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ABSTRACT:

The citrus peels contain cyclic monoterpene limonene. Limonene is the major component in the oil of citruspeel.
In orange oil greater than 90% D-limonene are present. D-limonene extract by the distillation
methodfromorangepeel(AmanPandayetal.,2015).AccordingtoRivasetal.,theorangepeelisinfactconstitutedbysolub
lesugars-16.9%,starch-3.75%,fiber(cellulose-9.21%,hemicelluloses-10.5%,lignin-0.84%andpectin-42.5%),
ashes-3.50%,fats-1.95 % andproteins-6.50 % (Rivas et al., 2008).Citric acid is an intermediate of
thetricarboxylic acid cycle (TCA). The first patent for citric acid production by Aspergillus niger utilising
sugarsolutions was reported in 1913 (Tornado et al., 2011).0range peels contains soluble sugars and pectin as
themain components. According to Rivas et al. (2006).The large amount of this waste is still dumped every
year,which causes both economic and environmental problems such as high transportation cost, lack of
dumpingsite,andaccumulationofhighorganiccontentmaterial . Therefore,moreeffectiveandsustainablealternativesf
orusingorangepeelwastes(Wikandarietal.,2015; GrohmannandBaldwin,1992; Marmnetal.,2007).

Rose is well known plant for aroma production and has number of industrial uses.2-phenylalcohols are one
ofthemostimportantaromaticalcoholstogiveroselikeAromainfoodproducts. Thehigheralcoholsareproducedby
microbes during fermentation from a-keto acids, by degrading amino acid via “Ehrlich pathway” (Styger etal.,
2011).Natural flavours are important quality molecules in a wide range of products like food,
cosmetics,beveragesandpharmaceuticals.Nowadays,mostofthemoriginatefromchemicalsynthesisorextractionfrom
plants (Carlquist et al., 2014). The 2-phenylethanol (2-PE) aromatic alcohol, with a global production
equalingabout 10000 tons per year (Hua and Xu, 2011), is one of the most significant volatile
substances.Naturalflavours are important quality molecules in a wide range of products like food, cosmetics,
beverages
andpharmaceuticals.Nowadays,mostofthemoriginatefromchemicalsynthesisorextractionfromplants(Carlquist et
al., 2014). The 2-phenylethanol (2-PE) aromatic alcohol, with a global production equaling about10000tons
peryear (Huaand Xu,2011),is oneofthemostsignificantvolatilesubstances.
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l. INTRODUCTION:

Orange fruit contain 70% to 90% water concentration. Orange like citrus fruits are excellent source of
vitaminC, A and B, fiber (pectin, cellulose, hemicelluloses& lignin.), minerals (likepotassium and calcium)
anti-
oxidantcompoundslikephenolicandcarotenoids(Arnarson,2019).Citrusprocessingindustrygeneratestoneofwastean
nually (salma and Ibrahim, 2018). India Produce 25 lakh tonnes of orange every year. Orange peel is aprimary
waste in production of orange juice so the waste is accumulated in bulk and make environmentalproblems.
(Gotmare and Gade, 2018 ) The concentrations of total aldehydes increasewith fruit maturity butdeclines with
over-maturity.Citric acid is one of the most important organic acids. The citrus peels
containcyclicmonoterpenelimonene.Limoneneis themajorcomponentin theoilofcitruspeel.Inorangeoilgreater
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than 90% D-limonene are present. The D-limonene, occurring common in nature as the fragrance of
orange,useasaflavoring  agentinfoodmanufacturing,incosmetic,andinpharmaceuticaltheycanhidetheunpleasant
tastesofdrug.Mantzouridouetal.(2015)usedSaccharomycescerevisiaeforsolidstatefermentation of orange peel
waste to produce yeast flavour and other valuable chemicals. They obtainedmaximum volatile aroma esters and
total polyphenols, respectively, from fermented orange peel. The largeamount of this waste is still dumped
every year, which causes both economic and environmental problemssuch as high transportation cost, lack of
dumping site, and accumulation of high organic content material. Therefore, more effective and sustainable
alternatives for using orange peel wastes( Wikandariet al., 2015;Grohmann and Baldwin, 1992; Marinet al.,
2007).Rose is well known plant for aroma production and
hasnumberofindustrialuses.Roseshavemanyindustrialusesalongwithitsantimicrobialproperties.Mostlyrosesare
used in cosmetic products. Rose has sweet, pleasurable smell, which is favourable by a lot of people mostof the
people prefer the smell of rose has most recognised and popular aroma in the world. Essential oil ofrose is quite
expensive, but has major uses in pharmaceutical and medical. It is also used to cure chronicinsomnia (Jane,
2015)Quality of sleep is important during pregnancy and can be improved by changing sleepenvironment both
internally and externally. Rose petals, stem, route, leaves all of them have their ownproperties and are useful in
many ways. Many microorganisms are found from rose plant; they are known asendophytic organisms.Rose
plant has been studied withrespect to its endophyticfungi characteristics.(Catalina et al., 2007). There are many
other products that can be produced by rose, such as dye,
cosmetics,essentialoils,perfumes,jam,aromaticproducts,andmedicines.Inmanyfermentedfoodproducts,2phenyl
ethanol and 2-phenyl acetate are responsible for rose like smell. 2-phenylethanol (2-PE) has
highestindustrialvalueforitsroselikesmellwhichismostlyusedincosmeticindustries.Somemicrobialtransformationp
rocessesarealsoabletoproduce2-PEbutitsyieldislimitedduetostressoforganicsolventson microorganisms. 2- PE
can naturally obtain from flowers like rose, but the extraction method is costly.Market price of naturally
produced 2-PE is 1000$/kg whereas, chemically production of 2-PE cost 5$/kg,therefor2-PEbio-
productionhasgetmoreattention(Xinyaoetal.,2016).Therearebundleofmicroorganismsare  present which can
produce 2-PE, such as bacteria, Fungi, and yeast (Masuo et al., 2015 and Gathins et al.,2015).

. PROPOSEDMETHODOLOGY
CHEMISTRYOFORANGEPEELS:
Orange Peels are receiving great attention for their high concentration of limonene. This compound is a
cyclicmonoterpene(C10H16),presentingtwodifferentopticalisomers:Limonene&L-limonene.Anin-
situproduction of enzymes for recovery of oil from the orange peels is very attractive.The methods employ
eithersubmerged fermentation or solid-state fermentation (SSF), the latter being more common. In this study,
solidstate fermentation of fresh orange peels by Aspergillus sp. to extract extra-cellular enzymes and orange
peeloilarenotedandtheeffectofmethodsoforangepeelsterilization,importanceofselectionofthefermentationstrain,ext
ernalnitrogensource,andparticlesizeofthepeelsarealsostudied(Labrath&Gaikar,2020).

CHEMISTRYOFROSEPETALS:
In1913,itwasobtainedthefirstpatentintheUnitedStatesforamethodofproducingcitricacidbyAspergillusniger in
sugar solutions (Soccol et al., 2006).2-Phenylethanol(2-PE) is an important flavor and
fragrancecompoundwitharose-likeodour. Thenatural2-
phenylethanolismainlyextractedfromrosepetalsthatinvolveahigh-cost
process.SpecificstrainsofyeastlikeSaccharomycescerevisiag,Hansenulaanomalaarealsocapableofproducingarom
acompoundsbybioconversionof2-phenylalanineinto2-phenylethanol(Starketal.,2002).

SUBSTRATE:

Sweet oranges and red roses were used as a sample for the isolation of microorganisms, which was
collectedfromthedifferentregions.Y eastwasisolatedfromslightlyrottensweetorangepeelswhichwasleftintheairtight
plasticbagfortwodaysandthenweresoakedinsteriledistilledwaterfor3hoursbeforeusedasprimarysample.Fungiwasi
solatedfrom rosepetalswhichwasleftintheopenfortwodays

and then soaked in sterile distilled water for another 3 hours. orange presswasobtained from a
citrusprocessingfruitusingFMCjuiceextractors(FMCCorporation,
Floridadivision,LakeladFL,USA).Theliquorwascentrifugedat2100gmfor10minandthesupernatantwas
usedasthefermentationmedium.

CULTURES:
Orangepeelandrosepetalswerecutintosmallpiecesusingsterilescalpelandplacedintodistilledwaterseparatelyforthre
ehours.Afterserialdilutionofsample, it

wasthenspreadontodifferentagarplatessuchasGY Eagarplateforyeast,sabouraud’sagarplateforfungi.Orangepeelsa
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mpleandrosepetalssamplewerespread on GYE agar plate and sabouraud’s agar plate respectively. All the plates
were incubated for 24-Hours.Thecitricacid-
producingstrainsofAspergillusnigerNRRL567andNRRL599wereobtainedfromtheCAB InternationalMycological
Institute

(Surrey,Uk)andthestrainNRRL567fromthe AmericanTypeCultureCollection(Rockville, MD,USA).Eachculturew
asgrownonpotatodextroseagarslants(Merck)for5days.ASpore inoculum was prepared by adding 7 ml of
sterilized distilled water to each slant and shaking vigorouslyforimin.

1. FERMENTATIONMEDIUM
The PH of the OPL medium was adjusted to 3.0-6.2 with concentrated hydrochloric acid prior to
sterilization. Themedium100gwasdispensedinto250mlErlenmeyerflasks. Theflaskswereautoclavedat20min.Eachfl
askwasinoculatedwith0.4mloftheinoculum.Methanol(0,20,40,60ml)wasaddedandflaskswereincubated200rpm. Al
Isampleswere preparedintriplicate.

ANALYTICALMETHODS:

GC MS assay method for 2-phenylethanol headspace was analyzed using a gas chromatography with
Adgilenttechnologies technology with a capillary column HP-5. Citric acid and phenyl ethanol levels in the
experimentsweredeterminedbystudyingthekineticprofileofcitricacidproductionusingaHPLCandThinlayerchroma
tography. Sweet oranges and red roses were used as a sample for the isolation of microorganisms.Orange peel
sample and rose petals sample were spread on GYEagar plate and sabouraud’s agar platerespectively. All the
plates were incubated for 24-hour at 37°C. After incubation for 24 hours at 37°C all theplates were observed
carefully for their colony characteristics. After identification of microorganisms twodifferent fermentation
broths  were  prepared.Fruit  waste  fermentation  broth  with  yeast extract in 100
mlwaterwithorangepeelpowderasrawmaterialwaspreparedforthefermentationofcitricacidandlimonene.Floral
waste fermentation broth with yeast extract in 100 ml water with fresh rose petals as raw material
waspreparedforthefermentationofB-phenyl  ethanol.lsolatedyeast,fungiandcyanobacteriawereinoculatedinboth
kind of fermentation broths separately and were incubated at 37°C for five days. Determination ofdifferent
product was performed after every 24 hours and result were noted. Titration method is used
todeterminetheamountofalcoholinfermentationbroth. Thisiswidelyusedmethod.Citricacidestimationwascarriedout
usingacid-basedtitrationmethod. Thereasonweusedtitrimetricmethodwasbecauseitissimple,accurate, rapid and
cost-effective  method and can be carried out in any simple laboratory. Oil recovery
andestimationisquitedifficultmethodandlimoneneisaterpenewhichmakesitmoredifficulttoanalyses.Bromatetitratio
n method is very easy to handle and give accurate results. B-phenyl ethanol can easily vaporize in
theairanddifficulttokeepwithoutalittlecoldtemperature.Weusedice-
bathtokeepitcoolduringtheestimationprocess.Forstandard,extractofrosepetalswasused.estimationandextractionofp
roductsinalcohol,phenol,citric acid, limonene. Phytochemical analysis in Carbohydrate test in blue precipitate,
Tannins test in greenishblue, Saponins test foam production, Glycoside test red and blue separate layers,
Flavonoid test yellowishorange,Alkaloidtestinred-browncolor.

IV. DETERMINATION

ALCOHOL:

Alcohol is one of the main contents produces during fermentation. Titration method is used to determine
theamount of alcohol in fermentation broth. This is widely used method.Alcohol is calculated using
alcoholstandardcurve.Theprocessstartswithlmlaliquottakingintesttube.4mLdistilledwaterwasaddedwith10ml  of
0.2N K2Cr207. Tubes were incubated in boiling water-bath for 30 min. After incubation and cooling itdown to
the room temperature 20% KI (4 ml) was added and mixed thoroughly. Solution was titrated
against0.1NNa2S20a3tillthecolourchangetowinered,thenfewdropsofl%starchwasaddedandcolourturnedtobluish-
green which was again titrated against 0.1N Na2S203 till the colour change to light blue. Value of B-Ewas
calculated andplottedingraph(ShindeandPatil,2016).

PHENOL.:

The Folin-Ciocalteu method is described in various pharmacopeia for determination of phenolic
compounds.Blue colour is formed during the reaction because of phosphotungstic-phosphomolibdenum
complex, wherethe maximum absorption depends on the concentration of phenolic compound. TheFolin-
Ciocalteu was
usedtoperformphenolestimationtest. Forthereferencechemicalstandard,stocksolutionofgallicacid(20ug/ml) prepar
ed in distilled water was used, and for the test sample, incubated fermentation broths were used withundiluted
and 1:10 diluted sample.1 mL of each solution was transferred to separate tubes containing 1 mLFolin-
Ciocalteureagent. Allthetubeswerekeptatroomtemperaturefor3minandthen10%Na2CO3(10mL)was added. Tubes
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were incubated for 30 min at room temperature. After incubation samples were analyse inUV-Vis
spectrophotometer forabsorbance at740nm,waterwasusedas blank.
(Melloetal.,2013)

CITRICACID:

Citric acid estimation was carried out using acid-based titration method.The reason we used
titrimetricmethodwasbecauseitissimple,accurate,rapidandcost-
effectivemethodandcanbecarriedoutinanysimplelaboratory. Sample was collected from fermentation broth by
directly filter it and then centrifuge the sampleat 1000 rpm for 5min. For standard, citric acid was directly
extracted out from orange peel, and
differentconcentrationswerepreparedandanalyzed.First20mLsamplewastakeninflaskandfewdropsofphenolphthal
ein indicator was added. Solution was titrated using 0.1N NaOH solution. Final observation wascolour change
from colorless to pink indicates the presence of citric acid. Final volume of NaOH was noteddown. (Eidetal.,
2014)

LIMONENE:
Oilrecoveryandestimationisquitedifficultmethodandlimoneneisaterpenewhichmakesitmoredifficulttoanalyse.Bro
matetitrationmethodisveryeasytohandleandgiveaccurateresults. Titrationmethod:
Anemptyglassbottlewasweighedonweighingmachine.5mLfermentationbrothwastakeninbottleandwasweighagain
,then15mL2-propanol

wasaddedandweighagain,andthesolutiontransferredintoflask. Then10mLmethylorangeindicatorpreparedinHClwa
saddedandtitratedagainst0.1Npotassiumbromide-bromate solution till the colour changed to yellowish- orange.
Standard was performed using extract fromorangepeel. Amountoflimonenewascalculatedusing simpleformulaas
follows:

Amountoflimonene=(0.0034)(Bn)(100)(An+En)/(W)(En)Where,

0.0034=0.1NKBrO3/KBr

Bn=Voloftitrantused(B—Evalue)

En=Weightofemulsion(Eg-Ag)
Eg=Weightofbottle+alcohol+sampleAg=Weightofbottle +alcohol
An= Weight of alcohol (Ag - T)T=weightofbottle

W= Weight of alcohol emulsion (Eg - T)(Scottetal.,1966)

B-PHENYLETHANOL:

B-phenyl ethanolcaneasilyvaporizeintheairanddifficulttokeepwithoutalittlecoldtemperature. Weusedice-bath  to
keep it cool during the estimation process. For standard, extract of rose petals was used.In
thiscolorimetricmethod5mL fermentationbrothwastakenintotheflaskwith10%solutionofKNO3inH2SO4(2mL).
Flask was then placed into ice-bath for 30 min and then transferred into water-bath for another 30
min.Letitcooland4mLNH40Hand9mLH20wasadded, mixedwell. Absorbancewasmeasuredat540nm(McFarlanea
ndThompson.,1964)

V. APPLICATION

Traditionally, (+)-limonene is used as a flavoring compound in citrus-flavored products such as soft
drinksandcandyandasafragranceingredientin householdcleaningproductsandperfumes(Duetz etal.,2003).
Asaflavourandfragranceingredient,limonenehasarelativelyhighpricebecauseofthe quality requirementsin this
field. For this application, chirality is important. (+) Limonene (also called R- or d-limonene) has apleasant,
orange-like odor whereas the (—) form (also called S- or I-limonene) has a harsher turpentine-likeodor
(Friedman and Miller, 1971). Limonene has minor applications in other products. For example, it is
usedasinsecticide(Ciriminnaetal.,2014)andisbeinginvestigatedformedicalapplicationsduetoitsantimicrobialandan
ti-cancer properties(Inouyeetal.,2001;Milleretal., 2010)

Citricacidmainlyusedinfoodindustry,pharmaceuticals,chemicalindustry,cosmetics,printings,foodpreservative,
electro pickling, copper plating, beverage & others. Some specific applications are given below(Soccol,2003;
Pandeyetal.,2001; VVandenberghe,1999;Grewal,1995).

1. Citricacidmonohydrateiswidelyusedasorganicacid&pHcontrolagent,flavouringandpreservativeinfoodpr
oductionlikeascandy,cookies,biscuits,jams,jellies,snacks,instantfoodsandsauces.

2. It is used as acidity regulator and antioxidant in beverage such as alcoholic beverage, carbonated soft
drink,syrups,juice drinks, tea&coffee, ice-cream,sports&energydrink.

3. Itcanbeusedinthrombininhibitorandfungicideinpharmaceutical.
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Anti-Infective Agents, 2-phenylethanol on humans and other animals that destroy harmful microorganisms
orinhibit their activity. They are distinguished from disinfectants, which are used on inanimate objects. Use
asPreservatives,inpharmaceuticalpreparationstoprotectthem

fromchemicalchangeormicrobialaction. Theyincludeanti-bacterialagents andantioxidants(Corre,1990).

VI. CONCLUSION
In1913,itwasobtainedthefirstpatentintheUnitedStatesforamethodofproducingcitricacidbyAspergillusniger in
sugar solutions (Soccol et al., 2006). Orange peel was employed in this work as raw material for
theproductionofcitricacid(CA)bysolid-statefermentation(SSF)ofAspergillusnigerCECT -
2090(ATCC9142,NRRL599)inErlenmeyerflasks(Tornadoetal.,2011).Microbialproductionofcitric
acidandlimoneneusingorangepeelpowderandfB-phenyl
ethanolusingrosepetalshaveshowngreatamountofproductionbyyeastSaccharomyces sp., fungi Aspergillus sp.
Microbial production of citric acid, limonene, 2-phenylethanolhasbeen carried out successfully using various
method, still confirmanalysis using GC-MS or FTIR or TLC isnecessary. Even though, it is quite difficult to
workthe microorganisms we used gave quite the satisfactoryresults. Microbial production of citric acid,

limonene,2-phenylethanol has been carried out successfully
usingvariousmethod.Infutureaspectsgeneticanalysisofmicroorganisms,anti-fungal &anti-
bacterial. Themediumusedthroughoutthisstudycontainedtotalsugarsasglucose: fructose:

sucroseratioof1.0;0.8;0.7,respectively.
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