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ABSTRACT

Tannins are an important ingredient in the process of tanning leather that
prevents decomposition and ususlaly imparts colour to the leather. Tannin
isthe fourth most abundant plant constituent after cellulose, hemicellulose
and lignin. Tannins are water soluble poly-phenols with varying molecular
weight depending on the bonds possessed with proteins and polysaccha-
rides. Tannins occur commonly in the wastes fromforestry, plant medicine,
paper and leather industries. The treatment of thiskind of tannin containing
wastes, including adsorption, coagulation, liming, settling and biodegrada-
tion, isusually difficult because the nature of tannins are highly soluble in
water and also it inhibit the growth of microorganismsin activated sludge.
The objective of this present paper reviews the investigation about the
biodegradability of tannin containing wastes with the help of biological
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1.INTRODUCTION

Tannase (tannin acyl hydrolase, E.C.3.1.1.20) is
aninducible, extracelular hydrolase enzyme produced
inculturesof Penicillium glaucum andfoundin certain
tannin-forming plants; it catal yzesthe breakdown of
ester and depside bonds present in hydrolysabletannins
or galicacid esters, liberating glucoseand gallic acid
(GA). Gdlotanninsareplant polyphenolic compounds
that can easily precipitate any protein. Tannase cleaves
the ester linkages between galloyl groups present in
various compounds such as epigallocatechin and
epigallocatechin gallatethat are present in green tea
leaves®, Tannase find wide speared gpplicationinthe
field of food industriesused asantioxidant andismainly
used intheproduction of gallic acid, instant tea, acron
wine, coffeeflavored soft drinksand high gradelesther

tannin. Tannaseisalso used asadarifyingagentinclari-
fication of beer, fruit juiceand variousfood stuffs. Act
asahydrolyzingagent indeaningupthehighly polluting
tannin (polyphenol s) from theeffluent of leather indus-
tryl®. Tanninrich partsof theplantssuch asfruits, leaves,
branches and barks possess considerabl e amount of
tannase. Plantslike penduculate oak (Quercusrubra),
myrobolano (Terminalia chebula) and badul wererich
in tannase™. Tannase can beextracted frombovinein-
testineand rumina mucous. Theenzymeproduced from
microbia sourcesfindimmenseapplicationinvarious
industriesduetoitshigher stability and avail ability®.
Among thevariousmicrobia sourcesfor tannasepro-
duction, filamentousfungi like Ascochyta, Aspergillus,
Chaetomium, Mucor, Myrothecium, Neurospora,
Rhizopus, Trichothecium, Fusarium, Trichoderma
and Penicilliumwere studied extensivel 1. Tannase
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producing yeastshave a so beenisolated but they were
not extensively studied. Bacteria sourcessuch asBa-
cillus, Corynebacterium, Klebsiella, Sreptococcus
bovis and Selenomonas ruminantium¥? have been
studied for tannase production. Lactic acid bacteriaplay
avita rolein hydrolyzing tannins present infood and
intestines. High tannase activity wasreportedinlactic
acid bacteriaLactobacillus plantarum,
Thetanning processingindustry isamiscellaneous
industry with avariety of production methodsreflecting
thedivergty of hidesand tanneriesand theindividudity
of tanners. InIndia, thetanningindustry isvery impor-
tant for exporting leather asmainindustrial source. In
west costal and southernregion of Indiaplaced thetan-
ningindugtriesarearound resi dential areasbecausethere
IS no proper industrial area. These wastes are dis-
charged directly to themain domestic sewage pipeline
which addsdifficultiesto the sewer systemand tothe
wastetreatment plants. Thedischarge of tanneriesef-
fluents hasthemain drawback of creating pollution to
air, soil, subsoil, surface, water and underground water
dueto the presence of toxic organic and inorganic com-
poundsespeciadly polyphenolsand chromiumwhichis
used intanning processes, aswell aslargeamounts of
water, which resultsinthe generation of largeflowsof
heavily polluted wastes. The hazardous substances pol-
|ute the surface water, the soil and the ground water
becomes accumulated in food chain and therefore a
specia need for treatment before being discharged.
Normally the chemical precipitation processused
totreat the polluted effl uents by physico-chemical pro-
cedures, but during the last decade processes based
on biologica trestmentshave beenincreasingly sudied
and applied. Initia stage of physio-chemical process
involvesthe aerobic processeswere used to treat the
remaining pollution present intheeffluent. However, the
maost commonly used method isdirect trestment of these
effluentsby high-rate biologica units, such asenzymes
and modern anaerobic reactors, because of their suit-
ability and stability for the treatment of highly loaded
complex wastes. Tannery effluentsare characterized by
their high organicload and the significant presence of
different toxic, recacitrant or dowly biodegradablesub-
stances, some of them have been successfully biode-
graded anaerobically!¥. Reclamation of industrid waste
isanimportant work for reuse purposein developing
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countries suffering from water shortage. Recycling of
wasteismainly depending onthe cond stent wastetreet-
ment that producesthe good water quaity requirement
for theintended reuse application and also it provides
the protection of public hedlth. Reuse of treated efflu-
ent may havetwo different forms: water conservation
andrecyclinginternaly in plantsand disposd to apub-
lic sewer systeminwhichthewasteistreated and later
reused for irrigation. Thedischargeof industrial waste
to sewage systemisrequired through effluent standards
based onloca permit parameters of the country envi-
ronmenta protectionact law (EPA). High capacity trick-
lingfiltershavebeen tested for their effectivenessinthe
treatment of theindustrial wastesuch aspulp mill waste,
leather industry and highly polluting sourcesfromthe
heavy metd sstorageand production units, have proven
successful resultsinindustria gpplication.

Generdly thetannery wadtes originatefromthebeam
house and tan yards. In the beam house, curing, flesh-
ing, washing, soaking, de-haring, limesplitting, bating,
pickling, and degreasing operationsarecarried out. The
find stageof producing leather involvinginthetanyard
by various step processes, theseinclude vegetable or
chrometanning, shaving and finishing. Herethefinish-
ing operation processincludes bleaching, stuffing, fat
liquoringand coloring.

1.1. Tannins

Leather industry isexpecting for themeta-freetan-
ning syslemsand mainly the naturaly availabletanning
materia s such asvegetabl etannins are gained impor-
tance. Well known that the plants synthesisdifferent
kind of polyphenalic compounds, someof the polyphe-
nolic substances hastheability to formthetannins. The
presence of tanninsin the wasteswould cause many
problems associ ated with environmentd pollution and
wastetreatment. Owing to the presenceof tannins, the
wastesareusudly highly colored, whichisvery difficult
to bediminated by common methodslikedilution and
adsorption In addition, tannins can inhibit growth of
microorganismsand therefore, aretoxic to activated
dudge. Thisnegativeeffect can be observed when tan-
nin-containing wastesarebiologically treated inwaste
treatment plants?.

Vegetabletanninsare one of the oldest materials
used for tanning hidesand skins. Thetermtannin asthe
substance which mainly involvesthe process of con-
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Figurel: Tannins

verts the decayable hide or skin into imperishable
|eather. Thesimpleand most acceptable definitionfor
tanninsisthat of “water soluble phenolic compounds
having mol ecul ar wei ghts between 500-3000 and, be-
sdesgivingtheusud phenolic reactions, they have spe-
cial propertiessuch astheability to precipitate alka-
loids, gelatin and other proteins’. Phenolic compounds
arewiddy digtributedintheplant kingdomand are con-
sidered to be secondary metabolites. Structurally they
contain an aromati ¢ ring bearing one or more hydroxyl
groups, together with anumber of other substituents.
Tanninsare secondary metabolitesfound in plantsand
widdy digtributedintheplant kingdom. Tanninsareclas-
sifiedinto two subclassesaccording to their chemica
natureand structural characteristics?.

Hydrolysable tannins are composed of esters of
galicacid (galotannins) or elagic acid (ellagitannins)
with a sugar core which isusually glucose, and are
reedily hydrolysed by acids or enzymesinto monomeric
products. Themaost commonly used hydrolysabletannins
in the leather industries are chestnut, tara, valonea,
sumach, divi divi, algarobillaand myrabolans. The
polyphenalic composition of fruitsvariesin accordance
with species, cultivar, degreeof ripening and environ-
menta conditionsof growth and storage. Phenolicsdso
contributeto colour, astringency, bitterness, and flavour
infruits.Va oneatannin, obtained fromtanninrich fruits
of acorn cups of Quercus species, have been used to
tan hide and skin either alone or accompanying with
other tanning materidsinleether indudtry. Thecondensed
tanninswhich areused astanning materidsintheleather
industry arenormally polymerised by moldsand are
al so decomposed by soil microorganisms. It wasthere-
foreof interest toinvestigatetheaction of Aspergillus
flavus, isolated from soil scontaminated with tannery

wastes, on condensed tannins and devel op amethod
for estimating tannins. Condensed tannins, a so known
as polymeric proanthocyanidins, are composed of fla
vonoid units, and areusudly moreabundantintreebarks
and woodsthan their hydrolysable counterparts. Tan-
nery effluents dischargeswith an average of 66to 100
liter of waste per kg of wet settled hide processed. The
pH level of thewaste hastherangefrom 11to 12 and
also it produces a high concentration of sludge 5 to
10% dueto presenceof polyphenolsand heavy metds
such aschromium, sulphideetc., Inthetraditiona tan-
ning processwereused thenatural tannin extractsasa
mai n compounds, nowadaysbeing amost completely
replaced by condensed tannins and chromium. How-
ever, thesetannin substances are still used in modern
industriesfor the purpose of thefabrication of shoesoles
and asacomplement to chromiumintheretanning pro-
cess. Biologica anaerobictreatment has been success-
fully applied for the process of both smpletannin com-
pounds aswell asmore complex wastessuch asthose
generated by theforest industry.

1.2. Tanneriesand leather industry

Thetannery dudgeisacombination of hair, flesh-
ings, shavings, splits, hide/skintrimmings, lesther trim-
mings, buffing dust, leather finishing residues, genera
plant wastes, and wastewater trestment dudge. Nowa
daysthetanneriesa so use chemical agentslikechro-
mium sdtsinasmaller quantitiesaongwiththenatura
tannins. According to Imamul Hug®, variouschemicas
are used during the soaking, tanning and post tanning
processing of hidesand skins. Themain chemicasused
include sodium sul phiteand basi ¢ chromium sulphate
including non-ionic wetting agents, bactericides, soda
ash, Ca0, ammonium sulphide, anmonium chloride.
Thesolechromium satsare not of thesamequality as
natural tannin powderswhich producethe excellent,
durableleather ideal for shoesolesand adsoit hasthe
hazardous activity. Until the mid of 19" century, do-
mestically produced natura plant tannin wasreadily
availabletotanneries. In particular, shrubssuch asa-
garobawhose fruit contains up to 65 percent tannin
wereused.

Adsorption, membranefiltration, photocatayticand
sonochemical degradationthesearethe stepsand meth-
odsemployed for the treatment of tannin containing
waste process. For thecommercid treatment of tannin

Snoivonmental Science
A Jndian W



ESAIJ, 4(5) June 2009

Kannan Natrajan

309

contai ning waste processinvolvesthe sequentidly pro-
cedureof chemical settling and neutrali zation process
alongwiththebiologica degradation method used for
discharging or removing thetoxic compounds present
inthetannery waste. Asaresult of above statement, a
direct biological treatment techniquerequired for the
purposeof treeting thetannin contai ning waste, without
undergoing any pretreatment of settling and unhairing
process. In genera tannin hastheability to inhibit the
microorganism growth, but some microorganism has
the pogitiveresistant to tanninsand it cantaketanninas
acarbon source® in proper physic chemica conditions.

Moreover, the current devel opment and applica-
tion of cleaner technol ogies using enzymatic treatment
to thissector implies, astep by step implementation of

TABLE 1: Methods of biological treatments

Process Treatment agent () Wastes Treated
Poly phenolic
Packed bed (stones compounds,
e or synthetic) Acetaldehyde,
Trickling filters converted by benzene, chlorinated
microbial film hydrocarbons, nylon
and rocket fuel
Refinery, tannery
. Aerabic effluent,
A;tllj\éateed microorganisms petrochemical and
9 suspended in waste Biodegradable
organic wastes.
Surface .
Aerated lagoon  impoundment + orB:a\%(ijs%rha:ri?(I:;s
mechanical reaction 9
Shallow surface .
Waste impoundsments Biodegradable

organic chemicals,

' . + 1
stabilization +aeration to promote Tannery and Leather
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animproved processwater management, which com-
monly resultsinthedischarge of lower flowsof wastes.

2. M echanism of biological treatment-enzymatic
action

Theobjectivesof biologicd trestment of wastesare
to remove the non-settleable colloidal solids and to
degrade other organic matter. For industrial waste, the
objectiveisto remove or reducethe concentration of
organic and inorgani c compounds. Because many of
thesecompounds aretoxic to microorganisms, pretregt-
ment may be required. With proper anaysisand envi-
ronmental control, almost all wastes can betreated bio-
logicaly (TABLE2).

Chemica coagulation, biologica trestment and ad-
sorption are the methods for the treatment of waste
fromtanneriesfor organic substancesand heavy metas
removal. Enzymesare specific, often stereo-selective,
catalysts, which do not produce unwanted byproducts.
Consequently, thereislessneed for extensiverefining
and purification of thetarget product. Compared with
chemical processes, the enzyme based processesare
‘environmentally friendly’ asenzymesare biodegrad-
ableandtherearefewer associated waste disposd prob-
lems. Certain enzymes are not restricted to agqueous
environments and can operatein two-phase water-or-
ganic solvent systemsand in non-agueous organic me-
dia, particularly hydrophobic solvents. Operation un-
der such conditions can oftenimprove enzyme perfor-
mance, especidly where substrateshavelimited water
solubility.

Nowadays many industries are dependent on mi-

ponds growth of algaeand ;
bacterial symbiosis industrial waste.
Tannery waste ] N Flotation
e bdore || qumg, | o|Nawdiemin | imentaion
isposing to )
sevvs%ews%em) haring and lime * / +
spliting Floculation .
Precipitation
. tank
|Removal turbldity |<—| Primary treatment |
Y T |
Collection equallsation )
| N | Removal of Enzymatic Introduction of
polluted | =<*—| treatment |-e—o (RL%%%C%XBIE
TANNASE ,
| Effuent to sewage system | effulents ( ) for trating waste)

Figure?2: Schematicdiagram for treatment of tannery wasteusing Biological unitsand micr obial enzymes
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crobia enzymesfor the production of their goods. En-
zymeshave been used in thetanning industry for centu-
riesbecausethey areefficient indegrading proteinand
fat. Inthe beginning, the enzymeswere derived from
animal excrement and later on from the pancreas of
cattle. Nowadays, the enzymes are produced by mi-
crobid fermentation. Microbia enzymesarehighly spe-
cificandfastinaction and areused inthetanningindus-
try in soaking and unhairing processes because they
can replace chemical s and shorten processing time,
thereby reducing production costs. Textileenzymesare
thethird most significant segment of thismarket. The
major enzymesin this category are enzymesfor pro-
cessing cotton and cellul osic textiles, followed by en-
zymesfor processingleather and fur.

Themain agendaof thisreview givestheideaabout
enzymetic treetment for achievingthegood resultinthe
tanning industry, namely soaked and unhaired/limed
bovine hidesusing either an entirely chemical method
or using an enzymatic method. Tannaseenzymesact on
thefina leather product to someextent and it increases
theareaof thefinal yield product. However, thisin-
creaseisdifficult to quantify exactly. The use of en-
zymesinthesoakingand unhairing/liming processesdoes
not influence other processesin leather-making and
processes. Theenvironmentd friendly enzyme produc-
tion and delivery to thetannery industrieshastheim-
pact of saving chemicasand electricity, dso it contri-
butionto globa warming. Thegloba tanningindustry
generates gpproximatey 4 milliontonnesof solidwaste
per year. Asthe economic and environmental costsof
tannery waste disposal isvery high and the cost associ-
ated withtheuseof foss| fuelsto generate energy con-
tinuestospird.

The processindicatesthe movement of the hides
and skinsthrough thetrestment tank, initially it under-
goestheprimary chemical treatment for the purpose of
removd of unwanted heavy metd spresentinthedudge
than it goesto the enzymatic treetment with the help of
biologicd trestment, uangbiologicd unitssuchasmem-
brane sequentid biologica reector, upstream biologica
reactorsetc., Then after it reachestherecycling pro-
cessof effluent anditinvolvesthe process of producing
renewableenergy sourcesand savingthedectricity. The
working principleof tannin degradation onthetannery
effluentsby different microorganismsgivesthedetaled

account information about the bi odegradation of natu-
ral environments, especidly inthecaseof hydrolysable
tanning®. A switching from conventiona toenzymeas-
ssted soeking and unhairing/liming aregpplicableworld-
wide, thisinvolvesgloba energy saving potentid im-
provement intheenvironment. Currently, themost com-
monly used biotechnol ogy applications cover al the
stages of |eather making processes and treatment of
waste. An emerging technol ogy isthe useof enzymesin
unhairing process, which minimizes/replacesthe use of
sulphide, amagjor pollutant in thetannery.

3. Concludingremarks

Tannaseis produced by microorganismsfed with
carbohydrates produced manily using the agriculture
source, and the environmenta getsbeneficia interms
of avoided environmenta impactsand pollutionand dso
itinvolvestheenergy saving processlike producing the
renewabl e energy. The saving energy turnsout to be
themostimportant environmental effect of enzymeuse.
Thedirect biological treatment reducesthe effect of
pollution dueto the heavy metal spresent inthetanning
industry totheenvironment and human hedth havebeen
affectsdueto the presence.
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