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ABSTRACT

Both the pulp and the seed of the Tamarind fruit were anal ysed for
proxi mate conposition, mneral elenents and the antinutritional substances
- phytate and trypsin inhibitor

The protein content of the seed (26.93%, is higher than that of the
pulp (8.79%. The seed could be considered as a good source of protein
when conpared w th groundnut (22-27% Oyenuga, 1968), which is considered a
good source of protein. The true protein was determned by both the Lowy
and Biuret methods and the values obtained are conparable (33.12% and
35.40% - for seed by Lowy and B uret nethods respectively, and 9.71% and
11.26%- for pulp by Lowy and B uret nethods respectively). The estinated
mol ecul ar weight of the seed proteins range from 14.8-50.7 x 103 The
effect of netal ions on the extraction of these proteins was al so studi ed.
The pulp was found to be quite acidic wth a pH value as low as 2.7 and
this is responsible for its soury taste.

The petroleum ether extract (lipid) fromthe seed and pul p sanpl es
were studied in detail. Some of their physico-chemcal properties are
reported. No detectable anount of phytate was obtained from the pulp
though it contains trypsin inhibitor (68% and 82% for water and 0.5M Nad
extracts respectively). The seed sanples contain significant armount of
phytic acid (47nmg/100g) but |ower anount of trypsin inhibitor (18%and 28%
for water and 0.5M Nad extracts respectively) than the pulp. The two
antinutritional factors were found to be heat labile, and are therefore not
likely to constitute a health hazard after adequate heat treatnent. The

storage ability of the pul p sanpl es were al so investigated and di scussed.
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1.1 Fruits and VYegetables

The word "fruit" botanically means the mature seed-bearing structures
of the flowering planfs. sThis definition would hnweve;"£;;1ude, the frults
of the grass family which are harvested dry and generally milled into a
meal or flour and are commonly known as cereals; Other edible frults which
naturally mature in the dry state and can be stored in this conditlon for a
relatively long time, are the pulses, the nuts and the spice fruits; and
lastly, the edible fleshy fruilts which inspits of the varlety they exhibit,
form a useful and well-defined class on their own (Duckworth, 1966). The
term is more commonly restricted in its use to those botanical fruits which
have fragnant aromatic flavourg and are either, naturally sweet or are
swaeetened with sugar before eating and hence are aessentially dessert items
in those countries with suphisticated eating habits.

These edible fruits also have much in commcn, from the culinary point
of view, with the soft edible structures developed mainly from other parts
of the piant and are popularly referred to as vegetables. Fruits and
vegetables have the characteristic ‘feature of being s0oft edible plant

productz which, btecause o0f thelr relatively high molsture content, are

perishable in the freshly harvested state (Duckworth, 1966).

1.2 Nutritive Value Of Fruitg

The nutitive value of plants in general, 1s a measure of how nearly it
can supply the nutrient requirements of the animal. It 1s therefore
necessary to specify the amounts of energy, minsrals, vitamins, protein

quantity and gualily as well as their availabllity to the animals. irulls,



vegetables and their products playqa very important roie ir bumzs diet,
they supply In the cheapest form, some of the essential nUtrien;s iz which
other food msteriale are deficient (Davadas et al 1964, Ovenuga et al.,
1975). They constitute.an important source of saluble vitamins and civeral
elements in addition to belng a source of essential amino aclds azd fattiy
acids.

The fibrous parts of fruits, consisting largerly of cellivlose aznd
hexicellulose, thch though cannot be digested in the Luman body, are still
beneficiasl. They usually serve as roughages which help in accelerating the
passage of digested food by stimulating intestinal and bowel movements,
thus redvcing the casec of intestinal disorders (Vilenn et al, 197%).

¥ost fruits are however poor sources of energy and protein (Chrispeels
et &l, 1877), the few exceptions include bananas, dates which cecrotain &
significant amount of starch and sugar respectively (Brouk, 1875), a=zd
punrednes ne2r with czlorifie vrplue threen tipes “hat rf hanema znd latf 434
Dr beeisteak (Wardlaw, 1837). Fruits are Saher&llyluCJQIC ani pley & rcle
in mneutralizing excess beasic substances produced during digestion cf sope
akaline materials.

¥ost flezhy fruits are eaten raw and are valued by péﬁple because they
also provide such a rich variety of flavour, c<olour and texturs in the
diet. Hence, they help to raise the process oif eating from the level of a
mere satisfaction of bunger and o©f nutriticpal requirements %o tiat of a
pleasurable occupation, delight of which can be erhanced by the spplicatica

of a well-directed culinary art (Duzkworth, 1966).



By virtue of all the aforementioned, fruits and vegetables are the
cheapest saurces of essential nutrients i1in most develpping cauntries.
Adequate use of thesa cheap scurces cannot however be made if our knowledge
of the nutritional values of the fruit-trees, that are largely avallable in
Nigeria <(either native or cultivated) 1s not broadened, since energy and
nutritional wvalues of plants as food depend on their chemical make up.
These plant sources can also be studied with the view of compounding animal
feeds on purely local mnmaterials, The presence of toxic substances can
however 1limit the nutritive value of plants and these should also be

accorded intensive study when assessing plant materials for food and feed.

1.3 Legumes in Nutrition.

The family leguminosae is one of the largest and most important family
in the entire plant kingdom (de ¥Wit, 1966). Leguminosae ie further divided
into three subfamilies viz: Mimosaceae,

Caesalpiniaceae and
Papilionaceae.

The subfamily papllionaceae is made up of herbs and shrubs witkh
characteristic pea-like flowers which give rise to pods with one or more
geeds. Members of this subfamily have often been loosely referred to as
legumes malnly because their seeds are used for food which include all true
beans. The other two subfamilies are mainly trees and shrubs which contain
many plants of great economic importance, supplying for example gums,

tannins and some functioning as timber trees (de Vit, 1966).



The legume family include among others, those protein-rich seeds which
are also called pulses or food legumes. They can be eaten after minimal
preparation such as soaking or boiling (Duffus gt al, 1980) and these
include peas, kidney beans, lima beans, lentils, chick peas, cow peas,
soybeans, peanuts, broadbeans etc, Legumes In ‘poor countries' are the
most important high-protein food and play the role of meat or other animal
proteins common in ‘rich countries'. Generally , legumes contain 15-40%
protein, 20-50% starch and variable amounts of fat which ranges from 2-3%
in beans and peas to 50% in peanuts (Chrispeels gt al, 1977).

Dry legumes contribute 1little vitamin A, riboflavin and ascorbic acid,

but their «content of thiamine and nicotinic acid 1is fairly high
(Stanton, 1966). They contain reasonable amounts of nutritionally important
minerals such as calcium and iron. On the whole, legumes contain much more
iron, riboflavin, thiamine than in the same amounts of cereals. As a
rasult, legumes have been referred to as “poor man's meat" and on the
average, they form a considerable portion of diets in Africa (Stanton,
19667 . In underdeveloped countries of Latin America, Africa and Asia,
which are also characterized by high rates of population greowth, legumes
also play an important part in the prevention of ill-health and diseases
associated with protein calorie deficiency.
Some plants which are used to make hay or silage for animals, for example
clover, alfalfa as well as a large number of trees are also legumes
{Chrispeels i al, 1977).

Though legumes are rich and less expensive socurces of dietary proteins

and contribute substantially to the protein content cof the diets of a large



part of the world's population, presence of antinutritional factors is one
of the main drawbacks limiting the nutritlonal qualities of these legumes
{(Liener, 1976), 3Some of these antinutritional factors include oxalic acid,
phytic acid, saponins and trypsin inhibitors.

They may also, at low concentrations, adversely affect feed intake,
palatability and feed conversion while at higher concentrations can result
in the death of the animals (Cookerell gt al, 1975). Oxalic and phytic
acids for example form insoluble salts with mineral elements thus lowering
their biocavailability (Erdman, 1979; Eka, 1980). Phytate is also known to
inhibit several proteolytic enzymes and amylases (Singh and Krikorian,
1982; Deshpande and Cheryan, 1984). Saponin (triterpene glycosides) impart
bitter taste to these plant foods and causes physiological disturbances and
toxicity to human system (George, 1965, Oakenfull, 1981). Trypsin
inhibitors act by impairing protein digestion as a result of formation of
stable complex with digestive enzymes trypsin and chymotrypsin (Baough and
Travis, 1976; Duffus et al, 1980).

It 1s however important to mention that some of these anti-nutritional
factors are largely destroyed during the cooking process (Ward ei al, 1977;

Eka, 1980; Khokhar and Chauhan, 1986),.

1.4 lhe Tamaripd Fruit Tree

_JTamarindus indica despite its name comes from tropical Africa and not
from India (de Wit, 1666). It is known as Tamarind in English; Tamarinier
in French; Voamadilo in Madagascar, and Tamrhipndi in Arabic. It is also

known in Senegal as Dakar which is the origin of the name "Dakar" the



spital city of * Senegal (Jardim, 1967). Taé:rind belongs tc  the
leguninosae fazily and to the czesslpiniaceze subiaxzily (de Vit, 18€£).
The caesalpiniaceae subfamily have zygcomorphic (bilzterally
syzmetrically) flowers. All leguminosze bave 1n ccrmon, the producticn of
fumes that is, fruits formed from a single carpel, eplitting &lcug the
rsal and ventral sutures, which vsvally contzin 2 row cof seeds tzrne on
2 inperside of tle ventral suture as in a peaz pod (de Vit, 19€€). The
esalpiniaceae include mostly woody genera and amang thkem are lerge trees
‘nstituvting &n important part of the tropical forest. Xeny of iiex ere
ents of great economic 1mpc£tance. supplying gumes, resine and tarzize and

nctioning as timder trees. They also play 2 rcle in soil fertility

m

intenance ana sarti~erosion meecsures, &nd the seede cf 2 few of t1i:zz ar
'athered &nd eaten by buman beings &nd others are of pedicinel veive
’
-arton, 1956).
Tamaringdus indicg is populerly krnown s “Tszriya" by thke nziives of
northern parts of Yigeria amongst wiozn the fruit is very popular. Thougk

tamarind is & native of Tropical Africa and soutlern Asiz, it ie widely

cultivated ir otber regions as an ormerental tree and for ite editle fruit

(¥9

(Tirah, 1G&1). It is also cultiveted as a slzde tree and fzr ite
attractive evergreen sppesrance 8rd its scicdic pulpy druite.

The tree grows to about Z24metres ir Leighk:; the trurnk of &z msiire
tamarind Yae a dismeter of 1.86-2.4msires &and Lzs eiternzte, fitiately

coxpound leaves; witk about 20-40cm long. The yellow floweres, wiicl ere

about 2.5cr &across, 2re borne in small clusters. Tie fruit ie 2 ploss pod
P

-

of irreguler seusage chkzpe of 7.5-24ck long thet does zot split opes. &

»>



it contains up to 12 large flat, Vbrown, shiny seeds embedded in a scoft,
brownish pulp (Tirak, 1%81). Flowering occurs two times 1In & year
Fovember-December and May-Auguet, while frviting takes place around October

toc Decenmber.

1!5 Qﬁe_ﬁ_—ﬂi—-m
1.6.1 Rpiritional uses

The acidic pulpy fruite of tamarind are widely used far foods,
beverages &and medicines. Refreshing drinks can be prepared by cold.
infusion of the pulp with sugar or honey and water, whick is tlen left for
some days to ;mture. thie 1is usually taken as an appetizer. *Frecco de™
Tamarindo® is a favourite beverage Iin many latip America couriries and it
is bottled commercially (Duke et al, 1981). The pulp is &lso msde into

cakes and sold ec & cdellcacy in Indla end Arabia, while in Xigerias, tile

Frofda amn eeme 0

are dissolved in water to make & porridge, with or withoul =ome cereal,
known as “Kunun tsamiye®.
In Latin America cavniries and the Orient, the pulp 1s used ip flavour
confections, ;urries, sweet and sour sauces and 1r chutneys. it can alsec
be made into brive for pickling fish while in some parts of Africe, they
are used to detoxity polsonous Digscores diskes and to deodortse fish
dishes.

1n Figeria, the tecta of the seeds of tamsrind fruite ig removed by

roasting aand the seed kernels left are made ipto “daddawa™ - & soup

seasorer. QOtherwise, they are boiled or fried and then eaten. In Indig,



<.
once the seeds are boiled and peeled they are eatep as starch foodstuff and

also as & sopurce of carbobydrate for sizing cioth, peper and jute producis.
In some places, the flowers, seedlings and even the leaves are eaten 2s
vegetables in curries. The flowers are also made into a sort of salad

called *fate fate" in Nigeria.

1.5.2 Tamarind dn folk ¥edicine.

Uses of tamarind in folk medicine is well recognieced in many parts
of the world. Lexetive properties of the fruit pulp have been recogniced
and are said to be due to tartaric acid (about 9%, Dalziel, 1948), salts of
this' acid namely potasesium hydrogen tartrate or "cream of tartar" and
sodium potasium tartrate (Hamman, 1¢76). The sour infusicn Df.the pods is
vaed to cook cereal foods and a= a Arink frr wamen =2€4ar childbirth,

The evaporated pulp extract which is partly soluble when mixed with water

is widely used all over the Sudan spegifically.ior fever, but 1t is als=o

pulp is used in Eritrea, to cure dysentry and malaria; 1ip Indcnesia for
worms &nd stomach disorders; in Hagritius &5 a linipent for rhevmaticsr; in
Kenyg for enakebite; in Srilanka for jaundice, eye disecases and ulcers; 4n
Cambodia for conjuctivitis; and in Braczil as a diaphoretic, emollent cr
purgative medicine and in treztment of haemorrbhoids. The astringent seed
is used to treat dysentry.

4 concoction of the bark is used as astringent for diarrhoea, as &
tonic and febrifuge . The cogked bark can also be used &t an anti-

asthmatic, antiseptic, for apoplexy, hangover, lenitive and leprosy {(Duke
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et al, 1981). The root is used to cure chest complaints,

A mixture of the leaves of tamarind with those of Baabgb Aqnnﬁﬂnll digitata
is used as a prescription in cases of male and female infertility (Owen,

1670).

1.5.3 Qther uses of Tamarind

The bark of tamarind {s used as a masticatory. Its wood 1s very hard,
durable and resistant to termite attack and hence its use in making taool
bandles, rice-pounders, oil and sugar mills, furaiture and turnery. It is
alsc used to produce the finest grade of gun powder charcoal (Duke, gf al,
1981}, Tamarind is frequently grown as a dooryard, roadside or windbreak
tree. The bark ash and fruit coat <(epicarp) are used in tanning goatskin
and in a mixture with other preparations, for hldes {(Odillison, 1585). In
damp weather, the leaves of tamarind tree are said to have a corrosive
effect on fabrics on which they fall, and this is probably due to the high
content of taanin <{(about 7%), which alen affords 1t, its econcmic
importance in tanning, dyeing and dehairing (Cke, 1966). The twig makes a
very good chewing stick and is used 1n test trial of manhood, "“Sharo*, a
flogging culturs among Fulani youths.
The seeds contain some rarely eaten edible 0il which 1s suitable for use in
varonishes (Dalziel, 1048). Tamarind 1s a bhost to a silkworm called
'Tsamlyan tsamiya' formed 1in hollows of the tree and the silk can be

cbtained by boiling the cocoon (Cdilison, 1985),
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1.6 Justification of Regearcl

Local food sources could go a long way 1n eolving the malnutrition
problems of most developing countries, but only 1f, they are put inte
effective use, In ¥igeria, fruits and vegetablec constituyte  the next
major food items consumed after cereals and tubers (QOke, 1€72). There zre
some fruit plaumts that can thrive in savanra regioans which grow wildly arnd
are being used fOr food in one form or the otber. Thes: lpcal spurces cabp
be adequately relied upon to provide balanced diets oniy 1if, the eczentiel
nutrients they cuntein as well as the presence ard level of toxic
substances in them are known. A knowledge of the chemical c¢copoziticn of
these foods would itherefore permit thelr use with apprepriste
gupplementetion where deficiences are found.

Temparind grows wildly in savanna regione and is most commonly uzed by
the natives of northern Nigeria as vegetable and’fdr its flavour, while

1 -
-

some variéty of Temaripdus ipdica fruits have Been dore elszwhere, there
has been very little report on the chemical amalysis of the whole frult in
Kigeria.. This is sigolficant because apart from differences in epecles,
the chemical compozition of the came fruite can differ sigsificantly from
place to place depending on a number of factors such' as climstic conditicn
end spil type. Thus, the &aim ©f this work is to provide spome beasic
chemical data about the teamarind {fruvit grown in Figeria.

In this study, the moisture sorption characteristice of tamarind pulp

. . am LB RA_R%
KashiM SR NWERSITY
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was also investigated with a view of having an insight into its storage
ability and probably devising an effective storage condition for this

seasonal fruit.
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CHAPTER TWOQO

Materials and Methods



14

Chemical:

All chemicals were of analytical grade unless ptherwise stated.

2.1 SQurce pf samples

Tamarind pods were obtained from different geagraphical locations in
Kano and Zaria towns.
2.2.1 Bample Preparstion
The epicarp was removed from each of the pod, and the pulp was
carefully separated from the seeds by means of scapals. The pulp and the
seed were treated as twg diferent samples. All the pulp obtained from pods
from the various locations were then properly mixed up for homogeneity and
were stored in polythene bags to protect them from dust particies. The
seeds were alsog mixed, cracked and grated into smaller fine particle sizes
in & Plfco blender, and this was also stored ip polythene bags. The pulp
and seed samples were latér stored in large glass sample bottles after

drying,

2.2
(ADAC, 18809
Procedura:

Ten grammes each of the pulp and seed sample was accurately weighed
into clean, dry and pre-weighed crucibles. The samples were then dried in
ap air oven set at 70<C, until ceonstant weights were cbialined, usually
after 48 and 12 hours for the pulp and seed sanples respectively.

Triplicate determinations were carried out on each sample and the moisture

content was represented as the loss in weight of the samples vpon drying.
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100(Wz ~ Wi .
Koisture countent (%) = —=v-r~m------ '
T Wz - W
Vhere,
¥: = weight of crucible.
¥z = welght of crucible plus sample before drying.
Vs = weight of crucible plus sample zfter drying.

2.3 Determimation of Ash.
(L0AC, 1980)

Procedure: -

Five grammes of the dried ground semple was accurately welghed into a
clean, dry, pre-weighed porcelain crucible which wss ther heated on a
bunsen burner until the smoke ceased. This 'was then tratcferred to a

muffle furpsce set at 525°C, and the sanple was left in tke furnace for

sémp]e but the pulp sample was nﬁt completely ached. The crucible weez thesn
allowed to cool in & desiccator and the ash moistened with distilled water
was dried first or steambath and then oo & haot plate before returaing it to
the furnace for re-eshing. This was done twice before the puly became
completely ashed. Vhen ashing was completed, the crucidtle was cooled in a
desiccator and weighed, Triplicate determinatiops were carried out for

each sample.
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100(¥a - W2
Ash (%) = -—=-——m—-—-
V= - W2
Vhere,
W1 = weight of crucible.
Vz = weight of crucible plus sample.
Va = welght of crucible plus ash,

2.4 Deterpination of Mineral Elemepis.

The analytical methods far the determination of these elements are
basad on flame photometry, atomic absorption spectrophotometry and
colorimetry. Pptassium and sodium were determined by flame photometry,
calcium, magnesium, copper, iron, zinc and nickel were determined by atomic
absorption spectrophotonetry while phosphorous was by colorimetry.

In flame photometry, the atoms of the element are exclted by flame and
on returning to the ground state, they emlt radliations characteristic of
the element concerned. The inténsity of the radiation emitted is directly
proporiional to the concentration of the element present. A calibration
curve 1s normally plotted and the concentration of the element in the
sample, correspanding to its iatensity is read from the curve.

In atomic absorption spectrascopy, a solution of the element of
interest is passed into a cool flame where the bulk of the atoms remain in
the ground state. Radiation of a characteristic wavelength from a hollow

cathode lamp is passed through the flame. The atoms absorb some of this
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radiation and become excited. The decrease in intensity of the radiation
i5 then measured using a monochromator and a detector system. The extent
of absurﬁtiun is depe;dant on the number of atoms i{n the ground state, and
the decrease in intensity is therefore related to the concentration of the

element in solution.

2.4.1 Sanple Preparation

The mineral elements of the pulp and seed samples were taken into

solution by one of the two methods dascribed below.

2.4, 1.1
(Allen, 1074)

Reagents:
Hydrochloric acid 1:1
Hydrochloric acid concentrated
¥itric acid concentrated.
Erocedure:

The ash obtaiped in section 2.3 was treated with Scm® of
concentrated hydrochloric acid and lcm® of concentrated nitric acid to
dissolve {t. The solution was evaporated to dryness on & waterbath and
heating was contlnued for one hour to dehydrate silica. The residue was
then dissolved in lcm® of 1:1 hydrochloric acid ‘and diluted to 10cm® with
disti]led'wﬂter, warnming to complete dissolution. The soluticn nbtaiﬁed
was filtered throwgh a Ko 44 filter paper into a 50cm™ volumetric flask and

made up to the mark with distilled water. Blank determinations were
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carried out in the same way and the sample solutions were prepared in
triplicate. Appropriate dilutions of this solution were made for the

determination of potassium, sodium, calclum, magneslium, copper, irom, zinc

and nickel.

2.4.1.2 Mixed
(Allen, 1974).

Reagents:
Perchloric acid 60%
Nitric acid concentrated
Sulphuric acld concentrated.
Procedure:

Accurately weighed 0.50g of the dried sample was placed in a 100
cm® Kjeldahl flask and to it were added lcm® 60% perchloric acid, Scm®
nitric acid and 0.5 cw® sulphuric acid. The mixture was digested slowlyy
initially at moderate heat, and later more vigorously for 15 minutes after
the appearance of white fumes. The cooled digest was diluted with
distilled water before filtering into a 50 cm® volumetric flask and made up
to the mark with distilled water. Blank determinations were taken through
the same process and triplicate digestions were carried out on each sample.

This =olution was used for the determination of phosphorous.
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2.4.7
(Vhiteside, 1975)

(1) Zodlium Stock Solution (100ppm)

Prepared by dissolving 0.2542g of dry sodium chloride in 1000cm™®
distilled water. Working standards contained 0 to Sppm of sodium,
(i1) Potassiup Stock solution (1000ppm)

This was prepareed by dissolving 1.9068g of potassium chloride in

distilled water and making up the volume to 1000cm® with water. Vorking
standards range between 0 to 10ppm.
(111) Calcium stock solution (1000ppm)

Prepared by dissolving 2.49973g of dry anhydrous calcium carbonate
{n about 200cw® of distilled water containing Scm® concentrated
hydrochloric acid. The mixture was warmed to drive off carbon dioxide gas,
cooled and made up to 1000cm™ with distilled water. A working range of
standard sclutions of concentrations between O to 10ppm calcium were
prepared. However sufficient stock Lanthanum chloride was added to these
worklng standards to bring the concentration of Lanthanum to 400ppm in each
of them. Lanthanum helps to remove interferences from other elements such
as aluminium, phosphorous, silicon and sulphur. Sufficient quantities of
the stock Lanthanum, were also added to the sample and blank solutions and
appropriate quantity of 10% sulphuric acid were then added to produce a
final acid concentration of 1% (v/v).

The Lanthanum stock solution (5000ppm) was prepared by dissolving
6.6837g of Lanthanum chloride (LaCls .7Hz0) in distilled water containing

lcm® of 2M hydrochloric acid and the solution was made up to 500cm® with
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distilled water.

(iv) Magpesium stock solution (1000ppm) '

This was prepared by dissolving 3.9106g magnesium chloride in 200cm®
distilled water and diluiing the selution to 1000cm™. Vorking standards
contained ¢ to 3ppm magnesium. Sufficlent stock Lanthanum (5000ppm) werae
added to the standard, sample and blank solutions to obtaln 400ppm in each.
Appropriate quantity of 10% sulphuric acid were also added to the sample
arvd blank solutions to cbtain an acid concentration of 1% (v/v).

(v} GQopper stock solution (100Qupm)

Prepared by dissplving 0.3930g copper sulphate in distilled water and
making up the solution to 1000cw™. VWorking concentrations were between 0
to 10ppm. |
(vl éinQ_EIQQK_EQluilnnﬁilﬂﬂQppml.

Prepared by dissolving 1.0g of zinc metal in 30cn® 5¥ hydrochloric
acid and making up to 1000cm® with distilled water, VWorking standards
ranged between 0 to lppm. |
(vii)> lron stock salution (1000ppmd.

This was prepared by disolving 7.0213g of iron {II) amponium
sulphate in 200cn® distilled water and making it up to 1000cm®. Working
standards of concentration range between 0 to 20ppm were prepared.

(viil) Nlckel stock soluticn (1000ppm),

This was prepared by dissolving ¢.0503g of nickel chlaride in

100cw® of distilled water and making up to 1000cm™. Vorking standard

concentrations range between 0 to 10ppn.
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2.4.4 Determination of the Elemenis in sample solutions
Procedure: : . : . ;

The various instrumental conditions necessary for maximum cut-put
of the instrument used were adjusted as recommended for each element
(Whiteside, 1973). The absorbance readings of the sample solutions were
subsequently taken under the same conditions as the standards. The amount
of the element present in the sample solutions (Cppm) were read off the
calibration curves {(appendix A-H>. The amount of each element present in
the sample is calculated from the expression;

Ci{ppm) x sample volume {cm®).

Element (mg/l00g) = =——=----—soor—o—rm e
10 x weight of sample (g)

2.4.% TPhosphorous Determipatign
{Allen, 1974}

Reagents:
{i) Phosphorus standards,

A 100ppm stock solution (lcm® = 0.1 wg P} was prepared by
dissoiving 0.4393g dry potassium di-hydrogen orthophosphate in distilled
witer and diluting to 1000cm®. An intermediate working standard (lcm® =
0.002mgP> was freshly prepared when required, from the stock solution.

(i1) Ammopium molybdate - suphuric acld reagent.

Anmonivm molybdate (25.0g) was dissolved 1n about 200cn® water
in a beaker and warmed slightly, to dissolve. 280cm™ of concentrated
sulphuric acid was added to about 400cn® distilled water and the molybdate
solution was then filtered into this acid solution, with thorough mixing.

The solution was made up to 1000cm™ after cooliag and stored in the dark.
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(111) Stannous Chloride reagent.

Stannoys chloride (0.50g) was dissolved in-250cm®* 2% (v/v)

hydrochloric acid. This reagent was always prepared fresh before use.

Procedure:

Vorking standards containing 0 to 0,03mg phosphorous were prepared in
50cm™ volumetric flask. Suitable aliquots of the sample solution were also
pipetted into S0cm® volumetric filasks and these flasks were filled to two-
thire¢ capacity with water, Z2cm® ammonium molybdate reagent was added to
each and mixed followed by 2cm® stannous Chloride reagent. The flask
contents were mixed, made up to volume and the absorbance readings were
taken after 30 minutes at 700nm using water as reference. A calibration
curve was plotted using the standard solutions (appendix 1). The amount of
phosphorus in the sample was read off from the graph and the mg/100g
calculated as below:

C(mg) x solution volume {(cm®) x 100
PHOSDRONUE % wesmemessesse e s e me s mmeommery e
(mg/100g) Aliquot (cm®) x sample weight (g)

Vhere,

Cimg) = amount of phosphorus in milligram obtained from the

calibration curve. Factors for dilution were applied where necessary.
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{Peerson, 1976)

This contained anhydrous sodium sulphate, copper éulphate and
selenfum dioxide in the ratio 96.0:3.5:0.5 (w/w).
(11) Screeped Methyl red indicator,
This was prepared by dissolving 0.01€g of methyl red and 0.0f3z of
bromccrescl green in 100ck®* of ethanol
(111) Borie avid Indicator (2%}

Twenty grammes of very pure boric acid was weighed and dissclved
in 200ce® ethanol by vigorous shaking. 18em™ of the scre¢ted methyl rad
indicator was ‘hen sdded tc this slcahol solution and the volume mads uvb ta
{iv}) Spdiuvg hvdroxide sclution, 50%

(v Hydrochloric acid solvtion, 0.1XK

(v1) 'Concemtrited Sulphuric acid. .

Accurately weighed guantity (1.50g) of 4he dried sarple was plsced in
a Kleldshl flazk, and to it were added &.0g ol ibhe mixed catalyst, 20cm5 (234
concentrated sulphuric acid ani somé anii-bumping grarules. The wixture

was then gently heated urtil the imitial frothing had ceazsed, zfter which
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it was heated strongly until the digest became colourless. The digest was

then quantitatively transferred into a 500cw® volumetric flask, made up to
the mark and mixed. This solution was made alkaline with at least 75cnm®
50% sodium hydroxide solution and distilled into S0cm® of boric acid
indicator solution which trapped the liberated ammonia. The ammonia was
then titrated witkh 0.1X hydrochloric acid to a reddish brown end point.
Triplicate determinations were caried out on each sample, blank
determinations were also carried out using all reagents in the same
gquantities but without the sample. Percent total nitrogen of sample was

calculated as:

WVhere,
A = volume of 0.1M hydrochloric acid used for titration.
Vi = volume of digested sample.
Ve = volume of distillate titrated.

Percent crude protein was then obtained by multiplyiing the percentage

nitrogen by a conversion factor of 6.25.

2.9.2 True Proteip Determination

2.5.2.1 Lowry Method (1951)

Reagents:

(1) Solution A: 2% sodium carbonate in 0.10K sodium hydroxide



Ca

Isnluticn.
(13) Eolution B: 0.5% copper sulphate in 1% sodium-potassium tartrate
salution. |
(111> Solution C: This solution was prepared just before use by mixing
50cw® of solution A with lem® of solution B.
(iv) Folin-cioczlteu reagent:
The cormercial reagent was dilufed in the ratio 1:2 with
distilled water just hefore use.
(v’ Standard stock solution of Bovime serum albupin (BSAY of
, concentration Img/cm®. This solution was alsa prepared
immediately befpre use,
(vi) Sodium chloride solutions Uf concentration range of 1% to 20?.
(vii> Magnesium chloride solutions alsc of concentration range of 1%

to 20%.

Erogcedure:

Calibration curve.

A stock soclvtion containing img/cm™ bovieme serum albumin (BSA) was
prepared in distilled water and from this were prepared lcm® portions of
solutions containing 0 to 1.0mg BSA. Bcm® of solution € was added io eack
of these s=molutions which were ther left fo stand for 15ninutes &t room '
tenperature, After this time, 0.5cm® of Folin - ciccalteu reagenl was
added while stirring and the absorbance readinge of these scluticns were
taken after 30minutes at 700nm wavelength with water as the referewce. A

stendard curve ie shown in Figure 2.1.
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Sample Preparation.
To each of 0.50g of the dried pulp sample was added 10cm® of
distilled- water, 10cm® each of sodium chloride solutions and magnesium
chloride solutions of cencentrations 1, 5, 10, 15 and 20%. The mixtures
were shaken for 12 hours after which they were centrifuged at 4,000rpm and
the volumes of the supernatant were noted. 0,1lcn®™ portions of each were
dilvted to 1.0cm® with distilled water, and were then treated as described
in the preparation of the curve. Triplicate determinations and their
respective blanks were carried out for the pulp and seed samples. The
corresponding amount of protein in milligram were read off from the
calibration curve.
T OEBAIL ) I s e e e o e e AP O
Veight of sample(g) x Aliquat(cm®)

Where,

C(mg) = amount of protein in milligram obtained from the calibration

graph.
2.58:2.2 The Biuret Reaction Method
(Oyeleke, 1984)
Reagents

(1) Biuret Reagent
Copper sulpbate (1.50g) and 6.0g of sodium potassium tartrate
were dissolved in 500cm® distilled water and to this solution was added
300ce® of 10% carbonate-free sodium hydroxide with proper shaking and 2.0g

of potassium iodide was also added to prevent auto reduction of copper(1l)
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oxide. - The sclutlion was made up to 1,000cw® and stored in a polythene
bottle.

- [

(11> Bolvent Mixtur

Accurately weighed 14.42g of sodium audecyl sulphate (SDS> was
carefully disspclved in about 100cm® distilléd water wlith etirring and
24.24g of urea was also dissolved in about 300cm® distilled water. These
two sonlutions were then mixed and made wp to S00cm® with distilled water.

The mixture obtained was filtered through an ashless filter paper.

(111’ Bovine serum albumin (BSA) 10mg/cnm™ in the solvent mixture,

Procedure:
Calibration curve.

A 10mg/cm® BSA stock solutlon was prepared in SDS - urea solvent
and from this, 1.0cm® portions of sclutions containing 1 to 10mg/cm™ BSA
were prepared, 4.0cn® of Biuret ‘reagent was added to each of these
solutions which were then left to develop for 30minutes before taking their
absorbance at 540nm wavelength, From these readings, a calibratlon curve

of absorbance against concentration was plotted and ls shown in Figure 2.2,

Sample Preparation.
& 10cn® portion of SD3-urea solvent was added to 500mg of the
dried sanple, centrifuged at 4,000rpm for 30mlnutes-and the volume of the
supernantant was noted. A len® partion of it was then treated as in the

calibration curve above before taking the abscrbance at 540rnm wavelength.
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Blank determinations were carrled out on each sampie. The correspondirng
asaunt of the protein was read off the caliberation curve.
Cimg> x Volume of supernatant{cm® x 100

e i i e e e e e T By S Syt e B

waight of sample (mg)

Proteln {%)

Vhere,

G(mg> = amuunt of protein in miliigram obtalned from the calibration

graph.

2.5.2.3 Lawry Method Using SDS - Urea Sglvent Mixture,
keagents:i
Solutions A, B, C and Folin - clocalteu reagent were prepared as
described in 2.5.2.1.
SDS - urea solvent mixture was prepared as in 2.5,2.2.
Standard stock solution of BSA (lmg/cm®) was prepared in SDSE - urea

salvent immediately before use.

Eracedure:
Lalivravion Curve
The calibration curve (Figure 2.3) was prepared as in sectlon

2.8.2.1 but using SDS - urea as solvent and reference in place of distilled
water,
Sample Preparation.

4 10cwm® aliquot of SDS - urea solvent was added to 0.50g cof sample,
centrifuged at 4,000rpm for 30 minutes and the voluma of superpatant noted.

0.lcw® portion of the supernatant was diluted to 1.0cm® with SDS - urea
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solvent and this was treated as in sectior 2.5.2.1. Triplicate
determinztion with their respective blanks were carried out for the sarmples
and the corresponding amount of protein ipn milligram were read off from the

calibration curve (Figure 2.3).

Protein (B) 5 crmmememcm e e o s o o s e e
o Veight of sample(g) X Aliquot(cm®)

Vhere,
C(mg) = amount of protein in milligram obtained from the

calibration graph.

2.6 Gel filtration separation of Froieins in Tamarind seed.
Gel filration in principle separates proteinms according to tleir
molecular size.
Vedprvitelr ped ~ P Lo
(i) Sephadex G-75, iractionatien range of which is 50,000 to I1,wuv.
(11) [Irotein stapdards
Blue Dextran 2 x 10°.
Casein 1.92 x 10%
Kaemoglobit 6.80 x 104
Pepsin 3.55 x 10<
Egg Albumin 3.38 x 10+
Trypeinogen 2.38 x 104
(111> 1Tris (hydroxymethyl) methylarmine-hydrochloric acid buffer

solution (0.01K, pH 7.5).
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About 2,500cm® of this solution was prepared and the pH was adjusted to 7.5
with 0.1M hydrochloric acid. |

(iv} Sodium dodecyl sulpbate (SDS) urea solvent mixture was prepared
as in section 2.5.2.2.

{v) Chromatography calumn: Length 30.70cm; radius 1.25cm and vnlﬁme
150. 62cm™.
Erocedure;.

Sephadex G-75 (fipe) was treated according to standard procedures
(Pharmacia Fine Chemicals, 1968). 50.0g of the gel was swollen in ezcess
Tris-HC) buffer ¢0.1¥%, pH 7.5) for 24 hours with several changes of the
eluting buffer and the fines decan?ed off. The cclumn was then packed,
equilibrated with the Tris-HC1 buffer for 46 bhours and & flow rate of 4cp”
min~' was set. ‘

The column was calibrated with some standard proteins and this was

"

done by carefully eapplying, in drops, & mixture of the standards (4.0Cuag

W Y
B L BT P - S ) S

top of the bed. Thirty Scm™ portions of eluants were collected at the set
flow rate and the absorbance of these eiuted portioms were tzken at 254nm.
One gram (l.of) of seed sample was dissolved ip 20em™ of SD8 ~ urea
solutiﬁn, stirred znd centrifuged at 4000rpm. The supernatant obtained wvas
applied to the top of the bed as done with the standards, again ccllecting
thirty Scm* porticns of eluants whose absorbance readinge were taken at
254nm. Conslderiug that the fractionation range of the gel used (50,000 -
1,000 and tbet species are eluted {frum the column inorder of their

decreasing molecular size (Moore, 1964 and pharmacla fine chemicals, 192692,
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Over a considerable range, elution volume {(Ve) is a lipear function
of the logarithm of molecular weight (Andrews, 1965 and Carnegie, 1965) and
is glven bf the express;;;:

Ve = A - B Log Mol. Wt,

where,

4 and B are constants {(Pecsok et al, 1976).

2.7 Determipation of the Acidity of the Pulp and seed samples,

2.7.1 &
(ADAC, 1980)

Ore percent solutions of the pulp and seed samples were prepared in
distilled water.
Pracedurs

Two grammes of the dried sample and 50cn® of boiled distilled water
were homogeneized im a blender for 20 minutes. More water was added,
stirred and allowed to stand for 2 ﬁuurs at roopm temperature.
The mixture was then filtered and the filtrate was made up to the mark with
water in a 200ca® volumetric flask. This solution was always freshly

prepared befare use.

2.7.2 Determination of the pH of tbe sample solutions.
Ergcedure;
The pH meter was first calibrated with buffer solutions of pH 4, 7 and

9, after which the pH of the pulp and seed solutions were read off.



35

2.7.3 Determination of Titratahble Acidity
(ADAC, 1980)

Sodium hydroxide solution 0.1N

phenclphthalein indicator solution (%) (1%).

The sample solution, after appropriate dilution, was titrated with
0.1N sodium hydroxide solution using 0.3cwm® phenolphthalein solution for
each 100cm™ solution titrated. Triplicate determinations were carried out
on each sample. Titratable acidity was reported as cm® 0.1¥ alkali per

gran of sample.

2.7.4 g
(AOAC, 1980).

Reagenis:

vodium hydroxide solution o. 1N

phenolphthalein indicator solution (1%).
Procedure;

The steam delivery tube of the steam can was allowed to dip well into
a two-necked round-bottom flask containing 25 cn™ of freshly prepared one
percent solution. The water in the can was allowed to boil for about five
minutes with the pther side of the two-necked flask open. The set up was
then clpsed and about 300cm® ligquid was allowed to be distilled into an
Erlenmeyer flask. 0.5cw®. phenolphthalein was added to the collected
distillate and the soclution was rapidly titrated with 0,1N sodium

hydroxide scolution until a pink colour which persisted for 15 seconds was



36 ¢
obtzained. Tripiicate determinations were carried owt op each sample,
Total volatile acidity was expresced as:

gHOAc/100ce™ of 1% sample solutiom, that is, gHOAc/y sample, and is equal

to cw® 0.1F FaDH x 0.006 x 4 (lom™ 0.1K F2DH = 0. 006g HDAG)

2.8 Carbohydrate Deterxipation.

2.6.1
(Clegg, 1956).

Rezgente
(i) Anthrone resgent
Accurately weighed 1.0g of apthrone was dissolved in 1000cm™ of 13 6K
sulpburic acid solution. Fresh reagent was prepared daily.
(11) Ethanol (80%) .
(i11? Perchloric acid (B2%) | »
Thir ver wepwprrd by gddine 270em? nf mrneavbreterd mecsbinrde 2044 i
100cm® of distilled water.
(lv) Standard glucose solution (lmg/cm™)
Thie solution was diluted dafly to give a salution of [20pg glucose
per cm®.
Procedure
£xizﬁganLJu;:mgﬁx§_ixnnLﬁagplgh
To 0.20g of tke dried sample in & centrifupe tube wac adided two
drops of 80% ethanol, to aid mixing.'then S5cn® of water and the whole
mixture was thorovghly stirred, 25cm® of hot B0% ethanol was then added,

stirred thoroughly, set aside for § minutec and centrifuged. The alcoholic
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solution was decanted and extraction procedure was repeated with 30cm® he-
80% ethanol. The alcghol in the extracts left was then diluted with wate:
to S0cm®. This aqueous solution 0f sugarse was then ready for analysis witk
theé resgent and was marked thus, Triplicate extractions were caried out oo
each seample.
Extraction of starch from sample

Distilled water (Scm™) followed by_ﬁ.écm? of 52% perchloric acid were
added to the sample residue above after extraction with alcohol. After
stirring for about 20 minutes, 20cm3 of water was added, the mixture was
then centrifuged and the supernatant de;anted inte & 100cm® valumetric
flask. Another Henm™ guantity cof water was agaln added to the residue and
extraction with perchloric acid was repeated with occasional stirring for
the next 3 minutes, The supermatant was agair decanted intc the 100ce*
volumetric flask which was then made up to mark with distilled water. This
vis filtered with the first Scm* of the filtrate discard\ed. A 2. 0cn¥
Gamgumy wid ve® Ilasioer he@ owe-wowd o aWEIP WITLD wWater ana lhis exiract
solution was used for an;]ysis with the reagent. Triplicate extraEtion al

the sample was carried out.

Arglysis of the Extracts.

For each determination, the following were prepared iz boiling tubes:-
(i) "the blank®™ - conteining Z2cw® of distilled water. Prepared ir
duplicate. |
(11> "test extract alone" - conrtaining lcm® of tre diluted extract (sugsr

or starch extract) and lcp* of distilled water. Frepared in
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triplicate.

(111l ”test.extract plus glucose standard" -containing lcm™ of fhe dilutéd
extact (sugar or starch extract) and lcx® of glucose standard (10Cpg).
Prepared 1ﬁ triplicate.

To each of these tubes was added 10cm® of the apthrone reagert and
the contents were properly mixed before coveripg them with wooden carks,
The tubes were beated in 2 bolling waterbfti for exactly 12 minutes, cooled
to room temperature wunder & running tap and the developed colour
intensities were read off at 630nm wavelengtk. The reagent blank was used
as reference and the green colowr developed was stable for at least 3
houre. The quantity of glucose In the fest extract was calculated &s
follows:

(1> Milligram glucose = -~=——=<——r=--- B it it
in sample (Amg) ' {(y-X) :
where,

X

absorbance due to test extract only minus the absorbanﬁe due to
the blank. | |
v = absorbance due t; test extract and glucose standard nminte the
absorbance due to the biank.

D.F

dilution factor of sample extract,
: Aimg) x 100
(1i> Percent sugar in the sample = -—--------—o-—-——om-
weight of sample (mg’.
For the starch, the expresion (ii) was multiplied by a factor of 0.9

tc give the starch in the original sample. The total carbohydrate was

given as the sup of the percent sugars end percent starch in the sample.
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S < 4

(Hodge and Davieas, 1952)

2.8.

8]

This method is based on the reduction of alk;line ferricyanide to
ferrocyanide in the presence of reducing sugar, ihe amount of reduction of
waich is alneasure of sugér in a sample and is determined as the difference
between the added ferricyanide and the quantity left after reduction.
Bgagantal

(1} Glucose standard lmg/cm®
(11) Sediun thicculphate aproximately 0.0LK

Sodium thiosulphate (2.50g) was dissolved 1n freshiy boiled
distilled water and made up to 1000cw™. 0.01lg of sodlum carbonate was
added to stabilize the solution.

(111) Potassium ferricyanide - godium garbopate reagent.

Accurately weighed 4.125g cof potassium ferricyanide and 5.30g
of sodium carbonate were dissclved in distilled. water and made up to
500cm+. The solution was stored in the dark,

{iv) Pgtassium iodids - zing sﬁlphate - sodium chloride reagent.

Accurately weighed 6.25g of potassium icdide, 12.50g zinc
sulpbate and 62.5g sodium chloride were dissolved in distilled water and
made up to 250cm™., Sclutlon was stored in the dark.
{(v) Acetlc acid

{vi? B8tarch indicatar.
Extraction of soluble carbohydrate

Accurately weighed 0.20g of tbe dried sample with 30cu® of distilled

water were allowed to simmer gently on a hot plate for 2 hours and cooled.
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This was then filtered noting the volume of the filtrate, and made up to
the mark in a 50cny® volumetric flask. This extract solution was prepared
shartly before colcurldevélopment. The water blank was also taken through
the same procedure and triplicate extractions were carried out on each
sanmple.

Erocedure;

4 Scm® aliquot of the extract solution was pipetted inio a boiling
tube, Scm® each of glucose standard and distilled water were also plpetted
into separate boiling tubes and from this stage, all the tubes were treated
in the same way.

Portions of the potassium ferricyanide - sodium carbonate reagent
(5cm® each) ware added and the tubes were covered with wooden corks and
allowed to stand in bolling water bath for 15 minutes,

These were then_cooled for 3 minutes under running water, before adding
5cm* of the potassium iodide-zinc sulphate-sodium chloride reagent which
resuylts ip the formation of precipitate and liberatien of iodine vapour.
Jcw® of 5% acetic acld was then added and the mixture was titrated with
approximately 0.01X thiosulphate wusing starch indicatar. Blank
determinations were also treated in the same way. The percent reducing

sugars as glucose was calculated as shown balow;

- x e ]

A - B (cm®) x sample weight (g) x 2
where,
A{cn®) = the volume of 0.01M thiosylphate required for the

ferricyanide reagent omly.
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B(cm®) = the volume of 0.01M sodium thiosulphate required for the

i

glucose reagent.
Clcm®) = the volume of 0.01M thiosulphate required for the sample
extract.

Factars for dilution were applied where necessary.

2,9 Alcohol - ipsgluble solids Determination
(ADAC, 1580)

Procedure

Ten grammes of the dried sample (V:) was boiled with 300cw™ of B0%
aethanol, then allowed to simmer slowly for 30 minutes. The mixture was
filtered through a buchner funnel fitted with a prepared filter paper of
appropriate size. The filter paper having been prepared by drying in an
uncovered flat - bottom dish for 2 hours at 100°C, the dish was then
covered with a tight cover, cocled in a desiccator and weighed (VW.> at
once, The filter paper and the residue were washed with 80% ethanol until
washinge were clear and colourless, and they were then transfered to the
dish used in preparing the fllter peper, dried uncovered for 2 hours at
100=C. The cover was again replaced and the dish was cooled in a
desiccator and then weighed (Vs). Triplicate determinatios were carried

cut on each sample.

100(“3 e if:.-,
Alcohol - imsoluble solids (%) = —-——-—-—=——-
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2.10 Determipation of water - insoluble solids

(ADAC, 1980

Frocedure

A filter paper (Vhatman No4) was washed with hot water and dried
overnight at 100C, then cooled in a desiccator and weighed (V:),
Accurately weighed 25,08 of the dried sample (Wz) was boiled with 200cn®
water for 20 minutes with occasional replacement of water lost by
evaporation., The mixture was then filtered by gravity through the prepared
filter paper in a buchner funnel and washed with about 80cwm™ of hot water.
Suction was applied to the buchmer funnel to remove excess water. The
filter paper was then dried overnight at 100°C, cooled in a desiccator and
then welghed (VWi). Triplicate determinations were carried out for each
cample and the percent water insoluble solids was calculated as follows:

100(Vs - Wy)

Vater - insoluble solids (%) = ~—~—————==—-
V.

2.11 Crude Fibre Datermination
(Ranjhan and Krishna, 1980)

Eeagents
Sulphuric acid 10%
Sodium hydroxide 10%
Ethanol 095%
Apparatus
A stick filter was made in the glass blowing section of the department

and this was a 20cm long heavy wall glass tubing with an inner diameter of
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0.2 - c.3cm. One end of this was blown %o give an outer diameter of ¢.%cm
and this opeping was fitted with glasswool to give the appearance of a
small broom, with 2 Z2cm thiek brush.
Erocedure

Five grarmes of the defatied sample (¥.) was extracted with some
bniling water and 25 cw® of 10% sulphuric acid by boiling for 30 minutes,
The acid solution was then removed by suction through the stick filter
The residue was washed at least thr;e times with bolling water, after which
the procedure was repeated with 25c¢n® of 10% sodium hydroxide in place of
the acid. The slkaline solution was also removed using the stick filter
and the residue obtained here was quantitatively transferred to & large
porcelain crucible. The residue was furtber extracted with small ﬁortions
of etbanol after which the glasswool was removed from the stick and left in
the crucible along with the resiaue. The porcelain crucible with ite |
contentt were dried at 100°C to constant weight, cooled znd weighed (¥z).

The contents of the crucilble were then 1ncinerated &t 600¢C (about 2 hours)

in 2 »uffle furnace uvuntil the carbonaceous matter were burant. The c¢rucible

now containing the ash a&nd the unburnt glasswool were ther copled in &

desiccator and weighed (¥z). Triplicate deterxinatioas were carried out o

each sanple.

100V = Wa?
percent crude filtre = ——----m-re—o
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2.12 Determipation of crude 1ipid
Soxhlet Extraction Method

(A.C.0.C.S oil and soap, 1940)

Reagent
Petroleum Ether 40 - 60<C

Procedure

The dried sample (20.0g) was accurately weighed inte a pre-weighed
fat-free thimble. 350cm® of petroleum ether was poured into a previocusly
weighed 500cm® round bottom flask containing anti-bumping granules.
The soxhlet extractor containing the thimble with its content was then
fitted into the round bottom flask and the extraction continued for 12
hours. The petroleum ether in the flask was distilled off using a vacuum
rotary evaporator. The last traces of the solvent were removed by drying
the flask in an oven to constant weight. The flask was cooled, weighed and
the amount of lipid extracted was obtained from the difference between the
welght of the flask before and after extraction.

Veight of lipid (g) x 100

Crute AIipld (5) = emr=msmmm———————
weight of dry sample (g)

2.13 Determipation of some Properties of the Exiracted crude lipid

2.13.1 QSapopification value (Pearson, 1976)

Reagenis:
(L) Alcaghalic sclutiaon of potassium hydroxide was prepared by
dissolving 35,0g of potassium hydroxide in 20cw® of distilled water and

making up to 1000cm* with 95% ethancl. The solution was left to stand
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overnight before carefully decanting off tha clear aqueous liquid.
(11 fhenolphthalein %
(111> Hydrochloric acid 0.5K

Procedure:

Accurately weighed quantity (2.0g) of the extracted lipid was placed
in a conical flask and exactly 25cm™ of the alcoholic potassium hydroxide
solution was added to it. The flask was heated under reflux in boiling
water for one hour and lcw® of phenclphthalein indicator was added to the
hot seolution. The excess alkall was then titrated with 0.5 hydrochloric
acid (titre = acm®). Blank determination was alsoc carried out at the same
time (titre = bow™). Triplicate determinations were carried out on each
sample and saponification value of the lipid in milligram was calculated

from the sxpression:

b - a) o x 28,03
welght of sample (g}

2.13.2 Indine value (Dap's method)

Reagenis
(i) Chloroform

(11) Sodium thiosulphate solution 0. 025N
(i11) Potassium lodide solution 10%
{lv} Pam's reagent
This was prepared by mixing 4lem® pyridine and 30cm® concentrated
sulphuric acid with a solution of 13cn® concentrated bromine solution in
100cw® of concentrated acetic acid. The solutlon was made up to 2,500cm®

in acetic acld and was stored in a brown bottle.
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Prucedure

Portions of chlupofurm and Dam's reagent,Scu® each,wefe measured into
a dry conical flask ;;; allowed to stand for 10minutes in the dark. Then
Scn® of 10% potassium {odide and 20cwm™® of water were added and mixed. The
solution was then quickly titrated with 0. 025§ sodium thiosulphate shaking
vigorously to ensure proper mixing of the organic and aqueous layers and
the titration was continued dropwise, when the mixture had turned pale
yellaw, until both phases Just turned colourless. This was a blank
titration to determine the iodine equivalent of bromine {n the reagent.

The measureument of the iodine equivalent of the bromine not absorbed
by the lipid was then carried out as follows:-
To Sem® portion of 1% lipid solution in chloroform was added 5cn® of Dam's
reagent and the mixture was left to stand ip the dark for lOminutes. Scn®
of 10% potassium iodide and 20cm® of water were then added, swirled and
titrated with D.025F sodium thiusulphate solution Just as done with the
Blank' Triplicate determinations were carried out for the blank and the
sanmples,
Calculation:

lem* 0.025¥F Sodium thiosulphate = 0.00317g of lodine.
therefore,
Iodine equivalent of the reagent = Volume (cw®) required for the titration

x 0.00317,
The indine equivalent of the bromine absorbed by the lipld sample was

calculated and the iodine value of the lipid sample was the difference

between these values.
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2‘ 13- 3
(Pearson, 1976)

RBeagents
Potassium hydroxide 3M and 0.95M

Diethyl ether.

Procedure:

The neutralized liquid obtained after titration for saponification
value was again made alkaline with lcm® of 3M aqueous potassium hydroxide.
The solution was then transferred to a separator, washed with water and
extracted thrice, while still just warm, with 50cm®™ portions of diethyl
ether. The ether extracts were poured into another seperator and washed
with three 20cm® portlons of water. The extract was then further washed
with two 20cm® portions of water until the wash water was no longer
alkaline to phenolphthalein. The extract was then transfered into a pre-
weighed flask (Vi) and the solvsﬁt was evaporated off uvsing a rotary
evaporator., The flask and the residue were then dried at 78<C (temperature
should not exceed 80°C) wuntil constant weight (Wz) was attained.
Triplicate determinations were carried on each sample.

100(V= - W)

Unsaponifiable Matter (W) = ———~ow-mmesoe—ose—-
Veight of sample (g)

2.13.4 Acid Value and Free Fatiy Acid Value (Pearson, 1976)

Beagents
Diethyl ether

Ethanol 095%
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Sodium hydroxide 0.1M

Phenolphthalein 1%
Brocedure

The solvent mixture consisting of 25cm® each of diethy ether, ethancl
and lcm* of phenoclphalein solution, was carefully neutralized with 0.1X
sodium hydraoxide. The extracted 1lipid (1.0g) was then dissalved in the
neutral solvent mixture and titrated with aqueous 0.1 sodium bydraxide
with constant shaking until a pink colaour which persisted for 15seconds was
obtained.

Titre value (ca®) x 5.6l
Acid Value (%) 5 =—-=m—mv—smm e
Veight of Sample (g}

Free fatty acid (FFA) value was calculated as Oleic acid and;

lcm™ 0.1N sodium hydroxide = 0.0282g Oleic acid in which case, the

acid value equals twice the free fatty acid.

2.13.% Perpxide Valye {(Pearson, 1976)

Reagents
Potassium iodide {(powdered and 5% sclutlion)

Glacial acetic acid

Chloroform

Spdium thicsulphate 0. 002K

Starch indicator

Solvent mixture coptaining glaclal acetic acid and chloroferm in the

ratio 2:1 (¥/v},
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(s
Procedure

This determination was carried out in subdued daylight. Accurately

;eighed 0.50g of the extracted lipid was mixed with 1.0g of powdered
potassium iodide and 20cm® of the solvent mixture and boiled for 20-
30seconds. The mixture was then quickly transferred to a conical flask
containing 20cx® of 5% potassivm iodide solution. The mixture was titrated
with 0.002M spdium thiosulpbate eolution using starch as indicator. A
blank determination was carried out at the same time and triplicate
determinations were carried gut on the samples. The peroxide value was
reported as milllequivalents of peroxide oXxygen per Kg of sample {(ca™ per
Kg) was calculated as:

2 % the volume (cun®) of 0.002X sodiun thiosulphate per gram of sarple,

2.14 " Ihin layer Chromatography (TLL) of the Extracted Lipids
Reagents: | '

This cousisted of petroleum ether (b.p 40<-60~C), cdiethyl
etber and acetic acid in the ratio 80320:1 viv/v)
(11> Bilica Gel (Kieselgel G.)
(111} Ilodine Crystals.
Procedure
(a) One percent sample solutions of the crude lipid of pulp and seed
samples were prepared in chloroform These lipid solutions were +then
spotted on a TLC plate 20 x 20cm coated with silica gel (0.Smm thickrness?,

and the relative movements of these spots, in the solvent mixture were
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determined with iodine staining., The Rr of the compconents of eachk s=pot
were calculated fraom the expression: -
Distance moved by spot (cm
Distance moved by solvent fromt {(cm)
(b) The plate was left to stand out on the bench for the iodips stains
to vapourize off, and was then turned at an angle of 90= in the soc.vent to

Observe any further seperation of the spots obtained in (a).
2.1% Determination of Antd - nutritiopal Factors.

2.15.1 Determination of Phytic acid level in unproces o
samples. {#1lenm, 1974
Reagents
(1) Bydrochloric acid C,5¥ and 0.17X
(11) Sodium hydrozide 0.5K
(111> Ferric chloride C.25% (w/v)
v Digestion-reagents s in sectlon 2.4.5
vy Colorimetric resgents and standards esme &s in prosphoras

determination in section 2.4.5

Procedure

The dried pulp and seed samples (1.50g) were shaken in 100cE™ eazh of
0.5¥ bydrochloric acid for 2hours and filtered. An aliquot of the filtrate
wac neutralized with 0.5M sodium hydroxide solution and again made elightly

acidic with 0.17X hydrochloric acid before making it up to Slcm™ witk
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distilled water. An aliquot of this solution was taken in a centrifuge
tube, to it was added 4cm® of freshly prepared ferric chlorlde solution,
which was then bheated for 15minutes at 100°C, cooled and centrifuged. The
supernatant was discarded and the residue washed with 0.5 and then 0.17N
hydrochloric acid, discardiag again the supernatant. Distilled water
(Pcm™) was added to the residue, heated for a few minutes at 100<C. Sodium
hydroxide {(0.5M) was then added and heated for another 1Sminutes, then the.
contents were filtered into a Kjeldahl flask, washed with hot water while
retainipg washings in the flask. Concentrated sulphuric acld (0.5¢cm®) was
added and the mixture was bolled before digesting with nitric and
parchlaric acid mixture i1n the ratio B:1 (v/v) (gection 2.4.5). Triplicate
daterninations were carried out on each sample. The amount of phosphorus
determined here was that present as phytate. The amount of phytate~

phosphorus was caculated from the expression below:

Phytate ~ Fimg/100g) =
Almg) % di l Lutdon{om® ] soluti o) 14 T 100

B(cw?) x Clem® x Di(cm®’ x Veight of sample(g)
where,
A(mg) = amount of phosphorus in the sample determined from the
calibration curve.
Bicm®) = volume of aliquot for phosphorus determination.
Cicm™) = volume of aliiquot for digestionm.

Dicm3)

volume of aliquot for nsutralizationm.
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2.1%.1.1 PFrocessing

Accurately weighed 1.50g of the dried pulp and seed samples were
elither cocked or soaked for different lengths of time in 10cm®* of distilled
watér. At the epnd of the time lapse, the samples were centrifuged and the
supernatant discarded, leaving behind the processed samples which were then
treated as 1n 2.15.1. Trilplicate determinations were carried out on each

sample at each time period. ' -

2.15.2 Determination of Trypsin Inbhibitor Activity,
(Roy and Rag, 19871)

Reagents: ]
(i> Phosphate buffer (0.1M, pH 7.85)

This wae prepared by adding 13?95 0 2¥ coluoticon of codiun di-
hydrogen orthophosphate to 84cm™ pf di-eodium hydrogen phosphata (0.2K) and
making the mixture up to 200cmk® with distilled water. The pH of this
solution was then adjusted to 7.9 with 0. 1K bydrochloric acid,

(i1} Sodium chloride solution 0.5M ‘

(11i1) Casein solution 2% ir phosphate buffer (O.lﬁ, pH 7.52
(iv) Trypsin sclytion 2mg/100cw™ in 0.001K hydrochloric acid.
(v)  Trichlervacetic acid (TCA) 5% {(w/v)

(v1) Hydrochloric acid (0,001

Trypsin and casein sclutions were stored in a refrigerator.
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Preparatign of gample
The dried pulp and seed samples, 5.0g each, were ?haken in 10Qcm™ 0.5X

sodium chloride solution and Iin 100cm® of distilled water for 3 hours each

at room temperature,

Bracedure;

Trypsin standard curve,

Aliquots of the stock trypsin (0.2 to 1.0 cm™) were pipetted intoc a
triplicate set of test tubes, one set for each level of trypsin, aad the
final volume was adjusted to 1,5cm® with the phosphate buffer. To one of
the set of tubes was ad@ed Gem* 5% (w/v) trichloroacetic acid which served
as the blank, 2cw* of casein solution and 0.5cm® of 0,001M hydrochlaric
acld were added to each tube which were then incubated at 37<C for exactly
20 minutes, The reaction was stopped by adding Gen™ of 5% TCA to the
experinental tubes and ‘allowing tyem to stand for one hour at room
temperature. The suspension was filterad and the absorbance of Itgq

filtretes measured at 280nm (Figure 2.4).

Irypsin Iphibitor Actlvity of the samples

Aliquots of the sample extract (0.2 - 1.0c¢cwm?) were plpetted intc a
triplicate set of tast tubes (one set for each level of extract) and the
volume was brought to 1.0cp® with the phosphate bufer. Trypsin solution
(0.5cm™> and 2cm® caseln solution were added to each ftube and the mixture
was made up to 4cm® with 0.5cm® 0.001X hydrochloric acid. The mixture was

then incubated for exactly 20 minutes at 37<C, and the rsactlon was stopped
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by the addition of 6cm® 5% TCA to each of the tubes, which were allowed to
stand for cne hour and then filtered. The absorbance of jthe filtrate was
reacured at 280nm against the blank.

Activity was expressed as trypsin unit (TU) Vhere one TU is
arbitrarily defined as an increase of 0.0]1 absorbance units at 280nm in 20
minutes per 10cm® of the reaction mixture. Trypsin activity is given as

the number of trypsin units inhiblted (TUI),.

2.15.2.1 Processing

Some portions from the sodium chloride extracts and water
extracts of the pulp and seed samples were heated in a boiling waterbath
for 10, 20, 30, 60 and 120 minutes and some autoclaved at 151b presure for
15 and 30minutes. The samples were cooled down to room temperature before
pipetting out 0.4cm® aliquots of the processed samples, The incubation
mixture consisted of 0.4cn™ sample extract, 0.5cm™ trypsin solution, 2cm®
caseln splution, 0.6cm® phosphate buffer and 0.5cm® of 0.001M hydrochloric
acid. Incubation was carried out at 37°C and the procedure continued as

with the unprocessed samples.

2.16 Jorption lsotherm of Tamarind Fruit
(Screadharan, 1985). - crARY
LA YRS
’ \JdN\ ‘5.“ \ L r"\\‘l )
Reagent KRS £l
Concentrated sulphuric acid (&wﬁhnkiiﬁtk\‘-
(8.6 1.84) INRIAS
Procedure:

Equilibrium moisture content of the oven dried tamarind pulp was
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determined at room teuwperature by keeping triplicate samples in petri
dishes, placed on metal gauze in nmedium sized desiccators maintailned at
different relative humudities {(r.h.). Constant r.h. was maintained in each
desiccator using sulpburic acid (3.G 1.84) and water mixtures prepared as
shown 1in the appendix J(Raganna,1977). The samples were weighed on a
mettler balance at Intervals of 24 hours until they attained constant

waight. The percent equilibrium molsture content (e.m.c) was calculated as

follows:
Voo — W x 100
¥ emgc = == o
V-
where,
¥. = Initial weight of sample
V: = Final weight of sample.

The time of the appearance of mould on the samples was also noted.
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3.1 Malsture Contept,

The moisture content of both the pulp and the seed are given In Table
3.1. The molisture content of the pulp (18.93%) is higher than that of the
sead (1¢.10%). The wvalue obtained for the pulp Is lower than those
reported in previous works. While Mchammed (1987} reported a value of
27.10%, Duke et al (1981) gave a value of 38.70%. All these values however
fall within a range of 18-35% reported by Platt (1962). Tbis wide range is
probably due to differences in species and moreover, the moisture content
of a fruit could vary depending on the stage of ripeness and the leangth of
~time for which the fruit bhad been stored (Addy, 1978). Tamarind fruit is
generally considered ripe when the fruit is dry. In Zaria, the ripe fruits
are obtairable 1n October ~ December, during the barmattan and it is
probable that the samples used in this study were drier than the ones usad
by the first two workers., The moisture content of the seed, however agrees
with that reported by Mchammed (1987); 10.10% and by Ega (1986); 10.98%.

The appearance, keeping quaiity and dry matter content of foods are
Cclosely related to the moisture content (Vhyte and Selvey, 1969), with the
anount of dry matter having an inverse relaticonship with moisture content.
Foodstuffs are dried inorder to lower their mnoisture content, thersby
preventing the growth of spoilage micro-organisms and also reducing the
chemical and blochemical reactions to the minimum during storage. The
molsture content of a food can therefore be used as an lndex of stabllity

and susceptibility to fungal infections (Scott, 1956).
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Table 3.1

Proximate Composition of the Pulp and Seed of Tamarind as Percent of

Dry Matter.

Pulp Seed.,
Moisture 18.93 £ 0.27 10.10 £ 0.25
Ash 2.88 = 0.23 2.01 £ 0.02
Crude Protein 8.79 £ 0.44 26.93 ¥ 1.20
Carbohydrate (by difference) 66.87 + 0,20 50.05 £ 0.23
Total Sugars (a) 41.20 £ 0.57 11.30 = 0,45
Reducing Sugars (b) 24.68 = 0.13 7.43 = 0.47
Non-Reducing Sugars (a-b) 16.52 3.87
Starch (c) 0.57 * 0.03 3.31 £ 0.13
Total Available Carbohydrate (atc) 41.77 = 0.30 14.61 £ 0.29
Crude Lipid 2.53 £ 0.43 10.91 £ 0.05
Crude Fibre | 2.20 £ 0.47 7.40 £ 0,36
Alcohol - Insoluble Solids 22,70 £ 0.31 74.20 £ 1.01
Vater - Insoluble Solids 20.50 * 0.24 90.70 £ 0.21

Calories/100g 325,41 406.11



&0

3.2 Ash Content and Mineral Composifion
The ash content of the pulp (2.88%) was higher than that of the seeds

(2.01%) (Table 3.1}, These values do not vary much from those reported in
literature. Purseglove (1968) reported an ashk content of 2.10% for the
pulp while Duke (1981 and Obodo (1982) reported 2.40% and 2.45%
raspectively. The ash content opf tamarind pulp compares with those of
brown beans and yam with values of 3.20% and 2.75% respectively while that
of the seed compares falrly with millet, groundnut and coconut pulp with
values of 2.13%, 2.22% and 2.34% respectively (Oyenuga, 1968 and Abeds,
18815,

3.2.1 Mineral Composition

The mineral constituent of the samples are shown in Table 3.2

3.2.1.1 cCalgium

The calcium content of the pulp and tlke seed were found to be
465.70mg and 786.36mg per 100g sample respectively. These values were much
higher than values obtained for most fruits but they compare well with
values obtained for leafy vegetables such as spinach (400mg/100g’>, baobab
leaves (562mg/100g) <(Abede,1981) and cocoyam <(409.10mg/100g) <(Oyenuga,
19687, The high calcium -containing leguwes incliude soyabean (220mg/100g)
and locust bean seed (310mg/100g) (Oyenuga, 1968).

It has been estimated that pregnant and lactating women usually
require large amounts of calcium and this ranges from 800mg to 2000mg daily
(FAD/VHQ, 1962, It would therefore appear that tamarind fruit contribute
a significant amount of calclum to diets, especlally for those 1t forms a

major part of their diets. The seeds which are most often thrown away, in
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Mineral Content of pulp and seed of Tamarlnd in mg/160g

pulp seed
Calcium 465.7% £ 28.10 786.86 * 76.21
Phosphorus 91.00 = 0,02 165.00 £ 0.10
Magnesium 72.03 + 3.54 118,33 ¢t C.2¢
Potasslum 62.00 £ 0.03 £10.00 * 0.92
Sodium 76.66 = 4,53 10.17 £ (.68
Copéer 21.83 + 1.72 18.97 + 0.20
Iron 6,42 = 0,24 .Hot Detected
Zinc 1.06 £ 0,03 3.00 £ 0.14
| Nickel 0.52 £ 0,038 Hat Detected



62

the northermn parts of Figeria, could be a good socurce of ca.clum for both
man and poults, though their bicavailability have to be considered.

Dietary Caicium could be made unavailable to the body by precipitatiocn
under alkaline conditions in the intestize, as calcium oxalate. The effect
of oxalate in a food i{tem can only be determined when compared with the
awmount of calcium Iintake, and 1t has been reported that toxic symptoms will
not occur, if the calcium to ozazlate ratio is 1:1 (Oke, 1969). Chakraborty
(1975) reported a tutﬁf oxalate content in tamarind fruit as <0.39mg/100g),
of which only 28.21% is soluble and this would be of negligible efiect on
the available calcium of the fruit. Large amcunts of calcium and
phosphorus are required for bone formation and are ihcerporated intoc the
bones by wvitamin D. Inadequate supply of calcium 1in young animals usualy

result in &2 bone deformation disease.

3.2.1.2 FPhosphorus,

The phosphorus content of tamariad pulp and seed were 91.00mg and
165. 00ng per 1003 sample recpectively. Duke e;_al_(lgél) recorded 85mg per
100g of the pulp which =agrees with the Vaiues obtained im this work.
Tamarind seed' msy be considered as a good source of phocphorue since
cereals contalning 140-33Cmg per 100g are reported to be the major source
of phosphorue in African dilets (Oyenuge, 1968). Tamarind pulp contaims
more phosphorus than most fruits (Oyenuga, 1%68), It was found in this waork
that 28.5% of the phosphorus in the seed exists are phytic acid (section
3.7.1) while the amount of the pulp phosphorus present as phytic acid was

not detectable. Calcium and phosphorus as constituents of the bones and
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teeth give rigidity to these skeletal structutes.

8.2.1.3 Hagunesium
The magnesium content of tamarind pulp (72.03mg/100g) and seed

(118.30ng/100g) were higher than those of most other frults which ranged
betwsen 10.8mg/100g for mango to 42.2mg/100g for grape <(Abede, 1681).
Magnesium content of the pulp however compares with those aof leafy
vegetables such as sorrel (green) (69.0mg/100g) and Cochorus olitorius
(*ayoyc'’ (70.0mgs100g), while the seed compares with okra (106.30mg/i00g)
and water leaf (103.0mg/100g) {Abede,1981). Daily requirement of magnesium

is between 200mg - 700mg (VHO, 1973).

3.2.1.4 Sodium and Polassiunm

Tamarind pulp 1s a good source of sodium (76.6€6mg/100g) and
compares fairly with groundnuts (67.60mg/100g), baobab leaves (88.0mg/100g)
and locust bean pulp (89, 0mg/100g) (Abéde, 1981). Tamarind pulp is however
fairly low 1n potassium (62.0mg/100g) but compares well with pineapple
(66. 0mg/100g). A baleance in the potessivm and sodium intake of diets
containing high - protein foods such as beans with high asb content (3.0-
3.2%) and very high potassium content (1240-1350mg/100g) (Abede, 1981} may
be ensured if taken with porridge or Jjuice made from tamarind pulp
containing high sodium and fairly low potassium. This might be
particularly useful in low fat diets of obese patients.

Tamarind seed has low sodium content (19,17mg/100g) (Table 3.27,

wimilar to the value reported for banana (18.20mg/100g) (Abede, 1981>. It
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however has a high potassium content (610mg/100g) which compares favourably
with those of melon (612.0mg/100g) and Irvingia gabopepsis ('Ogbono')
(543m,/100g) (Abede, 1981), From the above, 1t is clear that a balance in

potasslum and sodium will be ensured if both pulp and seed are included in

Tamarind fruit has a fairly hlgh copper content with the pulp and
seed contalning 21.83mg and 18.97mg copper per 100g sample respectively.
The budy however requires copper in minute quantity (2.15mg daily for an
average man of about 75kg weight) (Ekpete, 1985). Thus, copper requirement
m2y be met when tamarind fruit is taken, Copper 1s essential for the

utilization of iron in the haemoglobin synthesis.

3.2,1.6 lren

Tamarind pulp contains an appreciable amount of iron (8.49mg/100g)
which {s much higher than values obtained for most fruits and vegetables.
The value is however similar to that reported for the pulp of locust bean
(8.2mg/100g) (Abede, 1981). Surprisingly, tamarind seed did not show any
detectable amount of iron. Iron being a constituent of the respiratory
pigment haemoglobin is vital for the functioning of all tissues and organs

of the body.

Zinc content of tamarind fruit was found to be low. The pulp had
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a zinc content of about three times less than that of the seed (Table 3.2).
This is not surprising as fruits generally have low zinc content. The pulp
value however compares favourably with those of grse;m;;;atables such as
okra (1.2mg/100g), Cochorus olitorius (‘ayoyo') (0.7mg/100g), while on the
other hand, the amount in tamarind seed compares with beans (3.5mg/100g)

Abed

=, 1%81). Dietary requirement of zinc ranges from 1.25mg for infants

to 5.45mg for lactating women daily (FAO/WHO, 1973).

3.2.1.8 Nickel

Nickel 1s present only in trace quantity ian tamarind pulp
€0,52mg/100g) and it was not detectable in the seed. Nickel is not of any
known function in plants and animals and may have been present as a result

cf pollution from the soil.

The crude protein contents of tamarind seed and pulp obtained in
this ctudy were 26.93% and 8.79% respectively (Table 3.1). These values
are higher than those reported by Duke gt al (1981) (15.4-22,7% and 2.3%)
and ¥chammed (1987) (20.1% and 7.0%) for seed and pulp respectively. Ega
(1986) reported a very low value of 10.98% for the seed. Although the pulp
is relatively poor in protein, the seed is a good source of protein and
compares well with groundnut with a crude protein value of the range 22 -

27% (Oyenuga, 1968) .
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3.3.2 True Protein

An attempt was made Iin this work to estimate the amount of the true
protein present in the samples using Lowry and Bluret methods. The results
are shown in Table 3.3. There appears toc be nc major difference in values
of proteln using either of the methods. Lowry method 1s based on the
reaction of the folin-ciocalteu reagent with the tyrosine residues in the
protein and thus, the values obtained will depend on the number of tyrosine
residues in the protein. Biuret method, on the otherhand, is based on the
reaction of the biuret reagent with the peptide likages in protein. It is
therefare expected that tbe latter method should glve a more accurate value
of protein than the former. However, in this study, either of the mathods

can be used.

3.3.2.1 Effect of ¥Meta] long on the Extracttion of the protein.

The 1influence of inorganic cations on the amount of proteins
extracted from both the seed and the pulp was studled. Water as extractant
in the absence of salts was used as the control. The effects of varying
salt cagneentration on the percent of protein extracted for both the seed
and pulp are shown in Figures 3.1 and 3.2 respectively. For the seed
sample, Ilncrease in cancentration of Mg#* and Ka* <(except for the i{pitial
decrease with Nat+), resulted in a corresponding increase in percent protein
extracted upto a point (Figure 3.1). Tha optimum Na* concentration is 10%
with a corresponding protein comtent of 7.13% for the seed (Table 3.4)
after which increase in salt concentration resulted in decrease in the

amount of proteln extracted. The optimum Mg** concentration in this study



o7

Table 3.3

Comparison of Assay

from Tamarind Fruit.

Methods for the Estimation

of True Protein

[

¥ethod Ex;;;;tnnt

Lowry SDS/urea

Biuret SDS/urea

Pulp Seed
9.71 £ 0.71 33,12 * 4.50
11.26 0.15 35,40 £ 3.74
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Table 3.4
Effect of sadium (Fa™*) and Magnesium (Mg*™) lons on the Extraction

of Protein From Tamarind Fruit.

Pulp Seed

Extractant Protein Optimum salt Protein Optimum salt

% cancentration(%) (%) concentration (%
Water 5.91 + 0.28 - 3.34 + 0.18 -
{contral?
Scdium fon 6.22 £ 0.12 1 7.13 £ 0.14 10
(Na™)
Magnesium 7,45 £ 0.10 15 10.60  0.12 20

ton (Mg2+)
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is about 20% with a corresponding protein content of about 10.6%.

For the pulp sample, there was agaip an initial increase in the
percent protein extracted with increase in Na* concentration up to 1% with
a corresponding percent protein of 6.22%. After which, an increase in the
concentration resulted in a decrease in percent protein extracted. ¥g=* om
the ctherlband, after the initiasl sharp increase, showed a steady inrease
withk lon concentration (Figure 3.2). The optimur Xg=* concentration is
about 15% with a correpoﬁding protein cont&nt of about 7.45%. Generally in
both samples, the efffect of monovalent Na® wae lesce then that of the
divalent Mg2+. This may likely be due to different ionic strength effect.

1t is interestiﬁg to note that using SDE ~ ures as the extractant,
the seed was found to contain significantly bigher value of proteis thar
the puip (Table 3.32, but wusing water (Tabie 3.4> and 1low ion
concéntraticns 0f both salts (Figures 3.1 and 3.2) as extractants, higher
percentage of proteln was extracted from the pulp than the seed. Tris
observation suggests that most of tbe seed proteins are mezbrane bound and
catn only be solubilized with ejther a strong salt solutlion or & detergernt
such as SDS.
3.3.3 Molecular Weight Determination of the Proteir from Tamarind Seed.
The seed powder was extracted with SDS - ures solution znd the
insoluble material was removed by centrifugation at 4,000rpm for 30zinutes,
The clear supernatant was applied to the column (Sephadex G-75) and eluted
as described in smectior 2.3.5. The eluvtion profile is giver in Figure 3.3
elong with tkat of standard proteins for easy comparisen. The seed

proteins were separated intc four components numbered peaks 1, 11, 111
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and 1V, Peaks 1 and 11 were however not clearly separated. Their
corresponding molecular welght were determined using the callbration curve

shown in Figure 3.4 and are given in Table 3.5.

3.4 Acidiky of Tamarind Fruit.

Many fruits are rich in organic acids which are an Iimportant source
pf respiratory energy in tbe plant cell. They are usually present either
in the free or combined form as salts, esters and glycosides. Acids in
fpods impart their own characteristic flavour and degree of tartness. The
acidic properties of organic aclds are due to the presence in the molecule,
af the carboxylic group <(-COOH) in the free state. Other fruit
constituents may have acidic properties without possessing the group in the
free state for example, phenols and ascorbic acid.

The pH measures all free weak acids, and these are usually associated
with their potassium salts to constitute buffer systems in the cell. The
pH of fruit juice is generally low between 2 and 4 (Hulme, 1970). The pH
of tamarind pulp obtaiped in this study is 2.7 (Table 3.6). Duke gf al
(1981) however recorded a pH value of 3.15. The value obtained in this
study compares well with those of lemon (2.2 - 2.4, grape fruit (3.0 -
3.3), lime (1.8 - 2.0) and vinegar (2.4 - 3,4) {(Jacobs, ed. 1651). The
seed however is not quite acidic with a pH value of 6.3 which compares
favourably withk cereals such as corr (8.0-6.95) and wheat flour (6.0-6.5
(Jacobs, ed. 1951).

Titratable acldity is a measure of all the organic acids present in

the free state, that is, uncombined with catlions. It does not measure the

a5
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Table 3.5

Dbserved Molecular Weight of Proteins in Tamarind Seed separated

by Gel Filtration.

Peak Nolecular Weight
1 50.70 x 10®
11 44,98 x 10°
111 23.55 x 10°

1v 14,79 x 10°
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total availabtle acidity since many food products are highly b:ifefed
(Jacobs, ed. 1951). The pulp-agﬁin has & higher titratable acidity valuve
than the seed with values of 42.5cm® and 5.3cm3 0.1F¥ ¥alH per grar szmple
respectively (Table3.6). The pulp thus contains relatively greater exount
vf orgaric acids in uncombined state than the seed. The relatively high
acldity of the pulp has been attributed to the presemce aof organic acids
such as tartaric acid, citric acid and malic actid (Ulrich, 18790 and Duke et
al, 10981); sodium and potassium salts of tartaric acid (Hamman, 197%) and
Iﬁlsa the presence of hydrocyanic acld {(Chakraborty, 1976, and Duke et al,
1981).

VoYatile acidlity measures the percent of the total aciéit?. tresent
free or combined that i1g wvolatile with sieam. - Such acids include water
soluble butyriec acld, ceprofc meld and the =lightly water soluble caprylic
acid and capric acld (Jacobs, 1951), whick are mould inbibiters (Jacabe,
ed: 1981). The volatile acid value of the pulp is close to about twice
th#t cf the seed (0.020 and 0.014g HOAc per grom of sample respe:cilvely
}Table 3.6)., Temarind pulp owes 1ts characterietic flavour to the tazlance

between its sugar content (Table 3.1) and acid contents (Vhiting, 1972),

+

3.9.1 {arbohydrates

Values of total carbohydrate (by difference) obtained for bctlt pulp
and seed are glven ln Table 3.1, Clearly, the pulp is ricker in botl total
and svailable carbohydrsatee than the seeds. Available carbobydrate refers
to that portion of the total carbohydrate that can be digested and &tsorbed

in the alimentary tract of monogasiric animale and utilized for the
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Acidity of the pulp and seed of Tamarind Fruit

Pulp Seed
pE 2.7 6.3
Titratable Acidity 42.50 t 0,37 3.30 £ 0,03
(can?® O.1F NaOH/g sample)
Volatile Agldity 0.020 = 0.05 0.014 £ 0.01

(g HOAc/g sampile)
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production of energy. This include starch and soluble sugars (Patter,
1968} . It does not iInlcude those fibraous materials such as cellulose,
hemicellulose and lignin which constitute the structural components of the
piant itgelf.

The carbohydrate (by difference) value for pulp obtained here (66.37%)
compares with that reported by Duke et al (1981) (70.70%) and by Mohammed,
(1987) (73.45%). The value obtained for the seed is however lower (50.05%)
than those reported by both Duke ei al (1981) and Mohammed (1987) (65.0%
and 65.7% respactively). The calorie valuas (Table 3.1) calculated for the
pulp and seed compare well with those reported by Mohammed (1987) (327.2
and 428.8cal. for the pulp and seed respectively), It is common practice
in the northern parts of this country to add the pulp of the tamarind
fruit to porridge to give a sour taste. This addition of tamarind pulp
will certainly ilncrease its calarific valua.

¥hile the total sugar content obtalned for pulp and seed are 41.20%
and 11.30% respectively, the starcﬁ cantent of these are 0,57% and 3.31%
respectively (Table 3.1). ‘These values indicate the high sugar content of
tamarind pulp which makes up to about 61.80% of the total carbohydrate and
96.60% of the available carbohydrate. The sugars in the seed sample make
up Just about 22.60% of the total carbohydrate and 77.30% of the total
carbohydrate, )

About 59.90% of the simple sugars contained in the pulp is present as
raducing sugars namaely fructose and giucose while about €65.80% of the seed
sugars 1s present as reducing'sugars‘ This is not unexpected as it has

been reported (Whiting, 1970) that the concentration of sucrose (non-
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reducing) hardly exceeds that of the total reducirg sugar in fruits. TFart
of this sugar is converted to the storage product-starch while the rest is
;sed for tbe synthesis of pectic substances and cell wall materizls,
Fruite may however show considerable changes in sugar content between

harvesting and ¢ating ripeness (Vhiting, 19707.

3.5.2 Alcohol-and Water-Ipsoluble Fractions,

Aleohol-soluble fraction of & fruit contalns mainly sugars and
grganic acids {(Jacobs,1951 and Ulrich, 1970). Alcchol-inscluble =olide is
used as & criterion of the quality of some vegetables. Tamarind pulp has &
lower alcohol-insoluble solids value (22.70%) than the seed (74.20%) (Table
3.1)" These values confirm that higher sugar mnd organic acid contentes of
the pulp over the seed.

Vater-insoluble solids fraction is of value in determining the fruit
cantent uvf some foods (Pomeranz and Meloan, 1978). The percent water -
inspluble solids of the pulp and the seed sanmples are 20.50 and 90,70
respactively {(Table 3.1). These are in agreement with the values of 28.80%
and &8.90% reported by Xohammed {i1%87) for the pulp and seed respectively.
The water-soluble fraction is usuai}y turbld due to dissolved protelins and
solutle starch. Tamariud pulp with a very low water-insoluble sclid
fraction lndicates the solubllity of a large percentage of the pulp ic
water. The insoluble so0lids of the pulp are malnly mede up opf fitroue

materinis,
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3.5.3 Crude Fibre,

Crude fibre refers to the unprocessed cellulosic component, with a
little lignin, of a plant and its determination is an &attempt to mezsure
the non-digestible carbohydrate material, that is, unavailable (Ockerman,
1976), to human and animals except ruminants. The determination is usually
affected by particle size, the fiper the material is ground, the lower the
deterxined fibre content. As the recovery never exceeds four fifth of the
amount actuvally present, the crude fibre content of a food, therefore, does
not represent a measure of the cellulosic component of the food and the

_values obtained tend to vary with the conditions employed (Pomeranz and
¥eloan, 1978).

The dry tamarind pulp has a lower fibre content than the seed (2.20%
and 7.40% respectively) (Table 3.1). These values fall within the range
reported by Dukp et al (1961) 1.90% and 0.70-6.20% for pulp and seed
respectively. Crude fibre is normally used as an index of the feeding
value of poultry and stock feeds. Seeds bhigh in crude fibre content are of
low nutritional value (Pomeranz and Meloan, 1978), Crude fibre of tazmarind
seed compares well with those of groundnut seed (decorticated) (9.61%) and
soyabean seed (5.71%) (Oyenuga, 1968), while grains of guirea corn, millet'
(bulrush) and yellow maize have much lower fibre values of 2.94%, 2.00% and
2.00% respectively (Platt, 1962 and Oyenuga, 1968).

Though high fibre diets could cause constipation (Crampton and Harris,
1969), low fibre diets could equally be barmful (Eastwood, 1974; Valker,
1976 and Mendeloff, 1978). A range of diseases of the bowel such as piles,

appendicitis and cancer of the color and rectum have been attributed
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to low fibtre diets (Valker, 1976). These diseases have however been found
to be rare among Africans since fruits and vegetables constitute a large
portion in African dietary pattern. Tamarind seeds with a crude fibre
‘7. 4%) conmparable with that of spinach (9,0%, COyenuga, 1968) could be

considered as a good source of dietary fibre.

3.¢ Liplds

The seed sanmple contained much more crude lipid (10.91%) than the pulp
sample (2.53%> (Table 3.1>, Mohammed ¢(1987) recorded 9.50% for the séad.
Cther workers recorded lower values for the pulp (about 0.60%) than that
obtained here. Tamarind seed contains about twice the amount of 1lipid
present ln maize (whole grain) (4.50%, Platt, 1962). Soyabean seed however

has a higher 1ipid content (19.10%, Oyenuga, 1968).

3,8.1 8 oo =

Data on oll composition tend to be variable and they are affected by
such factors as; the growth environment of the seeds, their condiiton cn
narvesting, method of drying arnd conditions of storage (Duffus and
Slaughter, 1980)., The pulp lipid was greenish-yellow in colour while the

seed 1ipid was golden yellow and botk are oils at room temperature.

5.6.1.1 Qaponification Value

Saponificaticon value is an indication of the average molecular
veight of an oail. A high saponification value indicates a greater

proportion of fatty acids of low nmolecular weight (Thorpe et al, 1970).
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For example, the saponification value aof butterfat (210-230mg/g> is higher
than that of beef tallow (196-200mg/g) because the former contalns the low
welght fatfy acid, butyric acid while beef tallow contains mainly the
bigher weight palmitic and stearic acids {(Jacabs, 1651). Hence, the
saponification values of the pulp oil (301.3mg/g sample) (Table 3.7)
indicate that the pils are made up of a greater proportion of low molecular

weight fatty acids, with the pulp oll having more of these fatty acids.

3.6.1.2 Iodine Number.
Iodine number measures the degree of unsaturation and therefore
the reactivity of the oil., Tamarind pulp cil with iodine number of 120.60
seems tH have a higher degree of unsaturation than the seed oll with iodine
number of 78.10¢ (Table 3.7), The indine number of tamarind pulp oil
compares well witbh those of soyabean oil whick has a range of 120~136 and
with corn ©il with a range of 111-128. Both corn ©il and soyabean oil have
been classified as seml-drying oils by virtue of thelr icodine numbers, it
therefore implies that the pulp oil is also a semi-drying oil. A drying
01l is one which bas the property of drying, or of being oxidized thus
becoming thick, viscous, and forming a membrane on exposure to air. The
terms semi~drying and non-drying refer to slower drying oils and olls which
lack the ability to dry respectively (Jacobs, 1951},
For the seed oil, lodine value 1s comparable with those of groundnut
(80~110) and olive oil (76-90) (Pearsor, 1976 and Ockerman, 1978), both of
which are classifled as non~drying oils, thus lmplylog the non-drylng

nature of tamerind seed oil. Generally, non-drying olls have iodine
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Table 3.7
Some Physico-Chemical Properties cf the Lipid Extracted from the

pulp and seed of Tamarind.

Pulp Seed
Saponification value {(mgXOH/g) 301.30 £ §.50 266.60 + 3.55
Todine value 120.60 = ¢, 03 78.10 * 0.01
Unsaponified Matter (%) 13.90 + 1.13 3.13 + 0.17
Acid values (%) 89.60 = 1.20 29.26 = 0.32
Free Fatty Acid (W 44.80 + 1.20 14.63 ¢ 0.32

Peroxide valuve (mEq/kg) 123.26 + 0.25 098.86 = 0.15
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numbers below 100 while drying oils have iodine numbers between 130—20b
{(Pomeranz and Keloan, 1i978). From the iocdine values obfained 'in this
study, it would appear that the pulp o0il might be more suitsble in the
production of olls for vanisbes and paints sioce 1t s more.drying than the
seed oil although the oil content of the pulp is much lower (2.53%) tban
that of the seed (10.91%) (Table 3.1). Dalziel (1948) had earlier reporied
the edible nature of the seed oll apnd indeed its suitability in the

production of varnishes. However, the low jodine value of the seed oil

indicate that lt is more stable than the pulp eil.

3.6.1.3 Unsaponified ¥atter.

Unsaponified matter which is usvally dissolved ir fels znd fatty
aeide  dirclvnda etermia higher =lechols and some hydraozerbhsne bod ds
consiste pf&ncipally of steroids and terpemes originally present in the
lipid sdmple {Christle, 19732, Tamarind seed ofl centaims $.13% of
unsaponifieble matter while he pulp oil contzing 13.09%. The =zerpenes
contained irn the unsaponifiable nﬁtter of the pulp oil are probally the
active ingredient that i% responsible for the medicinal properties of
taparind fruit especially ae it has been shown that tle pulp does not
contain alkaloids (Hamman, 1976 and Olakanmi - persowal cozmupilcation).

The vitemins A, D, E and K which are also non-saponifiable may forn part of

this unsaponified matter.

3.6.1. 4 Acid velue

The acid value pf a lipid measures tbe extent tc which the
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constituent glyceridee have been decomposed by lipase action, and this
decomposition is usuvally accelerated by heat and light. Deterioration of
grain and milled products have been reported to be accozpenied by increased
acidity and tbke zcids formed include free fatty acids, acid phosphates and
amino acids. The free fatty acids however are formed at a much faster rate
during early stages of deterforztion, than the other types of eacidity
combined (Pomeranz and Xeloam, 1978). The pulp 01l has a free fatty acid
value.nnd an acid value of 44.8% and 89.6% respectively (Table 3,7). These
values are much higher than those of the seed ©il which are 14.63% and
20.26% respectively (Jaccbs, 1951). Generally, high free fztty acids of an
oil indicates the detericrating condition and lower edibility of the cil
because of the development of objectiomable flavours and odoure and lence

reducing the consumer acceptance of the oil.

3.6.1.% QPeroxide value,

On exposure to cxygen, lipids form peroxides whick leads <o the

o
h

deterioration of tissves i{n yivo. This is responsib]e'for ~he spoilsge

foods (Gurr and James, 1971) and is caused by the free radicals proiuced
during the peroxide formation. Oxidative rancidity involves the acdiition
of atmospheric oxygen across the double bonds in unsaturatel fatty acids in
the presence of ernzymes or certain chemicel compounds. The odoures and
flavours associated witk oxidative ramcidity are mostly cue to liberation
of short chain carboxylic acids. The peroxide value of the pulr oil

(123.26nEq/kg) is higher than that of the seed oil (98.E€mEq/kg) (Table

3.7,
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A comparlson of the properties of the pulp and seed 0ils of tamarind
{(Table 3.7) reveals that the former has higher free fatty acld value, acid
value and perioxide value. This 1s not unexpected in view of the higher
saponification value and iodine number possessed by tamarind pulp all. The
high saponification value indicates the presence of gycerides of laow
malecular weight fatty acids, which will undergo hydrolytic rancidity with
the formation af free fatty acids and glyceral. The high iodine number
also lndicates that the pulp oil will be more liable to undergso oxidative
rancidity due to its bhigher degree of unsaturation, thus increasing the

free fatty aclds present.

Thin layer chromatographic separation of the llipids from both pulp
and seed show that both the pattern of separation and chromatogram were
dissimilar. However %both of them were resolved into five components
numbered consecutively (I-V) from the base. Their Rf values are shown in
Table 3.8, Marked difference could be seen in the Rf values of both
sanples showing clearly, that the two llpids bhave different composition.
Two dimensional TLC showed that component II of the pulp sample is a
mixture af at least two components. On the otherhand, the two dimensional
TLC of the seed oil showed that components II and IV were further resolved
into two each and component V into four. T7bhese components were however not
identified for lack of lipild standards.

Preliminary gas chromatographic run of the seed 051l {courtesy of
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Table 3.8
Rf values of the Lipids Bxtracled from both the pulp and the seed
0f Tamarind Fruit, Developing solvent mixture was petroleum BEther: Diethyl

Ether: Acetic Acld (B80:20:1 v/v/v),

Component Rf Values
Pulp Seed

I 0.23++ 0.36%

I 0.35+%+ 0.44++

111 0. 474+ 0.58+++

v 0.87+ 0,73+t

' 0.99+% _ 0.94++++

(+) gives the relative intensity of each spot where ++++ > +++ > ++ > +,
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Dr. Thomags, Chemistry Depariment, Universita Degli Studi di Bologna, Italy)
showed that there are at least ten fatty acld components (Figure 3.5,
Identification of these fatty acids is belang pursued.‘ However, an earller
worker had reported the fatty acid components of Tamaripduys ipdica from
Sudan to contain 19.2% Cyvs and Cre saturated, 11.8% Czo, Czz, Cze
saturated, 27.0% Oleic acid and 42.0% Linoleic acid (Hilditch and Willianms,

1964) .

3.7 =

3.7.1 Phytlc Acid

Phytic acid (inositol hexaphosphoric acid) with the following

structure:

(jF)C%S}tZ (]FXJS¥EZ

PO, H,
PO\ 0,1

OPoj,Ha

has 12 replaceable hydrogen atoms and {t can form stable insoluble salts

with metals like calcium, magnesium, iron and copper (Oberleas, 1973).
This tharefore makss the metals unavailable to the human body and to thaose

of other animals such as rat and deg (Harris, 1958) except the rumlinants
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(Tillman and Brethour, 1958). Availability of zinc can also be influenced
by a high dietary content of phytate (Reinkold, 1071). ¥hile the
phasphorus in phytic acld cannot be hydrolysed by 1ntes£inal enzymes of man
and these cther animals, the ruminants, on the otherhand, have the abllity
to utilize it efficlently anrd thls s said to be due to the kydrolysis of
phytlc acid by the phytase produced by the rumen micro-organism (Raun ef
al, 188%6). Influence of phytic acld on the nutritional value of specific
diets varies depending on the amineral composition of fthat diet, and it
appears that a relatively bigbh level of dietary phytate would be necessary
to cause an antinutiritional effect under normal condition (Eggum and
Campbeli, 1979).

The tamarind pulp is found, in this study, not to contain any
detectable quantity of phytate - phosphorus (phytate - PR), that Is,
phytic acid. The seed however contalns 47mg per 100g sample. It bas been
reported that the nutritive value of raw moth bean seed cultivar which
contains phytate-P. ranging between 852 - 899mg per 100g is impaired but to
a lesser extent than soya beans (Khokhar and Chauhan, 1986). Comparirg the
values of the phytate-P obtalned in this study with the above, it is
expacted that the effect of phytic acld in tamarind seed on its nutritional

value would be minimal. Phytic acid is reported tc lead to hard-cock in

legume grains {(Boulter, 1982},

3.7.1.1 Effect Qf FProcessiang oo Phytic acid Level in Tamarind seed.
Heat has a considerable effect (Figure 3.6A) on the level of

phytic acid in seed, Ordinary cogking gave a remarkable decrease (about
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56% after 30 minutes) imn phytic acid level thus illustrating the
thermolabile nature of phytic acid. Soaking of the-seed sample did not
however have mich effect (Figure 3.6B), Only abaut 17% decrease was
cbtained after Soaking for 24 hours, meaning that, the amount of phytate
iong leached into soaking water is low. The cultural practice of
fermenting both the African locust bean and tamarind seeds bhas been
reported to reduce their contents of hydrocyanle, phytic and oxalic aclds
{Chakraborty, 1976 and Eka, 1980), although the extent of reductlion was not
given, In this study, heating is obviously the preferred method of
removing phytic acld.

3.7.2 Irypsin Inbhibitor,

The toxicity of trypsin inbibltors is in their impairing protein
digesting enzymes (Proteases)-trypsin and chymotrypsin (Duffus and
Slaughter, 10803, Figure 3,7 shows the antitryptic activity cof tamarind
pulp and seed 1n water and 0.5M NaCl. It is clear that there Is more
trypsin inhibltor ia the pulp tkhan in the seed., The Nall (0.5M, approx.
3%) extracts cf both pulp and seed samples showed mwore inbhibitory effect
than the water extracts., This is because the concentration of inhibitors
is more in the NaCl extracts than in the water extracts, as trypsin
inhibiters being protein in nature are extracted more with strong salt
solution (section 3.3.2.1). In addition, 1t bhas been reported that many
types of proteases are strongly dinhiblted by 2-3% NaCl (Troller and
Christian, 1978). Figure 3.7 alsa shows that antiproteolytic effect
increases with increase in the concentration of the inhibitor in agreement

with the report of Roy and Rao, (1971).
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3.7.2.1 Efifect of Heat op Antd-trypiic sctivitie

) Flgures 3.8 and -3.9 show the effect of ordinary heating on water
bath and éutuciaving respectively, on trypsin inhibitor activities imn
0.5cm® levels of sample extracis. Antitryptic activity decreased
progressively with increasing heating periods, tbus indicating the heaﬁ
labile nature of trypsin inkibitor. While a.boiling pericd of 30minutes
was enough to remove all antitryptic activity in sesd samples, a longer
time period (60minutes for water extract and 120minutes for Fall extract)
wag needed to remove all trypsin inkibitors from the pulp samples.
dutoclaving Involves beatlng to very high temperatures under reduced
pressufe. It is therefore not surprising that very short time perfods (15

to 30miputes) were required to remave all anti-tryptic activities from the

3.6 Sorption lsotherm of Tamarind Fruit o
The concept of equilibrivm moiclure coutent {e.m. ¢’ is lmportast is
the study of the preservatios and storage potential of a foed. This ic
beceause the e.m.¢ determines the minimum molsture content (m.¢) to which
the food should be dried under a given set of conditions. The main aim of
drying any product is to lower the mc¢c to a level at which growth of
spoilage micro-organisms is prevented.
¥hen & product 1s exposed to ap atmosphere of uniform relative
bumidity (r.h) and coostant temperature for a defined perind of time, tle
intergranuiar r.h. reaches a constant value ¥known as the equilibriuvm

reletive humidity (e.r. k). A plot of the m.c of the prpduct at equilibrivp
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against e.r.h or water activity <au = r.h/100) is known as the moisture
sorption isctherm. Serption !{sotherms of a product is tharefore, essentlal
in evaluating ths storability potential of that product in this case
tamarind pulp (Denloye and Ade~John, 198%).

Temarind frulte are harvested arcund Octcber to December. The fruits
wlthaout the eplcarp are stored in jute bags to ensutre an all year round
supply of the fruits. The winimum m.c. under which this fruit can be
safely stored can bes determined from the sorption isotherm which i1s given
in Figure 3.10. The isotherm of the pulp has a J-shape and can be divided
intoc three zones: <the not wvery distinct, low water activity and low
moisture content end (Zone 1); the increasingly bigh water activity but
relatively low moisture region (Zone 11), and the high water activity and
correspondingly high moisture content end (Zone 111). Zone 1 {s the region
where the intrinsic water in foods corresponds to the immobile water in
food (Fennema, 198%). This region is however much narrower in tamarind
pulp than what generally obtains 1n'sigmnida1 sorption isotherm of foods,
which 1is normally referred to as the monolayer regien. It appears
therefore that tamarind pulp bas such a small monolayer or nome at all, as
is found particularly in foods that consist largely of soluble low
molecular welght cowmponents (Troller and Christian, 1978). The lack of
monolayer value of tamarind pulp may be due to its hkigh water-solvble
solids (Table 3.1) while the J-shape of the lsotherm can be attributed to
the higb sugar content of the sample (Wolfe et al, 1972 and Fennema, 1985).

Following this zone is the absorptive phase (Zone 11) where water is

taken up and released by the food as the water activity increases. The
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rate of chemical reaction increases in the food as it absorbs moisture up
to the region of water activity 0.74. Vater in Zone 111 is least strongly
bound as is indicated by the steepness of the isotberm and this is the most
mobile phase in terms of molecular water. At relative humidity of 74%

(aw = 0.74), the mample appears to absorb moisture more rapldly and this is
because, the water holding capacity of food is no longer predictable, at
high relative humidities (Fennema, 198%5).

Mould growth on pulp samples was visible only at relative humidities
greater than 74% after storage for about 80 days. This remarkable keeping
qualities of the pulp can be attributed to 1its highly acidic nature (pH
2.7). A reduced pH retards the growth of many spoilage organisms especially
bacteria (Liebrand, 1978). This explains the all-through the year supply
of tamarind in the northern parts of Nigeria. Although the pulp is
remarkably resistant to mould growth, it is susceptible to Insect attack as
is gbserved in fruits sold in the market from arcund June to October.

The brown pulp of tamarind becomes deeper in colour with a
characteristic stickly feel and a decrease in sourness after long term
storage. The fruit at this stage has obviously undergone some biochemical
change with the absorption of moisture from the atmosphere, thus giving
rise to a high molsture content. The browning reaction involves the
carbobhydrates in the fruit and is known to improve or impair the consumer
acceptance and nutritional value of many foods (Stadtman, 1948).

It is generally accepted that mould becomes a problem at 70% r.h and
above under warm conditions as obtained in the tropics (Pixton, 1967).

Thus, the safest moisture content of a sample will be that at 70% r.h or
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less. Indeed, many types of fruits are preserved by dehydration to water

activity of 0,65-0.60 (65%-60% r.h) {(Troller and Christian, 1978). Since
it is genefally more difficult to measure r.h than it is to determine m.c.,
it is the m.c that is usuvally taken as the criterion for safe storage
{(Pixton, 1967). Thus, 1in this study, to be safe from fungal attack and
possibly insect attack, it is recommended that the tamarind fruit be stared

at or helow 20% nmolsture content at normal storage temperature.

3.9 Conclusion and Suggestions for Further York.

Tamarind pulp with its high sugar content <(41.2%), high calorie
(327.20 Cal. per 100g), falr protein and lipid contents (8.79% and 2,53%
respectively) and falrly good wmineral ccmpasitiqn. is a good food
supplement especlally when taker as porridge with high- protein foods like
beans. Its soury taste also compensates for the sugary taste which is
normally sort after in porridges and juice.

The seed protein centent is quite high (26.93%) and may be a good
source of protein concentrate for poults considering also that It has
appreclable quantities of calcium, magnesium, phosphaorus, potassium, zinc
and copper which are necessary in thelr dlets (appendix K}, It 1is however
eszential to know the amino acid canstituents of this proteln and their
binavallability.

The seed is known to contain low quantlities of axalic and, hydrocyanic
aclds (Chakraborty, 1976> and 1s found 1n +this work to contaln low
guantities of phytic acid (47mg/100g> and trypsin inbibltors. These

antinutritional factors might otherwise affect the avallability of the
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mineral elements and the proteins contaired therein. Again, for inclusion
" in a poultry feed, the seed’'s content of vitamins &..D. E, K., tbLiaxine,
riboflavin, pantothenic acid, niacin, biotin, choline, folacin, vitanin B.z
and iodine would need to be investigatéd‘

Thin layer and gas chromatographic separations of the sample lipids
have shown that these contain several glyceride unite which would require
further investigation since they were not identified for lack of lipid
standerds. The seed has hov.;é:rer been reported to contgin 42% linpleic acid
and. 27% oleic acid which are essential ¢to anima]l znd humen nuirition
(Hilditch and Villlame, Eds. 1964). The pulp lipld was found to comtein
bhigh unsaponifiable matter and generally, unsaponifiable matter consists
mainly of terpemes. This fraction should be furtber ezamined for it might
Arrtaie the srtive ingredient remponsible for the use of the pulp in follk
medicire.

The antimicrobial action of the acidic pulp should slso be

investigated for use as preservative.
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Appendix J

conce 48 =

relative humidities.

Volume of concentrated Concentration of Relative

2804 S.G 1.84 (cm™") solution in Molarity 0O humidity <(r.h).
12.25 1.10 g6
27.67 2.49 85
36,41 3.59 74
65.51 5.90 413
69.77 6.28 38
74,03 6.66 33
£9.48 &.05 19
103.86 9.35 11

Volumes of the acid taken were made up to 200cm® with water.

Adopted from:
Raganna S. (1977} (Ed.) Manual of analysis of fruits and
yegetable Products. 1st Ed. Tat. McGraw-Hill New Delhi p. 76,
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Appendix K
¥utrient Requirements of Chicken.
Nutrient 0-8 weeks Chlcks
Total protein 20%
Calcium 1000mg/100g fnod
Phosphorus 700 “
Sodium 150 7
Potassium ¢ 200 v
Iron 4.0-8.0 »
Copper 0.40 Y
Zinc 3.9-5.0 #
¥agnesium 40-50 ”

Ref: HNatiornal Academy of sclence/National Res. Council -~ National

requirements of poultry 5th Ed. (1966).



