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ABSTRACT

Fruit Peel is a waste material of various fruit anegetables and there was different method to nb&ément
concentration in fruit peel. Different papers waeviewed for elemental analysis of fruit peels gsiAS as one of
measurements in nutritional value determination floose fruit peels. The result shows that the coimaton of the

element was different even for the same fruit peafifferent paper.
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INTRODUCTION

Global fruit production and consumption have exprered a remarkable increase worldwide becausestsf tand health
benefits due to the presence of nutrients suchiasrats, vitamins, fiber and other bioactive compadsi needed by the
human body for a healthy life (Fernandez-Hernandszll 2010, Anna et al 2019) However, the incréasmnsumption
of these fruits indicates an increase in the volain@aste generated, especially peels and seedsl. \Faste is the major
problem worldwide; therefore, the study of peel aeed of fruits can reveal important natural saair@enutrients and
country economic indexes (Berto et al 2015). Thiguat has been growing at an annual rate of abqér8ent over the
last decade. In 2011, almost 640 million tonne$raits were gathered throughout the world. Indidghis second largest
producer of fruits after China, with a productioihn8d,285 million tonnes of fruits from an area 882 million hectares.
A large variety of fruits is grown in India, amomgich banana (32.6 %), mango (22.1%), citrus (12.4% pawpaw
(6.6%) are the major ones (Indian Horticulture Date, 2013). Under the recommendation of WHO, anmuim daily
intake of 400 g of fruit and vegetables must beeoled, based on evidence that higher levels westeglive against
cardiovascular diseases and some cancers. Thisimeeondation has led to the launch of the ‘5-a-dait'fand vegetable
campaign in many countries leading to an incread$eesh fruits consumption. In the other hand, beeamost of the fruits
are seasonal and have low shelf-life, the majarftthe fruits produced are processed to extena thaiilability all over
the year. So fruits are usually processed intoldabtfruits, juices, jams, marmalades, jellies, baiskles, dried or
crystallized fruits, etc( UNIDO (2004) However, itsiprocessing generates a great amount of wagtied \oes not used
for food in different country of the world.
(https://www.researchgate.net/publication/326579Z#temical_composition_of some elec ed_frui _pemtsdssed Oct
09 2020)).
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Vegetables and fruits are extremely important iman nutrition. They provide us important nutriemsnerals,
dietary fiber, antioxidants and other beneficiaytohchemicals. Vegetable are available almost tiinout a year in a wide
variety and used fresh, cooked and pickled. A gngwiumber of scientific investigations have revealeat vegetable

consumption is clearly linked with good health aeduced risk of diseases.

However, 40% of this production is wastes; mairtyn@ga et al. 2011). Peel is a waste material abwaufruit
and vegetables. Therefore, it is possible to obtwnana peel sufficiently and application dependsit® chemical
compositions. In addition, peels and seeds careptdsgher nutrient content. According to Moraisae2015 and Moo-
Huchin et al 201%eelsare highly perishable, mainly due to the large ambaf water in their composition. Moreover,

they have a wide range of vitamins and mineralsgaein both pulps and peels.

Objective
* General Objective
The objective of this paper review was to revieengntal analysis of fruit peels using AAS as onenefisurements in

nutritional value determination for those fruit e
e Specific Objective

e To show the contents and distributions of the elgmbke Zn, Cu, K, Ca, Mg, Mn, Pb, Cd, Cr and &reents in

different fruits peels.

e To compare values of elemental composition amofifgrdit fruit peels

LITERATURE REVIEW

Fruit

In botany, a fruitis the seed-bearing structureflomering plants (also known as angiosperms) famfeom
the ovary after flowering. Fruits are the meanswhjch angiosperms disseminate seeds. Edible frinitparticular,
have propagated with the movements of humans arichads) in a symbiotic relationship as a means fadse
dispersal and nutrition; in fact, humans and mamymals have become dependent on fruits as a soafce
food. Accordingly, fruits account for a substantfedction of the world's agricultural output, andnse (such as
the apple and the pomegranate) have acquired exéeasltural and symbolic meanings. In common laaggiusage,
"fruit" normally means the fleshy seed-associatedcsures of a plant that are sweet or sour, aridledn the raw
state, such as apples, bananas, grapes, lemongestaand strawberries. On the other hand, in lxshusage,
"fruit" includes many structures that are not conmiyocalled "fruits", such as bean pods, corn kespgimatoes,
and wheat grains. The section of a fungus that yed spores is also called a fruiting body. Fruid aegetables
should be an important part of your daily diet. ¥tege naturally good and contain vitamins and rmafethat can
help to keep you healthy. They can also help ptageainst some diseases. Most Australians will fiefrem eating
more fruit and vegetables as part of a well-baldnagegular diet and a healthy, active lifestyleefiéd are many
varieties of fruit and vegetables available and ynamys to prepare cook and serve them. You shoatdat least
five serves of vegetables and two serves of fraithe day. Choose different colors and varieties. efvas of
vegetables is about one cup of raw salad vegetal&& cup of cooked. A serve of fruit is aboutanedium piece,

2 small pieces of 1 cup canned (no added sugar).
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Vitamins and Minerals in Fruit and Vegetables

Fruits and vegetables contain many vitamins ancerala that are good for your health. These inchitlemins A (beta-
carotene), C and E, magnesium, zinc, phosphorodigadic acid. Folic acid may reduce blood levelshoimo cysteine, a

substance that may be a risk factor for coronaaythdisease.
Fruit Peel

It was also known as rink and skin of the fruitwids the outer protective layer of the fruit or e&dple which can be
peeled off. The rind is usually the botanical expcdut the term exocarp also includes the harédsca$ nuts, which are
not named peels since they are not peed off by,larnukeler, but rather shells because of thentriess.

A fruit with a thick peel, such as a citrus frug,called hesperidium. In hesperidia, the inneetafalso called albedo or
among non-botanist, pith) is peeled off togethehwhe outer layer (called flavedo), and togetheytare called the peel.
The flavedo and albedo respectively, are the exoaad the mesocarp. The juicy layer inside the pemhtaining the

seeds) is the endocarp.

Depending on the thickness and taste, fruit pesbiisetimes eaten as a part of the fruit, such #isapples. In some

cases the peel is unpleasant or inedible, in wdask it is removed and discarded, such as witmbara grapefruits.

The peel of some fruits for-example pomegranateigh in tannins and other polyphenols, is emploiyethe

production of dyes.

The peel of citrus fruit is bitter and generallyt eaten raw, but may be used in cooking; althougtlammable.
In gastronomy, the outer most, colored part ofghel is called the zest, which can be scrapedraffused for its tangy
flavor. A large piece of citrus peel, called a “tWiis often used to garmish cocktails. The flesthite part of the peel,
bitter when raw in most species, is used as sucocrnéeprepared with sugar to make marmalade dr $aup. The peel

can also be candied, or dried to produce seasgaiggchenpi).
Nutrition Value of Fruit Peels

Nutritional and commercial potential knowledge loé thative species could be an economic alternttitiee livelihood of
native population from different regions Silva ét @013). Fruits and vegetables are important gtamof essential
elements source. Minerals perform a specific funmctn human development and fruits are considetiegmainly mineral

sources which are required in the human diet Haodi®t al. (2001).

General Procedure for Sample Preparation and Elemeal Analysis Using AAS

General Procedure for Sample Preparation in Dry Asing Method

A specified amount of fruit peels can be taken dridd in an air oven at 105 °C for 3 hours. Theedsample is then
ashed in a muffle furnace at 550°C to obtain aighior grayish ash. After cooling the ash, it &ated with concentrated
hydrochloric acid and transferred to a volumettask and diluted with de ionized water before sigsioin to atomic

absorption spectrophotometry (AAS).
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General Procedures for Analysis of Mineral Composion of Fruit Peels

For AAS analysis, standards should be prepareduligibée dilution of the stock standard solutionsatibed under the
Standard Conditions for each element. Dilute thepda solution, if necessary, to bring the concdiatnaof the element of
interest into a suitable range for analysis. Torowme potential anionic interferences when detdmgircalcium and

magnesium, the final sample dilution and all stassland blanks should contain 1% (w/v) lanthanuathEelement has its
own wavelength to absorb the characterized lighhsitlering this the instrument is set to 422.7 ancélcium, 279.5 nm for
manganese, 248.3 nm for iron and 213.9 nm for datermination was used. Stock solutions (eg. 1G@8)f calcium

carbonate, manganese, iron and zinc should be taspepare working standard solutions with at lgasbncentrations

within the analytical range. Then each elementiwithe sample can be calculated from the standarc@repared.
The Following Analytical Calculations Can Be Useddr the Determinations of Each Element in the Sample

Elements

_©Om™ma@h
(Mo/9) == 1)

Where C is the concentration of the element instmaple solution in mg/L; V is the volume of thersémnt in the

sample solution in mL; W is the sample weight iargs; and d.f. is the dilution factor:
(C) can be obtained from the linear equation ofstiaadard curve which is;;= mC + b

Where a is absorbance; m is slope of the graph;d@ncentration of the sample; b is intercept efgtaph.

Therefore,
a-b
€= (2)
df = (volume of diluted sample solution in mL) (3)

T (Volume of aliquot taken for dilution in mL)

By using the above elemental determination proaediterature results showed that different frieefs have their own

determined elemental composition done by many iig&®rs.

RESULT AND DISCUSSION

Reported Result of Some Selected Mineral Compositicof Fruit Peels

In Table 1 the concentration of potassium in bar@ee was very high this indicates that it will jhé@h regulation of body

fluids and maintained normal blood pressure. It ago help in controlling kidney failure, heartdiiies and respiratory flaw.
Iron concentration was lowest, although, much lovaues had been reported for the fruit. Iron earoxygen to cell and is
necessary for the production of energy, synthekisollagen and the proper functioning of the immugystem. Its low

concentration implies that banana peel will bedatiic source of iron since; its excess is implahtn abnormal functioning
of the immune system, cell growth and the heartddaese known to aid formation of skeletal andlaget was also found
to be high affect glucose tolerance, normal reprtde, skeletal and cartilage formation. The cotregion of none essential

minerals bromine, rubidium, strontium, zirconiundamobium was very low.

The mineral composition (mg/100g) of corn cob, menand plantain peels is presented in Table 2ethare
significant differences in values of all the mirlerfor all the three samples. Plantain peel wahdsgin Magnesium,

Phosphorus, Potassium, Iron, Lead, Cupper and Ghmoprbanana peel was highest in Calcium Zinc, Sondand

Impact Factor (JCC): 5.1484 NAAS Rating 2.07
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Manganese, while corn cob was highest in NicRel(05).

PETER et al. 2013 conduct research on phytochersimaening; proximate and elemental analysis oticit
sinensis peels and obtains the concentration oessstected element in fruit peels. The result shthas The Citrus
sinensis peels can serve as source of valuablemistrequired for normal functioning of the boggtem. The utilization
of these peels will enhance conversion of wastewvéalth. It will also contribute positively towardsolid waste

management and a cleaner environment.

Ramire-Orduna. et al 2005 conduct research on Gla@iomposition of Some Selected Fruit Peels ardimb
result for different selected element. Phosphosusvolved in several biological processes sucthase mineralization,
energy production,cell signaling and regulatiormcifl-base homeostasis. Deficiency in calcium arabphorus inanimals
will therefore result in impaired bone mineralizetj reduced bone strength and poor growth(Eledzah) 2015). This is an
important raw materialin soap production and irl seutralization (Adeolu and Enesi, 2013). It is essential element
thathelps in the development of the body and muséda is an essential component of hemoglobiniaigicritical to the
proper functioningof the immune system and the petidn of energy (Cheat al.,2010).Magnesium is largely(80.00 %)
protein bound and is associated predominantly with microsomes, where it functions as acatalyst ofide array of
enzymes, facilitating the union of substrate andyere by first binding toone or the other (Ebel @dnther, 1980).
Magnesium is thus required for oxidative phosphatigh leading to ATP formation, sustaining processech as the
sodium ion/potassium ion pump; pyruvateoxidatiod aanversion of a-oxoglutarate to succinyl coenzyin@hosphate
transfers, includingthose affected by alkaline phatase. Zinc plays a key role in the regulatidneélin production by
pancreatic tissues and glucose utilization by nasselnd fat cells (Eleazetal; 2013).Copper is present in allliving
organisms and is a crucial trace element in redoxmistry, growth and development. Copper isbeingleegd as
treatment for a number of conditions, including efegrative neurological disorderslike Alzheimer'seagdise, Parkinson’s
disease (Tisatet al; 2010).Sodium helps in maintaining healthy fluidivala (Tisatcet al; 2010).Manganese also plays a
role in fat, amino acid and carbohydrate metabqlismtiumabsorption, and blood sugar regulatiors #lso necessary for
normal brain and nerve function.

Table 6 shows This result indicates that Thus Maleplay a key role in various physiological fuloects of
the body, especially in the building and regulatipmocesses. Fruits are considered as a good sadrdétary

minerals (Ismaikt al, 2011).

Table 1: Mineral Composition of Banana (Musa Sapietum) Peel

Element Concentration (mg g~ %)
Potassium 78.10+6.58
Calcium 19, 2040,00
Sodinm 24.30+0.12
Iron 0.61+0.22
Manganese 76. 200,00
Bromine 0. 040,00
Rubidium 0.21+0.05
Strontium 0.03£0.01
Zirconium 0.02+0,00
Niobium 0.02+0,00

B.A. Anhwage, 2008
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Table 2: Mineral Composition of Corn Cob, Banana ad Plantain Peels (mg / 100g)
Element Corn Cob Banana Peel Plantain peel
1 Cupper -150.82+0.09¢ 2.55+0.01° 5.8240.03*
2 Nickel 150.00+0.05* 13.13+0.11° 4.92+0.02¢
3 Zinc -19.25+0.00° 150.00+0.01* 41.82+0.06°
4 Chromium 10.97£0.00° 71.33+0.07° 73.910.02°
5 Lead 22.91+0.05° 3.7420.02° 44.55+0.08°
6 Manganese ND 27.2820.10° 11.810.03°
7 Iron 26.18=0.09° 41.0320.05° 55.08%0.07%
8 Phosphorus 527.33+0.58° 1460.00+0.30° 2977.33 £1.78%
9 Sodium 129.19+0.06° 812.87+0.52* 672.96+0.17°
10 Potassium 375.25+0.76° 527.19+0.51° 854.49+0.43*
11 Magnesium 21.92+0.07° 62.53£0.01° 64.12+0.04*
12 Caleium 17.19+0.06° 4113.72+0.76* 1702.38+0.63°

All values were mean + standard deviation of triplicate determinations Values in the same column with different superscript
Differs significantly (P<0.05) ND=Not Determined

Abubakar et al. 2016
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Table 3: World Health Organization Permissible Limits for Some Heavy Metal in ppm

Me Highest Maximunm

tal desirable permissible level.
level.

Fe 0.1 0.3

Pb 0.05 0.1

Zn 5.0 15.0

Mn 0.05 0.2

Cu 0.05 1.5

Cr 0.02 0.05

Cd 0.005 0.01

Ni 0.5 6.5

Source: WHO, 1996) the acceptable micro nutrients requicechormal functioning of the

body systemby WHO.

Table 4: Result of Elemental Analysis of Citrus sianesis peels in mg/L
Metal Mean + SE.
Zn 14.04 + 0.96.
Cu 0.01 + 0.001.
Cr 0.01+ 0.001
Pd 0.02 + 0.005.
Cd < 0.001 + 0.00.
Mg 15.55 + 1.45.
Ni < 0.05 + 0.00.
Mn 0.04 + 0.05.

Correlabon 1s signilicant at the U.U1 level ( Z-tailed).

Source:PETER et al. 2013

Impact Factor (JCC): 5.1484

Table 5: Mineral Composition of Banana Peel (mg/1Qf)
MINERAL ELEMENTS

Phosphorus
Magnessium
Sodm

Iron

Calcum
Copper
Potassium
Manganese
Zinc

CONCENTRATIONS

21130+ 1.24
4450 £0.08
115.10 £0.26
4700 £1.26
59.10 £ 0.85
0.51 £0.02
439 £0.15
0.702= 0.09
0.033= 0.04

Values are mean + standard deviation (n = 5).
*Source: (Ramirez-Orduna et al. 2003).

*RDA (mg/100g)

270
170
70

35

260
09
220

NAAS Rating 2.07
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Table 6: Mineral Composition of Fruit Peels

Fruit Peel : Elemgnts (Mg/100g Dry Peel) Source
Calcium Zinc Iron Manganese
Pawpaw 11.44+ 2.09 2.68+ 0.47 27.61+ 0.15 &.5210
Pineapple 8.30+0.54 6.46 + 0.43 25.52+ 3.38 2%8.49
Mango 60.63+ 4.58 0.66 + 0.06 12.79+1.56 4.70022
Apple 14.89 + 2.25 0.95 +0.09 25.63 + 2.47 81D.10 | Feumba et al
Banana 19.86 £ 0.24 1.72£0.17 15.15+0.86 059.0.34 (2016)
Orange 162.03+7.54 6.84 + 0.5% 19.95 + 0.50 4%.8.27
Pomegranate 52.92+1.34 0.98 £ 0.11 9.22 +0.63 0.58 £ 0.08
Watermelon 11.21+0.58 3.78 £ 0.27 4558 +2.37 1.25+0.34

Values are means + standard deviations of thrdeatep measurements.
Discussions on Reported Results of Mineral Compogin of Fruit Peels

As we saw in different citrus fruits’ peel is ahlisource of potassium. B.A. Anhwenge reported ploéassium content in

banana peel is (78. 10 mg/ g) were as Abubakaets,, (2016) recorded 527.19 mg/100g amount tdgsium.

For banana fruit peel the mineral composition ohganese was 76.2+0.00 according to B.A. Anhwagé820
But, it was 27.28+0.1 for the same fruit peel adawy to Abubakar et al. 2016. This shows that tlreenal composition of

the fruit peels are different at different placed éime. There for other rest of element see tddleand 4.2

Iron is an essential element that helps in the Idpweent of the body and muscle. It is an essentialponent of
hemoglobin and it is critical to the proper fundiiog of the immune system and the production ofgneAccording to
B.A. Anhwage, 2008 the concentration of Iron wa81@0.22 butit was 47.00+1.26according to Ramire-Orduna et al
2005. Both of them evaluate the mineral compositidnbanana peels and the result was varying. Fdlitiadal

information see table 4.1 and 4.5

The highest desirable level and maximum permisséel of fruit peels was acceptable micro nutssergquired
for normal functioning of the body system. Peteale2013 evaluate mineral elements of fruit peefscftrus sinensis fruit
and obtained their result was between the perntésditmit. For example the highest desirable levatl anaximum
permissible level of Zn concentration was 5 andddpectively according to WHO and the result ofusitsinensis fruit

according to Peter et al 2013 was range 14.04tB@&60ther elements in the same manner see in4abland 4.4.

Zinc plays a key role in the regulation of insupnoduction by pancreatic tissues and glucose atitn by
muscles and fat cells. As saw in table 4.5 the eptration of zinc was 0.033 = 0.04 by Feumba €R@L6) but, in table
4.6.The concentration of zinc was 1.72 + 0.17 adiogrto Ramire-Orduna et al 2005. This shows thatcbncentration of

mineral element in fruit peel was not the sameifieigent area. See also table 4.5 and 4.6

CONCLUSIONS AND RECOMMENDATION

Conclusions

Different papers related to elemental determinatibfruit peels were reviewed and the result farthepaper was tabulated.
The result shows that the concentration of eaamehé in fruit peels were different for differenuitr peels. The result also

shows that the concentration of the same eleméhinthe same fruit peels were different for diéfier authors.
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Recommendation

Fruit peels were the most important parts of fogihtaining different element concentration and geaments important
constituent of bones and teeth and it is activelypived in the regulation of nerve and muscle fiomg and other function.
So we recommend that several studies must be dofigetexact concentration of element in fruit peeluse thus fruit

peel for food.

Mineral concentration of the same fruit peels w#&iknt from place to place and time to time. S

recommend that farther studies must be done tdifgdgrarameters that make the concentration varying
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