Available online at www.scholar sresear chlibrary.com

Q\(\a(ma(‘/;s(
Scholars Research Library Qq‘;A«"bA%
Scholars Research . * k@# r:
Der Pharmacia Lettre, 2016, 8 (20):129-136 * V« <4
. (http://scholarsresearchlibrary.com/ar chive.html) 4
Library

I SSN 0975-5071
USA CODEN: DPLEB4

Evaluation of antioxidant and antimicrobial activitiesin vitro of different
citrus peels and combinations ther eof

Parna Das Sar ma’, Sauryya Bhattacharyya®’, Santanu M aitra® and Chandan Rai?®

!Department of Food & Nutrition, Ramakrishna Vivestada Mission Sarada Ma Girls
College, Barasat, Kolkata, PIN 700126, India.
“Department of Microbiology, Ramakrishna Missionyéichandira, Belur, Howrah, PIN
711202, India,

ABSTRACT

The present study delineates antioxidant and aotbial activities of agueous extracts of peel€idfus sinensis
(orange), Citrus limon (lemon) and Citrus maximairgpnelo), individually or in binary combinationsy fefficient

combat against detrimental principles like free icds and microbes. The antioxidant assays perfdriwere

DPPH radical decolorization assay, ferric reduciagtioxidant potential assay, hydroxyl radical scagieg assay
and estimation of bioactive principles like totalyphenols and ascorbic acid. Antimicrobial aciies were done
against common food borne pathogens like Bacilkrews, Escherichia coli, Staphylococcus aureusi@edsiella

pneumoniae. The major conclusions arising out ftbenstudy was that orange peel extract showed prostising

activity in the experimental parameters. Orangelpae combination with the pummelo peel, showed rtizest

effectual activity amongst the binary combinatiofise study also indicated that both hydrogen atowh @ectron
transfer occur during the antioxidant activity tetbinary combination of orange and pummelo peghets which

delivered its’ most potent activity. Although adzioracid one of the most important bioactives trfusi species, it
did not play crucial role in the pharmacognostidigities of the extracts. On the other hand, binegynbination of
orange and lemon peel extract showed most promiagtiyity against Staphylococcus aureus. A synergigas

also observed in the bacteriostatic activity agaeisthe food borne microorganisms.

Keywords: Orange, lemon, pummelo, peel, antioxidant, antiotiial.

INTRODUCTION

Fruits and vegetables are considered to be an tamgqgpart of diet in the tropical countries. Besidleeir delicious
taste and flavor, they are known to reduce riskseferal chronic and fatal diseases like cerebraNasc
cardiovascular and certain types of cancers dufdégresence of a number of phytochemicals [1-8\weler,
fruits and vegetables wastes and their by-prodaretigormed in great amounts during consumptiorouskholds as
well as processing in food industries [4]. Fruitgmpducts like peels could produce serious healbblpms as they
turn into bad odor, dwelling to insects and germd also could produce soil pollution [5]. It wapoeted that peels
of orange represent between 50 to 65% of the weigiith are discarded as by-product [6]. Some attemere
made to use these residues as livestock feeduglththey have very low nutritional value [7]. Oretbther hand,
extracts of peels were found to possess quite adiog radical scavenging and antimicrobial ab#iti-10].
Antimicrobial activity of the peel extracts is ditly linked with the components thereof like es&#noils,
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terpenoids and phenolic acids and esters [11]. tidise informations led to carry out extensive aegees
worldwide to utilize these wastes.

The genus Citrus belongs to the family Rutaceaeigamative to tropical and subtropical areas intBeast Asia.
The citrus plants are grown worldwide and ranks itopvorld trade among the fruits trees. The citpegls are
divided into epicarp or flavedo and mesocarp oedtb The flavedo is colored and is the outer madtase of the
peel whereas the albedo is the white, soft inngarlaf the peel. The citrus peels contain high tjaof phenolic

compounds including several flavonoid compound® @itrus peel extracts and essential oils are kntmaexhibit

various biological activities such as antimicrokaald antioxidant activities [12]. The peelsQifrus fruits are rich

sources of flavonoid glycosides, coumarifsandy-sitosterol, glycosides and volatile oils [13]. Jhalso contain
fibers, polyphenols and especially vitamin C, whi@n act as a cure in vitamin C deficiencies [1d4]general,

peels contain a higher concentration of antioxidautistances than the flesh of the fruit [15]. Remdreds of years,
herbalists trained in Traditional Chinese Medic{T€€M) have used orange peel to improve digestiefieve

intestinal gas and bloating, and resolve phlegnh [16

There are severditrus fruits consumed as food, e@itrus limon(lemon),Citrus aurantium(bitter orange)Citrus
limetta (sweet lemon)Citrus jambhiri (Rough lemon) ancCitrus paradise(grape fruit), and majority of them
showed very good antioxidant activities [17]. Ire tindian perspectiveCitrus sinensigorange) andCitrus limon
(lemon) are two very important fruits consumed WdeA body of recent research has been focusinghen
pharmacognostic evaluation of the peels on varaspects of well-being. Due to the low cost and easylability
of peels, they are now regarded as potential sdorcgevelopment of nutraceuticals capable of @ffgisignificant
low-cost dietary supplements, although they arallgdiscarded as waste in the environment [18jticat study of
recent literature indicated that antioxidant andinaierobial studies with citrus peels are usuallgnd after
extraction with organic solvents, which sometimaghthproduce toxic materials [19]. Extraction witater, the
universal solvent could nullify any toxic effect ithe extract that could interfere with the outcowmfethe
experiments. In light of the above discussion, phesent study was undertaken to evaluate the adiox and
antimicrobial potential of the aqueous extractp@éls ofCitrus sinensigorange) Citrus limon(lemon) andCitrus
maxima(pummelo), individually or in binary combinatiors that an ideal product would be achieved frorstava
materials having all necessary ingredients neededefficient combat against detrimental principldse free
radicals and microbes. Moreover, the study was ghlyhthe first to adjudicate the efficacy of thaiaqus extracts
of the peels, alone or in combination, against fboche pathogens.

MATERIAL AND METHODS

Chemicals

2,2-Diphenyt1-picryl hydrazyl (DPPH) were obtained from Himediaglia. Analytical grade of 2-Deoxy-D-ribose
was obtained from Loba Chemie; thiobarbituric ad@i@A), ascorbic acid, gallic acid, Folin-Ciocaltésusolution,
sodium hydroxide and sodium carbonate were obtdioad Merck, India. Muller Hinton Agar was purchdsfeom
HiMedia. All other reagents and chemicals used vedranalytical grade procured from local sourcesiobized
distilled water was used in the entire study.

Preparation of samples

The samples were procured from local markets ofagatr Kolkata. The samples were checked for diraror
visible damages prior to the study. Such sample® wiscarded. 5 gms each of the samples were tak&d ml
double distilled water, separately, for the prepanaof extract. After extraction, the samples weeatrifuged at
8000 rpm for 5 mins. The clear supernatants weee fi3rin vitro antioxidant and antimicrobial assays. In case of
the binary combinations of the peels, they werertak 1:1 w/w ratio. The peel extracts were dedigghas follows

— Orange — OR, Lemon — LM, Pummelo — PM, Orangesman — OL, Lemon + Pummelo — LP and Pummelo +
Orange — PO.

DPPH radical decolorization assay

The DPPH assay was performed using a previouslgritbesl procedure [20]. 1 ml DPPH solution (0.1 mivBs
mixed with 0.5 ml sample solution and the decreéassbsorbance of the mixture after 20 minutes ofibation in
the dark was monitored at 517 nm in a Systroniestspphotometer (model — 2202). The concentratiah ¢auses

a decrease in the absorbance of initial oxidant§a%¢ is defined as kg of the samples. Gallic acid was used as
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positive control and comparing with its’ 4§£and the results were expressed as Gallic acidalgmits (LM/gm fresh
leaves).

Ferric reducing antioxidant power (FRAP)

Ferric reducing potentials of the samples weremedtd with a previously established procedure witinor
modifications [21]. Briefly, a maximum of 100 ul ektract solution or standard was mixed with 1.9 oflFRAP
reagent and incubated at’87for 30 mins. FRAP reagent was prepared by migirigM acetate buffer (pH 3.6), 10
mM TPTZ solution and 20 mM FegLsolution. After the stipulated time period, absorbe was measured at 593
nm in a UV-Vis spectrophotometer (model — Systreri202). Gallic acid is used as standard. Resrédtexpressed
as Gallic acid equivalents (GAE).

Estimation of total phenolics content

Total phenolic compound contents were determinedhieyFolin-Ciocalteau method [22]. The samples (@lb

were mixed with Folin-Ciocalteau reagent (5 ml,LdfO diluted sample with distilled water) for 5 mand aqueous
sodium carbonate (4 ml, 1 M) was then added. Tleralance of the reaction mixture was then measatréd5 nm

in a UV-Vis spectrophotometer (model — Systroni@®2). Gallic acid was used as standard. The reswdte

expressed in terms of pg gallic acid equivalentfigreh leaves.

Estimation of ascorbic acid content

Ascorbic acid contents of the samples were estihateh a previously described procedure with minor
modifications [23]. Briefly, a maximum of 100 plmple (or standard) was mixed with 400 pl 5% metaphoric
acid solution. Then another 500 pl of 10% metaphosgp acid solution was added followed by 300 pkitfate
buffer (pH 4.15) and 300 ul of 2,6-DCP-IP solutioAbsorbance was read at 520 nm in a UV-Vis
spectrophotometer (model — Systronics 2202) afteirl

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging potentials of the saaplvere estimated with a previously described phaeewith
minor modifications [21]. Briefly, 10 mM each of £6,.7H,0, EDTA, 2-deoxy-D-ribose and B, solutions were
prepared in water. 0.2 ml each of above four adn@l. sample and/or standard solution was mixed tesatube
and incubated at 3 for 90 mins. HO, solution was added last. After the incubation, |10fr2.8% (w/v) aqueous
TCA solution and 1 ml of 1% (w/v) aqueous TBA s@uatwere added to the reaction mixture and kefiitoding
water bath for 20 mins. Development of the pink ochophore was measured at 532 nm in a UV-Vis
spectrophotometer (model — Systronics 2202). Gatlid is used as standard. Results were express8dlkc acid
equivalents (GAE).

Antibacterial Activity Assay

The bacterial strains used in this study inclu@etillus cereugMTCC 1272),Escherichia coliMTCC 1610),
Staphylococcus aureMTCC 9542) andKlebsiella pneumoniaéMTCC 9544). The strains were obtained from
IMTECH, Chandigarh, India and preserved at Depantnoé Microbiology, Ramakrishna Mission Vidyamaralir
The antibacterial activity was measured by agat diflsion method. Each bacterial isolates was/jgsly grown
on sterile Muller Hinton Agar (HiMedia M173) plase 35°C for 24 hours. Single colony of each ofitdates was
grown in Muller Hinton broth (HiMedia M391) for 3olrs at 35°C. After that, each of the isolates imasulated
with 10Qul of standardized inoculums of each bacterium fjplitates) and spread with sterile cotton swabslI®V
are 6 mm sizes were made with sterile borer intr ptates containing the bacterial inoculums. Dédfe working
dilutions of extracts of orange peels, pummelo fdemon peels and their mixtures [(orange pealmrpel peels),
(pummel peels + lemon peels), (orange peels +lepaats)] were prepared in sterile water. For thogeaet, 25
mg/ml, 50mg/ml, 100mg/ml and 200mg/ml dilutions egrepared. From these different dilutionsuls€blution
was poured into the wells of the respective culpleges. The plates thus prepared were left at reonperature for
ten minutes allowing the diffusion of the extrattioi the agar. After incubation for 24 hours at@%he plates were
observed. If antibacterial activity was presenttlom plates, it was indicated by an inhibition zeuerounding the
well containing the different dilutions of extraahd nanoparticles. The zone of inhibition was messland
expressed in millimetres. Antibacterial activity sveecorded if the zone of inhibition was greatemtl® mm. The
antibacterial activity results were expressed immtef the diameter of zone of inhibition and <9mune was
considered as inactive; 9-12mm as partially actiwigije13-18mm as active and >18mm as very activé. [2
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RESULTSAND DISCUSSION

DPPH radical decolorization assay

DPPH assay was used to determine the scavengiegtjabtof antioxidant extracts based on their céjpi@ls as

hydrogen donor in tandem with electron transfere Tésults of DPPH radical scavenging assay of<ipeels and
their combinations showed that peel extract of geawas the best among the individual peel extrabts GAE

value being more than twice with respect to theotivo peel extracts (Fig. 1). Among the binary bomations, PO
showed the highest potential, probably due to tmribution of the orange peel bioactives.
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Fig. 1: DPPH radical scavenging activities of the peel extractsand their binary combinations. Results ar e expressed as gallic acid
equivalent (GAE). All theresults are mean of three values.

Ferric reducing antioxidant power (FRAP)

In this assay, the reduction power of the sampkeaets were indicated by their abilities to tramsééectrons
towards the FRAP reagent. The result showed treatger peel extract scored well over the others dauartheir

reducing abilities (Fig. 2). Among the binary comdttions, PO showed the highest potential, probebby to the
contribution of the orange peel bioactives. It s observed that the GAE values for the extraet® more than
their DPPH scavenging values, clearly indicatingt thlectron transfer to be the foremost phenomenahtir

antioxidant potentials.
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Fig. 2: Ferricreducing potential (FRAP) of the peel extractsand their binary combinations. Results ar e expressed asgallic acid
equivalent (GAE). All theresults are mean of three values.
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Total phenolics content

Total phenolic contents of the three citrus peelemys extracts and their binary combinations consuonate with
their reducing abilities as depicted in Fig. 3. Thsult showed that orange peel extract scored avelt the others
regarding their phenolic contents. Among the binasgnbinations, PO showed the highest potentialbaisty due
to the contribution of the orange peel bioactivesvas discussed earlier.
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Fig. 3: Total phenolic contents of the peel extractsand their binary combinations. Results ar e expressed asgallic acid equivalent (GAE).
All theresults are mean of three values.

Estimation of ascorbic acid content

The results this showed that peel extract of oramge the best among the individual peel extradtepagh the
content of the Pummelo extract was very close @#igAmong the binary combinations, all of themwhkd similar
contents. These results clearly suggest that redymbwer of the extracts were not dependent upem #scorbic
acid contents solely, but also to the other polyofie bioactives.

(o] L P oL LP PO

Fig. 4: Ascorbic acid contents of the peel extractsand their binary combinations. Results ar e expr essed as mg ascor bic acid/ml aqueous
extract. All theresults are mean of three values.
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Hydroxyl Radical Scavenging assay

The scavenging activity for the most deleteriowdiaa was highest for pummelo peel extract (Fig.L®mon peel
extract showed very poor scavenging potential. H@yeamong the binary combinations, OL showed figbdst
potential, although they were not better with respe pummelo individually. This might be due torsmsynergism
between the two peel extracts.
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Fig. 5: Hydroxyl radical scavenging activities of the peel extractsand their binary combinations. Results are expressed asgallic acid
equivalent (GAE). All theresults are mean of three values.

Table 1: Bacteriostatic activities of the peel extractsand their binary combinations.

Sample| Concentration of the extragts Diameter of zone of inhibition
(ng/ml) (mm)
S.aureus| E.coli B.cereuys K.pneumonjae
(¢} 25 - - 9 10
50 11 - 12 12
100 13 12 14 15
200 14 14 16 16
L 25 9 - - -
50 11 - 12 -
100 14 9 14 -
200 16 12 15 10
P 25 - - - -
50 10 - 9 -
100 11 10 11 9
200 13 11 14 11
oL 25 14 - -
50 16 10 13 -
100 18 14 15 -
200 22 16 18 14
LP 25 - - 10 -
50 13 - 13 -
100 16 10 15 10
200 18 14 16 12
PO 25 10 - - -
50 14 - 12 10
100 18 8 16 14
20C 20 12 18 16

Antibacterial Activity Assay

The antibacterial properties of extracts of pedl®mange, pummelo and lemon, and their binary comions
against four common food borne bacteria were asdegsantitatively by determining the diameter dfiliition
zones as shown in Table 1. All individual peels@stis and their mixtures in concentrations of 2g0ml showed
significant inhibition towards all the selected tmi@ (both gram-positive and gram-negative). Amahe
individual peel extracts, orange peel extract sltbmaximum effectiveness against all selected bactdmong the
binary combinations, PO showed the highest poterdgain probably due to the contribution of tharae peel
bioactives. The study also indicated that the aidant principles of orange peel extracts were \&etive against
food borne micro-biota. It can also be seen fromttble that the zone of inhibition for the binagmbinations
were greater than the average of the individuakezahinhibitions of the components. This clearldioated that
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there might be some synergism between the two coeris, probably due to combination of potent biwact
principles obtained from the individual extracts.

CONCLUSION

The present study elaborated comparison of thexddtnt and antimicrobial activities of peel extsaof Citrus
sinensis(orange),Citrus limon (lemon) andCitrus maxima(pummelo), individually or in binary combinations,
achieve an ideal extract for efficient combat agaidetrimental principles like free radicals andcimbes. The
major conclusions arising out from the study weet thrange peel extract showed most promising agtimi the
experimental parameters. Orange peel, in combimatith the pummelo peel, showed the most effechativity
amongst the binary combinations. The study alsicated that both hydrogen atom and electron transfeur
during the antioxidant activity of the binary coméfion of orange and pummelo peel extract, whidiveled its’
most potent activity. Although ascorbic acid oneted most important bioactives of citrus specieslid not play
crucial role in the pharmacognostic activities lod extracts. On the other hand, binary combinatfoorange and
lemon peel extract showed most promising activifgiastStaphylococcus aureulls’ bacteriostatic activity against
Bacillus cereusvas identical at the highest concentration uskedrly indicating its’ potential role against theofl
borne microorganisms. Apart from orange peel ekttheir activities againlebsiella pneumoniavere not very
prominent.
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