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Abstract: Lactic acid, commonly used in food, chemical andrptaceutical industries, has recently received
much attention for the production of biodegradgtibestics. In this studyRhizopus oryzae MTCC 8784 was
used to convert starch into optically pure L-Laetmd. Effect of time, pH, addition of calcium banate and
starch concentration were analyzed using shakekdlan order optimize the L-lactic acid concentratand
volumetric productivity. Under optimized conditiofgH6.0, CaCQ@ (10g/L), starch (10g/L) and 72 h of
cultivation] R.oryzae MTCC 8784 gave a lactic acid concentration of 8.4 with a volumetric productivity
(Qp) of 0.7 (g/L/h) and lactic acid yieldg¥,of 4.54 g/g (2 fold increase), 100% starch sadftbation, and 1.5
g/L mycelial biomass. To reduce the Lactic aciddoiaiion costs, inexpensive raw materials such ag feaste
(fruit and vegetable peel/waste) like sapota, banpapaya, potato, corn cob and carboxymethylloskuwere
explored. All substrates tested supported growthlactic acid production. Efficient lactic acidna@ntration
(72g/L) with a biomass of 1.9 g/L; volumetric prativity (Q,) of 1g/L/h and lactic acid yield@¥;of 3.69/g
was obtained with sapota peel fermentation. Lamtid was detected in the fermentation broth by HPLC

Key words: Roryzae MTCC 8784, lactic acid, process optimization, davegetable and fruit waste.

I ntroduction

Lactic acid is a valuable chemical and one of xtemsive applications is for polymerization of lcl acid to
poly (L-lactic acid), which is an attractive polymgecause it can be produced from renewable ressand is
biodegradable. These properties have strengthened

interest in developing more efficient productiorogesses for optical purity of L-lactic atidn India, the
annual production capacity of Lactic acid is 6080t an estimated gap of 2300 t in supply by tla 2615
have been predicted, if the present level of prodnds not increaséd Wastes containing starch generated
from food processing plants may be regarded aslslevioption for meeting this growing demand fottitac
acid, if appropriate biotechnological interventioase used and specific sectors amongst the Inchad f
processing industry are targeteBapidly increasing prices of animal feed suppletsiés one of the challenges
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faced by livestock industries at a global scaleidentally, solid unwanted agricultural materiadsulting from
postharvest activities of farmers and food procesace also growing at a faster rate due to impgtdaeming
methods and high fruit and vegetable produ@erefore, fruit and vegetable residues remaincsoof solid
agricultural waste. Fruit residues may cause ssrEnwironmental problems, since it accumulatesgim-a
industrial yards without having any significant andmmercial value. Since disposal of these wades i
expensive due to high costs of transportation atichided availability of landfills they are unscrulpusly
disposed causing concern as environmental problEorshermore, the problem of disposing by-prodists
further aggravated by legal restrictions. A higieleof BOD and COD in fruit wastes add to furthdficulties
in disposal. However, inspite of their pollutiondamazard aspects, in many cases, food processistgsviaave
a good potential for conversion into useful produsft higher value as by-product, or even as raweriatfor
other industries. A large quantity of the wastdlde peels, seeds and pulps depending on the fyjeits”.
Banana waste (peel), pineapple waste and papaya aesexamples of agricultural wastes found abuthda
in several tropical and sub-tropical areas sudndian subcontinent and Southeast Asian coufitries

Unlike the Lactic acid bacteria (LAB), lactic agioducingRhizopus strains generate L-lactic acid as a sole
isomer of lactic aciti'®. The production of L-lactic acid using a surfacéture of Rhizopus was reported in
1911, An efficient submergetermentation using fungal species for the productibL-lactic acid was first
reported in 1936™. However, an increased research interest has gigen to lactic acid fermentation by
fungal species in recent decafes

The present study attempted at identifying the ggecparameters in terms of time, pH, neutraliziggnés

(CaCQ), starch concentration for maximizing lactic aciddguction byR.oryzae MTCC 8784 starch by
submerged fermentation (SmF). The biotechnologioalversion of a few vegetable and fruit wastesatid

acid byR.oryzae MTCC 8784 is also demonstrated.

Experimental
Microbial strain

The pure culture oRhizopus oryzae MTCC8784 (Microbial Type Culture Collection, Chagdih) was
obtained and it was cultured on solid Sabouraugks.aMycelia of freshly grown culture was usedragulum
for Lactic acid production.

M edia and fermentation conditions

The fermentations at shake flask level (50 mL Bb& mL Erlenmeyer flask) were carried out usingrtreia

as described by Huang et al. (2063nd contained carbohydrates 40g/L, yeast ext@gt_, peptone 20g/L,
K,HPQO, 0.5g/L, KH,PO, 0.5¢g/L, MgSQ.7H,O 0.05¢g/L, (NH),SO, 2g/l, pH 6.0, agitation at 160 rpm,
temperature at 30. Starch was used as carbohydrate source unlesemite stated. Peptone, yeast extract,
ammonium sulphate were used as nitrogen substritagnesium sulphate (MgQ@H;O), dipotassium
phosphate (KHPQO,), monopotassium phosphate (¥0,) were used as inorganic minerals.

Agro-Food Waste Substrates

A total of six different types of agro-food wastéz Sapota peel, banana peel, papaya peel, potatocoee!
cob powder and carboxymethyl cellulose (CMC) (predufrom the local markets of Bangalore), and the
material from one single batch was used in allstivelies in order to minimize any possible intenfiessdue to
variation in composition of residues. The samplesendried in an oven at & for two days, grounded and
screened to collect the particles of the size betmE2 and 1.6 mm. Steam explosion treatment was ¢o
the substrates, amount of sugar content was detedniy preparing their hydrolysate and used fardacid
production byR.oryzae MTCC 8784.

Steam explosion

The modified method of Pumipet al. (2008) was used for substrate hydrolysate patipa'®. 40 g of each
agro-food waste was steam-exploded in 100 L capadaitoclave at 121°C for 20min. Water was addetth¢o
wet pre-treated material to make up the volume lofahd boiled at 80°C for 30 min. Later the hydsalie was
recovered by filtration with cheese cloth.



Srividya Shivakumar et a//Int.]). ChemTech Res.2014,6(1),pp 527-537. 529

Acid Hydrolysis

Acid post hydrolysis of hemicellulose hydrolysateasacarried out to cleave the xylooligosaccharidds i
monomeric sugars by autoclaving at 121°C with catreéions of HCI varied from 2% v/v for 30 mfn
Chemical pre-treatment is to remove chemical besriso the enzymes can have access to cellulose for
microbial destruction. The hydrolysate from acicgtploydrolysis was adjusted with CaO to pH 6- 6.8 tre
CaSO04 precipitates were removed by filtration Withatmann filter paper No-1

Direct hydrolysis

Direct infusion was carried out by drying and puiziag the agro-wastes. The powdered substrates adued
as the sole carbon source and the media was sugpiedwith minimal salts.

Analytical methods
Screening for Lactic acid production

Czapeck dox agar (HIMEDIA, INDIA) plates with broeresol green (0.05%, w/v) as the indicator or
supplemented with 1% CaG@ere inoculated with a loopful of fungi and incutéifor three to five days for
the formation of either yellow zone or clearaneeound the mycelial growth, respectively, indicgtirthe
presence of Lactic acid production.

DNS method for reducing sugar estimation

Total reducing sugars in the fermentation broth determined by Miller method using dinitrosalicyicid
reagent’.

Starch-lodine method for residual Starch estimation

The method developed by Tomas and Chamberlain J88s used which is based on color development that
results from iodine binding to starch polymers. Titigal as well as residual starch was estimatgdising this
method.

Titratable acidity

Every third day, unless otherwise stated, the #ag&re removed and the fermentation product wasifteged
at 8000 x g for 10mins, the centrifuged supernatzag heated at 70 , to this 5% Ca(OH)was added and
filtered with Whatman filter paperl, the precipitamas collected and dissolved with 0.1N HCL andnth
titrated with 1M NaOH. The acidity as total titrakdcidity was determined titrating the samples WithNaOH
according to the method given by AOAC (2080Every 1ml of of NaOH is equal to 90.08 mg of Lactizd.

HPLC analysis

The qualitative analysis of lactic acid was anallymsing reverse phase high pressure liquid chraynapby
(HPLCY®. HPLC analysis for lactic acid excreted from thetaiolic activities oRhizopus oryzae MTCC 8784
were performed on a Waters 518 model series coatpra$ a quaternary pump with auto-sampler injector,
micro-degassers, column compartment equipped Wwehrtostat and a diode array detector. The colured us
was a C18 (Waters 518) end cappadrh 4.8x250 mm reverse phase column. The eluantwaedcetonitrile

: water (7:3 v/v) and the column separation wasvadd at a flow rate of 1.0 mL/min for 15 minutedieT
temperature of the column was maintained at 25°C.

1 ml of fermentation sample was taken after 72 feghentation, centrifuged at 14,000 rpm for 10 utés in
Remi centrifuge in order to separate the cell nzamk other insoluble materials. Supernatants weuotedi 10
times to get more precise results from HPLC. Sasnafel standards (@) were injected using an autoinjector.
Lactic acid was detected at 210nm by the 410 Wa¥edetector.
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Results and Discussion

R.oryzae MTCC 8784 produced organic acid as revealed byy&llew coloration of Bromocresol indicator
plate (Plate 1 ¢ & d) and precipitation of Ca{{Plate 1 a & b). The one factor at a time is tlesnirequently
used operation in optimization process. This temimiinvolves changing one independent variable ewhil
keeping the other factors constant. In the presamdy, we described optimized fermentation mediumd a
conditions [time, pH, CaCg)starch] to obtain maximum lactic acid productieith Rhizopus oryzae MTCC
8784

Plate 1. Plate 1: Screening ¢t.oryzae MTCC 8784 for acid production using CagD%b,w/v) plates a)
Control and b) Growth dR.oryzae showing precipitation of CaGOBromocresol plates (0.05%,w/v) c)
Control plate and d) Growth & oryzae showing yellow coloration

Time course production of L-Lactic acid by R.oryzae MTCC 8784

The biochemical kinetics of simultaneous sacchaiion and fermentation (SSF) for lactic acid piidn by
fungal species drhizopus oryzae 8784 was studied with respect to time of incubation

Rhizopus oryzae MTCC 8784 produced 50.48 g/L of L-lactic acid byh7om starch (10g/L) (Fig.1). The
fungal biomass gradually increased from day on2g(LL) to day three (1.6g/L) with concomitant utdtion of
starch and then remained constant. By day fiveclstavas completely utilized. The production of Ictia
gradually increased from day one (19.97¢g/L), pedkgdlay three (50.48g/L) and the production grdgual
decreased on day four and five.

Fungal Rhizopus species have attracted a great interest, and hesm tecognized as suitable candidates for
lactic acid productionRhizopus oryzae can produce large amounts of L-lactic acid andzetiboth various
sugars and starch as carbon sodies actic acid production usinghizopus oryzae seems to be a viable
alternative because it can grow on minimal liquiedinm and on solid medidm

Starch has been considered for use as a raw nhdtenerious fermentation because of its abundamzklow
price. However, when high concentration of stachiged in medium, an increase in viscosity of tieeliom
due to gelatinization by heat will reduce the miabgrowth.
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Fig. 1. Time course production of L-Lactic acid by R.oryzae MTCC 8784.

Effect of growth pH

In order to determine the impact of growth pH (untcolled) on the starch saccharification and fertagon of
lactic acid by théR. oryzae MTCC8784, in absence of Cag@he initial growth pH was set at 4.0, 5.0, 6.0, 7.
and 8.0 by adding 4N NaOH solution.

The time course study proved that the fungus spaemonstrated the highest lactic acid produdtjoi2 h,
the variations in starch, reducing sugar concéatra. and lactic acid yield in the culture wereasred on
day 3 (Fig. 2).

The experimental results revealed tRabryzae MTCC 8784 had a metabolic capability to saccharify $tarc
produce lactic acid and fungal biomass using std&flg/L) with a pH range between 4.0 and 7.0 with
maximum growth, starch utilization and lactic agidld at pH 6.0 (with the residual pH dropped to $13),
after which all these parameters were affectedHai.p and pH 8.0. Similar observations have beparted by
Dominguez and Vazquez (1989pr Roryzae wherein pH 3.5-6.0 supported lactic acid productio

Effect of supplementation of CaCOs

Lactic acid is known to be a strong inhibitor footh cell growth and lactic acid productiGhCalcium
carbonate is a commonly used reagent to neutri@ae acid during fermentation. Its low solubility water
makes it possible to neutralize lactic acid andntadn the pH at certain level automatic&ly

Addition of CaCQ in the concentration of 0.5, 1.0, 1.5 and 2.0%v)wdid not have any profound effect on
biomass, starch utilization and lactic acid progiucas compared to the control set at an initialgo®lwithout
any CaCQ addition in the fermentation broth (Fig.3). Thiglicates thaR oryzae MTCC8784, addition of
CaCQ 1% (w/v) was found to be sufficient for maintaigia growth pH for one batch, to achieve an optimum
fungal cell growth and lactic acid production.

Soccol et al., (1994)demonstrated that the addition of CaC@creases the lactic acid production from
concentrations lower than 3g litréo 659 litré". Other chemicals have also been recommended.rfaied:
Gaden, (1978§ proposed the use of sodium hydroxide meanwhilebsti & Gerhardt (1995) worked with
ammonium hydroxide. In a study by Huang et al. 088 on Simultaneous saccharification and fermentation
of potato starch wastewater to lactic acidRbzopus oryzae and Rhizopus arrhizusi, CaCQ addition of 1%
(w/v) was found to be sufficient for maintaininggeowth pH to achieve an optimum fungal cell groatid
lactic acid production using potato starch in bgltizopus cultures. This is in contrast to our results.
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Fig.2. Effect of initial media pH on LA production by R.oryzae MTCC 8784.
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Fig.3. Effect of CaCOzsupplementation on LA production by R.oryzaeMTCC 8784.

Effect of starch concentration

The effect of starch concentration varying fromt@®0 g/l in submerged fermentation was investidaand

the results are shown in Fig.4. The concentratiolaaic acid produced biR. oryzae MTCC 8784 increased
from 50 to 66.6 g/l with increasing initial starchncentration from 10 to 40 g/l with a concomitartrease in

biomass from 1.3g/L to 1.6g/L (Fig.4). A furtherciease in initial starch concentration (50g/L) Heslin a

gradual decrease in lactic acid production (64.8gfild biomass (1.5g/L). Starch was completelyzetdiin all

the concentrations indicating good amylolytic paigdrof the strain.

Decrease in yield with further increase in starchoentration beyond 40g/L may be due to substrduition
during later stages of fermentation at high conegion of substrates.
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Fig.4. Effect of starch concentration on LA production by R.oryzaeMTCC 8784.

Kinetic characteristics of lactic acid production

The investigation of kinetic characteristics in 8®F process was conducted in shake flask fermemtasing
starch (20 g/l). Cultivation conditions were setatpan initial pH of 6.0 with supplementation of 1%/v)
CaCQ at 30C. Samples were taken at the end of 72 h fermentaliable 1 summarizes the kinetics of LA
production byR.oryzae MTCC 8784 under un-optimized and optimized coodii

Under optimized conditions [pH6.0, Cag(0g/L), starch (10g/L) and 72 h of cultivatioRJoryzae MTCC
8784 gave a lactic acid concentration of 50.48with a volumetric productivity (§ of 0.7 (g/L/h) and lactic
acid yield (Ye5)0f 4.54 g/g (2 fold increase), 100% starch sadfibation and 1.5 g/L mycelial biomass.

Lactic acid detection by HPLC

The retention time for lactic acid was around Z@fiutes which overlapped with the lactic acid stadd2.65
mins) Fig.5). Other peaks indicate presence of other organisdigie citric acid and fumaric acid, Roryzae
is a heterofermentative organism.

R. oryzae produces mainly lactic acid from glucose with gieebf 60—80% and also ethanol, carbon dioxide and
minor amounts of malic acid, fumaric acid andicicid>?* Product formation depends on cultivation
conditions; it has been shown that, under oxygeritiig conditions, product formation shifts frontte acid

to ethand®?’.

Table 1. Comparison of fermentation kinetics of LA production by R.oryzae MTCC 8784 under un-
optimized and optimized conditions of cultivation by SmF.

Condition Starch (g/L) Lactic acid Volumetric Lactic acid
concentration (g/L) productivity of yield (Ygss) (9/0)
Lactic acid (g/L/h)

Unoptimized 20(~22.2¢g 50.48 0.7 (72h) 2.27
glucose)
Optimized 10(~11.1g 50.48 0.7(72h) 4.54

glucose)
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Fig.5. HPL C chromatogram of L-Lactic acid produced by R.oryzae MTCC 8784.

Lactic acid production from different agro-food wastes

All complex substrates tested supported apprecigioleth and lactic acid production Byoryzae MTCC 8784
(Fig.6). Highest lactic acid concentration (72g¥lijh a biomass of 1.9 g/L; volumetric productivit§,) of

1g/L/h and lactic acid yield (¥ of 3.6g/g was obtained with sapota peel fermentdiitiowed by corn cob
powder [70.2g/L; @(0.98g/L/h); ¥,s(3.51g/g) and biomass (1.79)].

Cheap raw materials, such as starchy and cellutosierials, whey, and molasses, have been usddchix
acid productioff. Among these, starchy and cellulosic materials @raently receiving a great deal of
attention, because they are cheap, abundant, amva®lé®. The starchy materials used for lactic acid
production include sweet sorghum, wheat, corn,aasgotato, rice, rye, and barfleyrhese materials have to
be hydrolyzed into fermentable sugars before fetat®m, because they consist mainlyoafl,4)- ando (1,6)-
linked glucose. This hydrolysis can be carried siotultaneously during fermentation with amylaseeu@ing

L. amylophilus and L. amylovorus which are often used for the direct fermentatiorstafrchy materials into
lactic acid". Cellulosic materials have been used for lactid acoduction in similar ways as starchy materials.
These materials consist mainly pf(1,4)-glucan, and often contain xylan, arabinaalagtan, and lignin.
Venkatesh (1997) and Yafiez et(@005) have previously attempted to produce laatid from pure cellulose
through simultaneous saccharification and fermemaSSFj>*> The utilization of corncob, waste paper and
wood, has been reported as WellSreenathet al. (2001) investigated the production of lactic acidni
agricultural residues such as alfalfa fiber, whiein, corn stover, and wheat stfawrhey suggested that,
during SSF of alfalfa fiber, lactic acid productisras enhanced by adding pectinase and cellulasthiery
Gardeet al. (2002) used hemicellulose hydrolyzate from wheatvstfor lactic acid production by co-culture of
L. brevisandL. Pentosus™.

Lactic acid has also been produced from waste sieaid’, sugarcane bagas®and kitchen wastéby using
Lactobacillusisolates. Fungal production of lactic acid fromgapple waste resulted in 19.3 and 14.7g/L lactic
acid withRhizopus arrhizus andR. oryzae™.
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Unlike most bacteria, lactic acid-producing furigic example, the genughizopus, are capable of efficiently
secreting lactic acfd and someRhizopus strains may secrete L-lactic acid as the only petféuin addition,
fungal cultures are tolerant of low pH environmef@snsequently, pH maintenance during fungal fetatem

is not as stringent as with bacterial cultdtesurthermore, fungal cultures, such BSizopus spp, are
amylolytic and can produce lactic acid from starchybstrates such as potato starch without prior
saccharificatioff. Fungi also have advantages such as low nucl@ccantents and high levels of protein. It
has been demonstrated that the cost of separdatintabs from the spent cultivated broth may be aifsegnt
fraction of the total capital and operating coststhe case of fungal cultivation, the mycelial gellet forms
are easy and inexpensive to harvest. WithinRieopus genus R oryzae has received the greatest interest, and
strainR oryzae NRRL 395 has been recognized as one of the mastbsiilactic acid producefs R oryzae
NRRL 395 andR oryzae IFO 4707 strains were shown to convert ground @orth potato pulp, respectively,
directly to lactic acidR oryzae ATCC 52311 could achieve a lactic acid concentratb 83 g dm-3 with a
yield of 0.88 g lactic acid g glucose consumed.
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Fig.6. Lactic acid production from agr o-food wastes by R.oryzae M TCC 8784.

Conclusions

Optimization of process parameters, such as timeaofbation, pH, starch concentration and Ca&dalition

resulted in improving performance Bhizopus species in lactic acid production. Lactic acid i@Wwn to be a
strong inhibitor of cell growth, enzymatic hydralysand microbial activity in lactic acid fermentati To

prevent this self-inhibition, the addition of a t@lizing agent is, therefore, necessary. In thes@nt work a
significant yield in terms of lactic acid and biossagproduction was obtained without the additiod®fy dm?®

CaCQ to the fermentation media for one batch. Hends,gtocess may alleviate the extra costs for lamtid

purification and biomass recovery.

This study records highest production of lactiddobm sapota peel (72g/L) and corn cob (70g/L)stabes as
compared to previous studies which reports arouhdglL for corn and 4.2g/L for potafo Also the study

shows novel use of food wastes like vegetable antifeels as use for substrate in lactic acidlpetion. The

inference drawn from this study aims for the usdoofd wastes for commercial and economic produatibn
application based products by fermentative biocosivas.
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