting low cost alternative for the production of
biomol ecul es because agro-industrial residues canbe
used as culture mediawhich reduce production costs.
Someof theused substratesinclude sugarcanebagasse,
wheat bran, rice bran, maize bran, gram bran, wheat
straw, rice straw, rice husk, soy hull, corncobs, banana
waste, teawaste, cassavawaste, apple pomace, etc.

Productivity wasaffected by the natureof solid sub-
strate (SS), SS concentration, level of moisture con-
tent, pH of medium, incubation temperatureand incu-
bation period. In addition, thewater activity in SSFis
animportant factor for microorganism growth and en-
zymeproduction.

In SSF, the products areformed at or near the sur-
faces of the SSwith low moisture content, soitisnec-
essary to select suitable solventsor solutionsfor leach-
ingout theproduct from thebulk solid mass™. A com-
mon extractant isdistilled or deionized water; other
extractants have al so been used to extract other en-
zymessuch asusing sodium chloride solution for pro-
tease extraction ™4,

This paper reportsthe optimization of fermentation
parametersfor levansucrase production by Bacillus.
licheniformisthrough SSF. Studieson the extraction
of levansucrasefrom sawdust indudetheeffect of some
factorswhichinfluencetheefficiency of leachingout the
enzyme and their appropriatenessto theleaching tech-
nique. Basc data, asthebiochemica properties, isim-
portant to determinethe best conditions for enzyme
application in the industrial process. To best of our
knowledge, SSF technique is yet to be explored for
levansucrase production in SSF by using date as sub-
strate and no studieswere carried out on SSF produc-
tion of levansucrase by Bacilluslicheniformisbecause
thestrainwasnewly isolated *2.

MATERIALSAND METHODS

Microor ganism and maintenance

Bacterium used throughout this work, Bacillus
licheniformiswas previoudly isolated and identified 2.,
Bacterial strain wasroutinely grown on nutrient agar
medium at 40°C and preserved at -80°C in 50% (v/v)
glyceral.

Cultureconditions

Thesdlected bacterid strainswereinoculated with
10% viv (2x10"CFU/mI) in Luria-Bertani (L.B) broth
medium (10.0g tryptone, 5.0g yeast extract and 5.0g
NaCl in 1L of digtilled water)i*¥ and incubated at 37°C
for 18 hto get astandardized inoculum (0.5 OD &t 600
nmwith 3.5x10° CFU /ml).

Solid statefermentation

Experimentswere conducted in 250 ml Erlenm-
eyer flaskscontaining 6g of thesubstrate moistened with
25 ml of sterile liquid nutrient medium containing
Na,HPO, 3.5 g/l, NaH,PO, 0.8 g/l, MgSO, 0.2 g/,
NaNOQ, 3.5 g/l and yeast extract 5.0 g/l. The flasks
wereincubated at 40°C for 1 h and 160 rpm. Then the
flaskswere autoclaved for 20 minat 121°C and each
flask wasinoculated with 6 ml inoculum from 18 hold
cultureand incubated at 40°C for 48 h at static condi-
tion.

Optimization of solid statefer mentation process

Inasequential order, thevarious physicochemical
factorsas substrate, moisture content and incubation
time affecting the enzyme production were optimized
for maximal enzyme production by usingthe solid sub-
sratefor which best levansucraseactivity wasobserved.

Subgrate

Theenzyme productionwas studied with different
solid substrates (sucrose, whest bran, Product P, waste
dates, starch, sawdust, almond, almond peels, melon
peels, fig peels, watermel on pedl's, cactus peels) and
five varieties of pam juice (Beser, Thokkar, Ameri,
Gashi and Khalt). The effect of solid substrate con-
centration on the enzyme production was measured at
different concentrationsof date (1, 2, 3,4,5,6and 7

a).
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Theeffect of cultureconditionsinthe present study
wascarried out at different incubation periods (12, 24,
36, 48, 72 and 96 h) and different moisture content
(10, 20, 40, 60, 70, 80 and 90%).

Extraction process

At theend of the fermentation process, the biom-
asswastreated with 20 ml of distilled water and agi-
tated thoroughly on arotary shaker for 30 min. The
whole contentswerefiltered and centrifuged at 8000
rpm for 15 min. The clear supernatant was stored at
4°C and used as crude enzymes for enzyme assay.

Effect of different solvents

Theextraction of theenzymefrom the fermented
biomasswas carried out with distilled water and inor-
ganic salt solutions (potassium chloride, magnesium
chloride, calcium chloride, and sodium chloride) &t dif-
ferent concentrations (0.025, 0.05, 0.075, 0.1 and
0.125%) and organic sol vents(glycerol, methanal, etha-
nol and acetone) at aconcentration of 5 %.

Effect of distilled water volume

An experiment was carried out to seethe effect of
solvent level (5, 10, 20, 30 and 40 ml) on enzyme ex-
traction.

Effect of soaking pH

To study the effect of initial pH on the extraction
processthe pH wasvaried from 2.0to 10.0.

Effect of soaking temperature

To study theeffect of temperature on theextraction
process, temperature was varied from 30°C to 60°C
each at 10°C intervals.

Enzymeassay

Levansucrase assay was performed according to
Yanaseet al. method™. Decreasing amounts of sugars
produced were measured by glucose oxidasekits. One
unit of enzyme activity was defined asamount of en-
zymethat produced decreasing sugarsequivalentto 1
pmol of glucose/min.

RESULTSAND DISCUSSION

A lot of effort has been deployed in the quest for
cheaper aternative enzyme production techniquesin
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order to producelevan (synthetized by levansucrase
enzyme). SSFisone of thesemethods. Thereare sev-
eral factors, which affect SSF processes, most impor-
tant of whichisthe nature of solid substrate.

Effect of incubation timeon levansucraseproduc-
tion

Fermentation timehasaprofound effect on enzyme
production. Figure 1 showsthat the maximum activity
(8.25 U/g) obtained after 48 h of SSF. We noticethat
theenzymeleve declined with prolonged incubation,
thiscould bedueto loss of moistureor denaturation of
theenzymeresulting from pH variation during fermen-
tation. Thisresultison linewith works by Mussatto*®
who obtained the highest level of levansucraseafter 48
h. On the other hand, Sangeetha et al .** found that
maximum production of levansucraseby A. oryzaein
SSFwas 8 h.

Levansucrase activity (U/g)

0 T T T T T T T T

0 12 24 36 48 60 72 84 96 108

Incubation time (h)
Figurel: Effect of incubation period on levansucraseproduc-
tion
Effect of different solid substrateon levansucrase
production

Thenatureof solid substrateisthe most important
factor insolid Satefermentation.

Thisnot only suppliesthenutrient to the culture but
also servesasan anchoragefor themicrobial cellg'7.
The sdlection of asubstratefor solid state fermentation
dependson severd factorsmainly related to codt, avail-
ability, consistency, stability, ease of handling and of
coursethe effect on the production process.

Fromthevarioussolid substrate used inthe present
study, date proved to be most suitablefor the coloniza-
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tion of B. licheniformis, asindicated by the maximum
visible growth onthe surface of substrate. The highest
enzyme activity was obtained in date (15U/g) (Figure
2). Thisispossibly duetoitsrichnessin sugarsor prob-
ably to the presence of mineralssuch ascalciumwhich
has been reported as an activator of levansucrase ac-
tivity!’¥, However, waste dates are acheap solid sub-
strateand no researchisso far reported to haveinves-
tigatedit. The nature of solid substrateisthe most im-
portant factor affecting solid state fermentation pro-
cesses. Thesdlection of asubstrate depends on severa
factorsmainly related with cost and availability.
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Figure2: Effect of different solid substrateson levansucrase
production

Severd substratesincluding agricultural cropresi-
dues or industrial waste have been used by various
workson solid state fermentation. Sangeethaet al '
studied the production of levansucrase by A. oryzae
using agreat variety of agricultural by-products. They
found that the best resultswere obtained whenricebran,
wheat bran, spent coffeeand spent teaare used supple-
mented with yeast extract and complete synthetic me-
dia. When the culturewasgrown on sucrose, fig peels
and waste dates, the colonies had a transparent mu-
coid appearance and made the broth extremely vis-
cous. Thisprovesthat |evan was produced.

Effect of wastedateson thelevansucrase produc-
tion level

Theeffect of waste date concentration on enzyme
production is shown in Figure 3. We notice that 6 g
wastedatesin thefermentation medium yiel ded maxi-
mum enzymeactivity (16U/g). A further increasein sub-
sratedid not increasetheenzymeyidd significantly.
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Waste dates level (g)
Figure3: Effect of wastedateson levansucrase production

Effect of pH on levansucraseextraction from SSF

PH is one of most important factorsfor any fer-
mentation process. It depends on microorganism be-
cause each microorganism possessesapH rangefor its
growth and activity with an optimum vauewithinthis
range'’®. The optimal levansucrase production was
reached a aninitia pH of 6.0 (Figure4). Increasing or
decreasing pH resulted in thedecreasein the growth of
product fermentation. ThepH of themediumtowhich
theenzymeisexposed affectstheionization state of its
amino acids, affecting itsprimary and secondary struc-
ture, thus controlling its activity®. Yun et al 2! ob-
tained same pH optimum for levansucrase produced
by A. pullulans.

Effect of temperatureon levansucraseextraction
from SSF

Maximum yield of enzymewas obtained at 40°C
(Figure5), but at ahigher temperaturetheyield was
less. Thismay be dueto theinhibitory effect of tem-
perature on enzyme activity and makeit less stable.
Song et al %2 reported the same optimum temperature
for levansucrase produced by S. salivarius.



RRBS, 10(5) 2015

Imen Dahech et al. 163

20

— —
=] [ =
L L I

Levansucrase activity (U/ml)

-
L

pH
Figure4: Effect of pH on levansucraseextr action from solid
statefer mentation

Effect of moisture content on levansucrase pro-
duction

Moisture content isacritical factor for SSF pro-
cesses becausethisvariable hasinfluence on growth
and biosynthesisand secretion of different metabolites.
In thisstudy the optimum moi sture content for theen-
zyme production wasfound to be 80% (Figure6). Simi-
lar resultswerereported by Ahmed3. Thecritica im-
portance of moisturelevel in SSF mediaand itsinflu-
ence on the biosynthesis of enzymes has been attrib-
uted to theinterference of moistureinthephysica prop-
ertiesof solid particles. The optimum moi sture content
for growth and substrate utilization dependsonthe or-
ganism and the substrate used for cultivation.
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Figure6: Effect of moisturecontent on levansucraseproduc-
tion
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Figure5: Effect of temperatureon levansucraseextraction
from solid statefer mentation

Effect of solvents type on levansucrase extrac-
tion from SSF

Solid statefermentationisfermentationin the ab-
senceof freeliquid. Recovery of thefermentation prod-
uct requiresitsextraction from thesolid fermented me-
dium. The extraction was done by organic and inor-
ganic solventsin addition to distilled water. According
totheresults(Figure7), itisclear that among all the
solvents, distilled water gave the best extraction of
levansucrasefrom thefermented solids. Thismight be
duetodissolution of thedl mediabrothindigtilled wa
ter which then becomes st solution and hence ableto
extract enzyme protein from fermented biomass. Dis-
tilled water isacommon extractant (avail able, ssfeand
low cost) used by other workg4.
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Figure7: Effect of solvent typeon levansucr ase extraction
from solid statefer mentation
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Figure8: Effect of distilled water volume on levansucr ase
extraction from solid statefer mentation

Effect of distilled water volume on levansucr ase
extraction from SSF

In solid state fermentation system freeflowing sol-
vent isvery much limited. Thus, adequate amount of
distilled water isrequired to leach out the existing en-
zyme. The results (Figure 8) show that highest
levansucrase extractionisreached at ratio 10 ml dis-
tilled water. According toAikat and Bhattacharyya?),
theamount of soluteincreasesin parallel withthein-
crease of solvent volume. The decrease in enzyme
extraction whenlower volumeof solvent wasused might
be dueto insufficient solvent volumeto penetratethe
solid fermented mass. Excessively largevolumeof ex-
tractant used for greater extraction would aso make
the obtai ned enzyme sol utionstoo diluted to be profit-
ably utilized.

Effect of inorganic salt solutionson levansucrase
extraction

Amongal salt solutionstested (Figure 9), sodium
chloride (0.05 %) gave the best extraction of enzyme
from fermented solid. Increasing extraction up to 0.05
% probably isdueto the salting-in effect of electro-
datic effect of sAt®l. Thisresultisonlinewiththeone
obtained by Wangf? who extracted proteolytic enzyme
from fermented biomass by € utionwith sodium chlo-
ride.

CONCLUSION

Solid statefermentationisavery promising cultiva:
tiontechniquefor the production of indugtridly-re evant
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Figure9: Effect of inor ganic salt solutionson levansucrase
extraction from solid statefer mentation

enzymes such aslevansucrases, especialy by meansof
agro-wastes as support-subsrateslikewastedates. The
produced enzyme showed maximum activity when date
was used asasubstrate at 40°C. The production pro-
cess can befurther improved by optimizingthefermen-
tation and culture conditionsin order to achieve better
yieldsand reducethe cost. The produced enzyme ob-
tainedin thisstyle has someadvantagesfor further stud-
iessuch asstabilization andimmobilization.
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