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ABSTRACT

Recently, many studies have been oriented towards improving methods and efficiency of recovery from different fruit
industry wastes. The investigations carried out were mainly aimed at evaluating Pectin content, Protease activity,
Protein Levels , antioxidant potential and melanin composition of air-dried medicinally significant domestic fruit
peels (Gooseberry (Phyllanthus emblica), Apple (Malus domestica), Redbanana (Musa Acuminata), Jujube
(Ziziphus Zizyphus), Papaya (Carica), Guava (Psidium), Avocado (Persea Americana), Watermelon (Citrullus
Lamatus), Muskmelon (Cucumis Melo), Kiwi fruit (Actinidia Delicosia), Orange (Citrus Limetta), Pineapple
(Ananas Comosus), Mango (Mangifera), Pomegranate (Punica Granatum), Sapota (Manilkara Zapota) and their
extracts. And a brief statistical analysis of the different parameters being estimated was carried out using a software
called Statistics Calculator.. In the experiments accomplished, the highest Protease activity was found in peel of
Jujube (2.61%) followed by Pineapple and Papaya Peels (1.84% and 1.58% respectively). Highest concentration
of protein was also found in Kiw peel (1.79%) where as the highest antioxidant concentration was observed in the
pedl of Gooseberry (2.39%). Also the maximum levels of melanin formation was noted in the peels of Mango peel
(2.19%).Highest Glucosinolate percentage concentration was found in Guava pedl (3.87%). Elevated levels of %
pectin was also noted in Papaya pedl (5.32%). We failed to reject the null hypothesis Hy for the Chi-square test of
independence with P value < 0.99 for different estimations made in the fruit peels to learn that the percentage
concentration values for Protein, Protease, Antioxidant, Melanin, Glucosinolate and Pectin are strictly independent
of each other.
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INTRODUCTION

The medicinal significance of fruits and their punots was known to mankind since times immemorialli]this
regard, numerous natural medicinally importanttfpeels have been evaluated for their Pectin conBrotease
activity, Protein Levels , Antioxidant potentialMelanin composition Glucosinolate constitution am$earch
outcomes have shown that having a better undeiistaathout waste products (i.e., fruit peels) frpracessing of
agricultural commodities could offer practical aadonomic ways of their better usage. Peels alsengally
contribute to the total weight of the fruits andneén as the primary by-product in any of the fribduct based
industry. The manipulation of food processing waste now becoming a very serious environmentaleissu
present, these peels are mostly being discardedr@nbleing real sources of solid wastes at largerese. It is thus
significant and even essential to find the potgmiiaations for these peels.

13
Scholar Research Library



SaranyaChitturi et al Der Pharmacia Lettre, 2013, 5 (1):13-23

Fruit peels are an important source of bioactivengounds including Anti-oxidants, Proteins and Rectind just
about any further detail in their better analysie checking their Protease activity and Melaninteat will help us
in using these medicinally substantial byproduotsheir fullest potential or help us in establighimewer uses for
these peels rather than just using them as livedtmd. The main reasons behind taking up eadhesfe studies
includes the level of importance they carry in froietabolism, their molecular structure, biologjiaativity and

nutritional .properties and their medicinal sigcéiince i.e., their contribution towards health givproperties which
when properly capitalized on can lead us to thegt ipossible usage[2].

Overall protease activity in fruit peels:

Protease enzymes help in break down of proteinsy &lid in the process of digestion and metabolamd, also are
recognized to strengthen the immune system by impganflammation. Protease enzymes though causeel as
supplements and are added to certain foods, theyr awaturally in certain fruits. Therefore estimatithe overall
protease activity in the fruit skins and peels Wélp us in dealing with these wastes in a moréutsey(3].

Protein levels in fruit peels:

Proteins are critical sources of nitrogen as wslisulfur and are essential dietary constituert®yTare major
structural components that providing mechanicalpsupto the body known to be essence of life psees for
proper growth and development of all the livingrigg. Protein deficiency may lead to a number ofthesorders.
Although fruits are not major sources of proteincampared to other dietary supplements. Knowledgmnding
peels as source of protein deposits will help uslésigning many economically useful projects likattof the
design of a single cell protein and help in theittér utilization.

Antioxidant potential of fruit peels:

Antioxidants succor oxidation processes in humadykas well as in food products. They occur in aladisedible
plant products forming a reliable part of nutritid?olyphenols being the most important groups tibaidants also
have several proven anticancer properties, andarepresent in fruits and vegetables. This stadyairticular was
therefore carried out to expose the antioxidanemtial of these medicinally significant fruit pddls

Melanin composition in fruit peels:

Browning of fruits and vegetables is a potentialgpem during their storage and handling which isntyadue to

the oxidizing process of phenolic substrates bygioénol oxidase. Browning mainly in fruits is a ofieal reaction
between catechol and oxygen whose product is Bemzoge, a brown compound toxic in nature to héamte
When the fruit peel suffers injury catechol relehsafeguards the fruit by reacting with with oxyffdn

These studies on melanin content of different foeels is significant because it can help in bettarketability and
extended shelf-life of many fruits, it also reduéest wastes by better utilization of peels anditfiskins. Shelf life
of these fruits can be extended by not letting @xygome in contact with injured regions[6].

Glucosinolate content in fruit peels:

Glucosinolateswhich are derivatives of glucose and amino acit$ ae known to contain nitrogen and sulfur
compounds formed as secondary metabolites mastiydf in the plant varieties related to Brassiacadamilie.
The well known theory for the usefulness of theiegence is that upon tissue damage plant defaechanism
becomes active to release compounds like isothitate, nitrile, thiocyanate upon hydrolysis renakgiit toxic to
herbivores and pathogens[7]. Therefore this guotsia estimations carried out in different fruitefseecan serve as
an important parameter which can contribute tdfole safety during different fruit product prodesstechniques.
Pectin content in fruit peels:

Pectin a polysaccharide finds extensive applioatio food as well as pharmaceutical industries ltsage ranges
from being a thickening or gelling agents in theddased industry to being a antidiarrhea, detmadion and blood
glucose lowering agent in the pharma industry. iRégstembodied with a linear backbone of d-galemtic acid
units and branched regions containing neutralrsudgased on the presence of into free or estérifigboxyl group
to the galacturonic acid , pectin can be classifitd high- and low- methoxyl types. Analysis ofrs® medicinally
important fruit peels for their pectin content ctrerefore lead to them being used as conventiooafces
manufacturing commercial pectin[8].
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MATERIALS OF METHODS

Preparation of fruit peel extracts:

Peels of 15 medicinally significant domestic fruwailable in Vellore district of South India Gobsery
(Phyllanthus emblica), Apple Malus domestica), Red bananaMusa Acuminata), Jujube Ziziphus Zizyphus),
Papaya Carica), Guava Psidium), Avocado Persea Americana), Watermelon Citrullus Lamatus), Muskmelon
(Cucumis Melo), Kiwi fruit (Actinidia Delicosia), Orange Citrus Limetta), Pineapple Ananas Comosus), Mango
(Mangifera), PomegranateP(inica Granatum),Sapota Kanilkara Zapota) were used in the investigation. These
fruits were gathered either directly from fruitgei vendors or were bought at local markets. Famgéxation only
healthy looking fruits were chosen ,and were waghed peeled and their peels were carefully separ#nd also
the peels obtained from the fruit juice vendorsemepeeled and washed to remove any amount euliiotions.
The peels were air dried for about a period of Ekvand ground to a fine powder and passed througtesh
sieve[9].

These powdered samples were later extracted witillell water at room temperature by filtering thémough
Whatman no.2 filter paper for removal of peel jges. In case of thicker peels the residue wasxteacted twice
under the same conditions to ensure complete é¢xnac

Protease Estimation:

15 test tubes with 3.8ml TCA were pipetted out &mdhese test tubes 20ml casein solution was addl2chl of
culture filterate of each fruit peel extract wasled into its respective test tube and marked araibiated at 37°C
for 1 hr. After this the test tubes were immediatieansferred to an ice box for 10min to stop teaction taking
place.The absorbance was read using a spectropéietioat 280nm.The percentage concentration of asetewas
estimated

Protein Estimation:

The Protein content in the fruit peels was edgithdy Lowry's method using a standard curve ofiBe Serum
Albumin (BSA) solution (20-100 Mg/ml) and O.D. atawelength of 660nm using double beam UV-Visible
spectrophotometer . And the percentage concentrafiprotein was estimated using standard graph.

Antioxidant Estimation:

Reducing power assay method was employed and efitfdruit extracts (2Q@/ml) were prepared and were
mixed with phosphate buffer and potassium ferrnigge. The mixture was incubated at 50°C for 20 t@suTo this
mixture, 2.5ml of 10% trichloro acetic acid (TCApw/added and the mixtures were centrifuged ab 3o for
10min. The upper layer of the solutions were mixéth distilled water and ferric chloride ancdethbsorbance
was measured at 700nm and percentage concentodtimtioxidants was determined.

Melanin Estimation:

For Master solution:

0.5g of peel extracts were taken into 15 test tures3ml of 1N HCI was added to each.This was fadid by the
addition of 2ml of 1IN NaOH to each of these teftl These test tubes were later stored in wateehat2°C for
10 minutes.

1ml of each of the master solutions were takém Ifb test tubes. 5ml of 1N HCI was added to eddhese test
tubes followed by the addition of 2ml 1N NaOH dhdse test tubes were then placed in a water aai##2°C for

10 minutes. 1ml of 1N HCI was added to these tdstd after they were taken out of the water bdtovied by the
addition of 1IN NaOH to each of them.Again theseeki tubes were kept in a waterbath at 72°Cl€ominutes

and were again cooled by placing in an ice box. Ahd absorbance was read at 700 nm and percentage
concentration was determined.

Glucosinolate Estimation assay:
All fruit peel extracts were added to 0.5g Ba@ith 5ml of distilled water and kept for incubati@nd the
absorbance was read at610 nm and the %concentvedi®estimated.
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Pectin assay

Estimation was done calorimetrically in which Gatlaonic acid and Carbazole in presence ¢8® , colour
developed was measured at 520 nm. The crude pafci®0 mg dissolved in 100 mL of 0.05 N of NaOH and
incubated for 30 min to de-esterify the pectin. Nitlv@ Carbazole reagent (0.1%) of 1ml following 1R khSO,
was added to the de-esterified pectin and was atedbfor 10 to 20 min to develop the colour and magsured at
520 nm in spectrophotometer. The % of pectin wimased from the standard graph.

The statistical analysis of these parameters estinia the fruit peels was done using a stasticfilvare called
Statistics Calculator[10].

RESULTS AND DISCUSSION

This study was mainly carried out to identify thepiortant components that could possibly assign stmeuses to
the fruit peel management rather than them beisgodied of as solid wastes or as feed for livestock.

In the experiments accomplished, the highest Pseteativity was found in peels of Jujube (2.61%lofeed by
Pineapple and Papaya Peels (1.84% and 1.58%ecteayy). Highest concentration of protein wasdisund in

the peels of Kiwi, Avocado and Papaya fruit pedls79%,1.57% andl1.55%respectively) where as theekigh
antioxidant concentration was observed in the pefelee of Gooseberry and Guava (2.39% and 1.89%h the
maximum levels of melanin formation was noted ia geels of Mango, Apple , Papaya and Water meld9¥2
,2.21%,1.63%, and1.92%).Highest Glucosinolate pegage concentration was found in Guava, Orange,
Pomegranate, and Pineapple peels (3.87%,2.91%,2.878b6 2.84% respectively). Elevated levels of %
concentration pectin were also noted in Papaya, kMeton and Pineapple peels(5.32%, 5.02%, and 4.95%
respectively).

Where as the lowest levels of Protease were fanrllomegranate and Watermelon peels (0.30% ari®4).2
Interestingly also lower Protein levels were alsmrfd noted in Pomegranate and watermelon (0.29% and
0.34%).Antioxidants concentrations was also lowerWatermelon and Avocado peels (0.08% each). Melani
concentration was low in Guava , Avocado (0.19%hgaGlucosinlate levels were found to be low in Appnd
Avocado peels (0.81% and 0.89%).Pectin % concénratas low in Apple and Sapota (0.83% and 1.53%)

Figure 1: Graph showing various parameters estimattin fruit peels
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Table 1.Estimation of Protease, Protein,AntioxidantMelanin, Glucosinolate and Pectin in different fuit peels

0 Frune;ératlon Protease| Protein| Antioxidant Melanin | Glucosinolate| Pectin
Guava 1.27 0.32 1.89 0.19 3.87 4.79
Apple 1.04 1.2€ 0.12 2.1¢ 0.81 0.8¢
Orange 0.64 0.57 0.9¢ 1.0¢ 2.91 3.2¢8
Pineapple 1.84 1.32 0.31 1.01 2.84 4.95
Gooseberry 0.99 0.83 2.39 0.88 2.36 3.96
Jujube 2.61 0.67 0.22 1.42 1.56 2.69
Avocado 0.54 1.57 0.08 0.19 0.89 3.21
Redbanan: 0.57 0.4¢ 0.2t 1.32 0.97 1.9¢
Water Melon 0.3C 0.2¢ 0.0¢ 1.92 1.6% 2.34
Mango 0.68 0.74 0.92 2.21 1.48 2.06
Papaya 1.58 1.55 0.72 1.63 1.43 5.32
Pomegranate 0.21 0.34 0.52 1.06 2.97 3.83
Muskmelon 1.27 1.37 0.73 0.59 1.73 5.02
Kiwi 1.00 1.79 0.14 0.89 1.53 211
SAPOTA 1.3¢ 1.17 0.3¢ 0.7¢ 1.2¢ 1.5%
Figure 2: Graph showing concentration of proteaseni various fruits
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Figure 3: Graph showing %concentration of Protein h various fruit peels
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Figure 4: Graph showing %concentration of Antioxidants in various fruit peels
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Figure 5: Graph showing %concentration of Melanin in various fruit peels
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Figure 6: Graph showing %concentration of Glucosintate in various fruit peels
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Figure 7: Graph showing %concentration of Pectin m various fruit peels
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Figure 8: Collection of samples Figure 9: Estimation of Protease in fruit peels

Figure 10: Estimation of Protein by lowry’s methodin fruit peels
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Figure 12:Estimation of Melanin in fruit peels
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Figure 13:Estimation of Glucosinolate in fruit pees

Chi Square Test of Independence

The null and alternative hypotheses include:

Ho: The six categorical variables (% Protein, %prs¢e@oAntioxidant, %Melanin ,%Glucosinolate and %jmgc
are independent.

H, The six categorical variables are related and feeicentage concentration of one variable wilketffthe
percentage concentration of the other.

Figure 14: Statisical Calculator showing results fbe Chi-Square test being performed various fpeels
numbered from 1-15 as of the same order as mention@able 1 for different parameters being estedatrom
Column Ato F.
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Chi-square test

Figure 14a:
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3 0.64 o587 o_98 1.08 291 3=
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Figure 14b:
Chi-square test
Enter the observed cell requencies: “ate's comection: []
B | C | D E | F | G -
1 0._32 1.89 019 3.87 4_F9
2 1.26 o.12 2.19 o_81 0.832
3 0.57 0.98 1.08 291 3.25
4 1.3 0.31 1.01 284 4. 95
5 0.83 239 0.88 2 36 3.96
& 067 o2 1.4 1.56 269
F 1.57 0.08 0o.19 0_849 3.21
8 049 0.23 1.3 097 1.93 -
B W >

Degrees of freedom =

Chi-square statistic = 29.674
FO
Probability of chance = 10000

Scholar Research Library

ICE=N
= |
[vee |

Clear

Help

21



SaranyaChitturi et al Der Pharmacia Lettre, 2013, 5 (1):13-23

Figure 14c:
Chi-square test

Enter the obzerved cell frequencies: Yate's correction: [

A | B | C | D | E | F_ ~|
8 0.57 0.49 023 1.3 0.97 1 .E—I
9 0.3 0.29 0.08 1.92 1.63 2.:
10 0.68 074 0.92 221 1.48 21
11 1.58 1.55 072 1.63 1.48 5.:
12 o2 0.34 0.52 1.06 2.97 3.
13 1.27 1.37 073 0.59 1.73 5.0
14 1 1.79 014 0.89 1.53 2.1
15 1.38 117 0.34 076 1.29 15 -
4 3

Chi-square statistic = 29.674

Degreesz of freedom = 70

Probability of chance = 1.0000 $

Figure 14d:
Chi-square test
Enter the observed cell requencies: Yate's commection: [
[ 8 [ € | © [ € | ¥ [ & =|
3] 0.43 023 1.3 0.97 1.93
a 0.29 0.og 1.92 1.63 2.34
10 074 0.9z 2 1.48 2.06
11 1.55 0.7z 1.63 1.48 5.32
12 0.34 0n.52 1.06 2.97 3.83
13 1.37 073 0.59 1.73 5.02
14 1.73 014 0.83 .53 2M
15 1.17 0.34 0.76 1.29[1.52 1 -]
L i

[ calculate
Chi-zquare stalistic = 29.674
Clear
Degiees of reedom = 70
Probability of chance = 1.0000 i
Help
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Figure 14e:
| £:| Chi-Square Calculator E__IEI_@
Calculate p-value
X |29.5?¢]
of |?I:I _l
[_Enmmite__ lp = 09999418 i

As we tried to obtain the difference between thmugs of data by chi-square test of independenicg) ustatistical
softwares called Statistical Calculator and Chi&gqucalculator we failed to reject the null hypstiis H with P
value <0.99 for the Chi-square test of independefor different estimations made in the fruit [sgberefore each
of these data are highly independent and presenoeeocompound or component does not necessafidgtehe
percentage concentration of the other.

CONCLUSION

The work carried out not only might help us in pding insights into better usage of fruit wastesl ahelp
reduction of solid wastes but also helps us in tstdading the nature of compounds and their levalshe fruit
wastes which might be a important source of infdiomafor various pharma, fruit product manufactgrindustries.

Acknowledgement

The authors wants to express their gratitude ¢ontlanagement and Dr.G.Viswanathan, hon’ble ChawcallT
University, Vellore for constant support and enem@&ment for providing the infrastructure and goalotatory
facilities to carry out this research work and Maj R’uppu , Temple University , Singapore and DOS8dia for
financial assistance and support.

REFERENCES

[1] Senthi Kumar and B. N. S. MurthyAgrobios News Letter, 2004 2, 9 , 50-52

[2] E. Tripoli,, M. La Guardia, S. Giammanco, D. Biajoand ,M. GiammancoFood Chemistry,2007, 104, 466-
479.

[3] S.Sanjay , K.Amod ,V. Suneetha, M.Bishwambh&.Gopinath , Y.Sharad and M.Bhaskanternational

Journal of Drug Development & Research, 20124,304-310..

[4] K. Sudhakar , C. Vijaya laxmi , N.L.Gowri ShHara, L.Matsyagiria ,M. Shankar and B.S. Sandhydadia
Research LibraryDer Pharmacia Snica, 20113,193-199

[5] H.A. Heikal , M.H. EI-Sidawi , A.ElI-Wakeil Agric Research and Reviews, 197250, 199-214.

[6] W. Kazumasa and |.Shosuligment Cell Research, 200215, 174-183

[7] R.J. Mailer ,Australian Journal of Agricultural Research,1989 40, 617-624

[8] V. Suneetha, M.Bishwambhar,R.Gopinath ,S.R.Sthie ,G.K.B. Kartik , C. Pravesh ,C. Apoorvi,R. Yahi

,/Asian Journal of Microbiology Biotechnology and Environmental Sciences,2012, 14,405-412.

[9] V.Suneetha, Sindhuja, and K.Sanjeésian Journal of Microbiology Biotechnology and Environmental

Sciences, 201Q 12 ,149-155.

[10] V.Suneetha and V.Rajlnternational Journal of Drug Development & Research,2012 4,1-6.

23
Scholar Research Library



