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ABSTRACT KEYWORDS
Agro —industrial by-product residues were used as substrates in the Polyethylene surface modifying
presence of sand asacarrier material for production of polyethylene surface lipase;
modifying lipase enzyme under solid-state fermentation from Bacillus Banana peels;
isolate W5. Banana peel s supported the highest enzyme production at 4.5- Sand;
6% (732 U/g of fermented culture). Maximum i pase production was achieved Bacillus;
at 10%initial moisture content and 30°C incubation temperature. Enrichment Solid state fermentation.

of the medium with ammonium acetate as carbon sources increased the
enzyme production about 31%. On the other hand, the nitrogen source,
peptone enhanced the enzyme production by 28%. Optimuminitial pH and
incubation period were pH 7 and 5 days, respectively. Calcium chloride
and potassium chloride at 1% enhanced enzyme productivity by 12% and
9% respectively. Supplementation the medium with surfactant has no effect
on enzyme productivity. Pilot scale production of lipase enzyme under the
optimum SSF conditionswas tested in aluminum trays. The lipase activity
was 1397 U/g fermented culture. This result was comparable with that
obtained from bench scale production (in flasks). The cost of onekilogram
of thisfermented culture containing 1397000 U of lipase was estimated as
US $ 2.4. The enzyme showed the highest activity at 70°C and pH 8.5. It
was stable up to 50°C for 15 min and pH range 5-9 for one hour.

The obtained results were discussed in the light of possible utilization of
banana peels and sand for the production of this important industrial
enzyme under solid state fermentation.
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INTRODUCTION whichwiddy usedin thetextileindustry with an annua

production of 36 milliontong**3. PET showsexcellent

Inthelast few yearsthere hasbeenincreasingin-  propertiesbut in the sametime have some undesired
terest in enzymatic surface modification of propertiessuch as perspiration cannot penetrate the
poly(ethyleneterephthaate) (PET), asyntheticpolymer  fabrics and lower chemical reactivity due to low
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dyesbility, difficultiesinfinishing, build-up of electro-
static charge and the tendency to pilling??. Enhance-
ment of thehydrophilicity of PET isakey requirement
for many applications and can be achieved by chemi-
cd, physica and enzymatic methods. Enzymetrestment
can bechosen asagreen dternativefor synthetic poly-
mer surfacemodification asthey offer many advantages
over chemical and physical methodssuch asthey are
very specific, act under moderate reaction conditions
whichlead tolessor negligibledamage of the strength
properties of the synthetic polymers, easier to control,
cost effective, eco-friendly and the scale up i's pos-
siblg>®, Dueto thesize of enzymesand theinsoluble
natureof PET fiber inan agueousmedium, theenzymes
aremerdy activeat the surface so that the bulk charac-
teristicsof thefibersremain unchanged.

Enzymesactiveon PET substratesincludevarious
cutinase, lipases and esterases. The enzymatic modifi-
cation of PET impliesthelimited hydrolysisof back-
bone ester bonds, which generates new free hydroxyl
and carboxyl groupsat the polymer surface, thuslead-
ing to increased hydrophilicity of the PET sub-
Strate[14‘ 17,31,32,35,40] .

A number of studies have been carried out onthe
surface modification of PET fibers using lipaseen-
zymes®. Theimprovement of wettability, dyeghility, high
cationic dyebinding and oily stain resistance of PET
fabricstreated with polyesterase was reported by,
Theeffect of ninecommercial lipaseson PET fabrics
was analyzed by*® and they reported that moisturere-
gainof PET fiberswasimproved by 2.4 timesascom-
pared to akaline treatment and a so the carboxyl and
hydroxyl groups had been successtully introduced. Simi-
larly, lipasefrom T. lanuginosuswas used to increase
the hydrophilicity of PET fabricsby Bruckner et al.,
2008. Owingtoanincreasein thenumber of hydroxyl
groups, reactivedye showed moreintense color, which
was confirmed by reflectance spectroscopy and an en-
hancement in their water-absorption ability™.

Over thepast couple of years, solid-state fermen-
tation (SSF) involving growth of microbesonmoig solid
substrate(s) in the absence of freeflowing water, has
ga ned atremendous momentum owing to certain ad-
vantages over the conventiona submerged fermenta-
tion, likelow production cost, saving of water and en-
ergy, lesswaste effluent problem and stability of the

product duetolessdilutioninthe medium(t>232430,

SSF has been used to produce lipases from vari-
ousby-productsof agricultureand industrid originthat
havelittlecommercid vaud®.

Theauthorshave previoudy screened 19 lipase en-
zymes produced by bacilli isolated from Egypt for spe-
cific surface modification of PET fabric. Oneof these
enzymes produced by Bacillusisolate 5W (identified
as Bacillus subtilis showed good and promising re-
sultsinmodifying PET surfaceg®*Y,

EXPERIMENTAL

Bacteriaused and inoculum prepar ation

Bacillusisolate 5W wasisolated from Gizagover-
noratein Egypt and usedinthisstudy for production of
PET modifyinglipease enzymé®¥. Thetested organism
was grown in nutrient broth at 30°C for 24 h under
shaking at 150 rpm for inoculum preparation.

Agro-industrial by-productsused

Agro-industrial by-productswere supplied by Oil
Extraction Unitand Anima Nutrition Department & Na
tional Research Center of Egypt. Theseagro-industria
by-productsincluded sugar beet pulp, coconut meal,
jojobamed, cressmedl, linen medl, wheat germ med,
cotton seed medl, peaped s, potato ped's, orangepedls,
bananapedls, bean peelsand carrot pomace.

SSF and optimization of theprocessparameters

A group of dried ground agro-industrial by-prod-
uctswas employed asthe main source of nutrientsfor
growth and lipase production by Bacillusisolate 5W
without any pretreatment in the presence of sand as
carrier material.

Initially 50 g of sand and 3% of each substratewere
takenindividualy in 250 ml Erlenmeyer flasks, moist-
ened with tap water at 10% moisture and autoclaved.
Inoculum of 14 x 10° CFU/g was added and incu-
bated at 30°C for 5 days under static conditions. Each
fermentation test wasrepeated twiceintriplicate.

Effect of bananapedl s concentrations (1.5—9%),
moisture content (5-80%), carbon source at 1% (glu-
cose, galactose, arabinose, fructose, raffinose, matose,
sucrose, lactose, starch, cellulose, pectin, ammonium
acetate, sodium citrate and glycerol), nitrogen source
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at 1% (sodium nitrite, sodium nitrate, ammonium sul-
phate, ammonium phosphate, urea, peptone, yeast ex-
tract and malt extract), initial pH (5.7-9), incubation
temperature (20-50°C), incubation period (3-15 days),
meta ionsat 1% (Na', K+, Mg*, Fe*, Ca*, Co** and
Mn?") and surfactants at 0.1% such as Tweens (Tween
20, Tween 40, Tween 60, Tween 80), Triton X-100
and gum arabic were studied.

Also, pilot-scale production of lipase enzyme by
thetested organisminduminumtrays(30x30x10 cm?3)
under the optimum SSF conditionswastested. Each
tray contains 850 gram sand, 4.5% bananaped's, 1%
ammonium acetate, 1% peptone, 1% CaCl, and 10%
moisture content wasinoculated and incubated for 5
daysat 30°C.

Enzymeextraction

The enzymefrom thefermented culture was ex-
tracted with tap water. Thedurry was squeezed through
adamp cheesecloth. Extractswere pooled and centri-
fuged at 4°C for 15 min at 10.000 rpm. The superna-
tant was used asthe enzyme source.

Lipaseactivity assay

Lipaseactivity wasassayed according to®24 with
some modifications. Lipase activity was determined
using pnitrophenyl acetate (p-NPA) asasubstrate. The
substrate sol ution was prepared by dissolving p-NPA
inisopropanol. Themixture of 880ul of 50mM phos-
phate buffer (pH 8), 20ul of substrate solution and 100l
of suitably dil uted enzyme sol ution wasincubated at the
tested temperaturefor 30min. Thereaction wastermi-
nated by the addition of 0.2ml of 100mM CaCl,, solu-
tion (at 0°C) and keeping it on ice. The reaction mix-
turewas centrifuged to clarify the solution and the ab-
sorbance of the yellow color of the supernatant was
read at 410nm.

Oneenzymeunit wasdefined asa0.1 increasein
OD,,, under the standard assay conditions.

Biochemical propertiesof theenzyme

Temperature and pH profilesweredetermined at
different temperatures (30-70°C) and pH rang 7-9, re-
gpectively. Thetherma and pH stabilitiesof theenzyme
were ascertained by measuring theresidual activity of
theenzymeexposed at varioustemperatures (30-70°C)
for 15 minutesand at pH range 7-9 for one h, respec-

tively. Effect of metal ions(Na', K*, Ca?*, Mg?*, Zn?",
Cu?, Fe?t, Co?) at BmM weretested. All experiments
wereconductedintriplicates.

Satistical analysis

All theexperimentswere carried out independently
intriplicatesin 250-ml Erlenmeyer flasks. Thedatarep-
resented here are in the form of mean + SE. All the
valueswere subjected to oneway analysisof variance
(ANOVA) and significanceis presented as Duncan’s
multiplerangetest resultsin theform of probability (P<
0.05) valueswhich were obtained using SPSS.

RESULTSAND DISCUSSION

Evaluation of agro-industrial by-productsassub-
stratesfor lipaseproduction

Lipasesarevaluablebiocataystshavediverse ap-
plications. Though lipase enzymes shareonly 5 % of
the industrial enzyme market, they gained focus as
biotechnologicaly va uableenzymes ™.

Thesdectionof anided agro-industria residuefor
enzyme production in a SSF process depends upon
severa factors, mainly related with the cost and avail-

TABLE 1: Effect of different agro-industrial by-productsas
substrateson lipase production by tested or ganism under
SSF

Agro-industrial

Lipase activity*

by-products (U/g fermented culture)

Sugar beet pulp 270+ 10 g
Coconut meal 533+7.3d
Jojoba meal 289+ 12.3 efg
Cress mesl 315+ 14 ef
Linen meal 318+9.6¢
Sesame meal 303+ 8.8 efg
Wheat germ meal 322+ 12.7e€
Cotton seed meal 650+ 18.7b
Pea peels 276+ 6.4 fg
Potato peels 288+ 13 efg
Orange peels 263+11.7¢
Banana peels 732+ 10a
Bean peels 527+ 15.6¢
Carrot pomace 585+8.7¢

* Lipase activity is expressed as mean value + standard error.
Values for each treatment per tested organism followed by
different letters are significantly different at P < 0.05
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ability of the substrate material, and thus may involve
screening of several industria residues?.

Among thetested agro-industrial by-products, ba-
nanapeel syie ded the highest lipolytic activity (732 U/
gfermented culture) followed by cotton seed med (650
U/gfermented culture) asshownin TABLE 1. Theop-
timum bananaped! s concentration for themaximum i-
pase production was 4.5- 6% as shown in Figure 1.
Lower or higher concentrations of banana peels de-
creased theenzyme productivity.

800

Lipase activity U/g
(4]
o
o

0 2 4 6 8 10

Banana peels oncentration (%)

Figure 1: Effect of banana peels concentration on lipase
production by Bacillusisolate 5W or ganism under SSF

Thebananayiddisover 145milliontonnesin 2011,
thereisasignificant amount of bananapeelswaste be-
ing generated. Bananapeels contain 0.9% dry matter
of protein, 1.7% crudelipid, 59% carbohydrate, 20-
30% fiber, 0.08 % potassium, 0.02% cal cium, 0.02%
sodium, 0.06% manganese and very low concentra-
tions of other numerous elements (Anhwangeet al .,
2009, http://www.ehow.com/
info_10033568 components-banana-ped.html).

Intheliteraturedifferent natura substratesnamely
sugar beet pulp, oliveoil cake, soy cake, coconut oil
cake, babasu cake, gingelly oil cake, rice bran, wheat
bran, dmond medl, sugar can bagasse, risehusks, melon
wastes, ground nut oil cake, mustard oil cake and Jat-
ropha curcas used for lipase production under
SSF[Z,B, 16,20,22,29,33,34,36,38] .

Using sand inthisstudy perhaps has some benefits
asacarier materia in SSF asfor instanceit does not
absorb water, allowing moreair to penetrate, occupies
asmall volumeand it can bereused severd times.

I nfluence of moisturecontent on enzyme produc-
tion

Among the several factorsthat areimportant for
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Figure2: Effect of moisturecontent on lipaseproduction by
Bacillusisolate 5W under SSF

TABLE 2: Effect of carbon sourceson lipase production by
tested or ganism under SSF

Lipase activity*

Carbon sour ces (U/g fermented culture)

None (control) 713+t44¢
Glucose 766 +14.2d
Galactose 712+ 64 ¢
Arabinose 619+11f
Fructose 765+ 13d
Raffinose 873+ 15b
Maltose 803+3.7¢
Sucrose 767 +12d
Lactose 786 +8.4 cd
Starch 581+10 g
Cdlulose 526 +9.3 h
Pectin 605 +7.8 fg
Ammonium acetate 933+18.5a
Sodium citrate 38+1.71
Glycerol 39+2.21

* Lipase activity is expressed as mean value £ standard error.
Values for each treatment per tested organism followed by
different letters are significantly different at P < 0.05
microbial growth and enzyme production under SSF
using aparticular substrate, moistureleve whichisone
of themost critical factors. SSF processisdifferent
from submerged fermentation culturing, sncemicrobid
growth and product formation occurs at or near the
surface particle having low moi sture content!2281,

Inthepresent study, the maximum enzyme produc-
tion wasobtained at 10% moisture content (727 U/g
fermented culture) asshownin Figure 2. Further in-
creaseinmoisturelevel inthefermentation medium re-
sulted inreduction of lipase production.
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Intheliterature, the optimal moisturelevel for li-
pase production by bacilli has been reported to be 50%
-75%181620 | ow moisturelevel usedinthisstudyis
related tothenature of the carrier materid (sand) which
has zero water absorbance.

Pandey et al., 2000 reported that |ower moisture
levelslead to reduced solubility of thenutrientsinthe
solid substrates, alower degree of substratesswelling
and higher water tengon. Smilarly, higher moisturecon-
tent werereported to cause decreased porosity, loss of
parti culate structure, development of stickiness, reduc-
tion in gasvolume and decreased gas exchange.

Effectsof carbon sourceson enzymeproduction

Various tested carbon sources showed different
impact on enzyme production asshownin TABLE 2.
Ammonium acetate (933 U/g fermented culture) fol -
lowed by raffinose (873 U/g fermented culture) en-
hanced thelipase production about 31% and 22%, re-
spectively. Ontheother hand, arabinose, starch, cellu-
lose, pectin, citrateand glycerol caused varied repres-
soneffect onlipaseactivity.

It wasfound that maltose and starch werethe best
carbon sourcesfor production of lipase by Pseudomo-
nas aeroginosa PseA 11629 Bacillus coagulans? and
BacillussubtilisOCR-4* in solid state fermentation.

Effect of nitr ogen sour ceson enzyme production

Nitrogen sources have dramatic influenceon en-
zyme production and play acrucid roleinenzymein-
ductioninbacterid®.

Among thevarioustested nitrogen sources, organic
nitrogen sourcesincreased lipase biosynthesis. Thus,
peptonefollowed by yeast extract at 1% wasfoundto
bethebest nitrogen sourcesfor the enzyme production
wherethey lead to 28 and 23% increasein lipase pro-
duction, respectively asshownin TABLE 3. Onthe
other hand inorganic nitrogen sources repressed the
enzymeproductionto different levels. Theseresultsare
in agreement with thosereported byt 2012 who found
that peptone was the best nitrogen source for lipase
production by Bacillus subtilis OCR-4. On the other
hand, Alkan et al.”? and Mahanta et al.!*! reported
that NH,NO, and NaN O, respectively were the best
nitrogen sourcesfor enzyme production.

Effect of initial pH

TABLE 3: Effect of nitrogen sourceson lipaseproduction by
Bacillusisolate 5 Wunder SSF

Lipase activity*

Nitrogen sources (U/g fermented culture)

None (control) 933+9.9d
Sodium nitrite 603+ 11g
Sodium nitrate 785+10.5¢
Ammonium sulphate 719+ 13 f
Urea 578+ 11.6 g
Peptone 1195+ 6 a
Y east extract 1148+ 14.8 b
Malt extract 1012+ 19.6 ¢

* Lipase activity is expressed as mean value £ standard error.
Values for each treatment per tested organism followed by
different letters are significantly different at P < 0.05

TABLE 4: Effect of initial pH on lipase production by Bacil-
lusisolate 5W under SSF

Initial pH  Lipaseactivity* (U/gfermented culture)
Control 1182+5Db
5.7 1130+ 8.7 ¢
6 1149+ 17.7 be
55 1153+ 6 be
7 1232+19a
75 1140+ 10.7 ¢
8 1120+ 12 ¢
85 885+9d
9 877+9.3d

* Lipase activity is expressed as mean value + standard error.
Values for each treatment per tested organism followed by
different letters are significantly different at P < 0.05

Microbia growth and metabolisminevitably lead
to achangein the hydrogenion baance and hence, the
pH of the culture medium. TABLE 4 showsthat, as
initial pH increased, lipase production increased reach-
ingitsmaximum level at pH 7 (1232 U/g fermented
culture) followed by areductionin lipase production
withincreasinginitial pH value. Theseresultsarein
agreement withthoseresultsreported by Alkan et al .2,
Mahantaet al.[?” and Boraand Kalita®. In contrast,
Chaturvedi et al® and Immanue et al.*® reported that
pH 8 and pH 9 were the optimafor lipase production
by their tested organisms, respectively.

Effect of incubation temperature

Itisknown that the temperatureis one of the most
critical parameter that has to be controlled in any
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bioprocess*?.

Bacillusisolate 5W exhibited the highest enzyme
production at 30°C (1228U/g fermented culture) as
showninFigure 3. Increasing thecultivation tempera-
tureresulted in reduction of enzyme production. It was
reported that the optimum temperaturesfor lipase pro-
duction by bacilli were 37°C, 50°C and 60°C asre-
ported by Alkan et al.l?; Bora and Kalitd® and
Immanuel et al.¥, respectively.
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Figure3: Effect of incubation temperatureon lipase produc-
tion by Bacillusisolate 5W under SSF

Effect of incubation period on enzymeproductiv-
ity

Itisextremely essentia to detect the optimum incu-
bation timeat which an organism exhibitsthe highest
enzyme activity since organisms show considerable
variaionat different incubation periods.

Thetime coursestudy of enzyme production under
SSF condition showed anincreaseinlipase production
with optimum incubationtimeat 5" day (1244 U/gfer-
mented culture) as shown in Figure4. Further incuba:
tion time showed reduction in enzymeactivity. Thede-
clinein enzyme activity might be dueto denaturation
and/or decomposition of lipase enzymeasaresult of
interactionswith other compoundsin thefermented me-
dium®1, In most of the reportsthemaximum lipase pro-
duction wasreported between 24h-192h(268],

Effect of metal ions

Amongthetested metal sdts, cacium chloride, po-
tass um chloride, sodium chlorideand manganouschlo-
ride enhanced the lipase production about 12%, 9%,

6% and 5%, respectively (datanot shown). Other meta
ions had no effect on enzyme production. Positive ef-
fectsof metal cationson lipase production have been
reported for Ca?*, Na*, K+ and Mg?* by Immanue et
al.,l*¥ and Boraand Kalita®. However, supplementa-
tion of metal ionslike Mn?* and Ni?* ions showed re-
pressveeffect onlipase production asreported by Alkan
etal. .
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Figured4: Effect of incubation period on lipaseproduction by
Bacillusisolate 5W under SSF

TABLE5: Cos of themediumingredientsfor production of
1 kg of fermented culturefor lipaseenzyme production

Contents Cost ($)
Sand (50 g) 0.00034
Banana peds (3 g) 0.0
Ammonium acetate (0.53g) 0.033
peptone (0.53) 0.102
Tap water (5.3 ml) 0.0000035
Seed culture 0.0063
Total quantity 60.369
Total price $0.142
One kg product price $2.35
Units/gram 2450

One unit of the enzyme activity was defined asa 0.1 increase in

OD,,, of the reaction mixture. p-nitrophenyl acetate (p-NPA)

was used as a substrate.
Effect of surfactant on enzyme production

Addition of different Tweens(Tween20, Tweend0,
Tween60 and Tween80), Arabic gum, and Triton X-
100 to the medium had no effect on lipase production
by Bacillusisolate 5W (datanot shown).

Pilot-scaleproduction of lipaseenzymeunder SSF
conditionsin traysand itscost
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Production of PET surfacemodifying lipaseenzyme
intrays (30 x 30 x 10 cm?3) under the optimum SSF
conditionsshowed lipaseactivity of 1397 U/gfermented
culture,

Theingredientscost for production of onekilogram
wet weight of fermented culturein aluminum traysun-
der SSF optimum conditions containing 1397000 U
lipaseenzymewasestimated asUS$2.4 (TABLE5).

Enzymecharacterization

The optimum temperature and pH for the highest
lipase activity were obtained at 70°C and pH 8.5, re-
spectively. It wasstable at 50°C for 15 min and in pH
rang 7-9 for one h. Addition of metal ionslikeMg*,
Ca?* and K* hasno effect on theenzyme activity how-
ever, 5-10% repressioninlipaseactivity wasrecorded
after addition of Fe**, Na', Zn?*, Mn?* and Cu?* ions.

Findly, itisof interest to note that the present work
congtitutesthe cost effective medium for production of
PET surface modifying lipase enzyme produced by
Bacillusisolate 5SW on bananapee susing sand ascar-
rier under SSFtechnology. Thisapproachisexpected
to behighly feasibleand cost-effectivefor production
of industrid enzymes.
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