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ABSTRACT

Bio scouring of cotton, whichisan eco-friendly aternativeto the expensive
and polluting conventional caustic scouring, has not been successfully
adopted mainly dueto itsinability to remove substrate wax. However, with
surfactants, substrate’s absorbency can be boosted during the enzymatic
scouring. An investigation of possibility of integrating cotton wax
degrading bacteria with pectinase at mutually favorable temperature, pH
and time during bio scouring was hence undertaken. Hydrocarbon
degrading bacteriawereisolated from cotton gin trash coll ected from Kibos
and Kitui ginneriesin Kenya, characterized and tested for the cotton fibre
wax removal. Theisolates were successfully preinducted on paraffin wax
then used to treat cotton fibres at 45°C and pH 8 for one hour. Wax removal
efficiency was assessed by the percentage weight loss of the fibres after
soxhlet solvent extraction. An average cotton fibre wax degradationof
0.765% out of 1.2% present in the fibres was recorded. This amount was
comparableto that removed by caustic and pectinase with surfactants pre-
scours. The isolates would hence enhance wax removal during pectinase
bio scouring of cotton.  © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION to provide effective scouring responses. Asreported

by Etters et al.™, Emre and Merih?, Qianget al.l®,

Enzymatic scouring hasbeen eva uated asan alter-
nativeto theexpensive, environmenta unfriendly and
fibredamaging conventional caustic scouring. Use of
enzymes during scouring alowsthe devel opment of en-
vironmentally friendly technologiesinfibre processing
and gtrategiestoimprovefind product quality. Various
enzymes have been proposed by variousresearchers

Vigneswaranet al.[ and Vigneswaranet al ¥ dkaine
pectinase enzymes have been found to bethe most ef-
fective and suitablefor cotton bio scouringeveninthe
presence of chelating agents. The mechanism of pecti-
nase scouring reportedly assumes degradation and dimi-
nation of pectinsand makestheloosened waxes more
easi|y accessiblewith the help of amechanical agita-
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tion. Pectinase, however, isnot generdly activeat tem-
peraturesover 60°C. These properties limits its appli-
cationtobio-scouring of textiles, sncethetextilesmust
be pre-boiled to attenuate the waxy cuticle overlaying
the pectinlayer’®™. Accordingto Li and Hardin®, the
cotton fabrics bio-scoured with pectinase show im-
proved softnessand wet-ability but muchlesswax is
removed as compared to the conventional akaline
scouring. Added surfactants haveabiginfluenceonre-
moving non cdluloseimpurities. Thecuticleof thecot-
tonfibrewhichiscrosslinkedtotheprimary cell wall
by esterified pectic substances hinderspectinase action
on theback bone. Cutin formsthreedimensional net-
work structuresin which other amorphouswaxy mate-
ridsareembedded®. Pre-rinsnginhot water (>90°C)
withasurfactant or extractionwith boiled n-hexanehdps
to reducewax impurities and, subsequently resultsin
better destabilization of theprimary cell wall, asreported
by Qianget al.®, Agrawal et al.[® and Kiromojsovi.,
However such ahightemperaturetrestment ontheother
hand would compromise the desirablelow tempera-
turetreatments associated by enzyme scouring hence
increase on the process costs.

TheAlternative possibility of integrating wax de-
grading bacterial isolateswith the pectinase scouring
bath conditionswastherefore evad uated by thisresearch,
to dleviatethe high process costsand reduce environ-
menta pollution. Thiswasstudied by culturingandiso-
lating wax degrading bacterial isolatesfrom sampled
cotton gin trashes. Bacillus, a Gram-positive, rod-
shaped, non-pathogeni c and endospore-forming aero-
bic bacterium found in soil and rotting plant material
has been reported to have hydrocarbonsemul sification
capacity. Such emulsfiersproduced by avariety of mi-
croorganisms such asyeast, bacteriaand filamentous
fungi arereferred to ashio surfactants™. According to
ZoBéel ™ hydrocarbons degrading bacteriaexistsin
cotton gintrash, and thebacteriamay last evenfor three
yearsevenif thegin trash hasbeenindry storagefor
over threeyears. Thesebacteriacould havecomefrom
cotton field soil and feed on the cottonseed protein,
along with the many carbohydrates present in the cot-
ton gin trash plant debris. According toL euschner™,
Endosporesof bacilli represent ametabolically inactive
surviva form. They arecharacterized by highres stance
againgt heat, dryness, irradiation and other unfavorable
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environmenta conditions. Thesuccess of theendospore
for the survival of the speciesdepends on an effective
mechani smto resuscitate and enter the vegetative cell
cycletomultiply. Thereforelong dumped cottongintrash
can beused for culturing wax degrading bacteria, hence
theessence of thisstudy to investigatethefeasibility of
thebacteriain cottonwax removal.

MATERIALSAND METHODS

Bacteriacultures, isolation and char acterization

Cotton gintrash was collected from two different
ginneries. Thetrash sampleswere macerated and about
10gput into abeaker containing 200 misof water. The
beakerswerethen covered and incubated at 30°C for
24 hrsto alow for microbia growth.Bacteriacultures
werethen grown using pour platedilution techniqueas
described by lan and Charles*®. Each of theorigina
sampleswasdiluted fivetimesto dilutethemicrobial
popul ation so asto obtai n separate colonieswhen plat-
ing. Small volumes(about 0.1to 1 mls) of thediluted
samplesweremixed with about 15 misliquid nutrient
agar (45°C) in sterile culture disheswhich werethen
incubated at 37°C for 24 hrs.

Thedifferent coloniesobtained werethenisolated
by the streak and spread methods. In the streak meth-
ods, small amount of colour and morphologically dis-
tinct colony waspicked by thetip of aninoculationloop
and streaked across the surface of the agar medium.
For the spread plate method on the other hand, asmall
amount of distinct colony was picked, suspendedin
distilled water and then mixed with about 15 mls of
sterilenutrient agar (45°C). All the streaked and spread
plateswerethenincubated at 37°C for 24 hrsto alow
for isolatesgrowth. Thetwo isolation techniquesgave
three pureisolates.

The pureisolates obtained werethen subjected to
simpleand gram staining for respective morphological
identification and differentiation. Crydd violet wasused
for thesmplestaining.

Gram gtainingisessentia for differentiating bacte-
riaisolatesintwo broad groups, Gram-negative and
Gram-positive. Gram-positive bacteriaretain the pri-
mary dye giving a purple to blue-black appearance.
Gram-negative bacteria take-up the colour of the
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counter stain (i.ered or palered colour). Thus, gram-
positive bacteriastain violet, and gram-negative bacte-
riastainpink. Crysta violet, Gram’s iodine, 95% alco-
hol and safranin stainswere used.

Preliminary hydrocar bon activity induction of the
isolates

Each of thethreeisolateswastested for hydrocar-
bon activity by streaking on 10mlspremelted and so-
lidified paraffinwax in sterile petri dishes. The petri
dishes were then incubated at 37°C, 45°C and 50°C
for 24 hourstotest for optima temperaturefor thebac-
teriagrowth.

Preliminary caustic and pectinasescouring

Fivesamplesof cotton fibrescollected a the card-
ing stagein aspinning factory werefirst treated with n-
hexane (30 min, 75°C), asacontrol for theevaluation
of wax remova efficiency by the caustic and pectinase
procedures. Thesolvent extractsal thewax contained
inthefibre¥, Thefibreswerea so scoured using dif-
ferently constituted baths; Caustic (0.25M, LR 20:1, 1
hr, 10 cotton fibresamples) and commercid Pectinass(A.
Niger) (4g/l, LR 50:1, pHS8, 1hr, 10 cotton fibre
samples). Both procedureswere donewith and with-
out 1% non-ionic surfactant (Sodium Lauryl sulphéte).
Each of the scoured sampleswasthen extracted using
trichloroethylene by asoxhlet apparatus asspecifiedin
ASTM D2257-04 at therate of Six extractionsper hour
for atotal duration of 2 hours. Theweight difference
between the scoured and the solvent extracted fibres
gaveeach of theprocedure’s wax removal efficacy. The
weight loss cal cul ation after each scour procedurewas
doneby thefollowing equation:
Y=Wf— [(Wp— WS/ Wp)] =100 o
WhereY isthewax removed (%), W, isthetotal wax
content in the cotton fibres, W_and W_are the wax
contents (%) in specified scour procedure and solvent
extracted fibresrespectively.

| solatesand isolates/pectinase cotton wax removal

Fivetestsfor each of thethreeisolateswere con-
ducted on theisolatesfibres scour procedure. About 2
misof Tris-HCL Buffer, pH 8 put into each of thefif-
teen test tubesand aflame sterilized wireloop wasused
to pick each of theisolate and introducethem into the
test tubes. Fibre samplesweighing 1.00+0.01 g were

prepared and each put into each test tube’s contents
and incubated at 45°C for one hour. Thecontentswere
then subjected to boiling to deactivate the enzyme and
theisolates. The Percent wax removed was cal cul ated
usingthefollowingformulaasadgpted from Vigneswaran
etal.l:

Y =12 [(WI—-WS/WD]*100 @
WhereY isthewax removed (%), W, and W _arethe
content of swaxes (%) in theisolates scoured fibres
and sol vent-extracted fibresrespectively. Average wax
removed from each isolate was obtained from which
theoverall average was cal culated. The same proce-
dure of isolate scour was then repeated but with addi-
tion of about 2misof 4g/l of pectinaseat LR 50:1.

Investigation for enzyme presence

Theisolatesbacterid cdlsrupturing testswerecon-
ducted to determineif the bacteria contained an en-
zymethat might have had the activity onthewax. Each
pureisolate was Sub-divided into 10 eppodorf tubes,
labeled and put into acentrifuge. The bacterial cells/
isolateswerethen pelleted by centrifuging at 6000 rpm
for 5 minutes, supernatants aspirated and the pellets
frozen at -30°C for 30 minutes. Fivetest tubesof pel-
lets of thebacterial cellsfrom eachisolatewerethen
re-suspended in 0.75 misof lysisbuffer, and thenincu-
bated at 30°C for 15 minutes. The other five pellets
from each pure culture were re-suspended with nutri-
ent agar ascontrols. All thetubeswere then vortexed
for L minuteuntil the cdll suspensionwashomogeneous.
The pellet tubeswere then centrifuged at 12,000 rpm
for 20 minutesat 4°C, supernatantsfromthelysisbuffer-
suspended tubescollected to new tubesand pelletsre-
suspendedin0.75misof lysisbuffer asdescribed in*,
Each of the supernatants, nutrient agar and lysisbuffer
suspended pellets, werethen used to test for their ac-
tivity onwax, by streaking the contentsonto solidified
pre-melted wax in petri disheswhich werethenincu-
bated at 37°C for 24 hoursto allow for growth.

RESULTSAND DISCUSSION

Bacteriacultures, isolation and char acterization

Each of thetwo gin trash samplesthat were cul-
tured through the plate dil ution technique gave acom-
position threedistinct colonies: Large serrated yellow
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Figure2: Yellow and whiteisolatesfrom spread platemethod

colonies, small round white col onies and oval shaped
transparent bluish greenish colonies. Thedistinctive
colonieswhich werethen isolated through the spread
and streak plate methods gavethree pureisolates. The
different isol ates obtained are as shownin the photo
illustrationsinFigure 1A, B and C and Figure2 A and
B.

Simplestaining of al theisolatesreveaed purple
stained rod shapes indicating that the bacteriawere
bacilli. The observation under the microscope also
showed chained rods occurrence for all theisolates
meaning that the bacteriawere streptobacilli in nature.
Under the Gram staining test, all theisolates stained
purple, the primary colour used, indicating that the bac-
teriaisolateswere Gram-positive.Respectiveillustra-
tionsareasshowninFigure 3A-C.

Preliminary hydrocar bon activity induction of the
isolates

Thethree pureisolates from the two samplegin
trashes streaked on the wax and incubated at 37°C

gaveathick bacterid growthaongthestresk lines. The
platesincubated at 45°C gaveareatively thick growth
aongthedtresk lineswhilethe platesincubated at 50°C
gavetheleast growth aong the streak lines, meaning
theisolatessurviva at that temperature was declining
asrespectively illustratedin Figure4A, B and C.

Preliminary caustic and pectinase scouring

Then-hexanesolvent extraction at 75°C for 30 min
onthefivefibre samplesgave an average 1.2%fibre
wax content. The caustic with surfactant scour that was
conducted on 10 cotton fibre samplesat 0.25M NaOH,
1% Sodium Lauryl sulphate surfactant, LR 20:1 for 1
hour gave 7.2% weight loss (general impurities con-
tainedinthefibres). Thisamount (7.2%) wasfound to
be comparablewith that reported by Bahrum(*¥l; 6.87-
7.27% and Tzankoet al.l'”; 6.3%. It ison thisbasis
that the effectiveness of each of the scouring proce-
duresinwax remova wasevaluated.

Thesubsequent solvent extraction of thecaugticwith
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Figure3: Isolatessmpleand gram stammg resultsplates; (A) Theisolatesbasicrod shapes; (B) Theisolateschained rods

arrangements; (C) Gram staining resultsplates

Figure4: Respectiveisol a&sax activity induction at 37°C, 45°C and 50°C plates

surfactant scoured fibresgave percentage average va -
ueswax removed of 0.72%. Caustic without asurfac-
tant scour onthe contrary gaverespectively low values
of 2.65% and 0.3% of genera and wax impuritiesre-
moved. Thelow values be explained by the ability of
the hot caustic sodasolution with theaid of the surfac-
tant to remove moreimpurities by breaking, releasing
and emulsfyingthem effectively asargued by Tzankoet
al.', Pectinasewith surfactant procedure gave aper-
centage average general impuritiesremova value of
4.14% and awax remova value of 0.844% while Pec-
tinasewithout asurfactant on the other hand, gavere-
Spective percentage averageimpuritiesand wax removal
valuesof 2.4% and 0.267%. Theseresults can beex-
plained by the substrate specific nature of theenzyme
inimpuritiesremoval and hencetheinability of theen-
zymeto destabilizethe cuticlelayer containing thewax.
Comparatively, under pectinase cotton scour process
conditions of 45°C, reaction time of 60 minutesand a
pH of 8.5, Vigneswaranet al .18 obtained the best opted

test results of overall impurity removal efficiency of
4.80% which can berelated to the 4.14% obtained.

| solatesand isolates/pectinasecotton wax removal

All thefifteen tests of theisolates scour gave an
averageof 0.765% wax removed whichiscomparable
to that degraded by the caustic and pectinase in the
presence of a surfactant; 0.72% and 0.844%. This

TABLE 1: Total fibreimpuritiesand wax removal efficiency
by different scour procedures

Total fibre Total
rocsire TS (e

(%) (%)

n-Hexane - 1.2
Caustic with surfactant 7.2 0.72

Caustic without surfactant 2.65 0.3
Pectinase with surfactant 4,14 0.844
Pectinase without surfactant 24 0.267
Isolates - 0.765
| solates and pectinase 0.729
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Figure5: Respective supernatant, Nutrient agar and Lysis
buffer suspended pelletswax induction streak plates; (A)
Super natant wax activity induction streak growth; (B) Lysis
buffer sugpended bacteria pelet wax activity induction streak
growth; (C) Nutrient Agar suspended bacteria pellet wax
activity induction streak growth.

amount is also notably higher than that reported by
Vigneswaranet al ¥ of an averagelossinwax content
of 0.525% at 60°C, pH 8.5-9.0 and treatment time of
60 minutes using 6% pectinase enzyme concentration.
I sol ates and pectinase combination scour gave an av-
erageof 0.729% wax removed. Thisvaueisaso com-
parablethoserecorded under therespectivecausticand
pectinase with surfactant procedures (0.72% and
0.844%). Theseresults can therefore explain that the
isolates played asimilar roleasthe chemicd surfactant
asexplained by Tzankoet al.*". TABLE 1 givesthe
summary of al the scour procedures described above.

Investigation for enzyme presence

All the plates streaked with the supernatantsfrom
al theisolatesdid not show any growth aong the stresk
lines. All the platesstresked with lysisbuffer- suspended
pelletsfromdl theisolates gave comparatively distinc-
tivegrowthsaong the stresk lines. The plates streaked
with nutrient -suspended pelletsfrom all the pure cul-
turesgaverdatively thick and clear growthsalongthe
streak linesasshownin Figure5A-C. Thisindicates
that there was no bacterial enzyme contained in the
bacteriaand itisthebacterial cellsthat had theactivity
onthewax.

Thebacteriacellslysistests showed that the nutri-
ent agar suspended bacteriapel letscontrol stresks, gave
relatively thick linesof action ontheparaffin wax indi-
cating that it isthe bacteriathat acted onthewax asa
supplement and not asasource of food for the bacte-
ria. Thelysisbuffer suspended bacteriapellets how-
ever gavecomparatively thinlinesof action onthepar-
affinwax, meaning that the bacteriacelIsrelied solely
on thewax for their nutrients hence the slow rate of
action. Thesupernatantsfrom all theisolatesdid not
exhibit any action on thewax, explaining the absence of
any proteinfenzymeinthebacteriaisol ates.

CONCLUSON

It can be concluded that, three different bacteria
isolates(white, yellow and bluish greenish) can beiso-
lated from cotton gintrash. All theisolateshaveactivity
on paraffinwax and on the cotton fibrewax asasources
of hydrocarbon. It was a so demonstrated that theiso-
latescanfeasibly beintegrated into the pectinase, which
would enhancetheenzyme’s capacity to destabilize the
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cuticlewaxy layer from 0.267% (pecti nasewithout sur-
factant scour) to 0.729% of the percentage average
wax degraded (isol ates/pectinase scour). It was also
established that the bacterial isolatesdid not contain
any enzyme, indicating that it wasthe bacteriathat de-
graded the cotton fibrewax.

Environmenta consciousnessbeing oneof thema-
jor concernsfor thetextileindustry, thereisincreasing
need of replacing the chemical processes with bio-
preparation techniques. Asit has been demonstrated,
chemical surfactants, which havebeenfoundto bevery
important inthe cotton fibreimpurities\wax remova can
potentially be replaced with hydrocarbon degrading
bacteriaisolatesfrom cotton gin trashes.

Optimum temperature, pH and incubationtimefor
theisolates cotton fibrewax removal should therefore
be established.
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