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ABSTRACT

Plant biomass is one of the major renewable rawemalt sources on earth.It is composed of carbohtekaand
aromatic polymers. These carbohydrates (cellulosd &emicellulose) and aromatic polymers (lignink aa
potential resource for the industrial production wdlue-added products and biofuel. One under-etidiZorm of
plant biomass is corncob. However, there are mafficdlties in the industrial production of valuelded products
from corncob hydrolysate. This literature summeasizbe advantages and challenges in the various sitnigli
methods for the production of value-added prodfrois corncob biomass in a cost-effective manner.
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INTRODUCTION

Corn is one of the most extensively grown cereapsmwith 885.3 million tones produced world wide2idil4. The
leading producer is the United States with 313.8iani tonnes followed by China. India holds th& @lace [1]
(Figure 1).

Corncob is the material remaining after removirg ghains and is traditionally used as feedstodkielr It contains
hemicelluloses, cellulose and lignin. Despite padyia fibers consist of monomer molecules. Amiddtuéese is
composed of C6 sugars and hemicelluloses are Cars\fgylose and arabinose). In most of the plamived
biomass cellulose, hemicellulose and lignin arapped in a complex matrix which is very resistanénzymatic
degradation [2]. Hence, the identification of shiéatechnique for the utilization of available cédise and
hemicelluloses matter in the corncob biomass listsé biggest task. Generally most of the plawmintass as useful
industrial value added metabolites viz., glucosdpse, acetate, furfural and hydroxymethyl furfuadbng with
Lingin [3]. Furthermore, lignin will be convertech ito co-products like vanillin, phenols and hightaoe
hydrocarbon materials. Though, the utilization afrncob biomass is one of the major resources feseh
metabolites [4]. Also the bioconversion of thesaikable metabolites by microbial fermentation iscvel research.
Until the conversion technologies were identifiesl @vailable corn biomasses which are used for hbade
combustion purpose. The recent conversion stragadnbits the microbial fermentation with nativedamutant
strains which has the ability to ferment the cobxeugars in to value added metabolite. It's sgiatlly includes
processing of corn cobs, acid hydrolysis and mditabestimation, fermentation process, substratesamption by
selected organism, product formation, quantificatid products and co products [5].
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Figure 1: worldwide production of Corncob
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(Data resource: Food and Agriculture Organizatiointiee United Nations, 2014)

1.1. Corncob Biomass Constitutions

The most widely available wastage in India is plaioimass. In particular,the corncobs are 40% avigilan over all
biomass, while 10% products utilized for bioconi@nsprocess. Remaining surrogates utilizedconvaatip in
rural part of India as a fire starter, pot scrubdyed animal bedding [6]. In recent years the re$was explored the
importance of corncob biomasshydrolysate and ital vnetabolites alsocan be utilized for the prouunctof
industrial value added productsdue to their natpraperties. In general, the composition of ligrihtese depends
on the source whether it is derived from hard wandt, wood or plant (Figure 2).

Figure 2: Corncob biomass compositions
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In Corncob hemicelluloses xylan is one of the carpieteroxylanshasfi-(1, 4)-linked xylose resididgsifs made
up of33-35% arabinose, 3-6% galactose, 6—16% ghnéziacid and 48-53% xylose. Generally the 80%ytdrxis
highly substituted with monomeric side chains afoglronic acid or arabinose which is linked with @20-3
xylose residues. Moreover the oligomeric side chiga arabinose, xylose and few galactose resi@}g§ig. 3).
Xylose is one of the major constitutions in the feaihulose hydrolysate of corncobs; hence the hieession of
xylose to xylitol will be a useful process, whichsha wide variety of industrial application. Cheahisynthesis of
xylose is possible but expensive and time consuniihg utilization of available plant biomass likeriecobs will
be the potential natural resource for the prodaatibbulk quantity of xylose with less cost andsléisne. Whereas
the commercial xylitol production is achieved bydsc(presence of oxygen) fermentation of corncgtirblysate
with yeast Debaryomycesnepalenaisd Debaryomyceshanseni ejcis used as an artificial sweetener, dental
application etc.,
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1.2. Processing of Corncob for Fermentation
Primarily corncob cleansing begins with purifiedt@rato remove dirtand other impurities. Then, thasked shells
are dried under shadow or oven dry. After driedlsiveas grinded mechanically or with ball mill tethue. These
grinded materials with particle size of 0.5 to 2 raize is separated using appropriate sieves, whersize of the
corncob particle plays a major role for holding sugars. Particles sizerange between 0.02-0.1 crpréparation
of hydrolysates rich in glucose whereas 0.5-2 cmhfgdrolysates rich in xylose. In order to obtae tvarious
concentration of metabolite in the hydrolysatee sif the particle can be adjusted accordingly. Thlps in the
simple extraction of metabolites like glulcose,osd, acteate, furfural and hydroxyl methyl furfuir@m ground
material. Further, those ground matter will be dgidrolysed with HSQ, in the ratio of 1:20 W/V (Solid and liquid
ratio), which is ideal for the breakdown of innere of corncob embedded with combination of metigdgm[9]. In
addition numerous researchers studied to reledsadexall the available composition of metabolite acid
hydrolysate material by vigorous agitation, whigpnesents the level of metabolite release condiietzigher
amount [10].

Figure 3: Schematic representation for frame work &6 Corncobhemicelluloses
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1.3. Corncob Fermentation

Generally corncob hydrolysates posses rich in sudike glucose and xylose. Depending on the type of
fermentation and end product requirement the fetatiem process has to be carried out. For exantipéexylose
fermentation the hydrolysate is called non detexifhydrolysate which can be fermented by usingtyeader
aerobic condition at optimum temperature &(G3®ince, the microbes consume the sugar and peashat products
like xylitol andethanol. Here the major disadvametag the presence of inhibitors as lignin, furfurahd
hydroxymethyl furfural that may hinder the fermditta process by interference of bacterial xylitogtabolism.
Therefore, the removal of such inhibitors will hédporganismsfor produce rich amount of end praglacid co-end
products. Bioconversion of xylose to xylitol is dad out by an enzyme called xylose reductase (WRich is
NADP dependent enzyme. The presence of inhibitdigleduct the activity of XR in the fermentationggess [11]
(Figure 3). Current bioprocess research focusesdegreasing the concentration of inhibitorin corulioyysate. By
treating them with different absorbents namelyvatéd charcoal, CaG{Calcium carbonate) and other

Figure 4: Xylose fermentation in corn cob hydrolyste by yeast
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suitable natural absorbents. These absorbentsabsbrb the fermentation inhibitor considerably. kehile there
is a possibility to lose the product of our intérnebere during this absorbent treatment processéjean extensive
research must be required to develop such pro&@ss [
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1.4. Estimation of Metabolite and Co-Metabolitein @rncob Hydrolysate
Generally, the quantification of metabolite anadysiefore and after hydrolysate for all kind of edrpdrate
estimation can be analysed by HPLC. But, quantificaof metabolite depends on the selection ofaslt
chromatography column. Specifically, for corncolditolysate metabolite estimation ‘the sugar colunsnivell

recognized techniquewith RID detector

(UV detectofio quantify the presence of

spectrophotometrically in the presence of strokglaas base [13].

1.5. Detoxification of Corncob Hemicellulose Hydrofsate For Effective Fermentation
The main objective of detoxification of corn cobdnglysate is to minimize the concentration of intats, which

can be done in many ways.

lignin content

Organisms which involvethe hemicelluloses corncob hydrolysate are ligigh

sensitive to inhibitors. Event the presence of lesscentration of inhibitors may disrupt fermerdatiprocess.
Consequently the removal is essential for compléitzation of fermentable sugars in corncob hygsalte. Some
of the representative methods for removal of sucbcess in detoxification are: (1) physical methd@3

physicochemical method (3) biological method. Bt identification such a suitable method of detoatfon solely

depends on the source of biomass in each methoein Ehough, enormous methods have been reported for

detoxification of hemicelluloses hydrolysate, stiie identification of an exact method for corndojairolysate
detoxification in industrial level is not identifidill date. Each method of detoxification has ttwivn short comings

[12] (Table 2).

Table 1: Comparison of different methods for detoXication of hemicelluloses hydrolysate and their achntage and disadvantages

D

U

Methods Process [ Advantage Disadvantage
Physical Methods
. Removal of toxic compounds by . . Increases the nonvolatil
Concentration 0 . Reduction of volatile compounds as,__.
Evaporation evaporation  under vacuum concentratoarlcetic acid. furfural. and vanillin toxic  compounds a
based on the volatility ' ’ extractives
Surface functional groups on membran®ejects the requirement to disperse gneHigh costeffective
Membrane . L . : -
filtration attached with th_elr !nte_rrjal pores, which mpyhase and reduces on entrainment c_af _specmc removal of
remove metabolite inhibitors small amount of organic phase inhibitors
Physico Chemical Methods
- Can be reused and regenerated - Pressure is high
. . . . . |. - Removal of polymeric inhibitor lignin - Long time for processing
lon Exchange Rﬁ:sr;?om()dtl,fg undszlfli’ggle |ct))ns Ofsglirg‘z#'dand furfural - high chance of Possibl
Resin P . p oy 9. Removal of acids inhibitors acetic aciddegradation of  fragilg
thefunctional group of resins. . -
and furfural biological product
- Loss of sugar amount is high - high scale up difficulty
Overlimming Increase of pH followed by suddenpHi fa | - Precipitate toxic compounds - sugar loss is high

- complexity in filtration

. . - Cheap
. Adsorption of toxic cpm_pounds by charcgal Removal of phenol and furfurgl -complexity in filtration
Activated Charcoal| the charcoal activity is increased by contact .
effectively process
surface
- very less amount of sugar loss
Mix of liquid phase to be purified and [a Recycle of solvents for subsequent .
. . ; . L cycles - High cost
Extraction with | organic solvent. Separation of liquid phase . . - ; .
- Removal rate of acetic acid, vanillin, 4-- Long time consuming

Organic Solvents

is recovered by two phase system (orgd
and aqueous)

nlI%ydroxybenzoic acid, , furfural and lo

molecular weight phenolics are high

(v process

Biopolymers are made up of tannins wi

e Less cost
- Biologically degradable

- Cell death is high whe
the concentration of tanni

Vegetable Polymer| fast binding properties that flocculate S
P - reduces loss of sugar content is high
inhibitor compounds : L
- Reduce toxic compounds - volume loss is significant]
Biological Method

Microorganism

Microbes act on hydrolysate inhibitors a
change their composition with the help

ndLess waste formation
of Eco friendly

- Long time process

their enzyme

- Less energy process

1.6. Challenges Associated With Corncob Biomass Uitiation For Industrial Fermentation
1.Availability of Corncobs for entire year is not jsdde
2.Available metabolite content may vary in each baithorn after harvesting (Maturation of level aire), so the
formulation offermentation process needs to bentpéd for bulk production. Biomass transportationl storage
without losing the available hemicelluloses conisifficult.

3.Selection of suitable pretreatment process foraarrprocessing.

4.Selection of appropriate catalyst and possibleweigoof the same.

5.Removal of recalcitrant polymers like lignin needsre effort during the process.
6.Prevention of phenolic compounds formation fronmilig

7.Health of the plant and yield of biomass/hectasaar

Pelagia Research Library

12



Nagarajan Arumugam and Shanmugam Anandakumar Euro. J. Exp. Bio., 2016, 6(5): 9-13

8.Selection or identification of suitable pretreatmahsorption process to remove the inhibitor cotre¢ion for
successful detoxification process.

9.ldentification of possible bioconversion stratediesthe utilization and conversion of lignin toefsl phenolic
compounds in corncob biomass.

10. Recovery of fermented sugar products like xylitedl diofuel from fermented hydrolysate broth.

11. Removal of co-products and its influence/interfeeeim microbial metabolism.

CONCLUSION

Corncob hemicellulose raw material is a vital fiactthat reveals sustainable alternative for thedpction of
commercially important value added industrial pretdubi-products, industrial enzymes, lactic asigicinic acid,
ethanol etc. It can be readily converted into sergigars by acid hydrolysis, and then resultardrshigdrolysate is
subjected to conditioning and detoxification, whaan be converted into the beneficial productsubhobioprocess
routes. Also the implementation of thermo chemijsadcesses such as Shrinking bed reactor, Plug, o
counter-current are responsible for enhancethersugeovery with less inhibitors formation. The aéfied
hydrolysate can be used for production of valuesddaroducts including second generation biofuel @hanol by
appropriate microorganisms under aerobic and abhaefermentation process. In recent research pssghas
clearly proved that it is possible to utilize healialoses hydrolysate into valuable products wiisiced percentage
of yields. However, it is necessary to build a retbprocess to be employed at industrial scale. Bgsrbased
derived products have potential to replace chetyicginthesized products like xylitol and arabit®Gwing to this,
biorefinery companies offer numerous opportunitiedevelop unique functionality and marketing bé&sdfom the
products derived from Corncobs biomass generating term sustainability and green environment inettiping
countries like India.
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