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ABSTRACT

Sone physical properties and chenmical conposition of avocado

fruit (Persea anerlcana L) collected fromdifferent parts of Ngeria

were Investigated. The fruits were ldentified and grouped Into three
ecol ogi cal races(Mexican, Vést Indian and Quatenmal an) for easy study.
Physical parameters as nmass, length,width, relative density and
percentages of different najor portions of each fruit were determn ned.
The maj or portions were seperately anal ysed for proxi mate and m neral
conposition. Ascorbic acid (Mtanin C and pectin val ues were al so

determined for the fruit pulp and skin (exocarp) respectively.

The mineral elenments (metals) were determned using Atomc
Absorption Spectroneter, (AAS) PYE Whl cam SP 1900 nodel except sodi um
and pot assi um whi ch were deternined with flame Enission spectromneter

FES) where they are nore sensitive.

The results showed all the fruits studied had the same relative
density of 0.91 Irrespective of the specie, dinensions and
geographi cal |ocations. Some physical properties of the lipid (ether/

ethanol extract)were al so determ ned.

It has been revealed in this work that the avocado fruit Is
a conplete fruit of Its own anong other tropical fruits; its edible
portion (pulp) contains all the major mnerals needed in the hunan

body in a nore or less substantial amount, viz:

M neral s : K Na Ca My Fe Zn P a

My | OOy (AV) © 156.0 3.0 3.05 40 0.8 19 3.0 3.4

The avocado fruit is found to have a high fat content of

8 to 28% low sugar content of 1.0 to 2.5% average crude protain



of 2.4% and very low ascorbic acid (Mtamin C of 12.0 to |6. I ng/ 100g.

The chenical conposition of avocade fruit nakes it a nore
reconendabl e source of energy especially for diabetic patients anong

common fruits.
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1.0 INTRODUCT ION,

l.1 Importance of Frults,

Frults and frult products play a very Important role In human
dlet, supplying some of the essentlal substances In which other food
materials are deficient (1), They are important In neutrallzing excess
baslc substances produced In the course of disgestion of some alkallne
food materlals. The pulp of frults are of value as roughages which
promote digestion and helps prevent constipation. They are Important
source of mineral elements needed by the body, belng especlally rich
in calclum and iron, Fruits arevalued source of vitamins, the surest
source of the most needed vitamin C which Is not synthesized by man and
other primates.is the frult and citrus frults, In particular. Components
of most frults have some pharmacologlcal activities and frult julce Is

often employed as sultable solvent base for drugs (2).

The significant role of fruits and fruit products In the
malntenance of life had been recognised since the genesls of life on
earth, The biblical first beings were belleved to have lived In a
garden of frults. Equally, the historical primitive man and other
wlild Ilves had been known to survive mostly on wild fruits as their
staple food for years before the advent of civilizatfon which brought
In aother alternative sources of food, The settled |ife of these
ancestors was only a reallty when thejsucceeded In eultivating fruit. -
plants in their settlements. Presently the bush-men of the Kalahri

'desert' around South East Africa still live mostly on wild fruits,



Today fruits and frult products are commercial source of
revenue. They are marketed In various forms all over the worid. The
fruit juices are mainly sold, as bottled or camned soft drinks and
wines, A sorted tymsof mincral frult drinks are flushing Nigerian
markets. The industries engaged in this production are multiplying
as the profit derived thereof is huge and attractive. With the Increasing
knowledge of the nutritive value of fruits, the million of Nalra
allocated for agriculture In the national burget Is substantially
utilized In fruit production (3). Local and organised frult orchards
are on the increase in all parts of the countfry. But for the
ephemeral Petroleum oll that Is sustaining the economy of the country,
the attention to agriculture and horticulture in particular, would
have been more popularized as the next alternative source of national
revenue. Fruit§are avallable everywhere. The cost of production
and protection of fruit Is minimal compared with the proflt derived
from this. In this country, majority of the people (less privilaged
masses) find I+ difficult to afford for the firsteJ@es sources of the
essential nutrlents In their diet; to this group of people, the
economic sourceSof these substances are frults and vegetable taken

In their cheapest forms (3),

1.2 Research Justification and Objective.

With the alarming increase In the population of Nigeria and the
World as a whole in the face of |imited natural sources of nutrients,
the ultimate pending consequences of malnutrition seem to bid the
imag Ination of every rational citizen. The need to search for and

perhaps Improve upon alternative sources of nutrients is highly obvious



and mendatory. On this justifiable ground, Schmidt (11) proposcd an
Intensification of research In hurticulture for Improvement of present

nutritional status of many peuple in the tropics.

In Nigeria large amount of human and anima! nutrients are
imported or formulated with Imported ingredients to suppliment our
meqre sourees. The forelgn exchange Involved here could better be
channeled in other pressing projects, 1f <ur knowledge of the nutritional
sources of our envircnment Is a bit morc widened.

The objective of this work is to study the physical properties
and to determine quantitatively the composition of avocado fruit so
as to shed more light on Its nutritional value as another cheap, but
rich source of valuable nutrients among Nigerian fruits., Efforts
shall also be made to compare the results obtained with some data
glven In the |iterature for similar frults in Nigerla and other

places.

(.3 Factors affecting composition of Frults.

The quality and composition of frult seen to be affected by a
number of factors., These include genetic factors, use of fertilizers,
age of the fruit at time of harvest, geographical location and time
of cultivation, handling and transportation, care and appllcation

of pesticides: age -¢ the fruit plant,



Literature records 3how that thus: factors aere gl fHoant in
determining the compasitlon of a fruit; the generlc;*ab+br‘5ad be shown
in an experiment by Bergman (4) of the Department of Horticulture in the
Pennsylvania State Unlverslty, that this govern the ability of different
specles of the same plant to take up and concentrate minerak +om the soil
The use of nitrogen fertlllzers have been extensively Investigated by
many authors, and tha following results about the quality and composition
of frults have boen recorded to Include:

(a) Increase in frult yleld and size (5,6,7),
(b)  fruit content of soluble solid maybe lowered by -
heavier nltrogen fertilizer application (8),

(c) has no effect on the flavour (9),

The age of the plant also has effect on composition of fruits.
Some clements (minerals) decrease while other increase with age of
frult and plant. Similarly, alkalinity =nd acldity of the soil affect
plant composition (10). The presence of some lons such as potassium
also affect the up take of other lons. Schmidth (|])showed that calcium
and potassium ions are taken up by mwnfhus-Mm!mll-y at-240ppm
potassium fon concentration In the nutrient solution, whilec for
magneslum and chloride Inns maximal at potassium lon concentration of
less than 60ppm in the nutrient solution. The result of course

varied from plant tc plant.

|.4 The Avocade fruilt,

i.4.1 Historical background.

The avocado (Persea @mericana L) is origfnally a frult of Mexlico

in central America, |t has alsoc been found to grow wild all over South

America and West Indles and has lately spread to many other tropical
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countries |ike Hawail, Philippine, Islands, Coba, the British West Indies,

Cqyton, India and West Africa. ' '

The most important places growing avocado on commerclial scale arc
Florida and California. 1T 1s not exactly known when 1t was flrst
In*roduced into Nigeria; it might have been Introcuced Into the country
In the 18th Century during the Influx of Eurcpean Intc Wes* Africzn
Coasts. In India 1t s assumed to have been Introduced in the South =2nd
West Coasts of Indla about 52 to 78 years ago from Ceylon (12). |In
South India. it Is at present grown only experimentally in a fow
orchards at Bangalore, Shevroys, Nandi Hills, Lower Plains and the
Kaller and Burliar Fruit Station In the lewer foot hills of the Nilgriris.
In Western India, avocado was first time imported from Ceylon In the
y2ar 1941 and pl nted at the Ganeshkind fruit Experiment Station,

Poona.

In Nigeria, avocado Is not yet a vory popular frult compared
with cther fruiis |ike banana, where Nigeria procuces flfty percent of
the world production; and “*hers like pine-apple, mango and cltrus fruits
(oranges). The 2vacads 15 not cultivated for commercial purpose but
arv found to grow widly in the Rain forest and Savanna areas of the
country. Avocadl tree of all types are seen to thrive well In 2ll
parts of the country. Only few and smal| avocado ~rchards are managed
by Individuals and some schools In ths Southern parts of the country

for local consumption.

The avocado fo. all purposes Is 2 salad frult and Is eaten
when fresh., It Is hignly nutritious compared with other frults and

contalin oil which Is as easy to digest os milk fat (12).



The gencral ly accepted name "avocado” Is preferred; the synonyms
‘alligator pear and "avocado pear’ su frequontly used In this country
and other countries are Incorrect and should be avoided (13), The
strangeness of avocado »s a very nutritious fruit In Nigeria Is substantiated
by “he fact that it has no local name in the major languages spoken
in this country. The derlved English name ‘pear' Is adopted in Hausa,

Yoruba and |bo.

1.4.2 Ecological Description.

The horticultunist distinguishes three gencral ecological groups
or races of the avacodo: Mexican, Guatemalan and West Indlan (14). The
Mexican race Is characterised by an anise odour of the frults, lcaves
and young growth, The skin Is smooth and thin. The maturc fruit has a2
yellowish oreen colour. |t is oblong in shape. The Mexican race of
the avocade Is believed to have originated in the mountalns of Maxico
and Central America. They are also found o grow wild In West Africa

and other tropical countries.

The avocade of the Guatemalan race is easily distinguished by
the thick skin of Its fruit. |1t is green In colour when ripe. The fruits
of the Guatemalan race are generally oval in shape. They are believed to
be native to Central America and California as thosc of the Mexican

race.

The West Indlan race of avocado has a smooth peel that is
leathery and sometimes glossy. The race is native to the low lands
of central America. |1 has a |ight greecn colour when botanically
mature. Generally the frults of the Mexican is larger than a typlcal

West Indian race obtained from the same cnvironment; the latter In-tummn lIs



slightly bigger In size than the Guatcmalan frilt. However, the
differences in size of the frult of different races have been attributud
to the variation In scil fertiiity (15); thus thls characteristic
cannot be uscd rigidly to classify fruits from different environmonts

or locations,

The avocado tree of any race is 2 tynlecal evergreen *ronlcal
and subtropical plant with < dense symmetrical crown with even
spreading 2t zbout two=-thirds the total height of the tree from the
ground, The height of the trec In Nigeria ranges from 18 to 21 meters
(60 -~ 70ft). Avocado of any racc can grow in any type of scil ‘and
does better in loamy soll but is adverscly sensitive to excessive moist
soil (14, 15). The fruiting season for avocade in Nigeria is “from
January +o August. Unlikc other fruits, avocados can be stored on the
tree after maturation. Under sultable conditions, frults of all
vareties can be stored on the tree some few months beyond the fruiting
season since no softening takes place in attached avocade so long

as the stem romains healthy.

1.4.3 Fruit Anatomy,

The anatomy, morphclogy and celluler development of several
varietics of the avocado have been studied by Cummings and Schroeder (16);
Schroeder (17) and by Valmayor (18) Botanlists refur to the frult as a
berry consisting of a single carpel and single seed. The pericarp, which
Is the frult tissue proper cxcluding the seed, comprises the rind known
as exocarp, the flesh edible partion or mesocarp, and a thin layer

next to the seed coat. the endecarp. (See plates | -and (D).

The outer layer of the ex€ocarp is 2 thin wax~lTke cuticle

covering the surface of the frult. In addition to this film -



the exccarp conslists of 8 layer of epidermis, | - 3 layers of brick-shaped
hypodgrmal cells, soveral layers of porenchyma cells and 2 layer of
Sclerenchyma, or stone cells |imiting the Inner surface of the peel.

The epldermal cells wall was found by Schroeder (19) tc be impregnate!
with cutin, while Valmayor (18) recported cellulose in the epidermal wal!

of the florida varlteties of the Moxlican avocado.

The large seeu of the avocade consists of two fleshy cotyladons
plumule, hypocotyl, radicle and two thin seed coats adhering to each
other. The endosper- disappears In the ccursc of development (16). The
cotyledons consists of parenchyma tissue Interspersed with oll cells or

Idioblasts and centaln starch as the maln storage meterial.

}.:5 Literaturc Review.

1.5.1 Chemical Composition

Several reports have been made on the major components of
avocade frult. The high nutritive value and unusual composition of tho
avocado frult were proclaimed early by scme researchers of the
frult. In 2 review by Warllaw (20) the statement was made that the
avocade has 'calorific value three times that of banana and one and
one-half times that c¢. beefsteak, with zbundant amount of vitamin
A, B, and E and mineral matter higher than other fuits”. Most other
fruits are low in fats, protein and minerals and are high In sugers.
Early studies by Church (21) Indicated the uresual cumposition of the
avocado fruits. Jaffe and Gross (22) made a critical survey of the
composition of sixty-c.ght callfornia avocado from several locations.
Hall et al (23) tock the average of 5 - 14 determinations during
one season only; and Wolfe et al (24)worked on the Florida

varieties and all ccme to the conclusion that the avocade fruit hes a



high fat content ranging from 8 to 31,6%; | - 4% proteln and variable
g of 'total carbohydrate’. Another author, Bean (25) clted "total ‘
sugar' as |.75% In early season and 0.68% In mid-season for the Mexican
race. Jaffe and Gross (22) reported carbohydrate values as high as 10% for

unspecified avoccado, 1

The fatty acld composlition of avocade 11pld has been alse studlcd
extensively and was reviewed by Hilditch and Willlams (26). Their
comparisons cf fatty acld composition of lipids from various habitats
Is probably, not valld as different varieties and different analytical
methods wore used. These factor would (cad to differences greater
than those attributed to habltat. Mazliak (27) analysed the fatty acids
derived from the hydrolysis of the lipids from various parts of the avocado
frult and has shown that the edlble portlon of frult was rich In
oleic acid, palmltic, lInoclelc and palmitoleic acids, while stearic
acld Is present only in troce amounts. L'ttle difference was noted In
the fatty acid cumplement between mesocarp and endocarp, and even the
exocerp. The fatty acld of Me seed are markedly different from those
cf the pericarp, being higher In linocleic acid and linolenlc aclds
As styplcal of seeds., This Is ncted to be low in fat about 1% on
fresh weight basis. Xikuta (28) made an exhaustive study of the
lipids of avocado frults grown In South California, and found that the contents ¢
the free fatty aclids was very low while 86% of the lipid fraction consisted

of triglycerides.

Mazliak (29) exwnined the composition of the cuticular wax to

show that many a2cids, alcohols and paraffins were found In trace-amount.
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Thc avodado frult has been shown by Maqunne (30) to be a fertilc
source of unueuzl carbohydrates. Davenport and Ellis (31) recorded
that a7-carbon alcohol (perseitnl); slucose, fructose and sucrose
are presont at all stoges of ripening of the avocado, Charlison and
Richtmyor (32) found an octulose, D-Glycaro- O-tawno~-octulose and the

corresponding alcohol, D-erythre- D-galac to-ocitol,

The frec amino acld content of avocadc was found by Joslyn and
Stepka (33) to be higher than In any other fruit tested (aprlocots,
apples, prunes and pears). The principal amino acids were found to
Includz, asparagine, aspartic acid, glutamine ‘and glutamic acid, Serinc
threonine, alarine, valline and cystinc were detected. y=Amino butyrin

acid was shown also to be present,

hvocado fruit, being a high fat frult, might be expected to be
rich in vitamins, especlially the lipid solubc ones. In comparison with
other fruits, avocado Is rather poor in vitamin A, C, K and folic acids,
put richer in vitamin B, The pryidoxine level of avocado is highest
among fruits, except for banana, which has 0.59mo/100g (34). The vitamin
K level of 8ug/100g is iow compared to 12uq/100g for tomato fruit
and 176pg/100g for spi=ach leaves. The folic acid level of |lug/i00g
Is low compared to paars and beans at 50ug/100g. Hall et al (23)
showed that there was no significant change in the levels of thiamine

and riboflavin Through the picking season (January to April).

According to Jaffe and Gress (22) the mineral content of
avocate fruit is higher than that recorded for many other fresh fruits.
The high phosphatc and ironare of interest nutritionally. Weatherby (35)

found that rats which had bocome anaemic on an 1ron free diet formed
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hecamoglobin when thelr diet was supplimented by | -~ 59 of avocado tissue.
The copper content was found to be [.79ppm by Glral and Castillo (36)
which Is about the same level as In banana pulp and In beans grown in

Mexico,

Avocade sceds tave been shown 1o be a rich source of a complex
mixture of polyphenclic compounds ranging from simple (+) catechin

and (-) epicatechin to nighiy polymeric substances (37).

Antibacterial actlvity of extracts of avocado frult and sced has
been investigated in several studles. Sposhr et al (38) showed some

antibacterial activity acainst stephylococuss accreus, and Gallo and

Valeri (39) obtalned an extract with, somc antibacterial activity

against Micrococcus pyrogenes but nonc against Eschericblia Coli

or Baclllus Subtillls:on the other hand Valeri and Gimeno (40) reported

some activity of certain avocado extracts agalnst Escberichia Coll,

Crant (41) substituted one-half of the dietary fat of male adult
hospital patients with avocado fruit, Serum cholesterol declined in
the paticnts on avocado d!:t compared to patients recéiving animal fat,

There 1s st11l a controversy about this result: It was not clear
whether the decrease was due to the unsaturation of avocado fat., the
sitostercl present In the unsapcplfiable fraction or to some other

factor.

Compositional changes assoclated with development and storage
of avocado have alsobeon sfudied. Changes In fat, sugar and protein have
been reported by Church (21); Appleman and Noda (42), Davenport and
Ellfs (31) Mazhak (29), Dolendo (43) and Kikuta (28). Appleman showed
that the weight of the frult and seed lfcreased rapldly from August

to December when it became "horticulturally mature™ 1.e. attain the
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capaciiy to ripen normally, frults picked before December |5th shrivelled
badly, and did not soften normally and had less than 8% fat. Fat level
Increased equally from November to March when It tended to level off,
Increase in the size of the frult after December was very slow and

molsture content follow the same parttern.

Total and reducing sugars were high and constant until| about
December, when, they decreased at a linear rate. There was a marked
change for perseitol which was highest in May, but this dlsappeared

gradually during storage.

The lodine number, which Is an index of degree of unsaturation
showed dramatic decrease during the perliod and slower &hanges after
December (in the mature frult). Saponification number Increased

rapidly and became constant after December.

Kikuta (28) showed that the |lnolenic acid remained unchanged
throughout the development period, palmitic acld, palmitcleic and

IInclelc acids increased slightly while oleic acid showed large increase.

Dolando et al (43) recorded no significant changes In fatty acid
distribution during ripeningi torage (Il days at 15°C). Mazliak (29)
recorded an Increase In palmitic and palmitolelc acld and a decrease

in the percentage of oleic acld in an atmosphere high in carbon dioxide.

Cavenport and Eltis (31) reported smali increass In protein during
storage. Dolendo et al (43) also recorded changas In pectin andi stated
that seftening was accompanied by a rapid decrease In protopectin and
an Increase in water soluble pectin. There was also a decrease In the
degree of esterification of the pectin which contributes to the

softening process.



1.5.2 Vitamin C & -Ascorbic Acld)

1.5.2.1 Properties and physiocological functions.

0=¢C 0= C——-_—}
|
HC - C 0 ~2H 0
HO - u +2H } 0=C
| ..
- 0OH l
HT HO-C =~ H
HO - € - H l
CHZOH Hz(}i
(06H806) (06H606)
L~Ascorbic Acld Dehydro L-Ascorblic acid

Vitamine C or asccrbic acid (1 threo-2,4,5,6 pentohexene carboxylic
acld lactone , behaves |ike a monobasic acid: this property stems from

two encl groups (enediol); the two asymetric carbon atoms (C, and C.)

5
in ascerbic acid make four stercoisomers possible. |t Is soluble In
water, alcohol, glycerol, and proplene glycol but Insoluble In olls,
fats, ether or chloroform. Ascobic acid is unstable to oxldizing

agents, alkalis and cer¥2in motaise.g. iron and copper salts, It is

stable in acid solutions,

Dehydroascorbic acld is the first oxidatlon nroduct of ascorbic
acid as shown above; however, the antiscorbutic potency of the two
forms are the same. Most of the commerically available pure vitamin C
Is synthetic (44), Vitamin C occurs in nature In only one form,

L-ascobic acid (45),
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Higher plants and most mammals can syntheslze vitamin C, Ascorbic

acid Is synthesizcd in rats as follows:

D-glucose + D-qlucuronic acid +

L-gulonic acid + L-qulonolactonic

+ L-ascorbic acid (46),

Man, primates, guinea Plgs and the fruit cating bats, cannot synthesizo

this acid because they lack the |lver enzyme, "guicnolactone oxidase”

required for converting L-gulono-lactone to L-ascorbic acid (46).

1.9.2.2

Ascobic acid is know cofactor for:

(a)

(b)

(c)

(d)

hydroxylation of proline to hydroxyproline In collagen

synthesis (47);
the hydroxylation of tryptophan to 5-hydroxytryptophen (48):

conversion of 3,4-dihydroxyphenyl-ethyl amine to

norepinephine (49) and

hyoroxy lation of p-hydroxypheny! pyruvate to hemogen ~
tistic acid .: tyrosine metabnlism (48). It stimulates
the Incorperation of Tron Into hemoglobin (50). Vitamin
C deflclency causes scurvy and damages most 1f not all

the tissues and crgans of the body (48, 50 and 51)

Mcthod of determination.

There are several methods in literature for Jetermination of

ascorbic acid In biological samples and in blocd serum. The

2,6-dichloroindophenoltitrimetric method (52 and 53) s the most

elegant and 1s reqgerded as the cfficial method in U.S.A, (54). It

Is the method adonted in this work.
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Other methods include.

(i)

(i)

(vin)
(iv)

(v)

nhctometric methods - there are several medificaticns
of spectrophotomctric methods in literature (55, 56, 57,
and 58). The use of 2,4-dinitrophenylhydrazine reagent
methed 1s the most penular and Is the one adopted for

this work.
microriucromeiric method (54)-

chromatooraphlc method (59; 60);

polarographlic method (61, 62, and 63);

Kinetlc methods (64),

The principle involved In the dichlorophenol (DCPH) method is

that ascorbic acid reduces the indicator dye (DCPH) +o a colourluss

solution, At the end point the excess of dye Is rose pink in acid

solution, The vitamin is extracted and titratlon is serformed In the

presence of a stabllizing acid medium |fike HPO4 =" HOAC solution to

gvold the autooxidation of the vitamin at high pH value. The

folicwing equations have bzoproposed for the reaction (52)

0= . e
|: c1 cl @ 2 cl

|
HO - C 0=¢C
0 l 0
HO - B + fie ? s
l N =) He N - H
e | |
]' ) HC - OH
- OH éHQOH
| S
CHZOH OH
ed
Reduced (AA) (DCPH) colourlass

dye dye.



And the proposad reaction for the 2,4,dintrchydrazine reagent

(56, 7BB) is as follows:

Oﬂl|:-——-.——| Olcl;_____ H-,c_,a_*
HO - C 0 = T 0=C
L &
HO U 0 2y oul o™Po-c L
- | RNHNH,,
HC— C—— H-C~-OH
|
HO - C - H HO - C - H
CHZOH CH2m
CH20H
Dehydro-L- Diketo=L-
GRS R ascorblc acid gulenic acid
i (DAA)

reduced form

R - (!3 = 0
RHNN = C
(IJ = NNHR
HC -~ OH
HO~C =~ H
CHZOH

Osazoneg, coloured,
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CHAPTER__TWO

e

2,0 EXPERIMENTAL METHODS AND PROCEDURES

Most of the procedures adopted in this work are the standard
recommended methods of analysls as described In "Offlclal methods
of Analysis"” of the Association of the Analytical (Agricultural)

Chemists (A.0.A.C.) [3th Edition, 1980, unless ctherwise stated,

2.1 Sample collection and locations.

2.1.1 Sample sources and collectlon,

All the samples of avocade fruits used were collected randomly
from different parts of the country between the months of July and
Septomber. The frults are usually sold during this period (season)
In local markets at an average cost of 10k to 25k per frult
according to sizes. Some of the samples were obtalned through
the help of friends and others collected free of charge from the
avocado trees In some orchards In Cross River State and Ahmadu
Bello University main campus (Staff Club and Area F) by owners'
permission. The rest of the samples werc bought from local
markets and hawkers In the followlng towns?® Uyo In Cross River
State: Aba in Imo State Elema In Rivers State: Ibadan in
Oyo State: Benin in Bendel State; Gindirl in Plateau State; Zaria In

Kaduna State; and Kano In Kanoc State.

22 fresh fruits were selected out of the lot In the
laboratory and grouped Into three main ecological races using
thelr physical characteristics and some unique botarleal

features.



2,2 Sample Preparation,

After the determination of the physical parameters (dimensions,
weight and relative density), each frult was cut open Intc two halves
to study the cross section and transverse section (shown In plates
I and 11). The single dlcethyldoncus seed was removed, the odible
portion (pulp or mosocarp) and the skin (oxocarp) careful ly
separated. Eoach cf the separated portions was made homogenous by

a method that preserved the edlble nutrients for subsequent analysis.

2.2, Materizls.

Table knife (stalinless steel); Spatular blender and Watch

glasses.
2.2.2 Procedure.

‘The pulp was completely scrapcd f-om the skin using the
. spatular into a welghed watch glass. The weight cf cach portion
(sed, pulp and skin) was noted for each fruit. Each of these
portion was then chopped In apercelain dish with a stainless
table knife Iinto fine slices. A suitable porticr of each was used
for the respective moisture determination. The remaining portion
was dried at 80°C for 24 hours In the oven and under the sun for
another three hours to ensure adequate dryness. This was then
ground into fine powder and storq in dry labEed sample botties

for further analysis.
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The remaining fresh fruits were preserved In water-tight
cel [ophene bags Tn the refrigerator maintained botween 5 to 10°c.

This could keep wall for 14 days or more.

2.3 Determinati- = nf Physical Proporties.

2,3.1 Fruit dimenslions, Welght, Percentage fraction, Welight,

Volume and Density.

2,3.2 Materials: Top loading balance (Mcteller PI1210 model)
overflow can, vernier callipers, Metor rule. Measuring cylinder

(500 em”)

2.3.3 Procedure: The welght (g) of each fruit was noted with the
top loadlng balance. The corresponding volume of each frult was
measured with the over-flow can by alluwing the fruit to Immerge
totally in water In the can with the help of a thin matal rod.

The displaced water was collected Tn a measuring cylinder placed
directly below the spout of the overflow can; The total volume of
water displaced as noted In the measuring cylinder, measured the

volume (cmsi of the frult.

The dimensions (length and width) of each frult was
measured with a vernier callipers and conflrmed with a meter rule
measurement of the vertically cut section. i _ht of each portion

was noted and express as % of total frult wt purchased.



2.3.4 Calculation.

The Relative density (R.D,) of each fruit was

calculated using the relationship.

mass of Sample of fruit

R.D.
b Volume of Water disrlaced by Sample

2.4 Proximate Analysis.

2.4.1 Water Content (Moisture) and Total Solid.

The term moisture is used In aralytical chemistry #c
total volatile matter present In sample under analysis ©i5). Thesa

are malnly free water vapour and bound water,

The weight of any food has |ittle significance uniess 5 =»
wlth water content, Whether naturally present, added Throuvgh
fraudulent intent, or present in excess amount becausc of
Insufficient drying, water, is usually a dead loss to one wio
buys by weight or measure (65). It is also on added expens:

for transportation if present In excess amount obove The optimum
requirement. Molsture determination therefore Is cne of the
most Important and widely used parameter in the processing and

testing of food.

2.4.1.1 Methods for Moisture Determination

Several methods for moisture determination have beca

reported in literature (65,66)., These include:
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(1) Indirect distillation {(or dry) method (67).
This Involves the measurement loss Tn welght

of sample due to evaporation on drying.

(i1) Direct distillation methods (G68),

The distillation is carried with denser Immicible solvents
ITke toluene xylene and heptane with higher boiling point than
water. The weight of distillate obtained at 100 ¢+ 1°C represents

the moisture.
f111) rapid method employing electrical moisture
meter (69) (Thermobalance).
(iv) Chemical methods (71, 70, 72, 73, 74).

This makes use of the chemical reaction of water with lodine
or sulphur dioxide in pyridine-ethanol solutior In a volumertic
titration,

(v) the use of Nuclear Magnetic resonance (N,M.R.)

spectroscopy had ‘been Feported by Miller and Kaslaw (75).
(vi) Gas liquid chromatographic methods (75).

This has also been reported to give reproducible

rasults,
(vii) Infra Red (1.R.) method (76) has also been reported

for the determination of moistura,

The indirect distillation (dry method) was adopted for this

work because of the convenhende and availability of apparatus.
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Apparatus: Mettler balance, P2010 mode! (sensitive to 0.1q).
Oven (thermostated); platinuim dishes, dessicators with effective

dessicants.

Procedure: The platinum dish was dried In an oven at 80°C for

20 minutes, coold In a dessicator and weighed (wl)g. 59 of

each sample portion was placed In the dish and remit}hﬁﬂ(ilz}g- The
dish with the sample was then dried in the over at 80°C for

24 hours until a constant weight was obtained after successive
cooling in desslicator and weighing. It was finally transfered

from the oven to the dessicator to cool; and then quickly

welighed with minimum exposure to the atmosphere to give mass

(u3!9

The moisture and total solid contents were calculated as

percentage of weight of the sample us :d using, the formulae:

Wy = Wy
% moisture content = -2 . 100
Wy = W, T

and the

£ Total solid = H3 -W

W =W

3.4.2 Ash and Organlc Matter (71)

The ash of a blological meterial Is an analytical term for the
Inorganic residue, that remains after the organic matter has been

Incinerated,
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2.4,2.1 Materilals,

Silica dish, dessicator, Muffle furnace, Palr of tomgs.

2.4,2.2 Procedure,

The flat bottomed sllica dish was dried by holding In the
Bunsen flame for about one minute then transfered inte 2
desslicator to cool before‘ue!ghing(ﬁl)g. About 5g of the each

pulped sample was weighed Inside the dish (Hz}g.

The Silica dish with sample was then heated gently In a Bunsen
burner in a fume cupboard until smoking ceased, then this was

transfered to the Muffle furance preh:ated at 500°C. The heating

continueduntil all the carbon has been burnt away. (usually 24 - 48hrs)

The furnace was switched off and the silica dish taken out with
a pair of tongs and Immediately covered and placed In an efficient

dessicater 1o cool before welghing (H3)g.

The weight of the ash and organic matter that burnt away

were calculated and expressessed as percentage of the sample used

as follows:
pshg = s "M oo
W - w T
2 |
and
. W, - W 100
Organic matter % 2 3 s« T
W, - W
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The arithmetic mean of at least three determinations was often taken as

the resul t.

2.4,3 Lipid Content.

The lipid content of a bioclogical material can be estimated
by exhaustive extraction of the dry sample with a2 suitable lipid
sclvent, Lipids generally represent the water Insoluble component
in food stuff which are soluble In organic solvents (fat solvents

a.q. ether, ethancl, petroleum ether etc ).

The method adopted in this work was the direct but
exhaustive Soxhlet method (69) of extraction using diethyl ether/

Ethanol mixture (2:1).

2.4,.3,1 Apparatus.

Soxhlet extractor unit. Heating mantle.

2,4.3.2 Chemicals:

Diethyl ether and ethanol 95% (A.R.)

2.4.3.3 Procedure.

About 59 of the powedered dry sample was put info a thimble of
known weight (W )g. The thimble with tha sample (W,)g was placed
inside the Soxhlet extractor. 500crn3 of diethy!l .ther/ethanol
mixture (2:1) was used for the extraction. The gentle hcating
was done on an electrically controllad heating mantle. The

process was al lowed to continue for 24 hours before
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the thimble with the content was removed, dried In oven at 50°C
for another 6 hours, cooled in a dessicator and reweighed (WB}g.
The extracted oll and solvent In the flosk was distilled to about
20 cm3 and then evaporated on a water bath until all the solvent
evaporated and the oily lipld left in the flask. The percentage

lipid was obtained by the formula:

W - W
4 Lipid = ﬂEL____E X 199
W, - W I

The extractible fat could also be calculated from the weight
of lipid obtained after evaporation divided by the original weight
of the sample and multiplied by one hundred. Usually the
latter method glveslower results as some of the lipid might have

escaped during evaporation.

2.4.4 Nitrogen and Crude Protein.

The amount of protein In a blological material Is obtained
by determining the amount of nitrogen present which Is then
multiplied by known and accepted emperical factors (based on
the proportion of nitrogen in the proteins). Most protein
contain about 16 percent nitrogen (67, 69). Total nitrogen
estimated by the ﬁre!dahl method is multiplied by 6.25 to
express the average crude protein; for milk and egg this
factor is 6.38 and 6.68 respectively. The factor of 5.7 is

used for proteins in flour and in wheat.
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In this work the usual volumetric method of Kialdahl method
(67) with semi-micro modification was used. The method Is less
time consuming, convenient and simple in technique. It s more
accurate than other methods. Nitrates and nitrites are not
determined by this procedure. The determination is done In
3 stages ~.first the sample 1s completly digested with concontrated
sulphur&c acid to convert all the nitrogen into ammonium
sulpha?a'(NH4)2504; secondly ammonia is |iberated by making the

mixture containing the ammonium sulphute alkaline, the amonia s

distilled and thirdly, the ammonia Is determined by titretion.

Some other modifications of the Kjeldah method have been
reported in literature and these include - Use of Con.
Sulphuric acid - Hyrogen peroxide mixture (73) and elimination of
the distillation process by addition of alkall to “he sulphric
acid digest followed by hypobromite solution and potassium
fodide. The liberated fodine Is titrated with standard

thiosulphate (74),

Other methods of protein determinat ion Include the formal
titration (69, 75); colorimetric method (76) and Turbidimetric

method (77) using sulphosalicylic acld.
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2.4.,4,1 Matcrials,
(a) Apparatus:
100 crn3 Kjeldahl flask
Markham-: 'micro nitrogen still,
Kjeldah) distilling bulb.
Straight-tubc condenscr

Heating mantle.

(b) Rsagents.
All the reagents used werec of analytical reagent grade

and free from nitrogan.

2 4,42 Procedure,

(2) 250mg cf the dry sample was accurately weighed into a
clean dry lOOcm3 Kjeldahl flask. About lg of mixed catalyst
(consisting of 160g anhydrous K250 , 10g Cu504.5H20 and 3g selenium
powder, properly mixed). 6cm3 of conc. HZSO4 was added and a

few chips of Pumice Stona.

fb) The mixture was carfully digested over on electric
heater in the hood initially with low flame until frothing
subsided and &t a highcr temperature until conten s weirz clean
grecnish in appearance. The digestion was continued for further

60 minutes.
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(c) The neat was put off and the flask allowed to cool
Then I5cm3 of distilled water was added. The contents were
quantititively transfered into a 50cm3 volumetric flask using more
distilled water to rinse out, but leaving the pumic stones
behind, The volume was made to the 50cm5 mark and shaken to mix

well.

(d) Exactly IOcm3 of the digest was transfered with a pipetic
Into the Markham sami-micro nitrogen still. IOcm3 of 40% scdlum
hydroxide solution was added to the digest and closed Immedlately
to prevent any escape of ammonia., The ammonia |iberated was

stcam distiiled Into the Scm® () borlc acid solution containing

7 z
4 drops of mixcd indicater taken In the conlcal flask.

(e) The distlliate was removed and titrated with the
standard L% hydrochloric acid, the end point was reached when
70
the indicator ¢hanged from green through faint to a definite

pink. The amount of acld consumed was noted.

(f) A blank was run through the whole procedure and the
burette reading substracted from that in (&) above to get a

corrected volume of standard HCI.

CALCULATION
Let the mass sample used = Mg

Volume of HCl In blank titration

3

' Volumz or HCI In 5cm3 test sample

g



29

Then,

% total Nitrogen In the sample is given by

1000 x 70 x M

Corrected litfre (qgi)

1.0, N(S) 10 x sample wt.(g)

So crude proteln (%), = 6.25 x Nitrogen (%).

2.4.5 Crude Fiber Determination.

"Crude fiber", is the nraanic rasiduc which remains after the
material has been treatcd under standard conditions with light
petroleum, bolling dilute HZSOQ, boiling dilute sodium hydroxide

sclutions, dil HC), ethancl and ether,

Crude fiber consists, largly of cellulose together with
little lignin. As the recovery of cellulose using the speclfied
procedure seldom exceeds four fifths of that actually present,
the crude fiber does not represent a measure of speciflic group
of substances. Also as the figures obtaineb tend
to vary with the conditions employed (78), It Is Important to

~adopt a standardised procedure in order to obtain consistent

results,

2.4.5.) Reagents.
Sulphuric Acid (0.255N)

Sodium hydroxide (0.313N)~
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Pethy!l alcohel (95%)
Diethyl ether (

Hydrochloric acid (1% V/V)

2.4,5.2 (b) Apparatus.

500crn3 beakers.

Round bottomed flasked condenscr unit
Buchner flask ldm3
Buchner funnels

Crucibles silica with porous base

Rubber bungs to fit (5) above.

2.4,5.3 Proccdure.

2g of the dried, fat-freec sample was welighed Into a
600c:n3 of round bottomed flask. (For convanlancathe residue from
ether extract for lipids was used). 200cm3 of boiling dil. H,S0,
was added and the condenser fitted and brought to bsiling within
one minute. The bolling continued gently for exactly 30 minutes.
Distilled water was used to maintain the volume at 600 crn3 while

boiling and to wash down particles adhering to the sides of the

flask.

The mixture was filtered through a Whatman Ne. 541 ashless paper

in a Buchner funnel using suction pump and residue washed well with
distilled water. The residuc was then transfered back Intc the
flask and 20Ccw bolling NaOH solution added. The reflux condenser

was replaced and the mixture brough to boiling within one minute.
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After boiling for exactly 30 minutes, it was filtered through porous
crucible and washed with boiling distillcd water, 1% HCI and then
2galn with boiling water. |t was thon washed twice with ethanol
other: The final residue was dried over night at 100°C in

the cven.dnd than gllowsd to cocl in a dessicator and welghed

The dried residue was ashed In silica crucible at 500°C
in the Muffle furnace for 3 hoursi after cooling in the dissicator the

ash was weighed. The weight of Fiber was calculated by difference.

2.4.5.4 Calculation.
Let:
Weight of Sample used = ag
Welght of crucible + driad residue = bg

Weight of crucible After ashing - cg

Then;

Crude fiber ¢ =

2.4.5 Determination of Sugar content.

Sugars are generally estimated by their abllity to reduce
copper |1 ions in alkaline solution or by thelr ability to

rotate planc polarised light (optical activity).

Two approches can be adopted for the reduction of copper (h
isns. Firstly, the cuprous nxide produced by the reduction of

fellings solution under standard conditions is welghed while in the
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second method, the volume of sugar sclution required to reduce
comp letely 25cm3 of mixed fellings solution using methylene blue

as redox indicator Tn measured (79),

There a2re two main classes of sugar i.e. reducing sugar
(e.q. dextrose maltose, lactose) and non-reducing sugar (e.g.
sucrcse). The latter class, after inversion by acld hydrolysis

can also be determined by the method of reducing sugar.

The method adopted in this work is due to Luff - Schoorl (indecroct
volumetric method). It is similar in principle to the method of

Lane and Eynon (79),

2.4.6.1 Luff - Schoorls Method.
(a) Apparatus: Magnetic stirrer

(b) Reagents: All reagent are of Analytical reagent

grade or best quality commercially availlable,
(i) 40% Ethanol (V/V)

(ii) Carrez Soluytion |: 21.9g zinc acetate and 39 glacial

acetic acid in IOOcm3 water,

(ii1) Carrez Solution 1l: 10,69 Potassium ferrocynide
in I00cm3 water,

(iv) Luff-Schoorl Reagents: a2, b and ¢ -
(a) 25qg copper sulphate in IDOcm3 water
(b) 50q citric acid In 50cm3 water
(c) 143,8g anhydrous sodium carbonate dissolved in

about 300c:n3 warm water then cooled.
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The citric aclid solution (b) was poured Into the sodlum
carbonate solution (¢) with stirring. Copper sulphate solution
(2) was added and then made up to ldm3 with distilled water.

(pH of solution Is appreximately 9.4).
(iv) Sodium thiosulphate solution (0. 1IM).

(v) Starch sclution: 1.0g soluble starch in 5cm3 water was
poured Into 200ml boiling water boiled for three

minutes and al lowed to cool.
(vi) Potassium lodide 307 W/V

(vii) 3M sulphuric acid.

2.4,6,2 Procedure:

(a)  Extraction of Sample,

Exactly 2.5g of the pulp sample was weighed into a 250cm3
volumetric flask, 200cm3 40f V/V) ethanol was added and mixed for
one hour with magnetic stirrer, 5cm3 of Carreg solution |
and 5Cm3 of Carrez solution || was added and stlrred for another one
minute. The mixture was made up to volume with 40% ethanol,
homogenised and filtered, 200crn3 of the filtrate was removed,
evaporated to almost half volume in order to get ride of most of
the ethancol. The residue was transfered quantitatively to a 200cm3
volumetric flask with warm water, cooled and made up to the mark.

This solution was then used to determine the amount of reducing

sugar; then the amount of "total" sugar, after inversion.



34

(b) Determination of Reducing sugar.

: Luff-Schoor!| reagent was pipetted into a 300cm”

25¢cm
Erlermeyer flask and 25cm3 of the sugar sample solution added
together with some anti-bumping grannuds, This was heated to
beiling over Bunsen-burner within three minutes with constant
stirring. A raeflux condenser was fitted to the Erlenmeyer flask
and the liquid was then bolled for exactly ten minutes. |t

was then cooled immediately in cold water; and after about

five minutes. it was titrated as follows:

IOcm3 potassium lodide solution was added cérefully, fol lowed
by 25cm> M sulphric acid. This was 1itrated with O.IM sodium
thiosulphate until a dull yellow colour developed. Five drops
of the starch solution was added and the titration continued to

the end point when blue fodine~-starch complex colour was discharged.

A blank titration was carried out with water plus IOcrn3 potassium

lodine and 25cm3 3M sulphuric acid without any sample solution,

2.4.6.3 Calculations:

Using the conversion table in appendix |, the equivalent
amount of glucose in mg which corresponds to the di fference
between the values of the two titrations is obtained, and the
result expressed as percentage of the sample welght (i.e. mg sugar/

100g sample).
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2.1.6.4 Dctermination of "Total® sugar after Inversion.

50cm5 of the clarified sugar sclution was taken with pipette
into a lOOcm3 volumetric flask. 3 drops of methylorange
Indicator solution was added. 4M hydrochloric acid solution
was also added carefully with stirring until the liquid turned a
definite rec. lScm3 of 0.IM HCl was added and the flask
Immersed In a fast boiling water bath and 2l lowed to stand there
for 30 minutes. |t was then cooled rapidiv to about 20°C. I5cm3
of 0. 1M NaOH was added and di luted to 100cn” with distilled water,
25crn3 of this was titrated as described for reducing sugar by

the Luff-Schoorl method above.

2.5 Determination of Ascorbic Acid (vitamin C) by 2,6-Dichloroindophenc|

(DCPH) method,

This methed s conly applicable in the determination of reduced
ascorbic acid in the absence of fron (I111), tin, Copper(il),

sulphur dioxide and thiosulphate as possible interferences.

2:9:1 BeagantSs

(a) Extracting solution: Metaphosphoric acid - acetic acid

solution (HPO; - HOAC). 159 of glacial metaphosphoric acid pellets

and freshly pulverized stick was dissolved with shaking in 4Ocm3

acetic acid and 200cm3 distilled water. This was diluted to about

500cm3 and filtered rapidly through fluted paper info g-s bottle.
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(HPO3 slowly changes to H3P04, but if stored in refrigeratocr,

solution can keep satisfactorily for 7 - 10 days).

(b) Ascorbic Acid Solution Standard (img/an3 or 1000 ppm)

50mg of USP Ascorbic aclid Reference standard was accurately
welghed into a 50cm3 volumetric flask and diluted immediately to

volume with HPO3 - HOAC solution (a) above.

(c) Indophenol Standard Soluticn: (O.125g/50cm")

50g of DCPH sodium salt{Eastman KODACK Co.No.3463) was
dissolved in 50cm3 water to which has becn added 42mg sodiumbicarbonate
and shaken vigorously and when the dye dissclved It was diluted
to 200cm3 with distilled water, fiitcred thru flutted paper into
amber g - s bottle. |t was preserved stoppered and out of reach of

direct sunlight In refrigerator.

2.5.2 Procedure:

5cm3 of the extracting solution containing excess ascorbic
acid was added to I5cm3¢)f dye reagent. (1f reduced solution was
not practically colourless, 1t was discarded and 2 new stock
preparcd). Replicate of 2.0crn3 aliquots ascorbic acid standard
solution were transfered to cach of 50cm3 Erlenmeyer flasks containing
50uﬁ3HF03 ~ HOAC sofution (a). This was titrated rapidiy with the

indophenc| solution from 50cm3 buret until light but distinct
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roso-pink | ersisted within seconds, Each ftitration required
i5.lcm3 indophenol solutinn). Three similar blank titrations
were carried out with blank sclutions containing ?.Ocm3

HPO; - HOAC solution (2) plus volume of water about equivalent
to tne volume of Indophensl solution used in the direct

titraticns. After substracting the average blanks from the

standard end points, The number of mq ascorbic acid equivalept to icrn3

reagent (F) was calculated. The. ipdgpheno!l solution was standard!sad

daily with freshly preparcd ascorbic acld standard solution.

(b) Preparation of sample Assay Solution.

Sample was pulverized by gently grinding then added
H‘F’O:5 - HOAC solution and triturated until sample was In
suspension. |t was then diluted with HPO3 - HOAC sclution to

50 . 10em® of the axtracting solution/dry sample was used.

2.5.3 Determination.

3 sample aliquots were tltrated and blanks were titrated
simutaneously for end point correction. Using the average of
3 tltrations; the mg Ascorbic acld per gramme sample was

calculated using the formulay

F . Vv . 100
mg Ascorbic acld/g sample = (A-B x E* V* T

where A = average cm3 for sample titration
B = average cm3 for blank titrations
F = mg Ascorblc acld eqivalent to I.Ocm3 of

indophenol standard solution,
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E = number of grammes of sample used.

V = inital volume of assay solution (50cm3)

Y = volume of sample allquot titrated (|0cm”)

2.5:4 Determination of 'Total' Ascorbic acld by the
2,4-Dinltropheny lhydrazine Method (79).

2.9.4,]1 Procedure describes the determination of total vitamin C-

I 1ke compounds (henceforth refered to as ‘total ascorbic acid)

and is represented by ascorbic acid, dehydroascorbic, and diketoqulonic
acld if present. The method Is accurate for antiscerbutic assay

of many fresh foods when ascorbic acid and dehydroascorbic acid

occur In the focds and diketogulonic acid has not been °

formed In appreciable amount (78). Thus, the method Is valuable In
determining the orlglnal abcorbic acid content of the fruit at
the #ime of harvesting.

(1) Extraction.

(a) 20q of the dry pulped sample and 20g of 10% HPO5

was blended for 3 minutes to a homogenous slurry.

(b)  10g of the slurry was weighed into a
25cm> flask and diluted to the mark with 5% HPO; solution
and mixed fhoroughly;lOcm3 of this was further diluted to

100cm”.,
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(c) The suspended particles were removed by flltering

thry 2 Whatman No. |2 fluted paper.

(11) Oxldation to Dehydroascorblic acid.

(a) To the solution from C above was added 3 drops of
bromine from 2 medicine dropper In a fume cupboard., This was
shaken gently until the solutlon was slightly yellow, excess
bromine was decanted off and Nitrogen (saturated with water) was

passed through the solution until the dissolved bromine was expelled.

Rce (80) has also recomended the use of acid washed Norlt as
the oxidising agent rather than the polsonous bromine. Norit Is
particularly advantageous In highly plgmented extract; It can
decolorulse the extracts while simulteneously oxldising them,
Unavallabliity of Norlt during the perlcd of the work made the use of
bromine unaviodable. Other oxidising agents [lke 2,6~dichlorephenc| | wdophon
has been recomended by Bolin and Book (65) but this reagent Is |imlted

to colourless extracts,

() To a 10cm® aliquot of the oxldizled extract {0em® of

2% thiourea In 5% HPO3 was added and mixed thoroughly to yelld a

dilute sample of 30cm-.

(c) Toa 50m3 alfquot of oxldized extract was added |Ocm3

3

of 2% thlounea In 5% HPOy and Sem™ of 5% HPO; and thoroughly mixed.
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(rin Formation of Osazone.

(2) 4cm3 allquot of each of the sample dllutlons (fib) and
(2 = ¢) above was pipetted into each of three test tube

(celoremeter tubes).

(b) One tube of each dilutlon was set aslde to serve as

blank,

(c) To each of the remaining tubes was added Ic:rn3 of 2%

2,4=dinltropheny hydrazlre reagent.

(d)- All the tubes were placed In a water bath at 37°C

for 3 hours.

(e) At the end of thls perlod, the tubeSwere removed

from the bath and placed In lce bath.

(Iv) Treatment with 85% sulphuric acld.
(Formation of soluble pigment)

(2) While the tube were still standing In the ice bath,

5cm3

of 85% sto4 was added to each, The additlon was made cne
drop at a2 time and this lasted for at least one minute. The
essence of this slow additlion Is to obviate a darking of
solution contzining sugar due to rapld rise In temperature of

the heat of hydration of the aclid.
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(b)  With the tubes stil] In lce bath, lcm® of 2%
2,4=dInltrophylhydrazine reagent was added to the blank., W|thout
removing from the Ice bath, all the three tube were shaken to

mix the contents,

(c) The tubes were then removed from the lce bath, and

allowed to stand for 30 minutes at room temperature.

As the colour continues to develop to maximum within this
period many Interfering Osazones would slowly decompose In the
H,50, - Thus encugh waiting time of not less than 30 minutes Is

essentlal.

(v) Measurement of Colour.

(a) Stable photoelectric colorimeter (spectronic 120) was

used at 520 wave length with sultable filters.

(b)  WIth the blank, the Instrument was set at 100%
transmlttance readlng. This corrected for colour other than that
produced from the Osazone formed during the 3 hours In the water

bath at 37°C,

(c) The percentage transmittance (¥ T) was read for the samples.

(vi) Callbration of the Colorimeter.

3

(2} To 50em™ of the standerd asccrbic a€1d ({00ppm) was added

3 dreps of fiquld broming; shaken and the excess bromlne seperated.
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(b) The oxidlsed solution was aerated with nitrogen fo
remove excess bromine. Then IOcm3 of the aerated solution was put
into a 500cm3 volumetric flask. 5g thourea added and dlluted to

volume with 5% HP03.

(c) FlInal dlluted dehycroascorbic acld solutions
contalning |, 2, 4, 5, 8, 10 and 12 ug per crn3 were prepared
by drawing 5, 10, 20, 25, 40, 50 and 60 cm3 of the diluted
solution Tnto seven laboled 100cm® volumetric flasks and dilutlrs

each to the mark with 1% thicurea In 5% HP03.

(d) Each of the seven standard ascorbic acld solutions viae
treated In the same manner as samples In steps | (I1la - vc)

In the previous sections, using a seperate blank for each tubs,

(e) The calibration curve was prepared by ploting %
transmittance (¥ T)as ordinate and the concentrailion of ascorblc
acld "C" (ug per cms) as absclssa. (Ref. standard curve for

‘etermination of "total" ascorbic acld).

.5.4.2 Calculatlons:

(a) Total ascorblc acld content of each allquot wes

calculated according to the formula:

R x 220 . ng "otal” Ascorblc acld per 100g Sample.

W 1000
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where
R = ug of total Ascorblc acld per cm3 of sclutlon cbtalned

by Interpolation from the callbratlion curve.

W = g of sample per cm; of the dlluted sclution.

100
1000

or IO-l = conversion factor from ug per g to mg per [00g.

2.6 Pectin Determination (89)%

2.6.1 (a) Apparatus: Gooch, crucible.

(b) Reagent. 2M calclum chlorlde.
IM acetlc acld

0.8 sodium hydroxid.

2.6.2 Procedure: A sultable quantity cof dry frult skin was macerated
and extracted with cold water; the mixture was then bolled and
flltered. An allquot of the flltrate was dlluted to 300cm3, and
IOO(:m3 of 0.IM NaOH was added, then allowed to stand overnight.

After which 50cm of IM acetic acld was added followed after 5 minutes
by 50cm3 of 2N CaCi2 sclution. This was allowed to stand for one

hour then bolled for a few minutes and flltered. The resldue was
washed with bolling water until quite free from chioride. |t was

then belled with water and filtered on 2 Gooch Crucible, The resldue :
was washed, dried and weighed as calclum pectate (88).

(CI?H Ca).

22%16



2.6,3 Pectlc Acid (8], 87).

2.6.3,1 (a) Extraction of Sample.

30g of skin powder was macerated In 80cm” distilled water

In a beaker then bolled for one hour followed by additlon cf

3 lumps of reflned sugar. Thls was flltered Into a ZOOCm5 flask

and made up to the mark with distilled water.

(b) The above sclutlon was evaporated to about 25cm3 and

Immedlately 200cm3

of 95% ethano! was added with stirring. The
preclpltate was allowed to settie, then fllitered through a

I5cm qualltative paper and residue washed wlth ethancl.

The precipltate was transfered to the criglinal beaker wlth
hot water and then evaporated to about 4Ocm3 and cooled to room
temperature: few drops of HCI (| + 2.5) was added and warmed,

cocled agaln and diluted with 3Ocm3

of |¥ NaOH. Allowed to stand
for 15 minutes then followed by 40cm” of distllled water and |0cm”
of the HCI (1 + 2.5) and then bolled for 5 minutes. Flltered

and the pectlc acld washed with hot water.

The pectic acld was washed Into a platinlum dish and drled
on steam bath and finally In oven at 100°C to a constant welght.
This was then Iglinited and reweigted. Loss In welght equals to
the pectic acid.

loss In wt. on Ignltlon pectin

% Pectic aclid = original sample wt.
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2.6.3.2 Chromatographic Seperatlion of Pect!n.

(a) Procedure. (Paper chromatography and TLC) (92)
concentrated water solution of the pectin was spoted on a
chrenrtoqgaphic. plate by means of a mlcro pipette. This was allowed
to dry then a decending chrematography was run using water -
Acetlc acld - Pet. ether Ammonia (10:5 2:1) as the moblle phase.
Running time was one hour. The chromztogrem was visualised In
lodine tank for | second; the Rf values of the distinct spots

recorded.and compared with |Iterature values for Identiflcaticn.

2.7 Determination of some propertles of Extracted Ol

Bolling polnt and Melting polnt.

2.7.1 Melting Polnt. Since the fats are semi-solld at room

temperature, there Is a cholce od determining the melting pcint

after cooling to strict solidification or the solldiflng polnt, aft
melting tc a clear llquld. However the two methﬁds are not
fdentical. In this work the capillary tube method was used to

determine the melting polint.

2.7.1.1 Caplliary Tube Method.

Some melted fat was asplrated Into a caplllary tube (Ilmm dlameter)
and one gently sealed with 2 low flame wlthout burning the oll. The

tube and the fatwes cooled In a refrigerator overnight. A thermometer
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was fastened to- the- tube so that the column of the fat and the bulb

of the #hermometer were at the same level. Thesc were then heated

siowly (0.5°C per minufe In 2 water bath and the temperature

at which the fat |lquifies was noted as the melting pecint,

2.7.2 Bolllng polnt. Emrich's method (82) Apparatus.

(i) A caplllary tube 10cm long and |mm bore with one and

drawn Into o very fine caplllary and about Zcm |ong.
(i1) Llquid paraffin a melting polnt apparatus.

(11t)  thermometer.

Oy Fr B Procedure.

The caplllary tube was dipped Into melted oll, so that the
oll rose slowly by caplllary attractlion, the tube was removed when
the oll has filled the narrow contéal portfon, The caplllary end
was sealed by merely touching with a minute flame. A small alr
bubble was formed In the point of the caplilary. Thls was easlly
seen with a lens. The capiliery tube was then attached to a
thermometer as In the melting point determination above. The w
arrangement was heated slowly In the paraffin oll In the open
bath which Is kept well stirred. When the bubble enlarged and began
to show slgns of upward motlon, the flame was conslderably lowered cor

removed as the need demanded. The temperature at which the bubble
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reached the surface of the bath liquid was taken as the bolling
pcint of the oli. The bath was allowed to cool o about 10°C below
the flrst cbserved bolling polnt thenslowly heated agaln, and a
sacond determinaticn of the beillng polnt was made, The averge

determination was taken.

2.7.3 Acld Value,
The acld value of 2 11pld is the number of mllilgrammes of
potassium, hydroxide (KOH)) required to neutrallse One gromme of fatty

material.

2,7.4 Procoedure.

25 of ether extracted 1iold sample was dlssctvad In 50cm3
(1:1%) ethancl/dlethyl ether mixture In o 250 cm3 Erlenmeycr flask.
Thls was titrated with 0.IN ethanclic potessium hydroxide solution

using phenolphthaleln Indicator.

2.7.5 Calculation,

MN
b 4 AC!dH’y (Va Vb) —TO_?I'

whare,
Va =  number of cm3 of ethancllc KOH reaulred for

end polnt.

V., = End polint of blank

M = Molecular weiaht of fatty acld adopted (e.g. 262 for <lelc
acld),
N = rvolarit  of the ethancllc KOH

=
"

welght of sample used In grammes,



Acld Vzlue = 26.1 {va N Vb) N

2.7.6 Saponification Value, (61, 83, 84).

Saponification value denotes the mass In mllllgrams of
potassium hydroxlde required to saponlfy cne gram of the Ilpld,
(1.e. the amount of sodium hydroxide to neutrallize the free fatty

acld and fatty acld combined In the lipld).

2.7.6.1 Procedure.

To ig of lipld In 2 250 Cm5 Er'enlmeyer flask 25cm3 cf
IM ethancllc notassium hydroxide solutlon was added wlth some
antibumplng grannujs, The flask was then fltted with a reflux
condenser and bolled gently, swirling from Time to time fo
ensure c.r.olete mixing; the heating continued for about two hours.
Few drops of phenolphthalein were added; and the excess potassium
hydrexide In the hot scap (glycerlde ester) was tltrated with

0.5M hydrochloric acld sclution.

A blank tifration on the ethanollc potassium hydroxlde was

alsc carrled out simultanecusly under sim!lar conditions.

2.7.6.2 Calculattons.

56.IN (b - a)
W

Saponiflcation value (S.v.)

vhere,
a = number of cm3 of HCl used In semple test

b. numbsr of cm3 of HCI used In blank.
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N = Normallty of HCl solution

W = welght of oll sample In grams.

2.7.7 lcdine Value (Hanus) (67)

The fodine value of a I1pld s a measure of Its degree of
unsaturation. In practice it Is determined by the amcunt of

halogen 8bsorbeq oy 100 parts of welght of the Iipld.

2.7.7.1 (2) Materlals,

(1) Hanus lodine Solutlon (13.2 Pure lodtne In IL HOAC + 3cm® Br)
(1i) Liquid Bromlne
CIt1)  Acetic acld

(Iv) O.IN sodium thlosulphate

(v) I15% Potassium lodide

(vl) Carbon tetrachlorlde

(b)  Apparatus:
(vl1) 500cm” Reagent bottles (g - S flask)

(VT Plpette 25em-.

2.7.7.2 Procedure.

0.5g of the fat was welghed In 500cm® g-s flask and
dissolved In lOcm3 carbon tetrachloride. WIth plpette, 25cm3
Hanus lodlone sclution was added and allowed to stand for

30 minutes In the dark cupboard and shaken occaslonally.

IOan?:f I15% KI solution was added and shaken thoroughly.

Then followed by IOOCmsof freshly bolled and cooled water,



washing down and free lodline on the stopper.

The fodine was then titrated with standard O.IN N32$203,
gradually with constant shaking untll yellow solution turns almost
colourless; A few drops of starch Indlcator were then added and
the tltration continued until the blue (lodine-starch complex)
colour was discharged. Towards the end of tltration, the flask
was stoppered and shaken vigorously, so that the lodine remalning
In the carbon tetrachloride layer may be taken up by KI solutlon.
Repllcate tltrations were made and two blank tltrations also

conducted alongside.

2.7.7.3 Calculaticn,

12,69 N(b - a)

lodine value (No.): = >

where
W = mass of |ipld used
a = av. cm3 of O.IN Na,S,0, used for |lpld
P i -
sample.

3

b = av. cm™ of 0.IN Na,§ O3 used for

272
blank test.

Mo =
N = Exact Normality of Na,5.05 after

standarisation.
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2.8 Determinatlon «f Mlneral (Ash analysls) (67, 69).

All the mineral metais In ash solution were determlned with
Atomlc Absorptlonsggectrometer (AAS); (Pye Unlcam 5.P. 1900 model)
(85), except for the 2lkaline metals (Sodlum and potassium) which
were determined with Corning-Eel Flame Emissicr Spectrometer

{FES) where they are more senslitlive.

Phosphorous was determined by the Molybdovanadate Colonimetrlic
neinod; and chlorlde was estimated by the Morh's: direct tltration

methed (86).

In the atomic Absorption spectrometer, the solutlon Is sprayad
Intc the flame of the spectrometer already set as described in the
Data Book (85), Radlatlon of characteristic wave length from 2
selected nollow cathode discharge lamp 1s passed thrcough the
flame, and the atoms of the element absorb some of the radlaticn
and become excited. The decrease In the Intenslty of the radietlon
of the Cathcde lamp Is monitored using 2 menochromator and detector
system. The extent of absorption of the cathode rzdtatlon by
the element |s dependent on the number cf atoms of the element In
the ground state and thus Is a Ilnear function of the concentration

of the atoms of the element In the sprayed solutlon.

In the case of flame Emisslon spectrometer (37), after
spreading the Investigated sclution In the flame cf the
photometer, the atoms of the metal are exclted by absorblng

radlant energy ¢1 che flame., On returning to the ground state,
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they emlt the absorbed radlation, The Intensity of the emltted
radiation 1s directly proportional to the concentration of the

element In the sclution,

2.8.1 Sample Sclutlon Preparation.

The ash obtained as In the determinaticn ef agh-cen*ent was

>

treated with |0em” of 6M HCI to wet 1t and then gradually

evaporated on a hot plate to dryness. Then I2cm3 of 3M HCl was 2dded
and heated untl| the solution just bolled. This was then allowed

to cocl then flltered through a small fllter paper Infc a IOOcm3
standard flask. Any solld left on the evaporating dish was treated '’.
wlth some 3M HC| bolled, cooled and flltered agaln Into the

flask. The dish and the filter paper were properly washed

through Into the flask leaving any Impurlty on the paper. About

3

5cm” of 0.IM Lanthanlum Chloride G.aClB) solutlon was added to

the flask, to prevent |Interference In the case of celclum determina.ion.

2.8.2 Preparatlion of Standard (callbration) curves.

Stock solution of 1000 ppm (IOOOug/CmSJ of each metal to
be determined was prepared as described In the PYE Unlcam
AAS Data Book (85) glven In appendix 2. All the reagents used
were of A.R. grade and delonlzed water or Hydrochlorlc acld
was used és the soiv§h+ In all cases. Approprliate dilutlions
were then made to correspond wlth the |imit range of each
mineral element present In ecologlical materlals as glven by

Allen et al (91) and shown In appendix 3.



To ensure the exact strength of each stock solutlon, It was

further standardised with EDTA using Erlochrome Black T Indlcator.

2.8.3 Determinatlon cf Phosphorous

2.8.3 (a) Reagenfs:

(1) Molybdovanadate reagent - 40g of Ammonlum
Molybdate.4H,0 dissolved In 400cm3 hot water;
2g ammonlum metavanadate In 250cm3 hot water,
added 450cm3 of 70% perchloric acld. Then

gradually mixed and made up to 2dm3.

(11) phosphorous standard stock sclutlon -
(1000 ppm or 1000ug/cm®) - 8.788q potassium
dlhydrocen orthophosphate dissolved In water

and made up to idms.

(b)  Apparatus:
(1) Spectrometer to read at 400 mu.

(11) Graduated IOOcm3 flasks.

2.8,3,2 Procedure.

Aliqucts &f ash solution of each sampie was plpetted
Intc 2 !00cm3 flask and ZOcm3 of the molybdoyanadate reagent
was added and the solution made up to the mark and allowed to

stand for at least |0 minutes.

The standard stock solution of the phosphorous was then
dilutod-=ccordinagly with dlonlzed water to obtain standard worcling

sclution contalning 0.5, 0.8, 1.2, 1.4 and |.5mg were placed In
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4

3
seperate 'OOCWI flask and treated as above wlth Molybdovanuda,e

1
reagent. )

ReadIng wpre taken with the spectrometer set at 100%
transmltance fort the 0.5mg standard. The readlng of each sample
were' taken along\side with the standards. Average of 3 reacings
were taken. A sfanerd curve was plo¥ed and the concentration

\

of phosphorous In +he samples Interpolated. (ref. callbration for

phosphorous, fly. 8).



CHAPTER THREE

3.0 RESULTS AND DISCUSSION,

3.1 Results.,

Table |

e =

Physical Propertles of 3 types of Avocado

55

Frults
Race (type) MEX |CAN WEST INDIAN GUATAMAL | AN
Welght (g): Max. 323,00 289.10 271.50
Min. 321.00 288.00 270.30
Length(cm): Max 14.30 15.30 13.51
Min. 14.27 15.00 13.00
Width: Max. el 7.60 7.53
Min. 7.10 7.40 7.00
Relative density
mean t s.d. 0.98 £0.1 0.98 = 0.1 0.98 ¢ 0.0
% Pulp (Eadible portion)
per frult My + s.d. $7.52 2.5 62.0% 3.0 60.0 £ 2.1
% Seed per frult
Mean, * s.d 38t 1.0 30.5% 1.1 30.1 2+).2

— — - — ‘?_ g~ a——gey
L



able 2
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ProxImate Compos!ton of Avocado Pulp

(dry wt. basis)

RACE : MAX | CAN WEST INDIAN GUATEMALAN
mean of 5+ s,.d mean of 3 * s.d mean of "3+ s.¢
*Molsture? 12.3.% 1.1 T1.3% 1:0 77.8 £+ |.4
Total water
Soluble solld
4 71.8 ¢ 3.4 71.6 £ 3.2 71.4 + 2.8
Total sugar § 2.63t 0.6 3,07 £ 0.05 2.00 £ 0,04
Reducling
sugar ¥ 1.7 £ 0.07 .4 £ 0,05 1.25 + 0,08
Lipld & 29.2+ 0.68 25.8 t 0.68 27.6 £+ 0.49
Crude Flber $ 11.16 £+ 0.03 11.40 £ 0.43 10.95 £ 0.15
Crude proteln
(N x 6.5) 2.57 % 0.14 2.6 + 0.5 2.1 % o0.18
Ash % 1,15 £ 0.10 .15 £ 0.05 I.14 £ 0,08
“total"
Vitamin C
(mg/ 100q) 12,22 1.3 [2.3:2 |.7 {16.0 £ 1.00

*Fresh weight hzeis
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Table 3

Proximate Compesition of Avocedn-Seed

RACE: MAX 1 CAN WEST INDIAN GUATEMALAN

means of 5% 0.31 mean of 3% s.d mean of 3% 0.20

Molisture % 70.5 £ 0.3l 69.3 0.25 70.2 0.20
Total water

soluble solld § 80.2 1.5 79.1 £ 2.0 78,0 + 1.8
Total surgar % 1.8 £+0.14 1.6 20,12 1.75 ¢ 0.11
Reducling sugar : 0.1 £ 0.0| 0.91x 0.02 0.90 $ 0.0I
Lipid % 22,0 £ 0.10 20.1 £ 0.15 18.0 ¢+ 0.21
Crude Fiber % 8.0 £ 0.2 8.6 + 0.25 7.9 & 0.2

Crude Procteln
(IN x 6.5) - 18

]
I+

0.12 2.00 £ 0.16 2,1l » 0.13

Ash % 2,00 ¢ C.I5 .96 + 0.1 2,00+ 0.10




Table 4

PromlIxate Compositlon of Avocado-Skin or

Exocarp

MEX {CAN

WEST [NDIAN

GUATEMALAN

Mean of 5 #s.d,

Molsture & 80.1 &£ 2.]
Total water

soluble solid § 69.5 % |.1
Total sugar % 0.10 £ 0.0t
Reduclng Sugar % -
Lipld ¢ 5.1 £ 0;)
Crude flber ¢ 14.0 £+ 0.0
Crude proteln

IN x 6,5 0.00

Ash 1 0.14 ¢+ 0.02
Pectin ¢ 52.50 + 0.21

Mean of s £ s.d

78.9

I+

2.6

.l £ 2,5

0.20 £ 0.0l

€.3 ¢+ 0.09

15.1 + 0.3

0.00

0.17 £ 0.04

52.45 * 0.44

Mean of 3% s.d

82,0+ 2.8

70.1 £ 2.3

0.12 £ 0,02

3.0+ 0,12

|3.8¢ 0.2

0.00

0.2 £0.03

52.51 £ 0.20

\
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Table 5

Mineral Compositicn of Avocado (Pulp)

Minerlals: K Na Ca Mg fe Zn Cu P Cli
m i/ 100g
MEX | CAN= 56 3.0 341 4,0 0.88 0.8 Tr 3.0 3.7
WEST INDIAN I3 3.0 3,1 39 0.88 2.0 Tr 3.1 3.6
GUATEMALAN 160 2.7 2.9 4.2 0.87 0.9 Tr 2.9 3.6
Table_ 6
MIneral Compositlon of Avocado Seed (mg/i00g)
Minerials: K NE Ca ~ ™ Fe Zn Cu P CT
MEX |CAN 115.0 210 9.0 17.0 0.4 - 0.1 10.1 3.l
WEST [NDIAN e © 23.0 9,1 16.8 0.4 - 0.1 9.8 3.|
GUATEMALAN 18,0 2y.0 8.6 19.1 0.5 Tr 0.1 10.2 3.|

*To convert from mg/100g to % dlvide by 1000.

To convert m,/100g to ug/g or ppm wmultiply by 10.
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Table 7

Vitamin C Content of Avocado Pulp

ONPH Method (ma/[00g) | DCPH methed (mg/100g)
12.21 Mean of 3 9.50 Mean of 3
MEX |CAN 13.22 o 9.30 determinat|ons
: 9.40
12,20 9.40
J J
3
j2:3 Mean of 3 6.80 ) Mean of 3
WEST INDIAN 5 35 12.33 6.70 6.75
12.3 6.75
J )
iy 3
16.0 Naan of 3 8,82 | Mean of 3
determinaticns
GUATAMALAN 46 4 16.03 8.8
8.79
16.0 8.75
J J
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Table_ 8

Some Physlcal Propertles of Avocado

01l (Ether/Ethancl extract)

Melting polnt - 5.0 -6.5%

Bollling polnt - 70 - 80°C

lodine value (Hanus) = 880.0 g lodine/100g sample
Saponlflicatlion value = 180.2 MgKoH/ 100g sample
Relative density - 0.98

Acld value = [.0 = 7.5 (2% olelc acid)

Table_ 9

v -

T.L.C. Seperation of Avocado Skin Pectin

Solvent front = lS.Ocm3
Component Eront (cm) Rf Value {dent!flication
i 7.6 0.585 Cholestencl (027)
Il 8.5 0.653 allphatic saturated
alcohol Czs-- 035
Lt 1.2 0.862 allphatic Esters
(020 - 054)
v 12,0 0.920 Glycarldes (027 - Cq)

v i3 {.00 Saturated hydrocarbon
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- Dliscussion.

3.2.1 Physical Propertles of Avocado Frult.

Table | gives the physical properties of the tree types
of avocado fruits studled. The frult slze (welght) ranges
from 270 to 32Ig per frult. In all cases the Mexican race Is
more massive than a typical West Indlan which In turn Is more
masslve than the Guatemalan fruit. The length and width show
the Guatemalan to be the shortest and the West Indlan the largest.
Oisplte the varlation In the dimenslons and slzes, all the

avacoda races have a constant relative denslity of 0.98,

The West Indlan type has the hlghest percentage edible
portion followed by the Guatemalan type. The percentage ratlo
of the seed to whole frult weight Is the same for both Guatemalan

and the West Indlan but Is slightly higher for the Mexlcan type.

The varlations In physical properties seem to be due to
frult specles rather than ecological locations since there ls
only a2 small devlation for each specie compared to the marked

deviatlon with other species.

3.2.2 Proximate (bulk) composition of Avocado Pulp.

The proximate compositicn of the edible portion (pulp)

Is glven In table 2. The melsture content ranges from 72 to 78%.

The West Indlan and the Guatemalan frults have nearly

the same malstura content (77 - 78%) which 1s higher than that
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of  the Maxlcan (72%). Apart from other genetic factors, this

dlfference can be accounted for by the fzct That the latter specie
has a thlnner and smooth frult skin which can allow faster

evaporation of volatlle components even at room temperature.

The total woter soluble portion of the pulp Is nearly
the same for the three races; this Indlcates a simllar chemical
composition. The tofal sugar content ranges from 2.0 to 3.0%
with the West ludlan having the hlghesi and the Guatemalan the
lowest value. The level of the reducling sugar show a simllar

trend.

The I1pld content of the avocade frult Is higher than all
values recorded for other troplcal frults. The values obtalned
here are simllar to that glven In Ilberature (vide appendix 7)
This high fat content glves avacode frult a unlque value among
frults. |ts energy content of 88% Is correspondingly high
compared to 77% recorded for banana. Banana has been considered
one of the highest energy source among frults a2s shown In
append!x 6. In the Unlted States, avocado Ice cream and salad

are very popular because of 1ts speclal digestlble oll content.

The crude fliber content Is a2lmost the same (11%) for all
the specles. The value Is similar to that of paw-paw and
plnzpple which means that most of the edible portlon Is

dlgestible In the human system,
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The crude proteln value ranges from 2.1 to 2.6§ The West
Indian has the highest value while the Guanthamalan has the least.
However, these values are hlgher than those of most tropical
frults as shown In appendix 6. Frults generzlly are not good sources

of proteln compared wlth the seeds and vegetables.

The ash content 1s consistent with some |iterature
values for some avocado species In U.S.A. (see appendix 7). The
average ash percentage of |.15 Is suggestlive of the corresponding
falr Inorganic nutrlents in the frult. The sllght deviation among
the dlfferent specles reflects the ablllty of the specles to
retaln different Inorganlc nutrients, which altbough In traces,

are very useful.

3.2.2 "Total" Vitamin C content.

The value for thls ranges from 12,2 to 16,0 mg/100g w!th
the Guatemalan having the highest. The result Is generally low
compared with other frults |1ke baoba (300 mg/100g) and cltrus
frults (200 - 400 mg/100g). Hence, the avocadc frult Is not

a good source of thls vitamin.

3.2.3 Proximate Composltion of Avocado Seed)

Table 3 gives the proximate sompos!tion of the three races
of avocado seed. The moisture content shows only a slight

deviation for all the races. Thls s so, probably because all the
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seed were protacted, Inside the fult untll time of experiment,
which means the conditlon for the molsture loss for all of them was
almost the same. Thls result here s quitecomparable with that
glven by McCane In appendix 5. It is Interesting tc note that

the avocado seed has the highest molsture content of 69 - 70.5%

among Nigerian common seeds, next to this Is coconut with 46.3%.

The water soluble portion ranges from 78% for the
Guatemalan tc 80.2% for the Mexlcan race. Thls shows that the seed

Is more water soluble than other major portions of the frults.

The sugar content Is low (1.81 max.). Equally low Is the
lIpld content. This low Iipld value for the seed seems to be
compensated for by the high value for the pulp. The value for
th- crude fiber 1s higher than those for mcst troplcal seecs
except for cotton seed. The result Indicates that the avocado
seed would be less dlgestible In human and animal systems. The
avocado seed s 2 poor source of protein. The protein level Is
about 2 to 2.6%4. Values as high 2s 307 are recorded for Walnut and

cotton seed 2s shown In appendix 5.

The ash value of 2.0% 1s comparable with other seeds.

This ts an Indlcation of a falr mineral content In the seed.

3,2.4 ProxImate Composition cf Avocado Skin (Excocarp)

The composition of the skin as glven In table 4, reveals
that thls portion of the frult Is nutritionally poor. Apart from

water content, waiter soluble solid and crude flber which are
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consldered economlcal ly wasteful when purchasing the frult are high.

Other values like protein, fat sug J ash are very smal ..

3.2.5 Mineral Composition of Avocado Pulp.

Table 5 glves the mineral (Inorganlic elements) composition
of the three Nigerian races of the frul® edible portlon. Chlerine,
phosphorous, Zinc 2nd |ron seem to show no signlflcation variation
In the content level for all the specles. PotTassium content
varies from 153 mg/100g for the West Indtan type to 160 mg/100g
for the Guatemalan type. Sodlum levei rances from 2.7mg/100q
for Guatemalan to 3.1 mg/100g for the West Indian. The varlatlon
In cal¢iumand Magnesium contents is less than 0.2% for the

three races.

The results for the mineral composition of the frult
pulp when compared with thcse of common Nigerian frults as
glven by Onyenuga and Fetuga In appendix 4, reveals the

fol lowing about the avocado:

(1) It Is poor In K compared to other common fruits;
(11) .Hes low Ca ana Mg contents;
(111) 1t 1s high In and best source of |ron;
(Iv) Also contain low Zn which Is totally absent In
other common frults.

(v) Very low In P and Cl; and Cu Is totally absent,



However, the mineral components are needud only In traces
In the human body. Thus this study has shown avocadc as o

complete frult In this respect as It contalns most of the essentlz!

minerals needed In human body.

Table 6 glves 2 simllar composition for the seed. |t Is
equally Indlcated that the seed could be nurlshing If the absence

of trace polsonous constituent s ascertalnad.

3.,2.6 Vitamin C Contents by Different Methods.

The values of vitamln C content citermined by the
2,4-dIntrohydrazine (DIPH) resgent and Indophencl (DCPH) methods
are presented In table 7. The results cbtalned by the DN'H
method vary from 12.21 to 16.03mg/100g for the three races of the
frult studied. Thls variation Is not unexpected since the vitamin
Is very susceptible to a lot of Interferences 2s enumerated In
chapters cne and two. The results obtalned by the DCPH method

are |lower than those obtalned by the DNPH method since the former
measunred only the reduced form of the ascorblic aclid (Vitamin C) which
Is easlly oxldlzable durlng the determInation processes and storage.
The same reasons can be glven for the wide deviation between 9.4 and

6.75mg/ 100g obtalned for the frults by this method.

Thq highest ascorblc acld level recorded here Is low when
compared to other frults level, this conflmms the avocado frult

as a poor source of Vitamin C.



3.2.7 Some other Propertlies of the Frult Comp-nents,

Table 8 glves some physical properties of the avocade off
(ether/ethancl extract). The high lodine value of 880 and
sapofl flcatlon value of 180.2 Indlicate a3 hlgh dagree of
unsaturation. Thus the oll can be sultable for the production
of butter by hydrogenaticr of the fat. The temparzture ranoc
between the melting polnt and the belling point Is narrow enough

to make It favourable fo~ the above productlon toc.

All the results p-esented In the data (tables | - 8) were
simple averzges of not less than three deie/minations unless
otherwlse stated. The results for the mineral determinztion
were more reprducible thar those of the proximate znalysls. The
small varlation could be due to many factcrs which include

(1) non unlformity of freshness In portions siudled,
(1) Small differences In the 2ge of the frult which
thls work could not tzke Into account because the
frults were purchosed mandomly from local markests
and

(111)  Slight changes In the composition durlng processina

and storage periods. Hewever, the results ob*alned
for ascorbic aclid (vitamin C) were rather varlable

as the a2cid Is very susceptible to changes. The
formation of csazones of minor Interfering substances
ITke glucose In the sample solution could not be
tctally obviated, hence the results obtained here

for 'total' vitamin C were rather unreliable oo,

even though the deviaticn from 'trud value might not

! -~ r‘jh-
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Table 9 shows the |lkely components of the pectin ¢ tracted
from the fruits skin (excocarp). The pectin Is shown here by
chromatographic separation to be 2 complex composlition of
hydrocarbons, alcohols (aliphatic) glycerldes and chlorestercl,

High pectin value Is sultable for frult jam and Jel!ly productlion.

3.2.8 AvallabllIblilty and Eating Hablt.

The eating hablt of avecado In Nilgerlia seems to be Influenced
by Its abundancy Id the country and secondly by 1ts taste. Since
the frult tree Is not commonly found In aboundance as other
popular ngaéla fults |lke oranges, mangoes, banana and pappaw
people tend to shov |1ttle demand for it. Moreso, the other
mentioned fruits have higher sugar nontent and therefcre sweeter
than the flat and rather Inslpld taste of avocado. It Is
noteworthy that more people pay greater attentlon to frult taste
rather that nutriticnal 2nd medicinal values of It. The
comsumption of avocado frult is higher In the scuthern parts
of the country than In the North, the reasons for this are two
folds; flrs*lx the southerners are more famillar with the frult
due to thelr aaller contact with the Europeans who might
have been the flrst to Introduce the frult Intc the country.
(There are many small avocado crchards In schocols and preémlses
cccupled by colonlal masters In Calabar). Seccndly the frult
growth Is more favoured by the Raln forest climete of the South
than the climate of the Savana areas of the ncrth; hence the

population denslty of the frult tree Is greater In the south
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and the frult ts coomonly seen here In the markts during the

season.

The frult Is more popularly eaten by the educated Nigerlas
as a dessert after meals than the [1|itrate majority despite the
low price of the frult. The price of cne avocado range from
10k to 25k per frult depending on the size and Irrespective of the
specie. The highest price was ncted in Kaduna In September

where flve frults were sold for Wl.50k.

The frult 1s eaten raw when ripe (soften), Here It Is
cut vertically Into two halves so that the seed can be removed
and the pulp eaten on the skin using a teaspoon. |t Is alsoc
used widely as a salad frult wlith the additlon of |Ime julce,
salt or salad dressing. Mashed and seascned avocados are
used as a sandwich filling or as a spready on salted crackers

and In the troplcs they are added to soup just before serving (93).

Fully riped frult has been used successfully to make avocado
Ice cream and this adumbrates some promise as a minor outlet for
disposal of good quallty frult. Documented records in thls
approach Include that of Cruess et al, (94) In Callfornla who
have reported that the macerated flesh of avocodo can be
mixed with elther sugar or vinegar, frczen qulckly and stored
successfully In glass contalners at 15°C or lower. The sweetened
frozen pulp can be used In Ice cream. and the vinegar and pulp
mixture can be used in sandwich spreads and salads. Macflc and

Stahl (95) also reported satisfactory storage of quick frozen
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macerated avocade pulp mixed with salad dressing, salt 2nd
spleces In anamel |lned cans which were frozen Immedlzately after

filling and seaiing.

3.3 Conclusion:

The proximate analysis as well as the determination of
mlneral contents of the avocado frult have shown the frult fo
be a 'complete' one with high nutritional value. The pulp
being more nutriticas fol lowed by the seed. The skin Is of low
nutritional value. The avocado hzs the highest fat content
among other frults and consequentlyia high energy value; hence
good for grewing chlidren, By the virtue of 1ts high energy
value and low sugar content, the avocado alsoc stands o more

reccmmendable source of energy for dlabetic patlents.

The frult is seen to grow well In all partsof the country
without any signiflicant wvarlation In nutrient composlitlon. The
frult tree needs no speclal core for proper growing and It Takes
about flve to seven years to bear the flrst frults. It Is not

easlly destroyed by pests and changes In wheather.

The low consumption of the frult presently in Nigeria is due
to lgnoerance of It's nutritional value, scarcity of the fruit,
and moreso, 1t's Insipld and non-sugary taste dlscourages a lot
of people who do not know the alternatives ways of consuming the

fruit as a palatable sauce.






