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ABSTRACT

Fresh ripe mango fruits were depulped, the seeds
sundried and the seed Kkernels (MSK) processed into flour.
The nutrient conposition of the MSK was investigated. The
tannin content, a major limtation to the utilization of the
MBK nutrients, was elimnated by water treatnent. Tannin-
free MSK flour was substituted at between O and 33% | evel s
into wheat for cookie making. The cookies were assayed for
proximte nutrients and amno acid contents, fatty acid
profile and selected mneral ions. Sensory evaluations were
carried out by a trained taste panel of 12-nenbeis and a
consuner panel of 56 untrained nenbers. The effects of
environnmental relative humdity and tenperature fluctuations
on the storability of the cookies were Investigated.

MBK constitutes about 10% of total fruit weight and
contained 6.0% crude protein, 12.8%crude fat, 2.) % crude
fibre, 2.0% ash and 0.44%tannins on noisture-free basis.
Fat contents were significantly (P<0.05) affected by both
the variety and source of the MSK. The fat was yellow wth
iodine value (Wjs) of 40.3, saponification nunber of 190,
nelted at 40.3 £+ 1.1°C. Stearic (46% and oleic (40% acids
were the principal fatty acids, other fatty acids detected
were palmtic (6.0%, linoleic (4.4%, arachidic (2.4%,
behenic (0.6% and linolenic (0.49% . Even though the protein
level is low, nost of the essential amno acids (eaa), which
together gave an eaa index of 72, occurred at higher |evels
in the MK than those of the FAO Reference protein,
indicating the good quality of the protein in the SK



M

(360 nmg/ 1 OQg) , phosphorus (130ng/ 1009) and
ions detected

Pot assi um

magnesi um (1 COng/1 OOg) were the major m neral

in the MK The tannin contents of the MK floir dropped

significantly (P<0.05) fromO0.44%to 0.03% on treatnment with
70°C for 30 mnutes, indicating 93% reduction of

wat er at
t anni ns.

There was no significant difference (P>0.05) between
the 20% and 30% MBK cookies in terns of their proximte
conposi tion which ranged from 5.0-5.1% crude protein, 18.1-

19. 8% crude fat, 0.2-0.4%crude fibre, 0.8-0.9% ash and 5. 3-

5.4 kcal/g crude energy. Unlike the MSK fat, nmyr.stic and

oleic acids were the predom nant fatty acids (73% in the

cookie oil wth stearic (10.3%, linoleic (8.6%, palmtic
(4.09%, lauric (2.1%, arachidic (1.6% and linolenic (0.4%
constituting less than 30% Al the essential amno acids

occurred generally 1in the MSK cookies at levels that were

significantly (P<0.05) lower than those of the MSK flour or
FAO Reference protein. The 20% MBK cookies w th nonol ayer
noi sture content M, of 18.4g H,O 100g dry sanple had higher
storability prospects than the 30% MSK cookies wiose M
val ue was 13.3g H, (O 100g dry sanple. The consuner rating of
the 0,10,20 and 30% MSK cooki es gave nean hedonic scores of

5.5, 5.4, 56 and 5.5 respectively. This shows that there is

no significant difference (P>0.05) between these MSK cookies

and the whol e wheat (0% MSK) cooki e.

The MBK flour therefore has nutritional and industrial

potentials for cookie making.

M~ M
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CHAPTER ONE

1.0 INTRODUCTION AND REVIEW OF LITERATURE

1.1 INTRODUCTION
Nutrition is the study of the food we eat and khe use of this

fooed in our podies. It is a process by which organisms wutillze

food to maintain normal physiological functions. Fhe benefits of
nutrition translate primarily into the promotion ofinptimal health
of individuals, hence the dependence of human Jlife on food is
obvigus. Although agood nutrition is the ultimate ?oal attalinable
only through optimal food intake, starvation is at|one extreme of
the spectrum of food intake, obesity is at the othex,

Malnutrition appears in many forms in different parts of the
world, but no c¢ountry Is without 1{ts problems, The obvious

malnutrition of very young c¢hildren (0.5 - & |years of age)

starving to death in overpopulated developing countrlies is perhaps

the most compelling problem reguiring solutiop {Stare and
Williams, 1984). The vulnerability of Nigerian| children to
malnutrition was recognised by the Nutrition Socigty of Nigeria
(NSN) who at a symposiuvum in 1989 strived to address the issue of
"school lunch" for school children (NSN, 1989). Thls recognition

also led to the setting up of a programme of coopexatlion between

the Federal Government of Nigeria (FGN) and the United Nations
Children's Fund (UNICEF) for the attainment of/) among other

things, household food security and nutrition |for Nigerian

heousehelds (FGN/UNICEF, 1991). The household food | security and
nutrition program though pragmatic in its approach to the food and

nutrition problems, is endangered by economic hardships. Economic




|
depresslon and the etfects of the Structural Adju%tment Frogr amme
(sAP) has further exacerbated the problems of lprotein energy

malnutrition (PEM) 1in Nigeria. Research eiforts\ are currently

qgeared towards identifying the less known Dbut po%sjbly abundant

potential sources of nutrients, t

[Tha mango seed
|
kernel (MSK) which is approximately 14% (by weighﬁ) of the fruit

The Mango tree grows everywhere in Nigeria,

is under-utilized since much of the fruit produged is consumed
fresh and in season due to a lack of processing industries orx
|
storage facilities. The waste assocliated with ‘this current
practice 1is enormous though there 1is no sufficlient published
information on the guantity of mango produced annually in Nigeria,
However, similay oillseeds (for instance African mango, cashewnut)
are known to be good/fair sources of high gquality proteins (Umoh
and Oke 1974; 8pindler and Akosionu, 1985).

Although in the Indian culture the MSK is used o some extent

BT . S - TS =

as food for human consumption in the forms of boiled kernels,
kernel plckled in oll, baked mango kernel and kernel ?lour (Mittal
and Singh, 197% and 1982), the full nutritive potenti%l of the MBK
is not fully understood and consequently such pateltials remain
untapped., Other workers In Asia (Alil et al. 1985; L kshmlnarayana
et al. 1983) have reported the effect of varlety on he nutrient

discarded as waste (Mittal and 8Singh, 1979) and

l
composition of MSK. Currently in Nigexia, is usually
information
Th

exists on the nutrient composition of Nigerian MSK. 1s study was

therefore designed to:



a) ascertain the nutrient composition of some%available

mango
seed kernel (MSK) varieties in Nigeria; \

b) determine the naturally occurring toxic compon‘ents of the MSK
that may l1imit its use as human and/or animall food;

c) device techniques for removing such toxic compohents; and

d) formulate and test edible snack foods from the $iqer1an MSK.

l
'|
|
|



1.2 REVIEW OF LITERATURE

1.2.1 THE PROBLEM.

Food, population, economy and political sta#ility are, not
|

only intricately related to each other in any society but also are
determinants of development. These determinants of development are

harmoniously blended in developed countries. |In developing

countries, the seemingly uncontrollable pepulatﬂon explosion,
delicate political stability, economic depressio coupled with
food shortage and crises due to patural disasters llead to several
societal 1ills associated with underdevelopment Jspecially poor
health and nutrition status. af  alil these %ndicators of
development, foed plays an important role hecalse population
explosion, economic depression and political instability wusually
translate to food insecurity.

The implications of the structural adjustment programme and
incessant political instability on household foo% security 1in

Indochina and Africa as well as the effects of the lpresent harsh

economic situation on the Nigerian food problem have been
discussed (Kachondham and Dhanamitta, 1992; Sahp, 1982 and
Idachaba, 1991). Hence, the most compelling problem tf developing
nations is fooed and nutrition.

|

222 Food and Nutrition Preoblem \

The problem of food and nutrition was been hith{ghted at the
Fifth World Food SBurvey (FACQ, 1985) and is seriously |addressed in
several developing nations by both Federal and Locall Governments

as well as international agencies such as UNICEF (UNICEF, 1985)



and the Food and Agricultural Organlzation (FAO0) of the United
Nations (Fa0Q, 1985).

Whereas the FAO (1985) and UNICEF (1992) recognised that the
interrelationships of malnutrition with otherx indices of

development are complex, they however agreed that malnutrition
does not have egual impact on all population ‘groups and in
general, the poorest people suffer most because oﬂ their lack of

resources, Within the wvulnerable groups, young chiﬁdren, pregnant

and lactating women are the most vaulnerable hecause%of their extra

nutrient requirements. Agaln UNICEF (UNICEF, 1985 and 1992) in 1its

publications on "The State of the World's Childre showed data

| :
from 129 countries representing about 4,600 millipn individuals

that were assessed for human development based on a

inputs: the nutritional status and the health

mothers; the level of immunization and oral rehyd

(ORT)} use;

wide range of

knowledge of

ration therapy

services;

the availability of maternal and child health

income and food availability in the family; the aTailabiljty of

clean water and safe sanitation and the overall safety of the

child's environment. These data vrepresent Dbasi statlstlcal

information on the area of nutrition, health, education, economics

(P<0.001) as determinants of nutritional status {%ellet, 398%5.

Z‘J

and population growth. It i1s of interest to note that almost all

correlation coefficients obtained in this study were significant

Major findings from these data (UNICEF, 1985 and 199 showed that

the third world or developing countries have the | lowest gross

national product (GNP) per capita, life expectanch birthweight

and, the highest under five's as well as maternal mo}tality rates



and, moderate to Esevere underweight, wasting and stunting amongst

children. These coupled with heavy debt burden, inflation and
absolute poverty make the situation of +the develrping countries
even worse. The food and nutrition programmes f these world
pbodies take root from the understanding of "the mPltiwdimensional
nature of malnutrition",

Food problems, being poorly understood as tLey may be, in
concrete terms translate inteoc undernutrition l}dac#aha, 199%) for
the ordinary citizens of developing nations. he problem of
malnutrlition in Nigeria {8 probably a good e*ample of the
consequence of lack of concrete food policy! and economic
instability which tranalate into national food Insegurity.

The definition of the national food insecurity |problem within
the context of national self-reliance and self sufficiency

(Idachaba, 1992) differs fundamentally from the World Bank

formulation which sees no national feod insecurity problem sc¢  long

as domestic food supply shortfalls and shortages | can be filled
with food lmports or food ald (World Bank, lgﬁf). A host of
etrateqiea, action plans and programmes are put toq%ther to szolve
the food insecurity problem in Nigeria, one obvious Fact is that a
lasting solution to the national food insecurity preblem can only
emerge from a multi-dimensional and multi—disciplYnary approach
that is pragmatic and geared towards national self-reliance and

self-sufficiency. Some of the suggested strategies include:-

a) a specification of the full conseguences of national self-

reliance and local sourcing of raw materials oﬁ the domestic
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|

food economy both in terms of the cnmpethtinn for food

|
output between human consumption and industrjal wutilization

|
(Aribisala, 1989; Idachaba, 1991); . |

b) reduction In the masslve food loszsses during s#oragexmarketlng
(Etim, 1985; Adeyemo and Adeyeml, 1984) i
I

c) an improvement in the adaptation of we%l ¥nown food

processing methods to the production ot iﬁdlqenous foods

(Banigo, 1984; Akobundu, 1985).

d) a comprehensive study and determination of thﬁ shelf-life of

local foods (Gomwalk, 1985; Achoba et al. 1991p,
e) the development and evaluation of composite fraurs tailored
towards snack foods (Ogazi, 1385; Addo, 1988) and,
£) evaluation of less known but abundant plant foLds and animal
feed (Ukhun and Ifebigh, 1989; Igene et al. 1991; Achoba et
al. 1993), ‘
in furtherance of the strategy 1nv01viiq scientlfic
evaluation of foods, Bressani (1989) suggested the dpplication of
food science and technology in solving malnutritiJn problems in
developing countries (Table 1). Consequently, non-conventional

plant foods stand out as solution to malnutrition.




Table 1: Malnutrition problems and the applicatioé of
food science and technology in developing
countries.

Protein/Calorie
Halnutrition
poor nutritional

status of people and
low nutrient intake

Todine deficlency

Vitanin A deficiency

Iron deficiency

Low food intake
in Children

....................................................................................

Source: Bressanl

Yood Science and
Technology research

Yegetable proteins

Fish prolein concentrate,
single cell protein.

Food analysis

Potassium lodate addition

Vitaain & stability in
sugar

Heme iron from

animal blood

Increasing Caloric
density.

(1889},

nutritive
valoe of foods

Food Composi- H
tion tables |

fodized salt

Fortitied
sugar,

Fortified '
bakery
produocts

Partially i
hydrolyzed
food products



1.2,3 Non-Conventional Plant Foods

In Nigeria, the Federal Government food and industrial
programmes favour the local sourcing of 4industrial raw materials
and replacement of imported foods with locally avallable
substitutes, Some of these programmes are:- \

a) the ban on the importation of wheat (RMRDC, 1989)
b) local wheat production programme (RMRDC, 19875 and
c) the establishment of the Raw Materia{s Research and
Development Council, RMRDC (RMRDC, 1987) !

According to Igene et al. (1991), virtually |all major food
Industries (in Nigeria) are constrained by a lack oq local sources
of raw materials, water, energy, technical know - ﬁow, industrial
equipment, machinery and spare parts. This situatron has placed
heavy burden on agricultural produce that serve cpncurrently as
industrial raw material and human food. The slidinb value of the
Nigertan currency (Naira) and the consequent foLeign exchange

problems make the local sourcing of raw materials a viable option

for industrialists/manufacturers to obtaln their much needed
|

Industrial raw materials, Laudable as it appears to |be, the 1local

burden on the

sourcing of industrial raw materials places a heavy
food crop production and therefore creates a gap OT the domestic
food economy espercially where such raw materials |concommitantly

serxrve as human food. For instance, the breweries, in finding

substitute for barley, had to compete for sorghum, a popular
cereal grain produced in the Northern parts of Nige#ia, with the
|

local human consumers., Non-conventlional piant foods =houid 11l
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the gap created by the industrial raw material on human food
requirments in developing countries, |
|

Several reports have indicated the nutritional potentials of

a host of 1less known plant foods. Ukhun and Ifebigh (1989)

reported their findings on the chemical compositibn of Centresema

pubescence legume seeds. Extensive biochemical asgessments of the

better known legumes such as cowpea, bambaranutg, soyabean and

lima bean, among many others (Platt, 1980) have b?en carrled out.

Achoba et al. (1993) reported the nutrient cumﬁositiun of the

|
Black (african) velvet tamarind (Dialium guineensé wild) seed and
|
pulp from Nigeria. Temple et al. (1990 and 1991} reported thelr
findings on the chemical composition of Tiger nut (Cuperus

esculentis) and Livingstone potato tuhers| (Plectranthus

esculentis) respectively. The nutritional aspects of the testaless
seeds of white star apple (Chrysophyllum albidium) was reported by
|
Obasi (1991) while Ajewole and Adeyeye (1991) studied the
physicochemical characteristics and fatty acid comFosition of the
seed oll of this plant food. Full fat fluted pumpkin seed flour
was produced and evaluated for proximate and mineral composlitlon
as well as the functional properties of the fl&ur protein by
Fagbemi and Oshodi (1991). ACha (pPigitaria exilis), a popular
cereal grain in some part of Nigeria had its pro#imate chemical
composition assessed hy Temple and Bassa (1991). Almajo: landmatrk
in the documentation of the nutrient composition of Nigerian foods
was the Natlonal wWorkshop on Food Composition during which several
findings on Nigerian foods were documented (Eleqbeme et al. 198b;

|
Oguntona, 1986). These and other reports have not| just provided
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the relevant nutritional wvalue of these neglectLd foods but have
|
enhanced their potentials for utilization as hum*n food or animal

feed and as industrial raw materials.

1.2.14 The Mango Seed Kernel \
Despite the non-availability of the anpual ﬁroduction figure

for mango fruit in Nigeria, it is a fact that manLo trees grow or
[

are cultivated all over the country. Presentlyain Nigeria the

mango frult is under-utilized since much of the fruit produced has
|

to be consumed fresh and in season due to (the absence of

processing lndustrles, Lesser known oll-seeds su%h as African or
wild mango, Irvingia gabonensis appear to be betteé utilized since
the pulp surrounding the fibroug -~ coated hard‘shell is eaten
fresh, while the kernel 1is dried and used as c%ndiment in soup
(Umoh and Oke, 1574). h

The oilseeds, the group to which mango belonq?, are known to
contain proteins of high quality 1in the plant kingnm (Spindler

and Akoslonu, 1985). The mango seed kernel (MSK) l% approximately

14% by welght of the frult (Mlttal and Singh, 1879, |1982).

The current practice in HNigeria whereby the M8K is dlscarded
puts to waste, a potential source of industrial | raw material,
animal feed and possibly human food. A reversal &f this current
practice, to generate awareness on non-conventional plant foods
such as mango, should begin with a Ccmprehensive‘evaluation of
such neglected, but cheap and abundant plant foods. This aunthor is

|
not aware of any published work on the Nigerian MSK apart from the

report of Mittal and S8ingh (1979). These workers x#ported on the

|
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proximate composition and possible uses of the FSK. Their report
was based on work done at the Agricultural Engine%ring Department,
Pantnagner University in india where a man?o stone (seed)
decoxticator was desgined, fabricated and test%d. Virtually all
the reports available on MSK were either based on research
findings in Indla or were the direct efforts of ﬂndian scientists
{Rukmini and Vijayaraghavan, 1984; HNegi, 1985; éeetha and Devi,
1986 and Anisur-Rahman, 1981). This development ks probably as a
direct consequence of the socio-economic problems PE India. Hence,
their scientists had to intensify research lkto agricultural
wastes and profer solutions to the mumerous food %nd nutrition as
well as industrial raw materials problems ch$racteristic of
developing economies. The efforts of these scient%sts have led to
the present 1lmited knowledge on the nutritive v%lue and uses of
mango wastes, |

1.2.5 Nutritive Value of Mango seed Kernel |

Dhingra and Kapoor (198%a) and Augustin a%d Ling (1987)
reported on the nutritive value of Indian MSK. iTheir findings
showed wvariations In the proximate compositianl of MSK from
different mango varieties. Values reported ranged from 6.9 - 8.8%
({fat), 5.3 - 6.8% (protein), 1.3 - 2.4% (fibre), 2.& - 2.8% (ash),
Lakshminarayana ef al.{1983) reported their f%ndings on 43
varieties of MBK in India in which wide variation% were found in
the compositions of major nutrients as well as fattﬁ acid.

The amino acid profile of mango seed ke:neliprotein showed

that its content of some of the essential amino acids is higher
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|

than the FAO Reference Proteln (Augustin and Ling, 1987), Thls was
again confirmed by Dhingra and Kapoor (1985a) whq also noted that
methionine plus c¢ystine and isoleucine . were the limiting amino
acids. The essentlal amino acid index values fo? the Chausa and
Dusheri cultivars of MSK they studlied were 67 and b? respectively.
The repoxrt by Marasimha-Char and Azeemoddinlilsaa) reviewed
recent developmental work that have gone into mdkikq the MSK fat a
technologlical and commerclal reallty. The fin&ings of these
workers revealed the MSK fat as an excellent edlb#e fat with main
component fatty acids being palmitic (6.9 - 7.3%),;stearic (44.3 -~
44.4%), oleic (38.9 - 42.1%) and linoleic (4.5 - ?.4%) acids. The
high stearic acid contents placed MSK fat as a poséible substitute
for butterfat in the confectionery industry. Otner anthors have
gstudled the fatty acid composition of MSK fat tGayiou and Bouchet,
1984; Hemavathy et al. 1988; Abd El-aal et al, 1%87; All, et al,
1985, Rukmini, 1985; Shah et al. 1983; Mukhopadhyay and
Bhattacharya, 1981 and Lakshminarayana et al. 1983). In all thease
findings on fatty acid composition of MSK fat, ﬁifferent mango
varieties showed variations in fatty acid compo;itinn although
oleic and stearic acids predominated with palmitic and 1linoleic
acids occurring in that order. Linolenic and arachidic acids were
not quantified in these studies except Hussain etlaj. (13983) who
presumed that other fatty acids accounting for 3.6 - 4.0% of the
tatty aclid composition were linolenie¢ and arachldlc. The studles
by All et al. (1985) and Hemavathy et al. (198711 gave the most
detailed findings on MSK fat, fatty acid coﬁposition and

classification. ;



Apart from the possibllity of wusing the MSK fat 1In the
confectionery and cosmetics Industrles because of the considerable
gquantities of unsaturated fatty acid (Bajpai andzHukherJee, 19€¢7;
Narasimha-Char and Azeemoddin, 1989), the high carbohydrate

.
content (56 - 58%) of MSK makes it outstanding as a possible
source of calorie in animal feeds (Das et al. 1988& while the high
essential amino acid and protein guality indices ake indicative of
the good quality of the protein in MB8K (Dhingra and Kapoor,
1985a). |

These published materials on the MSK rfveal therefore
enormous nutritional potentials for this agricultural waste.

However, a full realization of the resources of: the MSK should

take cognisance of the bicavailability of these nutirients.

1.2.6 D - . I erne

The most lmportant antinutritional factor that could possibly
1imit the utilization of MSK for human and animal }ood {s tannin,
The tannin content of MSK ranges between 0.19 and 0.44% on dry
matter basis (Dhingra and Kapoor, 1985b). Tannins are thermo-
stable and cannot be inactivated by heat—t#eatments. The
nutritional problem posed by tannin in feeds is weli researched in
sorghum and barley cultivars, peas, fleld beans and oak (Johnson
and Lay, 1974; Eggum and Christensen, 1975; Makﬁar and Singh,

1991). In high-tannin sorghum, an increased lysine content does

not Improve the extremely low Dbiologlcal value (Axtell, 197v).
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Adverse effects caused by tannins in the nutrition of man and
animal specles have been reviewed by Silano (19??).‘

The effects of tannins on protein digestibilitly 1a due to the
formation of soluble and 1insoluble complexes whiich are poorly
digestible and therefore partially oy totally wubhavailable (van
Buren and Rebinson, 1363; Feeney, 1863; Egqum and Christensen,
137%). Furthermore, tannins inactivate a numbgr of enzymnes
including trypsin, alpha-a&ylase, and lipase (Tamilr and Alumont,
1263; Milic et 31. 1972). 1t must be noted too that free tannins
have carcinogenic activity (8ingleten and Kratzexr, 1p73). In terms
of carecinogenicity of tannins, the protein-tannin| complexes in
some cereal and lequme 2eeds may actuwally repregent partlally
removed tannins but such complexes confer low digestibllity on the
seeds/meal.

Das et al. {1988} fed day-old male white leghorp chicks with
0, 5, 10 and 20% mango seed kernel or 10 and 20% washkd mango seed
kernel (WMSK) for 8 weeks as a replacement for maize in the diets.
The report of these workers indicated that chicks given 5% MSK and
10% WHMSK had normal oxgan histeology while those giver] 10% MSK and
20% WHM3K had hepatic changes. According to the report], Increazlng
dietary content of MSK decreased growth rate, Dblood|glucose and
plasma protein concentrations, caused hypercholestetolaewmia and
pathological changes in the tissues of chicks (Das et al. 19388;).
This situation was ascribed to the tannin contents of NSK. Similax
findings have been reported on the feeding of MSK or MSK meals to

rats (Geetha and Devi, 1986; Ckai and Aboagye, 1990}, milch cows



(Patel et al. 1970), calves (Patel et al. 1971}, rhminants (Punij,
|
1988) and pigs (Gupta, 1988). l
|

The work of Dhingra and Kapoor (1985b) represents one of the

few studles invelving the Incorporation of |MSBK flour in
|

conventlonal but tradltional Indian "Snack" foodlitems such as
"Pakora", "Mattar"™ and ‘'"Parantha", after removinq tannins Dby
soaking the MSK in water. Das et al. (1988) reporqed the removal

of %1% tannin from MSK on washing with cold water. Up to 30% of
|
chickpea flour in "pakora" and white wheat flour in "mattar" and

about 20% of wheat flour in "parantha"®™ was replaced by MSK (Chausa
|
cultivar) without adverse effect on the acceptability of the

product (Dhingra and Kapoor, 1985b). Hence, 1n traditional Indlan

food itema such as “pakora' and ‘'parantha!' 20—30%l of MSK flour

could be used without adversely affecting the ac&eptdbility of
|

these foods although higher levels of substitu&ion were naot
'|

|
Anisur-Rahman (1981) and Mittal and 8ingh {1979ﬂ precented an

acceptable (Dhingra and Kapoor, 1985b).

outline of the possible uses of mango seed kernell. Mango seed
|

kernel contains about 11% fat, 5.5% protein, 2.1% ash and 56%
\

carbohydrate, and can be used for breadmaking aftet mixing with
wheat or rice flour (Anisur-Rahman, 1981). Kernel fat can be used
as subsitute for cocoa butter in chocolate (Moharram and Moustafa,

1982). Kernel starch can be used as a sizing agent in the textile
|

|
and paper industries (Anisur-Rahman, 1981).

I
in fact, reports available on the nutritive valde of the MK

reveal that this abundant and cheap agricultural waste holas a
great deal of potential as animal feed or human food. Apart from



the limitation imposed by the

important constraint is that of

out scientific appreoach would

posed by tannins in MSK but also
the use of MSK as animal feed or
The in

report presented

contemplative scientific effort

17
tannin levels in MS8K, the other
culture. However, a well thought
not only * obliterate the problem

remove the cultural impediment to

for human food.

this thesis is therefore a

at: |

unfolding the nutritive wvalue of the WNigerilan mango seed

a)
kernel.

b) assessing the levels of tannin in, and exphoring ways and
means of reducing or removing such tannins frbm the MSK.

&) incorporating of MSK into a suitable and acceptable snack
food and

d) evaluating such M8K substituted snacks for sensory attributes

and storablillty,

Accordingly, 1t 1s

expected that

the findings reported |In

this thesis would generate awareness on and éossibly remove

natritional and cultural

limitations to

the use |of seed

Mango

Kernel for animal feed and for human food.
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CHAPTER TWQ |

2.0 MATERIALS AND METHODS

2.%. CHEMICALS \

|
All Chemicals used except otherwise stated wer? of analytical

|
reagent grade purchased from either British Drug House (BDH

|
Chemicals Ltd., Poele, England) or Hopkins and W%lliams (Essex,

England).

2.2 SAMPLES i
Riped mango fruits and Mango seed kernel lsamp]es were

obtained from wvarious locations In Nigeria as Ltdted in the

experimental design. \

2.3 EXPERIMENTAL DESIGN

Riped mango frults were purchased from Zaria, Kiduna, {Kaduna

State) Makurdil (Benue State) and Idah, (Koal State)% depulped and
the seeds sundried (30-35°C). The dry seeds were Eplit open  to
recover the kernels which were further sundried for about 2 days
and then stored refrigerated in screw cap plastic confainers until

required.

The mango seed kernels were analyzed f#r proximate

composition, amino acids, fatty acids and tannins. Mango kernel

|
flour was produced from the drled mango kernel. A method for the

|
reduction of tannin content was adopted and applied to the kernel

flour. The tannin-free kernel flour was used in the formulation of

|



| 9
!
[
cookies, Cookies were assayed for proximate uonteﬂt, amino acids,
fatty acids and assessed for acceptabllity angd | storabllity. A

summary of the methodology is shown in flgure 1, |

2.4 SAMPLE PREPARATION |
|
2+4 .1 Pepulping manao fruit. 3

Fresh ripe mango fruits (Plate 1) were depﬁlped either by
eating the fleshy pulp or by skinning off the pulp ﬁeatly, leaving
the stony hard seed. The proportions of the diﬁfereqt parts of the
mango fruit were calculated. The hard seed (Plate 2? was sundried
for 2-3 days. The dry seed was carefully spllit open énd the Kkernel

recovered. The kernel was {further sundried for anoth@r 2 days. The

dried mango kernels (Plate 3) were ground into Elo&r aize 0.15mm

(Plate 4). {
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{ Fiped manga fruits
¢===  Depul ped
Mange seeds
=== Dried
(==~ Decorticated
Mange seed kernels (MBE)D }
=== Dried
o= Ground
! MEK flour, size O.15mm J
Aalysis ]4__m_ﬁ] === HWater treatment
al) praximate TSI . WE—— SRS
=] amifio acids Fannin—free MSK flour ] + Tannin extract
c}r fatty acids e e :Cdxscarded}
dy minerals 1 + wheat flour
a)  tannins 1
MSK composite flour ]
i — R

MEK composite cackies ]
1

Analysia/Evaluat ian

S ——

al) provimate
b amino acide
c) fatty acide
£y minerals
@) argancaleptic
fr storability

Figure 1: Outline of Experimental Design.
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and whole (b}

Plate 2: ‘Binta sugar' mango seed: split open (a)



Plate 3:

Dried

*binta sugar'

mango seed kernels

23



Plate 4: Mixed variety mango seed kernel flour



4.2 Reduction of tannin content

The tannin content of the mango seed kernel flou

by a modified method of Dhingra and Kapoor (1985b):

mango kernel flour was made with distilled water

shaken on a wrist action shaker at medium speed far

water extract was carefully decanted and the resldu

dried 1in the sun for 2 days. During the period

samples wexe removed Just before sun set each da

samples from re-absorbing moisture., Dried tannin-f

samples were stored refrigerated in screw cap plast

until required.

2 4§.3 PREPARATION OF COOKIES

Cookies were produced according to a recipe
modification ot Tlusty's (1989) method. 1In a big b
10589 powdered sugar, 769q sotftt margarine and Lhreé

eqgqs, thoroughly mixed and then, 1000g all purpose wh

about 22.0g baking soda were stirred into the

homogeneity was attained. The mixture (dough) was cow

refrigerated for 3 hours. On a lightly floured

board, the dough was then divided into tiny ralls

inch in thicknezs, then cut inteo regular shapes with

diametexr cookie cutters. A light sprinkling of approx

of granulated sugar was applied on the cookies befor

gas oven set at about 375°C until the edges became

The baking time was approximately 7 minutes. The

A paste of

= medlum

cloth

25

r was reduced

the

(1:2 w/v} and

2 hours. The

al slurry was

of sundrying,

to

b4 prevent

ree MSK flour

ic containers

based on a

owl was taken

slzed

eat flour and

mixture until

ered and kept

covered

of about 3/16

2 to 2.5 inch

imately 20 mg

= pbaking in a

light bzrown.

i0% composite

flour was prepared by mixing 100g M8K flour with 900

all purpose



Plate 5: Mango seek kernel (MSK) composite flour cookies.
a 0% MSK (whole wheat)
b 20% MSK
o 30% MSK

w uou
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wheat flour until homogeneity was attained. The 20 and 30%
composite flours were prepared similarly by substituking MSK floux
for the all purpose wheat flour as in Table 2. The cpmposite flour
were then wused to produce 20 and 30% MSK cookiey as composite
flour cookies using the same procedure and recipe as outlined for
2ll purpose wheat flour except that for every 100g cof MSK flour
used, 10g reduction in margarine requirement was made te cater for
thé intrinsic lipid of the MS8K.

Cookies in air-tight plastic containexrs werg kept £rozen

{~18°C) until reguired. Samples of cookies are shown

in plate 5.




Mango seek

Plate 5:

(MSK) composite flour cookies.
0% MSK (whole wheat)
Z20% MSK
30% MSK
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Table 2: Proportion of mango seed kernel (MSK) and
wheat flours in the composite flour.

Percentage of the MSK Quantity {g) ofi
flour in composite All Purpose Mango Seed
Wheat flour(A) Kerneh floux (B)
0 1000 0
10 900 100
20 800 2000
30 700 300

Bach portion of A is mixed with the corresponding portion

of B to make the composite flour.




2.5 BSENSORY EVALUATION

Sensory evaluation was carried ocut based on ¢

Gacula (1975), Jackson (1981), watts et al. (1989

and Hudson (199%0). Two panels were employed

evaluation. A taste panel was used for the

P

testing, while another panel, essentially a pllot d

was employed for the consumer-orlented testing. The

comprising of 12 panellists was constituted from §

postgraduate students of the Department

Bello University, Zaria. The panelists were selecté

trained on their individual ability to discriminaft

detect differences in flavour, odour and texture (

similar snack products. The panelists were divided 17

of 6 each and each group sat at different times (of

30 minutes apart) but on the same days.

in an alr-conditioned, well 1it, and comfortable

sitting, one set of samples was given to

minutes interval. Each panelist was supplied with

40°C) water for mouth rinsing in between

enhance odour and flavour detection, all samples

50eC just before serving. Each set of

panelist consisted of five coded and one

samples. One of the coded

sample served as standard to which all the

other
were compared.
The quality of the

rated on an evaluation sheet using

forx

of Blochemistry,

Panel sitt]

each pd
1
sampld
yere warmed
aamples pred
uncod

samples was also a control

coded samples relative to th

seven point heddnic scale
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the methods of

and Rutledge

the sensory

roduct -oriented

ronsumey  panel

* taste panel,

he staff and

Ahmadu

+d and further

e between and

bt cookles and

ito two groups

approximately

nggz were held

room. At each

imelist at 10

unkewarm (37
tasting. To
at

ented to each

ed (control)

The control

coded samples

e control was

for




odour, flavour, appearance, texture and

the scale, the point 7 was defined as much

control) and 1 as much poorer (Appendix la). A

scale was used for flavour

to 2 for foreign and 1 for unclassified

5

The consumer panel consisted of 6

recruited post-primary

to read the product ballot forms

from a composite flour of 0, 10, 20

labelled with random three-digit numbers

panelist. The panelists scored the

scale were 7 represented extreme likeness

extreme dislike, Cookie acceptability was

(ANOVA) of the panel scores.

2.6 PROXIMATE ANALYSIS

Mango seed kernel flour

analysed for moisture, caloric enerqy, ash,

and total carbohydrate. Protein content was

improved micro-kjeldahl method {AOAC, 24

moisture, ash and 1lipid contents were also

official methods of analysis (AOAC, 24.003a,

Total

8

1980). carbohydrate wa determined

parameters were determined in triplicate,

colour (Ap

type which varied from 7

(Appendix la

and undergraduate students

(Appendix 1b).

and presd

samples on

deduced

and MSK composite flour

o
bettet

seven

)
untra
1

L

Codg

and 30% M3K

a 74

and

except othel

30

endix la). In

(compared to
point hedonic

for Bean 1like

ned randomly

hat were able

kles prepared

flour were

nted to each

peint  hedonic
1 represented

from analysis

copkies were
proteip, fat, fibre
determined by the
«BZF, 1980) while
determined by the
24.004a|and 24.005a,
by difference. All

rwise stated.




2.7

FAT CONTENT AND FAT CHARACTERISTICS

The fat content was determined by extractin

&

sample with dlethyl ether In a soxhlet apparatus a

point (Ccl-25), the iodine wvalue by Wijs method |

aclid value (Cd 3a-63) and the saponification number

the fat were determined as in the AOCS (1979).

CHEMICAL ASSAYS

o TANNIN CONTENT

The tannin contents of samples were determine

equivalent by the rapid method of Burns (1971) u

hydrochloric acid. Exactly 500mg deffated sample wa

inte a centrifuge tube with 10 ml of 1% wv/v HCI

methanol mixture, shaken for 20 minutes on a wrist

then centrifuged at 5000g for 10 minutes. The

transferred into a 25ml volumetric flask. Another

HCl-methanol solution was added to the centrifuge ty

for 20 minutes, centrifuged at 50009 for 10 minu

aliquot added to the first extract. The
with the 1% HCl-methanol solution and mixed well.

Aliguots (1.0ml) of the extract was added slowl

freshly prepared (1:1 v/v) mixture of 8% v/v HCl in

1% w/v wvanillin in methanol in a test tube. T

contalning 1.0ml each of different concentrations (

catechin in methanol were treated similarly as st

with the extract. Sample blanks were equally set by

nd the

rd as

volume was made up to

33

5.0g of the

melting

cd 1-25); the

(cd 3-25) of

catechin

sing wvanillin

s transferxred

(8.6 1.18}):

action shaker

aliquot was

Sml of the 1%

be and shaken

tes then the

25ml

y to 5.0ml of

methanol and

he test-tubes

. 2-1.0mg) of

andards along

adding 5.0ml




of 4% v/v HC1 in methanol to 1.0ml aliguot of th

reagent. After 20 minutes, absorbance readings were

against the reagent blank In a spectronic 20 spectro

Standard curve (Appendix 2) was prepared

by

average absorbance readings of the duplicate determi

32

e wvanillin-HCl1

taken at S00nm
bhotometer.
plotting the

nations of the

standard catechin concentrations. Blank absorbance wips substracted
from the sample absorbance, then the resultant absprbance values
were converted into concentrations of catechin per ml and the
percent catechin equivalent (C.E) was calculated as:
a x b x 100
¥ B.E = =sre=tesasse
cx d
Where a = mg catechin per ml, determined from
appendix 2

b = final volume of extract in ml.

¢ = wvolume of extract taken in ml.

d = welght of sample extracted in gm.
2.8.2 FATTY ACID COMPOSITION

The raw and processed mango seed kernels ap well as the

composite flour cookies were analysed for fatty acid composition.
Samples were ground into powder and steam distilled according to
AOAC (1980) method. The oll obtained was methylated wusing the
method of Luddy et al. (1968). Essentially, the mpthod Iinvolved
taking 1.0g oil or fat in a 250ml round bottomed flask and adding
50ml of the mixture of methanol: toluene: H=280, (8L.G 1.84); (20:
i0: 1 by volume) then refluxed for 90 minutes. The mixture was

extracted with 50ml hexane then washed thrice with 1

water before drying over anhydrous Naz80a.

J0ml distilled

Extract was




concentrated on a rotary evaporator. The methyla

analyzed by means of gas chromatography

chromatography- mass spectrometry (GC-MS) (Appendix

Gas chomatography was carried out Iin a Hewlet

gas chromatograph equipped

plus a DB-5 Column (30m x 0.3Zmm id) or an

plus a supelcowax 10M (30m) were used. The carrier

and the flow rate was 1.5ml per minute.

programmed from 150°C with a 4 min.

minute increase to a final temperature of 250=C.

volume was 0,5ul.

ted
(GC)
4).
t-Packaxrd
with either a split-splitters

'on collumn'

[JAS WdsS

The oven temperature

The

33
0ils were
and gas
5890
injector
injector

helium

was

initial hold angd then 5°C per

injection

For the combined GC-MS, the GC was coupled tL a VG Masslab

12-250 mass spectrometer operating at 70 ev

temperature of 200°C, Spectra were recorded every

Mass 50 and 450). The identity of each compound was

comparison with work data bank of Richard (1992).

«3 AMINQ ACID ANALYSES

sample (100mg) of either the defatted

defatted cookies was nydrolyzed with 6M HC1 in a

bottomed flask fitted with a reflux condenser for 24

removing the acid in a rotary evaporator, the

dissolved in citrate butter

(pH.

and an
€.

determined

kernel

2.0) and filtered. Then

65

hours.

residue

fon aource
({between

by

flour oY

250ml round
After

Was

aliquots

(10ul) of the hydrolysate were analysed in duplic%te for amino

acid content wusing an automatic amino acid analysd

Instruments Co. Ltd., England; Appendix 3).

3 o

{Technicon
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To facilitate quantitation of tryptophan, nother set of
samples were hydrolyzed using SN barium hydroxide in place of acid
hydrolysis according to the method of Slump and Schrender (1969).
Allgquots of the flltered hydrolysate (1.0ml) werd pipetted Into
each test tube containing 4.0ml of a solutlon of a 1:1 v/v mnmilxture
of 270mg FeClz6Hz0 dissolved in 0.5ml distilled water then diluted
to 1 1litre with glacial acetic acid and 30N sulphuric acid. The
mixture was shaken vigorously and the colour develpped for 15min
at 65°C, then cooled rapidly. The absorbance of tbe solution at
545nm was read on a spectronic 20 spectrophotometer| (Villegas and
Mertz, 1971). Tryptophan was quantified by referencel to a standard

curve prepared using pure L-tryptophan as standard.

2.8.14 DETERMINATION OF MINERAL CONTENT

The mineral contents of the mango seed kerLel flour and
cookles were determined using atomic absorptlon spdctrophotometry
(Perkin Elmer £703) as in AOAC (1980). The miﬂeral elements
quantitated were calcium, magnesium, sodium, =zinc, iron, copper
and potassium.

Two grammes of the ground sample was digested with 115ml of a
mixture of HNOa (8SG 1.57), Ha804 (85G 1.84) and HClO4, (7:8:8 by
volume). Then the cooled digest was diluted with 50| ml distilled
delonized water, filtered through a whatman £5 filter paper and
made up to 100 ml with distilled delonized waterL in a glass

volumetric +tflask. This final solution was used! for atomic

absorption spectrophotometry. Phosphorus was determined
spectrophotometrically by the vanadomolybdate method as in AOAC

(1980).



2.9 MOISTURE SORPTION ISOTHERM

The concept of equilibrium moisture content j

the study of food preservation. The minimum moisture

which a food product can be preserved is influenced

equilibrium moisture content. Hence, the aim of dry

is to lower 1ts moisture content in order to redud

biochemical reactions to the minimum and to prevent

spoilage microrganisms {(Achoba et al. 1991; Labuzd

When a food product is exposed to an atmosphd

relative humidity and constant temperature for def

time, the Iintergranular relative humidity (RH) re

value known as equilibrium relative humidity (ERH) |

moisture content of the product at equilibrium agaj

water activity, ae (note, RH/100),

A =

sorption isotherm (Denloye and Ade-John, 1985)

The sorption isotherm of the cookles

investigated to

of Screedharan et al. (1985%) as employed

was adopted. Freshly prepared cookies (7.5-10.9qg)

constant weight for 12 hours

pressure. The equilibrium moisture content (EMC) of

at relative humidity (RH) wvalues ranging from

determined by storing samples placed on metal gauze
at 25 or 30x1®C. Constant
water mixtures

{(Table 3) as in

samples were weighed at 24 hour

is known d

W
evaluate their storability potenti

by Achobg

in a vacuum oven at &60°C,

1

RH was malntained wlth sy

Stokes and Robins

intervals until ca

25

s important in

: content under

by the ambient

ting foodstuffs

re chemical and

the growth of

et al. 1970).

re of uniform

ined period of

aches constant

A plot of the

nst the ERH or

s the molsture

jere therefore

al. The method

et al. (1991)

were dried to

and 25mmHg

these products

0 to 95% were

in desiccators

lphurlic acld

on (1949). The

nstant weilghts




a6

were obtalned usually within 15 days. A plot of parcent molsture

content versus percent RH was made as the adsorption isotherm.

2.10 STATISTICAL ANALYSIS

Data were mostly expressed as the mean + 8D and analysed by

one~way analysis of wvariance (ANOVA) (Zar, 1984).
indicated significance {P<0.05) Fisher's lead

difference (LS8D) test for multiple comparison was ag

If the ANOVA
t significant

plied.




Table 3: Equilibrium relative humidity mixtures of

H280a4

(8.G. 1.84) and water for the attainment
of various relative humidities at 25°C.

% Relative
Humidity

Agueous

Tension (mm Hg)

80

75

70

65

60

55

S0

40

35

30

20

1%

10

o

20.183

19.00

17.82

16.63

14,25

13.07

11.85

10.69

60.8

64.4

69 .4

i —— - ——— i ———— — — — — — h — T . -

Concentrations
solute (Ha2S04;

source:

Stokes

of HzS04 expressed
(8.G 1.84) by weight.

and Reblnson

(1949)

as

percentage

of

anhydrous



CHAPTER THREE

3.0 RESULTS AND DISCUSSION \

3.1 MANGO FRUIT AND MANGO SEED KERNEL

The mango pulp constituted 68.1-70.4% total fruit welight
(Table 4a). The whole kernel and seed kernel consfited of 18-19%
and 10% of fruit respectively. The *binta sugar' culfkivar which is
the most popular and apparently the aboundant in Nigeria is in
terms of fruit welght less than half of the weight of the large
sized Gboko mango, also known as ‘paparanda' {Ta%le 4a). This
differences in fruit size do not appear to affect ﬁhe proportion
0f the seed kernel, which on the average constltuted 10% of frult
weight irrespective of cultivar. Hence, it was decliided that the
mixed variety MSK be studied. The effect of location|on the mango
fruit sizes varied significantly (p<0.05) even on the same mango
tree.

fruit sizes of these two cultivars was not consliered hecause

3.1:1 PROXIMATE COMPOSITION

The proximate nutrient composition of mixed varieties of
mango seed kernel (MSK), from varlous locations in Nigeria are
shown in Table 4, From the results, location has no signiflcant
(P>0.05) effect on the protein, fibre and ash contents|of MSK.
However, location has significant (P<0.05) effects on the moisture
and carbohydrate contents. ldah MS8K contained the highast level of
fat that differed significantly (P<0.05) from that of Iakurdi with
the lowest fat content. Apart from the Indian “"Amini" riety of

M8K which has fat content (12.6%) comparable to Nigerian MSK, all
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Table d4ar Proporticons of different parts of mango fruitstgm)
Karnrl
cultivar total WEt.  Skin Falp Tetal Du;Lr Sead
Caat Kernel
Hinta sugar 148. 6 18.8 1t01.2 28.6 13. 15.4
(12.6) (B8.12 (19.3) £8.3) C18.42
Paparanda 342.6 . b PG | 241.2 62.4 Z8.4 34.3
(10,3) (70,42 18,2 (3, 3p (10,0%
Each value is a mean of 8 determinations,
Values in parenthesis indicate the percentage of whixle fruit.




fable 4b: Proximate composition (% dry weight) of sundrled
nango seed kernels obtained from different

locations

prster —— trla Wabwdi . Reanssd
Hoisture 45.840.94+ 43,240.20¢ 41,340,500 47.4¢0.60%¢ 452,01
Crude protein 5.940.10 5.640.30 5.640.34 6.0¢0,20 6.4:0.39
pat 13.7¢1,68" 13.040.85 13,240, 34* 11.440,72% 12.440.54
Fibre 1.9:0,12 2.120.12 1.940.12 1.110,06 1.010.10
heh 1.940.50 1.0:0.05 2,148,128 1.940.10 1.4:0.0¢
Carbohydrate? 31081 Yeeew 35.351.050%ew  32.540.90%4%% 33, 300.970e 33.042.47
Energy (Keal/g) 1.2¢0,20 1.440.25 §.5¢0.22 4.440.20 4.440.12

Each valve is a mean of § determinations t §0D
Values wilth different superscript in a row differ significantly (P<D.05)
t Carbohydrate was determoned by difference

40



other Indian Mango varieties have comparatively loy

(Van Pee et al. 1981).

There are two varleties of mangoes in Nige

easlly distingulshable by the frult size; the small

frult locally called "Binta Sugar"™ 1s common and wi

the most popular while the one with larger fruit whi

found in the middle belt area of Nigeria is equall

locally called "Gboko Mango" (or "paparanda"). In G

size, these two varieties do not differ. However,

variety on proximate composition of these two mang

shown 1in Table 5. The Nigerian Binta sugar

significantly (P<0.05)

in terms of fat content

the Nlgerian large sized MSK from the same source. B

variety therefore atfect fat content of the M3K. Th

agrees with the zreport of Van Pee et al. (1981} wh

the effect of variety on the MS8K fat. Van Pee et al.

that 13 different mange wvarieties from India had M8

of between 6.8 - 12.6% on molsture free baslis, The

not assay for other proximate nutrients hence 1t 1is

relate the varietal differences In fat content to o

parameters such as carbohydrate and protein., T

difference conferred

on the carbohydrate content o

result of varliety may be related to the variatio

content because the carbohydrate content was

difference.

A high caloric energy value (mean 4.4 Kcal/q)

the Bomb calorimetric assay of the MSK showed

vh
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ch is commonly
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the effect of
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oth source and

is observation
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K fat contents

se workers dld
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ther proximate

he signlficant
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ns in the fat

estimated by

obtained from
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difference (P>0.05) arising from either wvariety or source (Table
4). However from the carbohydrate content and the|caloric eneragy
value obtained, any snack food derived from the MSK should
theoretlcally supplement the energy needs of the consumers. For
Instance, the Wworld Health Organization recommende¢d dally energy
Intake (RDI) for children aged 1-3, 4-6, and 7-9 years are 1360,
1830 and 2190 Kcal respectively (WHO, 1974); hence | these chlldren
would theoretically meet their respective RDI for energy if they
consume any snack product(s) containing 309, 416 and 498g of MSK

respectively.




Table 5: The proxlmate compositlion of the kernel =g
two popular varletlies of mango.

i —— - ——— e S ————

MSK Variety

Parameter Binta sugar (Kaduna) Paparanda (K
Moisture 46.240.82 46.4tﬂ.j
Crude Protein 6.0+0.15 5.640.
Fat 12.6%0.,35* 11.3%0.,
Fibre 1.820.21 2.0%0,
Ash 2.0+#0.15 2,0+0.0
Carbohydrate® 33.20.92~ 34.7+0.1

—— W e S —

Each value is a mean of 4 determinations + SD.
Values with different superscript in a row differ si
(P<0.05)

* Carbohydrate was determined by difference
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A critical assessement of the proximate nutrl
the Nligerlan mlixed variety MSK became a loglical t
this study because the nutrient varlatlions were n
for all nutrients determined (Tables 4 & 5) and it

that any commercial oxr large scale application of MS
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ot slignif

is obvious

ent content of

hing to do |In

icant

too

K for purposes

of food or feed would naturally involve mixed variety MSK because

of the logistics of separating the MSK according
source.

The mixed wvariety MSK which contained 6.0%
fat, 2.0% fibre, 2.0% ash and 33.0% carbohydr
apparently holds a great deal of utilizable nutrle

with respect to the protein level, These values

to variety

protein,
ate (Tabl
nts espec

are wlithin

and

12.8%
e 4)
ially

the

range reported for Asian mango seed kernels by several workers

(Mittal and Singh, 1979; Anisur-Rahman, 1981; Dhingra and Ka

1985b; Augustin and Ling, 1987). However, it is important to

that the protein values reported by these workers and in

present study use the factor of 6.25 for conve

content to crude protein. Though this provided the basis for

comparislion of the present findings to the previous

works, it

poor,
note

the

rting nitrogen

the

must

be acknowledged that plant materials contain same non-protein

nitrogenous substances such as amines, purines,

pyrimid

nucleosides, alkaloids, porphyrins and non-proteinogenic

acids (Haard, 1985). Hence the protein values may n

due to proteins per se. In addition, tannins also 1limit

avallability of protelns 1In foods. Some work
Aboagye,1990; Das et al. 1988) have 2hown the limi

use of the MSK for food or feed due to lts tannin co

ers {(Okatl
tations to

htents.

ines,

amino

ot entirely be

the

and

the



g, J0 S Tannin Content

Variety and source of the MSK do not have sigrn

on tannin content but the level of maturity of t

does (Table 6). Premature MSK had very hlgh levels

differed significantly (P<0.05) when compared to ¢t

(Table 6). Although there are no published infor

effect of the stage of maturity of the mango fruit

content of the corxresponding MSK, Makkar and Singh

that tannin levels in cak leaves depended on the lev

of the 1leaves. It 1is therefore both advisable an

avold the use of premature MSK for food or feed becd

heat-stable and the high levels of thils antinutrit]

MSK could pose nutritional problems resulting

indigestibility. The major problems assoclated wi

food is protein indigestibility caused by the format

and insoluble tannin-protein complexes as well as

enzyme inactivation (Van Buren and Robinson, 1969;

Tamir and Alumont, 1969; Milic et al. 1972; Eggum a

1975; Makkar and 8ingh, 1991). Treatments that ¢

remove the tannins in the MSK is therefore of immern

beneflit.

The loss of

tannins on treatment of MSBK floun

shown in Table 7. Treatment of MSK flour with

(ambient temperature

water) does not seem to achid

(P>0.05) tannin removal. However, effective ar

(P<0.05) removal of tannin was effected when the

treated with water at 70°C for 30 minutes; wherd

3
r

.
-
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Kapoor (1985b) reported effective tannin removal bnly on water
treatment of MSK flour at 80°C for 20 minutes. Consefuently tannin
|

removal or considerable reduction of this antinutritponal compound

makes the incorporation of MSK flour into foods or feeds viable.
|
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Table 6: Tannin Content of different mango seed kerrels.

Description
i
of Mango seed kernel Tannin (%) |
|
i

|

Makurdi, Binta Sugar 1.27 £ 0.09 ¢
I

I

(Premature Kernels) |
I
Matured MSK: ‘

Makurdi, Binta Sugar 0.42 £+ 0.04™ |
Kaduna, Binta sugar 0.39 * D.DZ“%
Kaduna, Paparanda 0.36 % 0.04“i
Zaria, Mixed 0.41 % 0.03“%
Idah, Mixed 0.32 + 0.06“’

!
Each value is a mean of 4 determinations & SD i
|

Values with different superscript in a column dlffer(signifdntly

(P <0.05). |



Table 7: Effect of water temperature on the tanniJ

content
mango seed kernel (MSK) flour
Temperature of
MSK: Water paste Treatment Period (Hours)
(1:2w/v) i
. |
s o | 0,5 1 24
25 0.43 + 0.04= 0.42 + 0.02° 0.39|+ 0.03~
|
60 0530 £ 0.03« 0.28 + 0,04= 0.25/ % 0,06+
70 0.03 £ 0.01®» 0.04 £ 0,01 9,031 0,01
80 0.04 + 0.01%= 0.04 + 0,01= 003 |2 0.01*®

——— i —— —— i ———— T —— " — T — T — T — | ———— —— —— )

Each value 13 a mean of 4 determinatlions *+ BD

vValues with different superscripts in a column diff&r

significantly (P<0.05)
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Fat Content and fatty acid composition oﬂ
Crude fat extract of the mixed variety MSK wa

yellow colour, smooth and free from granules but
temperature.

+1.1°C. Vvan Pee et al.

The mean meltling polnt for Nlgerlan MSK fat wasa

(1981) reported slightly yell

MSK.
s of very faint
solid at room
40.3
low colours for

Indian MSK fat but obtained melting points rangi*g from 30.5 to

35.82C which were 1lower than that obtained in this study. The

small diferences in the melting points between the varieties of

MSK studied in this report and the Asiantic MSK may be due to the

slight differences in their contents of unsaturated Fatty acids as

well as the chain length of the fatty acid. For ins*ance, Van Pee
et al. (1981) reported the fatty acid composition FE the M'Vuazi
11 varlety of MSK as 6,0% palmlitic (16:0), 32.2% sfearic (18:0),

55.0% oleic (18:1), 5.0% 1linolelc (18:2), 0.6% linolenlc (18:3)

and 1.2% obtailned from this

J

arachidic (20:0) whereas the values

study for mixed variety MSK are correspondingly 6.6, 46.1, 40.0,

4.0, 0.4 and 2.3% respectively in addition to the presence of 0.4%

behenic acid (22:0) (Table 9). This variation in unsaturated fatty

acids may account for the small difference in the'iodine value

amongst varieties, Agaln Van Pee et al. (1981) reported iodine

value (Wids) of 57.7 for M'vuazl II MS8K fat while, that of the

mixed variety MSK 1s 42.5 (Table 8). i

Generally, irrespective of source and variety, stearic and

oleic acids constitute about 84% of the fatty acid% in MSK fat.

Other quantifiable fatty acids were in decreasing or%er, palmitic
(5.9%), 1linoleic (4.8%), arachidic (2.4%), behenﬁc{ﬁ.ﬁ%) and

linolenic (0.4%) (Table 9). These findings are in agreement with
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the data published for Asiatic Mango varlietlies (Van Pee et al.
1981, Dhingra and Kapoorx, 1985a and Narrasimha-Char and

Azeemoddin, 1989) and that of Egyptian MSK fat (Moharram and

Moustafa, 1982).
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Table 8: Biochemical characteristics of mango |seed kernel
(M5K) fat
MSK variety
Binta sugar 1dah mixed zaria mlixed

Iodine value(wijs) 38.6 42.5 40.2
Acid value(mg KOH/g fat) 3.8 4.2 3.9
Saponification number

(mg KOH/g fat) 189.0 191.0 190.0
Melting point ( C) 39,2 40.3 40.0

e T e S e S ——————— i ———— i —— - ——

Values are averages of 2 determinations.




52

Table 9: Fatty acid composition of mango seed kernel (MSK) fat

Fatty acids Kaduna Idah Zarl
(mol %) Binta Sugar Mixed variety Mixed varlety
12.0 - tr tr
14.0 ~ tr X
15.0D - - tr
|
16.0 5.9 6.6 ?.o
16.1 = tr tr
17.0 - tr tr
18.0 46.3 46.1 46,0
18.1 37:6 40.0 40.0
18.2 4.8 4.0 4.4
18.3 0.4 0.4 Q.4
19.0 - tr 7% 4
20.0 2.4 2.3 2.4
20.1 Y tr tr
22.0 0.6 0.4 0.6
23.0 tr % -
24.0 - 6 =
Values are averages of 2 determinatlons
tr=trace amount present.
- Not detected
A Hewlett-Packard model 5890 gas chromatograph coupled to a VG
Masslab 12-250 mass spectrometer was used to assay fpr fatty
acids., Detectlon was by flame lonization after elutipn through a
DB-5 column (30m by 0.32 mm id) packed with 10% 8P-2330 on 100-200
mesh chromosorb (Supelco Inc. Switzerland). Injection volume was
0.5 ul while gas flow rate was 1.5 ml/minute. The initial oven
temperature of 150°C was held for 4 minutes then increased at 5°C
per minute to a final temperature of 250°C.




53

However, the striking difference between %hese previons
studies and the current finding appears to be tPe quantifiable
level of behenic acid detected and a host of ot#er fatty acids
that occurred 1in trace amounts. These are d?decanoic{lZ:O),
tetradecanoic(14:0), pentadecanioc (15:0), 9,hexadecenoic(l6:1),
heptadecanoic (17:0), hexadecanoic (19:0), 5,eicosenoic (20:1),
tricosanoic (23:0) and tetracosanolc (24:0) acids;jall accounting
for usually less than 0.3% of total fatty aclds in Ahe MSK fat.

The high level of stearic acid fraction of HdK fat suggests
possibility of its incorporation into chocoldate and other
confectionery products to improve the desired stabillity especially

in hot climates. From this study, it 1s apparent that mango kernel

fat may be substituted for shea butter since (it 1s the high

stearic aclid (30 to 40%) component of shea butter tth makes 1t an
important commercial fat in the confectionery industry. Hence, the
extraction of wmango kernels collected in centre where mango
fruits are processed or produced in large quantitﬁes may be of

some economic interest.

3.1.4 mino a composition

The amino acid composition of the Binta sugar MS3K variety and
the mixed MSBK are shown in Table 10, Except for methionine,
phenylalanine and wvaline, all the essentlal amino aclids were

higher in the Nigerian MSK than those of the |[FAQO Reference

protein. However, when the amino acids were compared |with those of
whole egg protein, leucine and tryptophan were present at

comparable or higher values while isoleucine, lysine, methionine,
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phenylalanine, valine and histidine occurred in lesser amounts,
Generally no significant (P>0.05) differences exist in the amino

acld contents of the Binta sugar MSK when compared to the mixed

variety MSK except for the occurrence of proline in the mixed MSK
which also had significantly (P<0.05) lower level o% glutamic acid
when compared to Binta sugar MS8K. The essential amino acid index
of the Binta sugar and the mixed variety mango se|d kernels were
67 and 72 respectively. These values are withiﬁ the range of
published reports (Dhingra and Kapoor, 1985a anA Augusgtin and

Ling, 1987) and equally show that MSK protein is ofigood guality.



Table 10: Amino acid composition (g/100 g protein)
seed kernel (MSK) as compared to standard

i ———— 1 — o — - —
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of Mango
proteins =

e L T T —

Amino acid Binta sugar Mixed Whole egg FAO

MSK (Kaduna) MSK (Idah) Proteln

eference
rotein

e e e S S ———— A et e e

Isoleucine 3.8 4.6 6.2
Leucine 7.8 8.8 8.8
Lysine 4.4 5.3 6.9
Methionine 1.8 1.8 33
Phenylalanine 2.0 1.9 5.7
Tryptophan 2.0 2k 1.5
Valine o P 3.8 6.8
Histidine 1o 1 2.4
Arginine 3.4 3.6

Threonine 4.4 4.3

Alanine 6.6 6.9

Aspartic acid
+ Asparagine 12.0 11.3

Glutamic acld

+ Glutamine 8.5 4.9
Glycine 8.3 8.0
serine 7.0 7.3
Tyrosine 1.8 1.8
Proline - 3.4

e o B T — W T — G —— o — | — T o —— W — .

Values are averages of 2 determinations
a FAO (1970).
- Not detected.
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3.%.8 Mineral Contents of the MSK

The content of some minerals in the mixed variety MSK is
shown in Table 11. Although the values fpr most qf the minerals
studied are 1low, the potassium and phosphorus @ contents are
appreciably high. Phosphate, together with calcium and fluoride
play slgnificant role 1In the development of hard tissuez while
potassium 1is a component of soft tissue (Stare and Wwilliams,
1984). Copper did not occur at any detectable 1level in MSK.
Previous authors had not made the attempt to determine the mineral
content of MS8K. It is noted that such an exercise is necessary
especially as there are reports of the utilization of MSK meals in

the feeding of chicks (Reddy, 1987; Patle, 1980 an

al. 1976), calves and milk cows (Reddy and Prasad,

al, 1970 and 1971) and Sprague Dawley rats (0Okal

1990)., indicated that substitution of

These repoxts
or washed MSK meals

feed utilization as evidence by both growth and orgas

d el-Alaily

1985; Patel

into animal feed rations resulted lnto

1

The Iimportance of minerals especially phosphorus to
|

animals is well known while the levels

stuff is of practical importance in animal ration foi

of these minerals in

et
et
and Aboagye,
about 20% MBSK
normal
examination.
growing
feed

rmulation.




Table 11: Levels of some mineral ions (mg/100g sample)
in mango seed kernel (MSK) flour.

Mineral mixed MSK
(IDAH)

Calcium 47.0 + 1.1
Magnesium 98.0 ¢ 2.1
Zinc 1.3 ¢ 0.1
Manganese 1.6 £ 0.2
Iron 10,5 = 0.2
Copper 0.0
Potassium 345.0 + 2.4
Sodium 2.8 £ 0.1
Phosphorus 140.4 + 1.2

mixed ﬂSK

(ZARIA)

-y
o b
o W
N o
+ I+
N
® o

%]
s
i+
o
e

0.0
360.0 + 1.2
3.0 £ 0.2

130.0 + 1.3

mixed MSK

11

365

KADUNA)

&)
I+
o
N

s e . T W - - e i U N S S W A W -

Each value is a mean of 6 determinations + SD.
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3.2.0 e CI

The two different types of cookie produce fro# the composite
flour (wheat: MSK) are shown 1In plate 5. The who#e—wheat cookle
(Plate 5a) was wused as standard. The traditiona Indian snack
foods like chikenpea flour based "pakora", and he wheat flour
based "mattar" or "patrantha" have had their ‘original flour

replaced with between 20 and 30% MSK flour without adverse effect

on the acceptability of the products (Dhingra and Kapoor, 1985a
and 1985b). The MSK composite cookies represent a hold attempt at
converting waste materials of the mango frult (M3K) Iinto edible
products. It is Important to note that cookles, like other simllar
snacks are not only convenient and handy but serve as a ready
supply of energy and nutrients to children who incidentally are
confronted with the problem aof inadequate enerqgy supplies
especially in developing nations.

Considering the present findings on the nutrient composition

of the MSK, incorporation of the cheap and abundant MSK flour into
some popular snack foods should contribute meaningfully to the
nutrient and energy needs of chlldren. The limitatlpns to the use
of MSK 1in snack foods are the tannin content of the MSK as well as

the cultural and taste factors that wusually hinder the

acceptability of novel foods. The cultural limitakion is easily
eliminated because children are yet to have establighed permanent
food culture. Besides, children generally have the abllity to
acquire new tastes In foods. However, the tannin Con%ent of MSK 1=
of nutritional importance as it 1lmlits the proteln digestibility

and nutrient avallablility of MSK based snacks. Hence, the presence
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of tannin in foods targetted at chlildren may aggravate the problem

of proteln energy malnutrition. Consequently, the removal of

tanniln from MSK and the use of such MSK flour in Fhe formulatloen
of varlous snack foods 18 not Just desirable but relevant to the
problem of PEM.

. QI P & Proximate Composition of MSK composite fléur cookies.

The proximate composition of the different cookie produced
from MSK flours is shown in Table 12. There are virtually no

differences (P>0.05) between the nutrient compésition of the

varlous MSK substituted cookles.Thls was expected in view of the
fact that fat, the only nutrient that would have varled, was
balanced by making adjustments for the Iintrinsic fat of the MSK.
Apart from the indigenous Indian snack products, in which partial

substitution of the flour had been made with MSK fllour, there are

flour snacks.

Hence, this report 1is a pioneering effort towardE the complete

no published information on wheat:MSK composite
utilization of MSK. The cookies made with 30% SK flour had
slightly lower protein but a 1little higher fibre‘contents when
compared to the 20% MSK composite cookles. However, these
differences were not statistically significant P>0.05). The
enerqy values were higher for all the cookies N(S.d kcal/gm)
formulated when compared to the MSK flour (4.4 kcalfgm) (Tables 4
and 5) possibly because of the high fat content of the cooklies.

As a result of the tannin removal profile to |which the MSK

flour was subjected before its Incorporation into the cookies, the

tannin assay of these cookles showed no detectable qevels of this



60

antinutritional component of the MSK. Therefore, thése tannin-free
MSK based cookies would be an acceptable snack for children and

should in principles supplement their enerqy and nutrient needs.
' |



Table 12: Proximate Ccomposition of wheat-mango seed

(MSK) composite flour cookles

61

kernel

in

3.7+0.40
5.0%0,37

ey

8+12).77
0.4+0.01

D.9+0.08

72.4+1.30

Proximate Parameter Proportion (%) of Mgk flour
cookie flour
0 20
Molsture 4.1+0,43 3.7+0.40
Crude protein 5.140.40 .140.37
Fat 18.6+2,47 19.8+2.02
Fibre 0.2+0.03 0.2+0.02
Ash 0.9%0.20 0.8+0.01
Carbohydrate+ 71.241,25 70.5+1.10
Energy 5.5%0.25 5.340.14

Each value is a mean of 4 determinations + 3D

+ Carbohydrate was determined by difference

5.4++0, 20
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30202 0 on of cookie fat

The fatty acid composition o¢f the MSK floLr substituted
cookies are shown In Table 13. The fatty acids in both the 20% and
30% MSK composite flour cookles, in decreasing order of proportlion

are oleic (18:1), myristiec (14:0), stearic (183:0), linoleic

(18:2), palmitic (16:0), lauriec (12:0), arachidic (20:0) and
linolenic (18:3) acids. Butter contains only betwan 0.5 to 3.0%
linoleic acid (Heimann, 1980) while soft margarin& depending on
the fatty acid components of the vegetable o0il £;rm which it 1is

produced, usually contains high levels of slightly shorter chain

fatty acids and low levels of unsaturated longer chJin fatty acids
(Nawar, 1985). 1t is therefore not surprising thad whereas olelic
and stearic aclilds constituted the major fatty acﬁds in MSK fat
(Table 8), the cookie oils are predominantly (73%) myristic and
oleic acids with stearic, linoleic and palmitic constituting about

20%. The differences in the fatty acid compositions of the MSK fat

and the cookie o0ils appear to be a direct consdquence of the

margarine used in the preparation of the cookies. It Is noted Lhat
the levels of oleic acid is high in both the MSK [fat and cookie

0il extracts.
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Table 13: Fatty acid composition (mol %) of manEo seed
kernel (MSK) composite flour cookie flts.
Proportion (%) MSK in cookle
Fatty acid 20% 30%
Lauric(12:0) 2:1 p 4
Myristic(14:0) 36.2 27:2
Palmitic(16:0) 4.0 1.0
Stearic(18:0) 10.3 7.8
Oleic(18:1) 36.9 35.5
Linoleic(18:2) 8.6 8.4
Linolenic(18:3) 0.4 0.4
Arachidic(20:0) 1.6 1.6

e ——— i — i — — —

Values are averages of 2 determinations

A Hewlett~Packard model 5890 gas chromatograph coup
Masslab 12-250 mass spectrometer was used to assay
acids. Detection was by flame icnization after elut

DB-5 column (30m by 0.32 mm id) packed with 10% SP-

mesh chromosorb (Supelco Inc. Switzerland). Injecti
0.5 ul while gas flow rate was 1.5 ml/minute. The {
temperature of 150=C was held for 4 minutes then in
per minute to a final temperature of 2502C,

led to a VG

for fatty

ion through a
2330 on 100-200
bn volume was
hitial oven
rreased at 5°C




3udea3d Ac mposit

The amino acid composition of the cookies (Tal

pattern of occurrence that is similar to that of t

except that almost all amino aclids occurred at les

the cookies than in the MSK. Wheat with protein

contains albumins, globulins,

proteins with the last two constituting about
|

endosperm proteln (Haard, 1985%). The major ami

glutamate, proline, lysine, trytophan and to a

cystine, arginine and histidine (Heimann, 1980). Th

time (8 minutes) not withstanding, the high temperat

which these cookies were baked coupled with the d

wheat flour with MSK and other cookie ingredients an

such as Malllard's reactions may account for the

amino acids In the MSK cookies.

All the essential amino acids were present

albeit at levels that are generally lower than thos

protein (FAO, 1957) or FAO Reference protein (FAO

cookies are qguite appealing to growing children, i

that, depending on the quantity consumed,

theoretically though, the possibility for these chil

appreciable levels of the essential amino acids

their growth and development. Again, apart fro

proline, appreciable levels of other nonessentla

(Table 14) occur in the MSK substituted cookies.

»le 14) shows

gliadins and glutenins as
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a
he MSK protein

ser amounts in

content of 12%

storage

80-85% of the

no aclds are

lesser extent,

e short baking

ure (375<C) at

ilution of the

d interactlions

low levels of

in the cookies

e of whole egg

1970). 8ince

r

t is envisaged

there exlsts,

dren to ingest

necessary for

m alanine and

1 amlno aclds




Table 14: Amino acid compositlon of mango seed kernel (MEK)

composite cookles (g/100g proteln).

Amino acld

Proportion (%) of

flour:

MSK flour In cookle

i ——— " —— —— i —— o — - o —

Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Tryptophan
Valine
Histidine
Arginine
Threonine
Alanine
Aspartic acld
+ Asparagline
Glutamic acid
+ Glutamine
Glycine
Serine
Tyrosine

Proline

Values are averagez of 2 determinations

- Not detected.
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2.4 Mineral Content

Table 15 shows the mineral content of the MSK

cookles. The ash contents of these

to those of the MSK flour. Correspondingly the

minerals, except sodium,

their levels in the MSK flour (Table 11). However,

is not significant (P>0.05).
The high level of sodium in the cookies appear

consequence of the baking soda in these cookies.

reports on the MSK and its products d4did not

contents, It 1s not possible to relate the current

mineral contents of

The absence of copper in the cockies is expec

MS8K flour and wheat equally lacked copper (Tables 1

cookies are loy

are lower in the coockles wi

these cookles to other published

&6

gomposite floux

¢ when compared

levels of the

pen compared to

this difference

to be a direct

Since previous

cover mineral

findings on the

| work.

ted as both the

1 and 15).




Table 15: Contents of some mineral lons (mg/100g) in the
mango seed kernel (MSK) composite flour cookies

|
Mineral Proportion (%) of MSK flour in cookle:

0 20 30

(All wheat)

T e e W e S S A P S W W v W — | — I —— o — — —. o — T —— o - ———

Calcium 15.0%1.0 30,0+2.4 32.0%2.0
Magnesium 12.8+1.1 14.0+0.5 15.0%1.5
Zinc 112001 1.0£0,.1 1.1%0.1
Manganese 0.3+£0.1 0.320.1 0.3%8.1
Iron 3.840.3 3.840.2 4,0%0.3
Copper 0 0 0

Potassium 48.0%2.1 60.0+3.0 $9.623.2
sodium 366.04£3.2 366.0x2.4 376.0+5.1
Phosphorus 367.0+2.2 47.3%:2.0 50.0%£2.4

S S —— " —— o —— s i  —  — ——  —— — - — - -~ - -

Fach values is a mean of 6 determinations % 3SD




3.2.5 Sensory Attributes

The sensory evaluation result 1is shown in Table 16. Apart
from flavour type, all other sensory aFtributes were assessed
relative to the control. A score of 4.0 1is adjudged as being
comparable to the control. Scores higher than 4.0 and up to 7.0

were rated as either slightly better (5.0) or mugh better (7.0)

while scores lower than 4.0 were regarded as §ither slightly
poorer (3.0) or much poorer (1.0) than the control.|

The all wheat cookies used as control was scored 5.57
corresponding to a flavour type that is closer to butter-like
(6.0) than nut-like (5.0). The 20% MSK cookle ?ad butter-1like

flavour. The 30% MSK cookie also had a score of 5.92; indicating

that the flavour type is equally closer to butter+like than nut-

like. Comparatively, there was no significant difference (P>0.05)

between the flavour scores of the different types of cookies
|

(Table 16). '

At 20% substitution of MSK flour into wheat, odour was not

significantly affected in the resultant cookies (Table 16). When

the level of substitution was increased to 30%, the odour differed

|
significantly (P<0.05}) between the 30% MSK cookies $nd the control
and also between the 30% and 20% MSK cookies. |

Although odour alone is not a sole determi&ant of product
quality, composite flour having levels above 20% ?f MSK flour 1in
such products must take cognisance of the deterlorétion in odour.
It is expected that the use of flavouring agents such as vanilla
could enable the masking of the odour of products containing over

20% of MSK flour.
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The taste score of the 20% MSK cookles lightly higher
(4.67) than that of the control cooklies (Ta This
difference was not significant (P>0.05). As In odou substitution
at 30% of MSK flour into wheat lowered the tast score of the
resultant cookies by about 20%, although the difference was not
significant (P>0.05).

colour as opposed to wheat flour which 1is whitis in colour. A
direct consequence of the colour difference betwe the MSK and
wheat flours is shown in the colour ratlings (Table . The colour

of the MSK cookies (20 & 30%) differed significantl

The mango seed kernel f£lour had a characterislic light brown
j (P<0.05) from

the colour of the all wheat cookie. The appeara rating too
followed the same pattern as the colour rating. |Notwithstanding
the colour rating of the M3K cookies, the light brown colour
conferred on them a better cookie colour than the whitish all-
wheat cookie. The MSK cookies therefore posseds an inherent

advantage, In terms of colour and appearance, over the all wheat

cookie. It appears that there 13 a strong relationship between

colour and appearance because panelists showed preﬁetence for the

usual brownish colour of MSK cookies.



Table 16: Sensory attributes of mango seed kernel (4SK)

Sensory Proportion (%) of MSK In cookle flour:
Parameter*™ 0 20 30

All wheat |

(control) |

|

Flavour 5.5740,50 6.00+x0.78 5.9110.?6
odour 4.00+0.00= 4,33+0,85" 3.1j:0.57~
flavour (taste) 4.00+0.00 4.67+0.94 3.75+1.16
Appearance 4.00+0.00= 5.92£0,76™ 5:73£0,99"
Texture 4.00+0.00 4.00+£1.08 3.46+0.78
Colour 4.00+0,00= 5.27+0.62%  5.25+1,42°

composite flouxr cookles

10

o ———— i — —— T —— i — i — —

Each value is a mean of 12 determinations * SD.

Values with different superscripts in a row differ siignificantly
(P<0.05)

a Sensory parameters were rated on a 7-point hedonik scale

(Appendix 1)
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|
The texture of the MSK cookies (20 and 30%) #ere comparable

to that of the control (Table 16). The slight difference in
texture between the 30% MSK cookle and the other cookles was not
signiflcant (P>0.05). The brownish colour of the MSK cookles 1s,
native to and characterlstic of MSK flour and, an advantage over
the whitish coloured wheat.
The consumer acceptance rating of the 0,10,20 and 30% MSK
cookies give mean hedonic scores of 5.5+0.98, 5.4%1.17, 5.6%+1.03
and 5.5t0.94 repectively. A summary of the statistical analysis
(ANOVA) of these results is presented 1In appendix 1lc. The
calculated F-ratio wvalue for panellist was 1.38 whllle the tabular
value was 1.32, indicating a significant dlfference (P<0.05) 1in
the panelist scores of the cooklie wvarieties. Thislobservatlnn is
consistent with the fact that the consumer panel was untralned.
However, the calculated F-ratio for treatment was 0.40 compared to
the tabular wvalue of 2.61. Hence no significant difference
(P>0.05) among the mean hedonic scores of thd four cookie
varieties. Therefore consumers showed equal likendss for the 0%
(whole wheat), 10, 20 and 30% MSK cooklies. Whereas, the results of
the consumer testing should not be used to predict tthe performance
of the MSK cookies iIn the market place, 1t 1s lmportant to note

that the MSK flour appears to have a potential as non-wheat
I

3.2.6 Sorption Isotherm of Cookies |

component of composite flour in cookie making.

In an attempt to predict the storability of tthe MSK cookies

1
the sorption isotherms shown in Figures 2 and 3 were obtained at



25 and 30°C respectlively, The Isotherms have the usual slgmoldal
shape, showing gradual increases in eguilibrjium molsture content
(EMC) at 1low relative humidity (RH) v_alues (13)—45%) at both
temperatures. However, at RH values above 65%, slopes of the

isotherms are much steeper, indicating large increases in EMC per
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~—#¥- 30% (MSK)

Fig.. . Adsorption isotherms of Mango seed kernel (MBK)
cookies at 256°C
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% Molsture content
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Relative Humidity %

l ~=~ 0% (whole wheat) —%- 20% MSK —+ 30% MSK I

Fig. . Adsorption isotherms of Mango seed kermel (MSK)
cookies at 30°C




75

% M.C.
2 TSR
I
1.6
K
1
0.5 7
,.
;_«::.-i #";g,-_,s
0 1 t 1 | i 1 [ 1 i L 1 i i o |
20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 96
RH %

—=— 0% (286C) - 20%(26C) ¥ 30% (28 C)
- 0% (30 C) ¢ 20% (30 C) X 30% (30 C)

Fig. |+ . Adsorption lsotherms of Mango seed kernel (M8K)
cookies at 26 and 30°C.
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unit increase in RH. These observations suggest that fluctuations

in temperature and environmental RH will greatly affect the

storability of the cookies. There is a shift to lower EMC as the
|
temperature increases at a given RH value (Figure 4). This

observation 1is conslistent with the findings Tn most foods
(Fennema, 1985; Achoba et al. 1991).

At a particular RH and a glven temperature, tiere is a shift
to lower EMC as the level of substitution nfi MSK lincreases
(Figures 2 and 3). This observation suggests tth the 20% MSK
cookies have higher storability prospect than the 30% MS8K cookies.

Again, Fennema (1985) defined the monolayer moistiure content of

foods as " the moisture that corresponds to the maximum amount of
water that can be very strongly bound to dry matteﬁ". At 25°C the
monolayer moisture contents, calculated using the equation of
Brunauer et al. (1938), decrease with increase in substitution
levels of MSK (Table 17). This implies that shelf-life of the

cookles wlll decrease as the level of substitution of MSK into

cookies increases, because product cannot tolerate much water or

humidity. ‘
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|

|
Table 17: Effect of level of mango seed kernel (Mszl flour
on the BET" monolayer moisture content of cookles.
|
1

Percentage of MSK P monolayer
in cookle flour. moisture
content (Ma)
(gH20/100g dry sa@ple)

___________________________________________________ | SER—
|
0 21.8
20 18.4
30 13.3

values are averages of 2 determinations. |

|
¥  Brunauer, Emmet and Teller (Brunauer et al. 1938)




The cookies became mouldy on the 5th and 14th days of storage
at 95% & 75% RH respectively. The major fungal coﬂtaminants were
Asperqgillus flavus. The proliferation of mould at ?4 and 95% RH 1is
as a consequence of the high moilsture content of thé cookles. This
is in consonance with the report of Beauchat (1981) who in the
grouping of wvarious common microorganisms and the;range of water
activity permitting their growth in the di%ferent foods,
categorised country-style cookies as low moisture f%ods that would
only be free of microbial proliferation at water activity (aw)
range of 0.20 to 0.50. This study has therefore corroborated the
reports of Labuza et al. (1970 and 1972) and Fennema (1985) 1in
establishing that food stablility and water activity are closely

related especially in low-moisture foods,
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CHAPTER FOUR:

CONCLUSION AND SUGGESTIONS

4.1 CONCLUSION
It is a fact that the most compelling problem of developing
nations Is food and nutrition. Food and nutrition problems readlly

translate into malnutrition and the attendant diseases especially

for the high risk groups in the population. Hence|, pregnant and
lactating women and particularly children are ea%y victims of
protein energy malnutrition (PEM). Research efforts and policies
aimed at solving the problem of food and nutrition as well as PEM
particularly among children have focussed on varlous options among
which cheap but abundant local food sources of nutrients are the
least recoglzed.

The Mango (Magnifera lindica) seed kernel |(MS8K) is an

rows all over

unutilized but abundant agricultural produce in seve developing
countries especially Nigeria where the mango tree

some of the

the country. Efforts made to incorporate MSK into so e traditional
Indian snack foods (Dhingra and Kapoor 1985b) reveal

nutritional potentials as well as the limitatio (Okai and

Aboagye, 1990: Das et al. 1988) to the use of MSK in human food.

Only the fat and carbohydrate contents of the MSK appeared to

Nutrient variations as a consequence of source pecie of the

MSK was generally not significant (P>0.05). Hence, commercial or

r feed would

vary slgnificantly (P<0.05) with the specie or sourcF of the MSK,
large scale application of MSK for purposes of food 1
|



naturally involve mixed variety MSK because of

separating the MSK according to variety and source.

The results of this work agreed with and con

reports (Dhingra and Kapoor, 1985a; Augustin and Li

the MSK is rich in proximate nutrients. The tots

the logistics

 f i rmed

ng,

80

of

earlier
1987) that

1 carbohydrate

content (33.0%) and the high caloric enerqgy (4.4 Kcal/gm) of the
|

MSK reveal the potentlal

\
supplement especially in children. With a protein an
of 6.0 and 12.8% on

moisture free basis respectiv

great deal of potential as a source of these nutrien

the essential amino aclds (eaa) were present

of thls agricutural product as a

ts because

calorlic
d fat contents
ely, MSK holds

all

(except for

phenylalanine, methionine and wvaline) at levels conarable to the

FAO Reference protein (FAO, 1970). 8tearic and ol

constitute about 84% of the fatty acids in the MSK

level of stearic acid fraction (46.3%) in the ™

potentially Ilmportant commercial fat In the

industry. However, a

(van Pee et al. 1981; Moharran and Moustafa, 1982) a

finding appears to be the guantifiable level (0.

acid (22:0) detected.

Although, calcium, magnesuim, =zinc, mangane

sodium were low in the MSK, the levels of potassium

striklng difference between previous

SK makes

elc acids both

fat. The high

it a
confectlionery
studies
nd the current

6%) of behenic

e, iron and

and phosphorus

|
were 356.7 and 132.8mg/100g respectively, indicatin? that the MSK

is a rich source of these minerals which are

structural roles in the development of soft and

respectively.

known to play

hard tissues
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The occurrence of tannins in MSK was circu&vented by the
effective and significant (P<0.05) removal of this lantinutritional
factor by treating the MSK flour with water at 70°C for 30
minutes. Tannin free MSK flour was substituted at 20 and 30%
levels into wheat as composite flour for makgnq cookies; a

convenient snack food that may appeal greatly to children.

The composite cookies with 6.3 Kcal/g energy and 70.5%

moisture free carbohydrate should in principle supplement the

enerqgy needs of children. Other nutrients theoretlcally derivable
1

from the MSK cookles are protein (5.1%) and fat (19.8%). All the

|
essential amino acids were present in the cookles alFeit at levels

that were lower than those of whole egg (FAQ, |1957) oxr FAOQ

Reference protein (FAO, 1970).

Therefore, depending on the quantity consu%ed, the MSK
cookies could possibly supply reasonable levels; of nutrients
especially the amino acids and energy requireﬁ by growing
children. Although previous reports on the MSK and lts products
did not cover minerals contents, the levels of the m}nerals in the
MSK cookies appeared to be of a similar patt$rn to their
occurrence in the MSK except the significantly (P<0.05) higher
level of sodium in the cookies which is a direct d¢onsequence of
the baking soda in the cookie recipe.

The light brown 20% MSK cookies were not Jjust preferred to
the whitish whole wheat (control) cookies in terms of colour but

were rated comparable and acceptable in terms of overall

acceptability by the sensory evaluation panel. children are
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therefore likely to show similar preference for athe MSK cookies
because of this inherent light brown colour of the %SK.

The MSK cooklies, as low molsture foods, easily%plck up moulds
at hlah relative humidities (75% and above). Henc%, fluctuations
in environmental RH and temperature do advers*ly affect the
storability of the cookies. Despite the simil!rities in the
sorption isotherms of the cookles compared to thoseﬂof other snack
foods (Fennema, 1985; Achoba, et al. 1991) the monJlayer moisture
contents of the MSK cookles, decreased with 1ncrease%1n the levels
of MSK 1In the cookies. This implies that the sheﬁf—life of the
cookies will decrease as the level of substitutio of MSB8K into
cookles Increases because the product cannot to]er%te much water
or humidity. \

The results of this study have confirmed that the mango seed
kernel is a cheap, abundant and locally avallaqle source of
several nutrients. Hence, not withstanding the limit%tions of its
tannin content and the cultural inhibitions, on su%stitution of
washed MSK into convenient snack foods, appreciable lévels of some
nutrlents and enerqgy would be derlved especlally by t#e vulnerable
group, 1
|

As a pioneer study in Nigerla, these findlngs sh%uld generate
awareness necessary for the Iindustrial and fuller nutritional
|
i
|
|

utilization of the MSK.
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4.2 SUGGESTIONS

Lack of high precision equipments such as GC-MS, HPLC, Amino
acid Analyzer e.t.c. appeared to have placed serious limitations
to the scope of this work. Consequently, effect of storage on the
nutrient composition of both the MSK and the MSK cookles were not
investligated., For 1Instance, the fatty acid profile of foods are
known to change on storage (Nawar, 1985) and such changes not only
provide explanation for the development of rancidity in oily foods
but also determine shelf-life.

The investigation of more varieties of the MSK, different
substitution levels of the MSK into cookies and the development of
other snack foods as well as animal feeds could not be carried out
Iin the present study because the forelgn laboratories could only
accept limited number of samples.

One major restraint to the utilization of novel foods is the
bicavailability of 1ts nutrients. Increasing diettary MSK (above
20% levels) decreased growth rate, blood glucdse and plasma
protein concentrations, caused hypercholestérxolaemia and
pathological changes 1in the tissues of chicks (Dag et al. 1988),
rats (Geetha and Devi, 1986), milch cows (Patel et al. 1970),
ruminants (Punj, 1988) and pigs (Gupta, 1988). Thése pathologies

are ascribed to the tannin content of MSK.

Despite the removal of tannins from the MS8K |in this study,
there is yet the need to undertake animal studiei on the tannin
free MSK and its products to determine bloavallabi}lty of the MSK
nutrients and their efficiency in promoting growth $nd development

without deleterious pathological effects.
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APPENDIX 1a

DEPARTMENT OF BIOCHEMISTRY
AHMADU BELLO UNIVERSITY, ZARIA

ORGANOLEPTIC EVALUATIONB SHEET

Initial of Panelist: Date:

: SCORE FLAVOUR TYPE A B c
7 Bean-like t1 1 1 A
6 Butter-like L) €3 § 3 1
5 Nut-like t1r 1 €1 I
4 Seed-like £t €1 €131 |
3 Raw L1 £ 31 €1 ¢
2 Foreign { ¥ £ 1 4% {
1 Unclasslifled L1 1 €1 |

2a SCORE ODOUR DESCRIPTION A B
7 Much better [ [1] (1]
6 Better (] (1] [l
5 Slightly better [ [] (]
4 Comparable L] (] []
3 Poorer (1 (1 (1]
2 Much poorer {] L3 []

Extremely poor (] [] []

{1
[}
(1
(]
(]
(]

{1

(1
(1
(]
[]
(]
(1]
[]

3



|
|
ODOUR (TASTE) A B C D
|

2b SCORE

DESCRIPTION
Much better [1 (1] (1 [}
Better (1 (1 (] (1
Slightly better [1] (1] [1] [1]
Comparable (1] [] (1] (1
Poorer (1 {1 (] []
Much poorer L1 (1 [] {1
Extremely poor (1] [] [] [ﬂ

APPEARANCE RATING A B c
Much better (1 [1 [ [y
Better {1 (1 [] []
Slightly better (1] (1 (] [1]
Comparable (1] {1 [1] [y
Poorer [1] [] [1] [f
Much poorer (1 (1 (1 (1
Extremely poor (1 {1 {1 £y

TEXTURE A B C D
Much better (1] (1 (] (]
Better (1 [1 (1 {J
Slightly better {] (1] (] [1]
Comparable (] (1] (1] [1]
Poorer (1] (] (1 []
Much poorer (1 {1 (1 ! l:
Extremely poor (] (] {1 (1]

L]
(]
(]
(]
1]
[

(1

(]
[]
[1
L1
]
(]

(1]

(]
(1
[]
()
(1

L]

{1

[1
()
(1]
(1
(]
[1

(]

[
(]
(1]
L]
(1]
L]

(1]

(]
(1
[
(]
[}
L1

(]



5 SCORE

7

COLOUR RATING
Much better
Better
Slightly better
Comparable
Poorer
Much poorer

Extremely poor

(]
(1
i1
(]
(1]
L]
(]

(]

(1

i)
(]
()
()
(]

(]
(1
t)
(]
[
Ll

[)

(1
(1
1]
(1
(1
(1

(]

(]
L1
{]
(]
(1
[
(1

(]
Ll
i1
(]
(]
L1
(1
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Please look at and taste each sample of cookies

left to right as shown on the ballot.

Indicate how

or dislike each sample by checking the appropriate
the sample code number.

Code

Like
extremely

Like
very much

Like
slightly

Neither

like nor
dislike

Dislike
slightly

Dislike
very much

_____Dislike
extremely

Comments:

Code

Like
extremely

Like
very much

Like
slightly

______ Neither
like nor
dislike

____Dislike
slightly

Dislike
very much

_____ Dislike
extremely

Comments:

Code

Like
extremely

Like
very much

Like
slightly

Neithe
like nor
dislike

Dislike
slightly

Dislike
very much

Dislike
extremely

Comments:

r

Code

extr

very

slig

like

disl

slig

very

extr

in order from
ch you like
rase under

| Like
emely

| Like
much

Like
htly

. Neither
nor
ike

Disllike
htly

Dislike
much

Disllke
emely

Comments:
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ANOVA Table for the Hedonic Testing of Cookies

Source of F ratio

variation df S8 M3 Calculated Tabular(P<0.05)
Total 223 242 ]

Treatment 3 1.2 0.40 0.40 2.61

Panelist 55 78.7 1.38 3338 1:32

Exxror 165 165.1 1.00
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