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ABSTRACT

This study was carried out to investigate the clealmiomposition and biological activity of bananeeb extracts;
the efficiency of the different solvent systemgsieous, 80 % methanol, 80% ethanol and 80% aeet@s used for
extraction of phenolic, flavonoid and tannin compds. Banana peel relative antioxidants potentiafdur assays
DPPH, Fe*-chelating, Reducing power and ABT®@hibitor activities was evaluated. Analysis showkdt the
percentage of moisture, protein, crude fat andltotabohydrates were 88.10, 13.42, 7.57, 10.44 6831 g/100g
DW respectively. For mineral content, potassiurthiss major element found in banana peel was (9.38f W)
followed by magnesium, calcium, sodium and phosgharere (0.71, 0.44, 0.18 and 0.09 % of DW), respay.
Also, the content of microelement including irorangranese, zinc and copper were 96.50, 35.01, 2an@53.37
ppm, respectively. Methanolic extract (80%) had higghest content of total phenolic, flavonoid aadrtin were
17.89, 21.04 and 24.21 mg /g DW respectively. Mbatetone banana peel extracts (80%) was fourthighest
antioxidant and antimicrobial activity at 600 pprgaanst gram positive and negative bacteria, funui geast. The
phenolic profiles of banana peel acetone extracs vudentified by HPLC. The main phenolic compounds w
chyrsin, qurectein and catchin. These results d¢yeancourage the application of banana peel as gemonatural
source of antioxidant and antimicrobial sources.
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INTRODUCTION

Fruits and vegetables are considered as an impgréahof a good diet. They are known to reduck oisseveral
chronic diseases. Fruits and vegetables contamifisignt amounts of bioactive constituents whick aegatively
associated with the morbidity and mortality fromdiavascular and certain types of cancer. Fruits \agetables
wastes and their by-product are formed in greatuantsoduring industrial processing and hence reptesaerious
problem, as they exert harmful impact on environnjigh

Fruits and vegetables peels are the major by-ptscalatained during the processing of various fraitsl some
studies show that these are good sources of patgidecarotenoids and other bioactive compoundswhossess
various beneficial effects on human health. Diffédreomponents having activities like antimicrobiahtioxidant
and anti-cancers [2, 3].

Bananas belonging to the familusaceaeare one of the most important tropical fruits ire thvorld market.
Significant quantities of banana peels, equivaterd0% of the total weight of fresh banana, areegated as a
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waste. Recently, researchers have found MusargapigMusaceag drugs and the burden of healthcare costs are
the main possess a prominent antidiabetic [4],-@lngr agent [5] obstacles for the cancer patieat&litional
approach antioxidant and anti-inflammatory eff¢6tg].

Therefore, the present work was carried out to stigate the chemical composition and bioactive coumgls in
banana peels extract, and evaluate their antioketah antimicrobial activities.

EXPERIMENTAL SECTION

Chemicals and reagents

ABTS+ (2, 2'-azinobis (3-ethylbenzothiazoline- @feuic acid)), Folin—Ciocalteau reagents, Gallicdda®uercetin,
DPPH ( 2, 2-diphenyl-1- picrylhydrazyl), Ferrozine: (& - pyridyl) - 5, 6- bis- (4-phenylsulfonic acid) 2, 4-
triazine, BHT: Butyl Hydroxy toluene and, potassitenricyanide, were purchased from Sigma Chenta( St.
Louis, MO, USA).

Proximate analysis
The moisture, ash, total nitrogen, crude proteitaltlipid and total carbohydrates were determiaecording to [8,
9].

Preparation of banana peel extract

Ten (10) grams of dried powder of banana peel wsgedsed in 100ml of distilled water, 80% ethar8il%

methanol and 80% acetone, overnight at room tertyrerasing shaker. The mixture was filtered througtmtman
No 1 filter paper and the extraction step was ragabtwice. The filtrate was then concentrated tmdss at 40 °C in
a rotary evaporator. The crude extracts were storadefrigerator until further analysis.

Total phenolic content

The total phenolic (TP) banana peel extracts wpeetsophotometrically determined by Folin Ciocalteagent
assay using gallic acid as standard according f. [The absorbance was determined at 750 nm using
spectrophotometer (Unicum UV 300). The total phienobntent in the samples was expressed as mg getlid
equivalents (GAE)/g dry weight sample. All sampheye analyzed in triplicates.

Total flavonoid content

Total flavonoid (TF) of banana peel extracts wepectrophotometrically determined by the aluminuntodte
method using quercetin as a standard [11]. Therbbeoe was measured against blank at 510 nm by usin
spectrophotometer (Unicum UV 300). Total flavonaisample were expressed as mg quercetin equisa(@)/

g dry weight.All samples were analyzed in triplesat

Total tannins content

Total tannins (TT) of banana peel extracts weresmesl using the Folin-Ciocalteu reagent accordmdlp].
Absorbance was measured against prepared reagaiktdtl 775 nm by using spectrophotometer (Unicom30V).
Total tannins in sample were expressed as mg tauiicequivalent (TE)/g dry weight sample. All sdespwere
analyzed in triplicates.

Antioxidant activity

DPPH Free radical scavenging assay

Determination of DPPHtree radical scavenging activity was measured raieg to [13]. The mixture was shaken
vigorously and allowed to stand at room temperatBreyl Hydroxy toluene (BHT, Sigma) was used asitie
control while the negative control is contained #mire reaction reagent except the extracts. Therabsorbance
was measured at 515 nm against blank.

The capacity to scavenge the DPPadlical was calculated using the following equatio
DPPH scavenging effect (Inhibition %) = [(A- As/ Ac) x 100]

Where: A is the absorbance of the control reaction.
Ais the absorbance in the presence of the plara&str
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Metal chelating activity

Metal chelating effects on ferrous ions was carieed calorimetrically according to [14]. The absambe was
measured at 562 nm. Mixture without extract waslethe control. A lower absorbance indicategyhdriferrous
ion chelating capacity. The percentage of ferrouschelating ability was calculated using the failog equation:

Iron chelating activity (Inhibition %) = [(A— As/ A) % 100]

Where: Ais the absorbance of the control reaction.
A the absorbance in the presence of the plant éxtrac

Determination of scavenging activities on ABTSradicals

Scavenging activity of ABTS assay was determined according to [15]. The absocgbwas measured at 734 nm
using the spectrophotometer (Unicom UV 300). Reswire expressed as in comparison with standard. BHT
bigger antioxidant capacity of the sample exhibaesimaller production of free radicals.

Percent activity was calculated using the followaggation:
% Inhibition = [(Ay — Ag) /A¢] X100 %

Where: A is the ABTS' absorbance of the control reaction.
A is the ABTS' absorbance in the presence of the sample.

Reducing power
The reducing power was assayed spectrophotomégrametording to [16]. Increased absorbance valodikate a
higher reducing power.

Antimicrobial activity

Different bacteria, including gram positivBdcillus subtilisSNRRL B-94, Staphylococcus aureusRRL B-313),
gram negativeEscherichia coliNRRL B-3703,Pseudomonas aerugino®RRL B-32), fungusAspergillis fluves
NRC, yeastCandida albicansNRRL477 andSaccharomyces cerviciestrains, were used for measurement the
growth inhibition according to [17].

Identification of phenolic compounds by HPLC

Phenolic compounds in banana peels acetone exteetidentified using HPLC according to [18]. Ahhemicals
and solvents used were HPLC spectral grade, aranelot from Sigma (St. louis, USA (from Merck — Stierdt )
Munich, Germany).

The HPLC system is Agilent 1100 series coupled WiW+Vis detector (G1315B) and (G1322A) DEGASSER.
Sample injections of il were made from an Agilent 1100 series auto-sampie chromatographic separations
were performed on ZORBAX-EclipseXDB-C18 column 260 mm, particle size om). A constant flow rate of 1
ml/min was used with two mobile phases: (A) 0.5%ticacid in distilled water at pH 2.65; and solvé®) 0.5%
acetic acid in 99.5% acetonitrile. The elution geatiwas linear starting with (A) and ending wiB) (over 50 min,
using an UV detector set at wavelength 280 nm. &lenompounds of banana peel extract were ideatify
comparing their relative retention times with thadeghe standard mixture chromatogram. The conagatr of an
individual compound was calculated on the basipeatk area measurements, and then convertgd phenolic/ g
dry weight.

Statistical analysis
Data were statistically analyzed using Costatstta#il package data according to [19].

RESULTS AND DISCUSSION

Proximate composition

The proximate composition of banana peels is shoviffable (1). The moisture content was 88.10 %hepeel is
comparable with other varieties of banana fruitlmpe¥elakkibaleand Nendranbale were 88.2 and 88.90 %
respectively [20]. In addition, [21] reported ththe moisture content of foods or its processed ymtadgives an
indication of its freshness and shelf life as vaalithe high moisture content in subject’s foodfstufesponsible for
microbial spoilage, deterioration and short shésf |
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On the other hand the quality of the product carplmided by ash content. The ash content in banzeel
(13.42%) was significantly higher than that obtdir®y [20] who found 8.90, 12.90 and 12.96 % respely

based on dry weight for three varieties of banamelgPachabale’Yelakkibale’and ‘Nendranbale’ respectively
and more than that obtained by [21] 8.50%.

Table 1. Proximate analysis of banana peel

Compound (9/100 g dry weight basis
Moisture content 88.10+ 0.18
Carbohydrate contenft 68.3%0.83
Crude fat 10.44 +0.89
Crude protein 7.57+ 0.30

Ash content 13.42+£0.35

L.S.D 1.58

Statistical analysis is carried out using Assi§aimputer program, where unshared letter is signifiat p<0.05

Protein is an essential component of diet for saivof animals and human being to supply adequateuats of
essential amino acids. The crude protein contebaimana peel (7.57%) was significantly higher thass obtained
by [21] which was recorded 0.90%. [20] Reported tha ash content was 7.77% féelakkibalebanana peels.

The fat content of banana peel was recorded tod¥%0 ¥hich is higher than was obtained by [21] andad they
recorded 1.70 and 0.90 % respectively.

Considering total carbohydrate in banana peekvieal 68.31%which was higher than found by [21] @#] who
demonstrated 59.00 and 32.64 % respectively. Smrizapeel can be considered as a good source rgfyefoe the
animals. Table (2) shown the results of mineralteohof banana peel. Macro element, potassiumesnihjor
element found in banana peel was (9.39 % of DWpfWad by magnesium, calcium, sodium, phosphoruswer
(0.71, 0.44, 0.18 and 0.09 % of DW) respectiveld amcroelement iron, manganese, zinc and coppé:509
35.01, 27.95 and 3.37 ppm) respectively, and wess than was obtained by [7] who declared thatimeral
content ofMusaparadaisical. peel based on mg/g DW was rich in potassiuml@&ng ), calcium (19.20 mg) and
sodium (24.30 mg).

Table 2. Nutrients content of banana peel

Macronutrients Concentration Micronutrients Concentration
(9/100gDW) (mg/Kg)
K 9.39°+1.74 Fe 96.50+ 19.73
Ca 0.44 +0.08 Cu 3.73+1.14
Na 0.18° +0.02 Zn 27.95°+3.31
P 0.09+0.01 Mn 35.01+ 4.25
Mg 07%+0.05 | m | -
LSD at 0.05 2.10 LSD at 0.05 26.33

Statistical analysis is carried out using AssiStamputer program, where unshared letter is sigmfiat p<0.05

Furthermore, the iron level in banana peel wasédni@h6.50 mg/Kg) than that obtained by the valweorded by
[21] who found 0.61mg/100g dry weight.

The differences between the recent results of praté analysis may be attributed to plant specied an
environmental conditions which were also mentiobgdeveral investigatof23].

Total phenolic, total flavonoids and total tanninsof banana peel extract

Diets that are rich in fruits and vegetables arsoeisited with decreased risk of cancer and headades. The
protective effect of fruits and vegetables has ka@ibuted to their antioxidants constituents ichg; polyphenol,
flavonoid and tannin which have biological and phacological properties [24]. The levels of phenalienpounds
in different extracts (aqueous, methanol, ethamul acetone) of banana peels are shown in TableV{&h
increasing the solvent polarity used in extractiba total phenol (TP), total flavonoid (TF) andalotannin (TT)
were increased. Data showed that TP, TF and TT &9, 21.04 and 24.21 mg/g DW respectively intraeolic
extract of banana peels. Significant differencesvben solvents (x 0.05) were observed for TP, TF and TT
contents. The total phenolic content in banana wesl higher than that previously reported by [28pviound that
585.29 and 685.57 mg GAE/100 g dry matter in twdetgs (Cavendish and Drearahpd 91.90 and 160.77 mg
GAE/100 g dry matter in two stages of ripenegse(and green) of banana peel . [23] found that ‘BR tb 3.99 g
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GAE/100 g, with ethyl acetate peels extractrafli banana had the lower content than our result$.rgf®rted that
solvent with high polarity gave high content of yjhenol and antioxidant activity [26, 27]. The Rash
conducted by [28] confirmed the ineffectivenesaoétone, methanol and water for the extractiorota {phenols
of grapes seed¥/ftis viniferg. Whereas, [29] showed that the 80% ethanol or @@¥one extract were better
solvents compared to pure ethanol or acetone. Atebsame authors confirmed that the methanol e#terbfor
flavonoid in special for catechin, epicatechin apiballocatechin.

Table 3. Total phenolic (TP), total flavonoids (TF)and total tannins (TT) in banana peel extract

Sample Extracts TP TF T
(mg*/g DW) | (mg**/g DW) | (mg***/g DW)
Aqueous 9.89°+0.16 | 8.56°+0.22 | 14.69°+0.34
Banana | Methanol 80%| 17.89°+0.16 | 21.04°+0.28 | 24.21°+0.17
Peels | Ethanol80% | 15.2°+0.09 | 18.52°+0.06 | 17.66°+0.34
Acetone 80% | 15.44°+0.19 | 16.15°+0.28 | 15.90°+ 0.28
L.S.D 0.41 0.60 0.75

Statistical analysis is carried out using Assistatmputer program, where unshared letter is sigaiftcat p<0.05 * As Gallic acid, ** As
Quercetin and *** As Tannic acid

From Table (3) the total phenolic of banana peétk different solvent systems showed significardrudes in TP,
TF and TT contents and the values were also depéndethe solvent polarity. From the results oted in Table
(3) it was observed that the methanolic extracttaianthe most phenolic and flavonoid contents bgeati can
release the cell wall bound polyphenol from thdscaéhd neutralize the activity of poly phenol oxidgPPO) which
degrades the polyphenol in plants as describe@jy [

Methanolic extract of banana peel had higher cardgéiP than that reported previously by [23] whodéed the
influence of variety (Cavendish and Dream), stafeimeness (green and ripe) and parts (pulp and) pee
antioxidative compounds and antioxidant activithe TTP and TF ranged widely from 75.01 to 685.57Gwd:=/100

g and 39.01 to 389.33 mg CEQ/100 g of dry mattspeetively. Also, [23] estimated the total phena@npound
in two varieties (Cavendish and Dream) and two esagf ripeness (ripe and green) of banana peelhwhé&re
585.29 for (Cavendish ripe and 685.57 mg GAE/100rg matter for Cavendish green, 91.90 for Dreane rip
and160.77 mg GAE/100 g dry matter for Dream grddmese results were lower than that obtained inptiesent
results.

The present results reveal that the total flavomaidbanana peel recorded the highest conter®481g/g DW) in
methanolic extract followed by ethanol (18.52mg/@/Dacetone (16.15 mg/gDW) then aqueous extra&6(8
mg/g DW) were higher than that found by [29] wieparted the total flavonoids in ethyl extract 10.@2E/100 g
DW of raja bulu banana as compared to n-hexane which recordg8 gOQE/100 g for RB1 peels extract. [31]
found that the total flavonoid content in the ndifferent varieties in 10% banana peel ethanalagxtwas ranged
from 11.91 to 22.83 mg as rutin /g fresh tissuespite it was very high in two varieties ( Cavendéstd Dream)
and two stages of ripeness (ripe and green) he&@aesfidish ripe was 225.91 and Cavendish greerB8&83 mg
CEQ/100 g of dry matter) while (Dream ripe was B2afhd Dream green 96.92 mg CEQ/100 g of dry matm)
the other hand, [23] and [32] detected flavonoidtimanolic extract of banana peels but absent tervextract.

Banana peel may contain tannins, which are impbphgtochemicals with a wide range of medicinalgaies,
including anticancer, anti-inflammatory, antioxiiagnd antibacterial activities [33].

The change in solvent polarity gave the same tfenthe total tannins content. The highest conteas$ observed
with 80% methanol (24.21 mg/g) followed by ethaifdp¥.66), acetone (15.90) and water (14.69 mg /g DW)
respectively. [25] found that the TT depends onttpe of banana peels green, almost ripe and unvge6.84,
4.97 and 4.69% respectively. Also, the same autfmansd that the percentage to be high in fresh dmydbanana
peel of methanol extract (202.59 and 1886.32 mg#égpectively). The total tannins content in banaeal
(24.21mg/g DW)was found to be higher than that fsasd by [20] who demonstrated 517.00 to 1114.@0180g
DW in three varieties of Musparadaisical. peelsPachabale YelakkibaleandNendranbale respectively. Also,
[34] found that the TTC was 67.594% for the stdrhanana.

The differences between the present results inl fokeenolics, flavonoids and tannins contents ankerot
investigators may be attributed to plant speciesjrenmental condition and sample preparation. Al
differences in phenolic content could be relateth®part of fruit used for making the extract ayjge of solvent.
The data obtained indicate that phenolic, flavosadd tannins compounds of banana peels were ®dragth
80% methanol better than all the other solventedes
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Antioxidant activity

Reactive Oxygen Species (ROS), superoxide aniodrogen peroxide play an important role in oxidatbteess
related to pathogenesis of various important desa§he production of free radicals is balanced tiy
antioxidative defense system [35].

The antioxidant properties of extracts of banarelpeere determined using four different methodseisg DPPH,
Reducing power, Féchelating and ABTS assays. The results obtained in Table (4) shovgeifisant differences
in the antioxidant activity between the solventsdis

DPPH scavenging activity

The acetone and methanol extracts however, showeatey DPPHscavenging activity than the ethanol and
aqueous extracts. However, at a concentrationgd®l, more or less similar results were obtainedbfanana peel
with acetone and methanol extract (46.63% and 4b)#@spectively followed by ethanol (40.45 %) angieous
(37.85%) with 1G, values 55.45, 56.03 and 75.3¢/ml) respectively compared to BHT (4.48/ml) . It is better to
mention that a lower I§ value represents more potent free radical inhipitctivity. Thus, the present results
indicated that acetone and methanol extracts haweerful antioxidant activity as compared to ethanand
aqueous extracts. The strong antioxidative progertif banana extracts could be attributed to tlesence of
different antioxidant components [36].

Table 4. DPPH scavenging activity of banana peel extract at diérent concentrations

Scavenging activity % ICs0
5ug/ml | 20 pg/ml| 35 pg/ml| 50 pg/ml pg/ml
20.1F | 30.67° | 32.84° | 37.85 | 120.0%
+049 | +057 | +067 | 067 | +861

24.18 31.29° 41.4%F 45.76" 56.22

0,

Banana| Mehanol80%|  sn | 1021 | +088 | +093 | +1.25
Peels 21.7F | 28.0F | 32.65% | 40.45° | 75.34°
Ethanol 80% | 067 | +037 | +032 | +148 | +4.77
1750 | 27.03° | 36.6F | 46.63° | 55.45°
+105 | +047 | +021 | +0.60 | +0.86
4880 | 7042 | 7147 | 7312 | 4.73°
BHT as standard +182 | +052 | +034 | +1.04 | +0.72
LS.Dat0.05 2.81 1.20 147 2.68 12.01

Sample| Solvent type

Aqueous

Acetone 80%

Statistical analysis is carried out using AssiStamputer program, where unshared letter is sigmfiat p<0.05

[37, 38] reported that the higher activity of DPR&Hical scavenging activity may be attributedhe presence of
higher levels of total phenolic and flavonoids lasyt play a key role as proton-donating ability @odld serve as
free radical inhibitors or scavengers, acting gagsis primary antioxidants.

Fe?*-chelating Activity

The ferrous chelating capacity is expressed byp#reentage of inhibition of ferrozine-¥eomplex formation by
different extracts. In this assay all extracts afid&na peel are interfered with the formation ofdfies and ferrozine
complex, suggesting that they have chelating dgtamd are able to capture ferrous ion. As showhable (5), the
ethanolic extract exhibit the highest percentagenefal chelating capacity (19.40 % = 0.94) at cotregion 200
pa/ml, as compared to the other three extractseasame concentration, 15.45% + 0.67 , 12.20+(n81412.34% +
0.43for aqueous, methanolic and acetone extraspectively (p< 0.05).

Table 5. Fe chelating activity of banana peel extc at different concentrations

Sample |  Solvent type Chelating activity%
P PE€ 50 pg/mli| 100 pg/ml| 150 pg/m|l 200 pg/ml

AQUEOUS 7.07° 9.77° 12.06° 15.45°

q +0.83 +0.42 +0.83 +0.67

2.29¢ 6.24° 8.80° 12.20°

0,

Banana | Methanol 80%| 7 3¢ +0.42 +0.64 +0.94

Peels ) 513° 8.87° 11.50° 19.40°

Ethanol 80% | o609 | +0.73 +0.73 +0.94

2.36° 3.74° 7.07° 12.38°

0,

Acetone 80% | ‘564 | +036 +0.84 +0.43

79.55° 85.01° 87.59° 90.24°

EDTA as standard +0.49 +0.62 +0.41 +0.72
LSDO0.05 227 1.42 1.90 2.05

Statistical analysis is carried out using Assistatmputer program, where unshared letter is sigaificat p<0.05
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Power reducing assay

It was observed that acetone extract of bananahaeehigher reducing power Ef& 399 + 5.13, while the aqueous
extract of banana peel showed the lowest potestiality EG,= 774 + 5.29 Table (6). The reducing power agtivit
may be due to the presence of reductans as eledtrmors and are capable of converting them intaeerstable
product and terminating the free radical reactiime reducing power ability of BHT was EG 29 + 0.72 pg/ml.
The reducing power of banana peel extracts is fgbdue to the action of hydroxyl group of the pbkn
compounds which might act as electron donors.

Table 6. Power reducing activity of banana peel esdct at different concentrations

Absorption at 700nm
Sample | Solventtype 55— /i T 50 pg/mi| 75 pg/mi] 100 pg/m| = s Ho/m!
U 0124 | 01497 | 0.156" 0.170° 778
q +0.004 | +0002 | +0.001 | +0.002 +5.29
0.187 0.209° 0.22% 0.241° 470P
0,
Musa | Methanol80%| ' 004 | +0.005 | +0006 | +0.004 | +5.02
Peels Ethanol 80 % 0.180° 0.190° 0.208° 0.232° 487°
°| +0.007 | +0.001 | +0.005 | +0.003 | +11.43
0.164° | 0.186 | 0216 | 0232 399°
0,
Acetone 80% | .5 003 | +0.005 | +0.003 | +0.003 +513
0478° | 0698 | 0.886° 1.168 29°
BHT as standard +0.007 | +0004 | 0006 | +0.005 | +0.72
LS.D0.05 0.014 0.010 0.012 0.009 17.46

Statistical analysis is carried out using Assistatmputer program, where unshared letter is sigaiftcat p<0.05

This may be attributed to the low viscosity of $@vent which has low density and high diffusivibat allows
them to easily diffuse into the pores of the plmaterials to leach out the bioactive constitue®€§.[Regarding the
reducing power, the amount of phenolic compounds kigh in acetone extract of banana peel .Thesdtsesere
previously reported by [40] who indicated that tleelucing power of bioactive compounds is associatét
antioxidant activity.

ABTS™ scavenging activity of banana peel extracts

The antioxidant capacities of aqueous, methanbdlaretl and acetone extracts of banana peel weraiatedl
according to the ABTSdiscolorations method. The results were givenabl®& (7) which showed that at the highest
concentration (100 pg/ml), the acetone extractavfama peel gave the highest antioxidant activisy33% + 0.59)
followed by ethanol (28.30% + 0.85), methanol (27490.83) and aqueous extract (25.16 + 1.42) (Tdple

Table 7. ABTS" scavenging activity of banana peel extract at diffent concentrations

Scavenging activity %

25 pg/ml | 50 pg/ml | 75 pg/ml | 100 pg/ml
12.89° 15.64° 22.64° 25.16°
+0.76 +0.72 +0.62 +1.42
5.421 15.80° 24.53¢ 27.91
+0.62 +0.47 +0.85 +0.83
14.62¢ 18.95° 24.76° 28.30
+0.41 +0.36 +0.71 +0.85°
55.1F 65.57 72.48° 75.39°
+0.59 +0.41 +0.59 +0.59
81.04° 84.12 86.97° 89.12°

BHT as standard +096 | +046 | +0.44 | +0.86

L.S.D at 0.05 1.87 1.35 1.77 2.56

Statistical analysis is carried out using Assistatmputer program, where unshared letter is sigaificat p<0.05

Sample Solvent types

Aqueous

Methanol 80%
Banana Peels

Ethanol 80%

Acetone 80%

Identification of phenolic compounds by High Perfomance Liquid Chromatography (HPLC)

Various factors affect HPLC analysis of phenoliosluding sample purification, mobile phase, colutypes and
detectors [41]. Data in Table (8) reveal that tlvetane extract of banana peel had high amountshyfsio,
quercetin, catchin, cianamic, caffiec and coumd6f.20, 78.62, 30.21, 3.23, 0.79 mg/100g respdygtive

[42] found that phenolic composition of banana gE®b18, 4.745 and 0.157 ug/g for Gallic, vanitlied cinnamic
respectively. In addition to ferulic acid was fouadbe dominant insoluble phenolic acids of bamexteacts which
recorded 219.50 pg/g dry weight using HPLC-UV moetid3]. Whereas, [44] found that phenolic and diawid

contents were strongly depend on the type of theesabas well as on the different percentages usgkeshy authors
established that the extraction yield of phenols gi@atly depending on the solvent polarity [25,48]. Moreover,
ethanol and methanol were found to be more effedtian water for phenols from peanut skin [45].&0atTable
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(8) showed that the content of phenolic compoundsainana peel ranged from 460.2 to 0.79 mg/100gHgrsin
and coumarine, respectively.

Table 8. Profiling of phenolic compounds of bananpeel acetone extract

Phenolic compounds

mg/kg crude e?xtract Acetone extract
Quercetin 78.62
Coumarin 0.79
Catechin 30.21
Caffiec acid 3.23
Cinnamic acid 8.14
Chyrsin 460.24

[46] Identified the polyphenols in the methanolragt of four varieties of banana fresh part: yellgneen, rasthali
and karpooravalli as chlorogenic acid it rangeadnf®4.60 to 782.00, quercetin 32.30 to 125.09 amshgenin 8.90
to 12.20 pg/g. They added that rasthali varietyspssed the highest concentration of chlorogenid acd
naringenin whereas, karpooravalli variety possefisediighest concentration of quercetin.

[47] examined the phenolic composition by HPLCIDAnd found that Gallic acid 3.75, caffeic acid B
ellagic acid 20.65, rutin 19.36, isoquercitrin 4D.d@nd quercetin 51.83 mg/g in unripe plantain. dditon, [48]
investigated and quantified the phenolic compouoflfine plantain peel which were performed by meahs
HPLC-ESI-HR-MS and HPLC-DAD . They found that fland glycosides were predominant in plantain peat$ a
rutin was the most abundant 242.2—618.7 ug/g ofiaight.

Antimicrobial activity

Fruit peels have a valuable source for maintaiingnan health. The use of fruit peels extracts fdingcrobial
properties can be of great significance in therpedteatments. The antimicrobial properties of #thanol and
acetone extracts dfanana peelsvere evaluated by well diffusion assay againstedéiit microbial isolates The
results presented in Table ( 9) showed that 80%paee=xtract inhibited bacterial species at 600 pgainst gram-
positive bacteria includinB. ubtilis (20.60%),S. aureug19.75mm).E. coli (18.15mm) andP. aueging19.57mm).
Antimicrobial activity and preservative of bananeepextract are believed to be associated with quingmical
components of the banana peel, like phenolic, tenas reported by [49]. The presence of tanninsvsticcome
antimicrobial activity against threeE( coli, S. aureusand P. aeruginosa of the tested microorganisms. By
comparing the previously published results withsthof the current study, it was appeared thatattignicrobial
activity is strongly affected by the presence oémpdlic and tannins compounds acetone 80% extrad. well
known that the concentration of biologically actis@nstituents varies with the plant parts, andpblarity of the
solvent used, which directly reflects this actiig].

Table 9. Antimicrobial activity of banana peel

Extracts Conc. Zone Inhibition (mm)
pg/ml Bacteria Fungus Yeast
(ppm) | B. subtilis | St. aureus| E.col| P.aueginosa A.fles'| S.cervisiad C. albicans
Ethanol 80% | 200 00.00 00.00 00.00 00.00 00.00 00.00 00.00
400 10.66 10.53 09.671 10.61 10.33 11.47| 11.47
600 15.32 14.17 15.23 15.86 11.76 15.60 15.6
Acetone 80%| 200 00.00 00.00 00.0d 00.00 00.0( 00.00 00.0
400 13.73 14.70 13.73 12.62 12.3( 11.56 11.8
600 20.60 19.57 18.15 19.57 17.81 16.87| 17.61
CONCLUSION

The obtained results concluded that banana frigl pas a wide range of phenolic compounds withedsffit
polarities. Acetone extracts of fresh yellow bangmeels could be considered as a good antioxidadt an
antimicrobial material against both gram positived anegative bacteria which encourage replacingstirehetic
medicines in treatment of diseases caused by thesteria. Further studies are needed for isolatiothe other
active ingredients, and evaluation of cytotoxi@ffects. These observations let to suggest thatttracts can also
be as potent source of pharmaceutical ingredient.
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