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ABSTRACT 

In Nigeria, wine is a popular beverage that has been consumed 

for a long time. The climatic condition in Ni(]eria is not 

favourable for the cultivation of grape and other fnlits whjch are 

conventionally used for manufacturing wine. The consequence of 

this is that almost all the commercially available wines consumed 

in Nigeria are imported from other countries. Scientists in 

different parts of the country are trying to work on the 

possibility of using our local fruits fOl: manufacturing wine 

instead of totall y depending on expensi ve imported "7ines. The 

present work explored the possibility of using the fruit of Dialium 

guieneensis (Icbeku) as a substrate for making wjne. The results 

point towards the possibility of using Icheku fruit to make wine in 

a large scale in Nigeria and in a form that can compare favourably 

with imported commercially available wines. Icheku fruit can be 

preserved and stored without much deterioration for a long time. 

This gives it a major advantage over all other locally available 

f rui ts previ ous I y inves t i gated f or wine making. 

include cashew, orange, and pineapple. 

These f rui ts 

The important characteristjcs of Icheku wine include Alcoholic 

content, 6.92 - 13.60% (V/V), pH, 3.81-4.04, reducing sugar, 0.40 -

1.BO% Protein 0.60 - 0.67%; Total titratable acidity (TTA), 0.64 

- 0.83%; Volatile acidity, 0.027 - 0.035, Ascorbic acid content, 

69.44 - 79.36mg/100ml and Glycerol content 0.27 - 0.30%. These 

results are comparable to those reported by some wo~ke~s for 
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cashew, orange and pineapple wines and to values found in this work 

for some commerciall y avai 1 abl e wines in Nigeri a. The resul ts are 

discussed along the line of self reliance through biotechnological 

ventures with special bias to the use of locally available raw 

materials for the commercial production of wine. 



CHAPTER ONE 

Ilf.TROQQGT];O!! 

Dial ium guineensis is a tree that gt'OWS abundantI y in the 

Eastern part of Nigeria but scantly in the West and Middle belt 

regions. It grows wild. 'l'he fruit of Dialium guineensis is an 

indehiscent achene tha t measures about 1. 3m2 in area. I t has a 

black fibrous exocarp (husk) which covers a pink mesocarp that 

encloses one or two seeds. The fruit has the following traditional 

names 'Ohiome' (Bini), 'Akin' (Ijaw), 'Awin' 

Kurmi (Hausa), and 'Icheku' (Igbo)(Olorode, 

(Yoruba); Tsamiyan 

1984). The fruit 

will be called the Jgbo name, Icheku in this HOLk. 

Icheku matures between the months of March and May and the 

annual yield may run into thousands of tonnes. Some of this is 

consumed by people because of its sweet taste and a substantial 

quantity wastes in the bush owing to ignorance of its potentials. 

Wine is generally regarded as the product made by the normal 

alcoholic fermentation of the juice of sound grape modified by the 

usual cellar treatment. A number of local fruits have been 

investigated for use in making wine. They include cashew, (Falade, 

1981; Macleod and Traconis, 1982; Oritz, et aIr 1982; Ogunmoyela, 

1983; Aderiye et al, 1991) orange (Van. Bure 1970; Mitchell, 1982) 

and pineapple (Singleton and Gotner 1965; Fe 1 ton, 1971). These 

fruits have short shelf life and have not been successfully 

preserved. During storage, they deteriorate, producing musts that 

have high acidity content; increased peroxide and saponification 

values, and are characterised by the presence of carbonyl 
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compounds. The must tends to produce off flavour and hence not 

good for making winer (Nagy and NordYr 1970). 
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flabLl_!- A branch of t.he tree with some ft:uits. 

Key (a) Icheku Frui t 

(b) The 1 eaf 

( c) 'I'he branch 
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This storage problem is a major hinderance in the commercialization 

of the products of the studies carried out on these local fruits 

for purposes of manufacturing wine. Icheku has a major advantage 

over the forenamed fruits. It has a very low water content and 

f rom my experience the f rui t:-: can be pl:eserved by comp let ely dry ing 

it under the sun followed by occasional exposure to the heat of the 

sun. The fruits used in this work were stockpiled in a cool dry 

place (the laboratory cabinet) for 11 months without any 

deterioration. 

Industrially, wine is produced from fruits like Apple, 

Rosehip, red, white, and black Currants, Strawben~YI RaspberrYI 

PI um berry, BI ack berry, BI ue berry and Goose berry (Ga 11 ander I 

1976) . However, grape is the most important fruit used allover 

the world (Rose, 1977). This is because it contains an ideal 

balance of sugars, acids and tannins; and yeasts naturally grow on 

the surface of the grape skin (Callander, 1976). A wine made from 

a fruit is named after the fruit, for instance, 'Apple wine'. Wine 

produced from honey is called Mead (Jarczyk and Wzorek, 1977). 

In West Africa, palmwine is a naturally fermented drink that 

is tapped from palm trees. It has a distinctive tasle, aroma, 

flavour, alcoholic content and is very popular (Okafor, 1978). 

Generally, the climatic condition of West Africa is not favourable 

for the cultivation of grapes and other fruits mentioned earlier 

for industrial wine production. The consequence of this is that 

nearly all commercially available wines consumed in this region 
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particularly in Nigeria are either imported as bottled drinks or 

imported in large containers; blended and bottled in Nigeria. 

The term fermentation is derived from the Latin verb, 

(Fervere: to boil) thus describing the Bppeatance uf yeast on 

extracts of fruits or melted grains. The 'boiling' appearance is 

due to the production of carbon dioxide buLbl es caused by the 

anaerobic catabolism of the sugars present in the extract. The 

application of yeasts for preparing alcoholic beverages dates Lack 

far beyond the advent of recorded history. It is known that beer 

was produced by the Sumerians more than 7000 years B.C. and wine by 

the Assyrians 3500 years B.C. The techniques of mal ting and 

brewing were al ready highl y developed among the Babylonians wi thout 

any conscious knowledge of the underlying biochemistry, the 

existence of enzymes or of yeast, and the role these agents play in 

the malting of"" fermentation process (stewart, 1974). In the old 

Mesopotamia, a part of the employee's salary was paid in the fOlm 

of wine or beer. In Egypt of the Pharaohs, wine was regarded as a 

holy gift from Osiris, the god of the dead. In I S1"E.'d 1 -31d Rmne () f 

the old testament, the possession of vineyards was considered to be 

an enviable sign of wealth. Wine was reputed to lJave certain 

therapeutic values and was used as a drug because it was believed 

to be a good remedy against a number of di SeaSE!::;, incl ud::ng Angina 

pectoris, Sour stomach and kidney stones (stewart, 1974). 

Although fermentation has been known to the ancient wOl-ld, the 

first true large scale fermentation with even some form of process 

control dates back to the 1700s when wooden vats of up to 1,500 
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barrels capacity were introduced (Corran, 1975). In recent years, 

there have been radical developments occurring in the fermentation 

techniques eMployed in wine making and other yeast utilizing 

industries such as the sol id state fermentation procesess. The 

basic biochemical and microbiological research approach has been 

very aggressive and the result is a clearer understanding of the 

scientific principles underlying wine making. Today, wine is made 

allover the world. However, a large proportion of the world's 

wines are made in the countries located near the Mediterranean Sea. 

This is due to the presence of favourable environmental conditions 

for the cuI ti vation of grapes. France 1 eads the wod d in wine 

making. I tal y , Spain, Al ger i a, Port. uga I I Rumani a, Argentina, 

Russia, Hungary, Yugoslavia, USA, Chile, Greece, Bl1lgaria, South 

Africa, Germany and other countries also make wine industrially. 

According to Rose, (1977), grape wine can he classified as 

either Natural wines, Fortified wines, or Dty wjnes. 

A. These have sngar left: 01:' added aftel. 

fermentation. They include: 

(i) Sparkling Wjn~s: Made effervescent by secondary fermentation 

or by artificial carbonation. 

(ii) still wines_: Do not contain carbondioxide and j nc1 ude 

(a) Appetizer wines which contain abouL 20% alcohol (v/v) 

(b) Desert wines that contain between 12-15% alcohol (V/V), and 

(c) Table wines which do not have more than 14% alcohol (V/V). 
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Table wines are further divided into: 

white table wines which are fermented from white variety of 

grapes at· mus t of black grape, Rose tab 1 e wines l.Jhere the skin 

is removed before all the pigments are extracted and Red table 

wines got from black variety of grapes with pigments leached 

from skin by alcohol produced during fermentation. 

B. FQFTIFIEILWI!,!;f:S.= Here, distilled Spill t is added after 

fermentation. This increases both the volume of wine and 

percentage by volume of alcohol. 

Fortified wines include, Artificially flavoun~d YJjnes awl 

Port, Madeira and Sherry which 0\.-1e their flavonr to natural 

fermentation products. Sherry is characterised by a nutty flavour 

and contains betYJeen 0-7% sugar, Port i8 SI-leet, clark red and strong 

and Madeira has a mild mouthfeel. 

c. These wines· contain no sugar or relatively 

small amounts which are difficult to detect by the taste 

perception. 

The group of microorganism, known as 'yeasts' are used 111 YJlne 

making. Yeasts belong t.o fungi in l-lhich the unicellular form is 

prt::domi nan t (Ladder, E't a 1,/ 1 952) . 

usuall y, but not al YJays by budding. A DutchmQfl, Atonie Van 

Leeuwenhoek, is credited with being the first man to have observed 

yeast microscopically. However, it was not until 1837 that. 

Cagniards and Latour. demonstrated that. beer contains spherical 
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bodies t.hat are able to mult.iply and which belong to the vegetative 

kingdom. It was schwain who termed yeast 'Zucke1:pi 1 y I or 'sugar 

fungus I from which the name (Sacchar'omyces I or'iginated (Loclch:r et 

a1.,1952). PasLeur finally proved th(~t felTnr:c,ntatl(l)l i~;, lh:c 1~~:;:i:l1':1 

to living cells. It can be seen therefore that the involvement of 

yeast in wine making is an old and well established one and that ln 

fact Wl.ne making can be said to be h01:n out of the yeas t 

technology. 

production. 

A va 1: i et y of yeas ts have been uSf..:d for~ ': Wl ne 

These include Saccharomyces eel. e \J 1. ~; 1. a e 

Saccharomyces b3yanans (Heinze) (uu! Tnlpel" 1976; C'I:.,''II',11, 19Ef) 

Saccharomyces uvaruill (Dott, el a1., 1976), and Bot.ryUs cinera 

(Veldhuis, 1972). The sel ection of a yeast 1:"; OIle of the rnajor 

factors that must be supervised with respect to wine making. 

The fundamentals of wine making are similar in all principal 

wine making regions but. met.hods vary to some extenL owing to the 

varieties of fruits used, tLe climate and other factors. Tlle 

process generally involves the following:-

1 . I .. QgA "J"~1NQ ___ TffE.: ___ Ji{I JTX~J~ J:~~_.~tl~ ?:>'r'Hl)'f'I;;_. 

A suitable suhstrate is screened, and then ext~racter1 by a 

suitable method. The e::tract (must) so obtained is :;;l1bjecLed to a 

prefer-ment.ation treatment to it conducivt:~ for 

fermentat.ion. These trealments include dilution and acidity 

adjustment, nutrient level supplementation and sterilization. 
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This involves the isolation of a pure culture of the yeast and 

the building up of the culture to provide a starter culture which 

should comprise about 6-10% of the entire fermentation llic,dium 

(Ame r i nee tal., 1980 ) . Here, a large supply of OXY0Cil is 

essential for the rapid mUltiplication of yeast cells and slecille 

portions of the extract are used. Jt is very cnlCial that. t.he 

culture is a pure one as any cont.aminating microorganisms may 

produce undesirahle products which may canse serioHs pLoblems in 

the final product. 

Here I t11e start er cuI t ure 1· c' -' added to the extract contained in 

the fermentation medium. The fermentation is (:ctu:l.ed out at 

carefully controlled temperatures. The optimwn is normally 26-298 C 

(Amerine and ,Joslyn, 1970); temperatuLe above 3SoC is uM;uitable as 

it favours the develo[Jlnt:,nt of spoilage bacteria ~jhich impair IJine 

quality and tends to evaporate the alcohol pl"odl1.r:ed. Hot,.levr.:.'t.", too 

Iowa temperature Iliakes the V-Ihole process too s10vJ t,o llt~ practical. 

The end of the fennentation depends on the desired sLr-engtll of tbe 

1--7ine but is generally taken to be when carbon eli oxi de l:mhbl :in,] hil:3 

stopped or at a sugar level of less than O.7%.(Amel"ioe and Joslyn, 

1970) . 
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If desired, tbe wine is taken through ~;econ(1ary fermentation 

where the free r-un wine is placE;r1 in bottles Ol." containers, 

supplemented with sucrose, then clo~ed. This process lasts for 

7-11 days ar~d [,roclLwt:; win!,!s that ( AnI .c, ',' ; " (. a .. • • t. t ... _' I 

1980) . 

By 'racking' is meant the drawing off of the wjne from th~ 

lees or sediment. Wine is racked to facilitate its clearing and 10 

prevent undeslrable flavours from being extraclen from the old 

yeast. 

THO import.ant changes take place eluting f;tl)L(0t:~ and D']:ing: 

clearing of the I>Jine and development of flavour-. S11.b::;tance;, 

including tartates, certain proteins and other m3tters are pre~:ent 

in new wine and if not removed will produce a sed-im'c'nt and probaly 

(-'10'\""1' np,"c:. (/:~"'''':'l'l' r\~' ':'l' ~ 1 19'"'0) _, ,',.. H~, ,_. ~ ,'" '" ,. c, ~ ci [ • J _ (} • 

due to a combination of taste and odour is develop~d in wine as a 

result of oxidative changes and ester formation. 

Wine may clear naturally over a pedod of time; 1-1 01-10. V "'1:' for 

economy of production, resort ::is frequently made to Ute':! use of 

fining agent.~~ fol1m,lt'..;d by filtration, Lle'Elt.ing, refli<jC:'J'0.Unn or a 
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combination of the processes. Fining (clatifyiny) agents include 

Bentonite, Isinglass, Gelatin, and white oE egg. 'I'LE;Y dr-':~ lJurma11y 

used carefully as directed by the manuEdcturer or at:ter laboLatorj' 

tests have heen carried out ~,dth small por-tions. Hhen not lJroperl.l' 

used, they may become a source of cloudiness in the Hi n(~. 

The clarified wine is blended, pasteurised and COl Lt::d. The bottl!~ 

may be labelled for commercial purposes. 

The aroma, taste and bouquet of wine are determined by the 

variety of fruits used, their chemical composition, nature of the 

fermentation process and changes which are made to occur or OCC11r 

na.tut-ally during the post fermentation per-iod, ( h'-, 1-1'\\; ('d· .... c~ _ ..1. -' ~ I 1981). 

Wine is a compi ex mi xrure of organ:i ,_~ and i nOL'Jdni (' (~()mp()l:nds dnc1 

con t a ins Est e r s, S u gar s I A Ide h y des I D i ace t y 1 S, '1' ::lllll i n ~J, F use 1 rJi. 1 ~: I 

The development of aroma is inhibted by the pLe~lence of large 

quantities of CarDon dioxide, SUJpLlll dio){it1~; and lly exlusiol1 ()f 

air. The nature of the ester rnesent is of much rnore impc))JancE; 

than the quantity. The ester~~ of Jl.cetir: ac.id cOlJl.l:ihute much to 

the f 1 a vour and bouquet 0 f Wl ne . ALomGl and flavouL- are best 

developed at low temperatures (Ough dlld AUI'-c'l:Lllt:', J S(~G)_ 

win e de f f~' C t S ref e r tot h e un ct<:" s i 1: a b 1 e c It a it <J to';:; () h s e r v e.-I j n 

wine. These include brol7l1ing 0] (d. Ilt-) 1- colour ch:;terioraLi()Ci, 

haziness, cloudiness, deposits, and undesirable taste and colour. 

Defects may result from various causes. \'ihen cali:=:f·d by microbia) 
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infection, either by aerobic or anaeJ~obic micLoogdU1Stn:3, thr:,y are 

The most implicated organisrns are t.he Hyc(Jcleln:a~; a,nd AC'E'tic 

bacteria. They groH well in the pre.':; en.>' O[ OX,i'~t';il hilt nell, 

the VI i n e i s VI ell S 11 per V i. s e (} and k e p t III tJ t::: L ail a e L u hi,'; con,J j l: inn.s . 

wine and attacks the extracts, the alcohol and occasionally the 

organi c aei ds . Acet.ic acid Lacteria produce vjnc!)er from "line 

(Amerine and Joslyn, 1970). 

These organisms cause the disease h,nown a~; 'Ti)l11~ne' ~T1'd ell j :0; 

considered to be the mo::,t serious and common disease in V!ine~;. The 

responsible organisms are long slender reels Hl1i.ch can 0ro\~ :in \yilH·.S 

with alcoholic content up to 20 96 or more but sut'vi'Je.S bE!tter if the 

alcoholic content is not too high. 'Tollrnp' is indicated by 

increasing volatilf~ acidity (0.12-0.14%), decl:easing fixed acidity, 

a 'silky' type of cloudiness and 111 extre-nlt'; cas(~s, an OdCUl ~1<c1 

taste that 1S 'mousey' (Kunkee and G0swell, 1(177). 

'silky' cloudiness in Hines (Kunkee and GosVIell, 1977). 

forming bacteria prOdUGlC! volatile acid.';, )actic acid i~llll iLanni!:::] 

from glucose. Some cocci cau~-;e cloudines.s, IJlltYl ic deLl bachc-L'ia 

prodnce bittel-t.aste and lact.]c acid Laclt::l.id 111(;;1' lJluducf:: SOU( 
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wine. All the micl~obial defecLs may be rlett,~,:!t,'?d L/ \TLsual 

ObSE'.L',lation foIl (JI,Jed by thl~ rnicro~JGopic: examination of the 

sediment obtained by centrifuging a sample of the wille. 11'1 [(-"ctieJn 

other nutrients. It is inhibilecl slightly Ly TalIl1.Lli hut V~~iY 

s t ron 9 : y ]' ,1' SuII' h 11 1: d j (; x ide and 1-1<:· tab:i s u 1 p 1'1 ~i t t';~ , ( r' Ll'l' JT ,:, t,· '- 1 ':.. ~~ ,~_ 

Goswell, 1977). Pasteurization and high rtegree of cleanliness will 

lower or remove the incidence ()£ microld a1 di::;ea::;/'-!;:;. 

Iron and steel may cause cloudiness oE wine forming the so 

called 'ferric casse'. The tin and copper dissolved from bronze by 

the juice if sufficient in quantity may cause flavour and colour 

losses during the aging processes. The ferric cas::;e rnay be tt't.'!ate(l 

by 0 x i dis i n g wit h 0 ~: y 9 en;: Tan n i n ( 0 . 0 5 % ) i sad d e \1 f a I lowed by 

clarification with Casein and Bentonite. In another method, the 

iron is oxidised, Tannin added and then Gelati.n; settling i.s 

permitted which is followed by racking, filtration and 

acidification with Citric acid. In the third method, Tartaric acid 

is added and the wine refrigerated. Cream of tartar and iron salts 

are precipitated. The use of stainless steel, nickle or inconel in 

the construction of fermentation vessels prevents the defects 

(Frazier and Hesthoof, 1978). 

There are two types of stabilization processes: 

Microbiological (malo-lactic fermentation) and Chemical 

(clarification). The malo-lactic fermentation is carried out hy 
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ethanol and acid t.olerant facultative anerobes, hence Ulei]: 

survival in wines (Pilone et: =11 -, t':);;: ,:: ) 
....... • f ...l. -' ().,... • 

inc 1 u deL act 0 b a (: ill us hue 11 n e ri, Lac t (: b a eLl Ius CdS C 1, Lac t n tL3. eel I u:::; 

Leuconos t oc mesen t:e z;-().ides and Peeli ocoee us Gt.!r I~VJ . . ";.1 ,'\e . Hben 

inoculated into wine, they carry out a SOl.-t of ;:c;ecundc:.J.Y 

fermentation, fennenting malic and citric acid. 

converted to water and carbon di ox:i de. T 1lf:- ~' use up ion s 1 i 1: e 

potassium, magnesium, sodium, mangenese and calcium during the 

not occur in fortified wines (alcohol content of 19.5% or more) and 

is inhibited by temperature of 5-10oC and I~educed aci,Uty. (Kunke(~ 

and Goswell, 1977). After thi s, vline becomes bial oui ca 11 y s t abl e 

due to the Lemoval of fennentable substrates and Halic acid. 

Generally microbial spoilage , C' 
_1 ..... 1 prevented by 1 m" pH and 

temperatures, low sugar content (0.2% or less), absence of ai.J: and 

growth substances. Alcoholic content of 14-1596 inhibits acetic 

acid bacteria; deacidifying cocc'- 1S inhibited at 17% a.lcohol, 

and homofermentative lactobacilli at 10% (Frazier and V1esthoof, 

1978) . 

The manufacture of wine is a biological process, so monitoring 

the biochemical conditions is very crucial for a successful 

fermentation (Amerine and Joslyn, 1970). Monitoling of these 

conditions or factors aid the maintenance of constant conditions 
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and may also provide information on the progress of fermentation 

(stanbury and Whitetaker, 1984). 

In the quality control of wine production. all the Chemical. 

Physical. Biological, Biochemical and Organoleptic methods that are 

available are employed 1n activities directed tOHards the 

maintenance and improvement of the quality of the product taking 

into account all the factors tbat may positively or negatively 

influence the quality. The aim is to produce safe and wholesome 

wines which are compal~Uble \-lith the mar"ket for Vlhich they are 

desiged in terms of its consistent value for money. There are two 

phases of r .", Hine qual i ty control. 

These include proper fruit maturit~visual inspection for rotting, 

fruit flies etc., cleaning and ~:;anitizatioll of .. ~xtl"action 

materials or :?quipment, use of pUl.e yeast culture, control of 

fermentation temperature; prompt racking to avoid the development 

of off flavours, browning and instability etc. Dudng aging the 

visual and taste inspection of Hine lS inlportant. 

These include sterilization of equipment in the bottling room, 

and personal cleanliness of workers. Finisbed products should be 

inspected for correct I abe11 ing and corking. 
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However, there i.s no information in the literattll"8 concel:-ning 

the use of icheku £o~ wine p~oductjon. 

therefore is to propose icheku as a substt-ale [:01: m,,~l;_i_nCl ~,rjnc. Tt-. 

is a response to the Governments call or 'backward integration' and 

self reliance. 
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CHAPTER THO 

2.0 CQLI.ECTI~)!~ ___ .b-,-"ffn __ RBJ~~ER¥h"J~:g::r~LJ:-~~' __ :-rln~_ !?"R!lJT~i_ 

Healthy mature fruits were bougbt from AmalIa markf~t in 151 

Uzo Local Government Area of Enngu state. The frui.tSv!t::'re preserved 

by drying completely under the sun. They were stored under dry 

conditions in the laboratory cabinet from where tlley were exposed 

to the sun after every four months. 

not completely to dried. 

A control set of fruits "Jere 

2 . 1 :KF~P1'?Bltl~JQ_~,! __ Q!:~ __ ,-;'!J~ __ ~;~TB'~S;T _ 

About 200g of the fruit (without the exocarp) was soaked 1n 

approximately 150ml of sterile distilled ~;ater for 5 minutes. The 

fruits were hand pressed to further release the mesocarp before 

removing the seeds. The syrup was then filtered tlllough a muslin 

cloth into a sterile container. 

200ml of distilled water to further enhance the extraction. 

2. 2 ~l~H:~!!Y 1QR_HJ:GB_Q!-tJJ~T.. __ pn:f;~XJJ(~1;:;_ Ir'L_TJn~_r:lfTEr~GT_ 

A serial dilution was carried out asceptically using 1ml of 

extract. The 10-1 and 10 -3 dilutions vJere used to assay for 

microbial presence using Potato dextrose agar and Nutrient agar. 

The Incubation period was 24hrs. 
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2.3 AN}!.I.1[S.! ~ __ {)~' ____ T~-J~ ___ I~}c_TRl\G~!~_ 

i) Q!!l1l!I TA'!'-lYLT~:S't __ E91L_llliDQ~U!~Lj)UQAR 

Benedict's qualitative reagent was put In a test tube 

containing five drops of the extract and hoi led for five minutes 

( PI urnme r, 1971). ~he composition of the Benedict's qualitative 

reagent is as foil o~.s: CuSo4' 5H20 8. 6g , NaCo3 anhydrous, 50.0<]. I Tri 

sodium citrate, 86.4g and distilled water to SOOml (Cheesebrough, 

1987) . 

ii) TOJ'1!1. __ .§OL.QIH.l~ ____ ~Q.Glillg 

This was determined uSlng a refractometer (Be] ingllarn and 

stanley model). A drop of the must (well stirred) was placed on 

the measuring prism and covered. The light apert.ure was opcJ)(;!d and 

the instrument turned towards the light source: 

sugar present was read off from the scale. 

'1'lle amotln t of 

iii) ill!l!L I'I'ATIYE ~SrrJ.Hn.1'1.Q1Lf_QIL~UGAIU.L1IY AS~Im.plI!g_C;tlRQ!:'ffiTOG.B1H~liY 

The method was described by Smi th and Fiarlhe!: (1965): fit 

baseline of 16cm was dra,·m from one end of the Hhalman No.1 fil ter 

paper. 1% standard solutions of Glucose, Fructo:38, Lactose, 

Maltose and Sucrose were prepared ln distilled water. A developing 

solvent of n-butanol/acetic acid/water (4:1:5) was prepared in a 

separating funnel, allowed to stand for 10 minutes and the 

supernatant collected and used as the solvent. 

made on the pap~r, the first. 5 for the standard sugars and the last 

one for the extract. Ascending chromatography was run overnight to 
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ensure adequate separation of the sugars. The paper was dried in 

a fume chamber and sprayed with a locating agent made up of m-

phenyl diamine (4"), Autophosphoric acid (H~P04) (4ml) and Acetone 
~ " 

or Ethanol (200ml); prepared fresh. The paper was dried again in 

the fume chamber and placed in the oven at 110G C for 10 minutes for 

colour development. 

Five ml of extract was added to lOamI of distilled water in a 

conical flask and 5 drops of 1% phenolphalalein solution added. 

The mixture was titrated against O . .1N Sodium hydro}:ide solution. 

The end point was indicated by a persistent blue colouration. The 

TTA was expressed as Tartaric acid per 100mi and calculated by 

multiplying volume of Sodium hydroxide used by 0.150 (Heinzel and 

Truper, 1976). 

(v) ~ 

This was determined using a digital pH meter (Crison, micro pH 2000 

model). The probe (electrode) was dipped into the extract and the 

pH value read off the screen. 

A hydrometer (Zeal, 1.00 1.500) Has used. Some ei: tract was 

poured into the hydrometer jar and the hydrometer spinned to get 

rid of any air bubbles clinging to :its ~;ides. 'I'he reading Has 

taken when the hydrometer became still and with the eye at surface 
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The specific gravity was read at lSoC as directed by the 

manufacturer. 

vii) fROr~IN COffT~NT 

The Biuret method was used as described by Cooper (1977). A 

cal i bra t ion curve(ArlfeoJb') \>1as obtained us ing var i ous concen t ra t i of1S 

of Bovine Serum Albumin (BSA) (0,2,4 - lOrng/ml). Biuret reagent 

(4ml) was added to Iml of the various concentrations of BSA 

contained in respective test tubes and incubated for 20 minutes, at 

3 7 Cc . A 10 -1 d i 1 uti 0 n 0 f the ext r act was t rea ted s j mil a r I y . The 

optical density of t.he various solutions was obtained usinCj a 

spectrophotometer (HPN S101 model) at 540nm against a reagent 

blank. The Bi Ul~et reagent was composed of Potassi um sodi urn 

tartate (9g), Potassium iodide (5g), 6N Sodium hydJ:oxide (100ml) 

and distilled water (to 1 litre), (Cheesebrough, 1987). 

viii) ASH CONTEN'I', 

A c r u c i b I e (a sld n <J pIa t e ) was He i g I") ed, 10m] [) f ext r act P II t 

into it and heated over a bunsen flame to a constant Heigllt. Water 

and volatile components evaporated as vapour, the organic compounds 

were burnt off as carbondioxide and oxides of nitrogen and the non 

volatile components remained as residue, (I.,eight of plate + 

residue) (weight of plate) = weight of r'esidue. Amoun t 0 f 

residue per litre of extract was then calculated. 
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ix) ASCQRBIC ACXR 

oxalic acid and filtered through a Whatman No.1 Eil ter paper. The 

filtrate (20 mI) Has shaken Hith one teaspoonful cf activated 

charcoal and filtered again. The filtrate (O.Sml) was placed into 

a test tube and made up to 4ml Hith 4.0% oxalic acid previously 

treated with activated charcoal. 0.3 ml of 0.5% Dichlor-ophenol 

indophenol was added to the mixture and the tube vortexed at 10,J 

speed. The tube was incubated at room temperature for- 10 minutes 

and Iml of 4% Thiourea Has added. 1.2ml of 2 I <1 Dini trophenyl 

hydrazine (2% in 75% H2S0 4) was added dropwise with mixing to the 

tubes and vortexed thoroughly. The tube was then incubated at SOC C 

for 2 hrs. and allot-led to cool to room temperatl1re. The optical 

density was measured with a spectr-ophotometer (WPA S101 model) at 

510nm against a reagent blank. A calibration curve of vitamin C 

(0.05 - 0.08 mg pel~ ml) (I\f"pa:.od'j'x) was obtained using Lhe dt2scribed 

procedut e. The amoun t of ascorbi c aci d pres en t :i n mg/ 100g of f rui t 

was calculated from: 

mg /10 0 9 ·-(.l!g!lQ_~ __ K __ Q_-!_n) .. ~~ __ Q,2_~._.92 ,.n. x 100 x 100 
3 

(Temp1e et a.l. I J990). 

o . 0 2 5 % (W / V ) 0 f Sod i urn met a b i suI ph:i t e H a ::; us t:' d t 0 ::J t e ri 1 i s e 

the fntit extract:. 

'~e "-ev1.' c -j a';, (t-' "'rC'm'O,l',' -; a 1 ....... _.&.. ~..L. ,_ _ ...... IH £':;;".1,.. ~- ............ 
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added to about 25ml :=;terile portion (If the extract an,J left at 37~lC 

for- 15 minutes (,z!"cieriye l et 31. I 1991). 

added to the extract at a G% (V!V) concentration l 4hr-s after 

sterilizing the extract. The fermentation vessel w~s a sterile 

SOOml flat bottom flask fitted Hith a rubbt~r bung ca.rrying a 'u' 

tubing which ailowed the exit of carbon dioxide. The 'u' tube 

contained Sodium metabisulphite solution (0.1%) to prevent 

contamination. Three different flasks were prepared as follows: 

Flask (i) contained 500ml of extract. 

Flask (ii) contained SOOm1 of extract supplemented wjth 0.]% 

(W!V) Ammoniumsulphate l (Haldollado, et: al., 1975). 

Flask (iii): as in Flask (ii) but supplemenLec1 "JiLll 10% (Fl/V) 

sucrose. All fermentations were carried out in two sets of flasks 

after adjusting the pH to 1.6. The fermentation was considered 

completed ~'lhen gas bubbling stopped and sugar analysi;:; indicated a 

level of not more than 0.7% ( n rrl"" 0- l' ",;:, .'" +- -,_ 1 
.I.':' l ...... - L '\'.1'__ l __ ~. ~"' . .l" J ]()80). 

The fermenteel broth Has allol-lec1 Saffle 'Ume (ar)cmj- 20 minutes) 

for the sediments to settle. The supernatant was then racked u[f 

the sediments l using a sterile rubber tube into steri 1\" cont.ain(~r.s. 

400ml of the f ermen ted broth f Lom one of f 1 3.::;):s H t \-Jas 

decanted into a sterile fer-mentation vessel and supplt;;mented lli th 
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6% (W Iv) sucrose and kept at ambient tempt'rature' fue 7 

(Frazier and Westhoof, 1978). 

Thi::. was done at the end of UH~ St::conr:L.ll-Y f.c,nnenLaLinn 

f 0 11 0 win 9 the s a In e pro c e d u. e l.W e d for the f i L- S t t- a c k j n g . 

~~ (a) 'u f tubing 

(b) f errnen ta ti on flask 

(c) Rubber bung 
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The fermenting extract was screened f 01: miCl"obiaT 

contamination at intervals of ~4hrs throughout the duration of the 

fermentation r'l"OCess. 1ml of the fermenting extract Has ,T1thdratm 

(after shaking the flask pr-operly) 'idth a sterile l,ipetLe. This 

... ,as centrifur:d at highspeed to obtain a sediment frorn vJhich sevt=ral 

smears v1ere prepared, gram stained and ohst~!:\:,';rl und0r tlJ(: 

microscope, first unCle!: ;{40 objective then under the oil immersion 

objective. 

2.9 

These Her e check eo eve~r y 2 4}\ r s to deL ec t any pH and 

temperature changes that may be favourable to the growth of 

spoilage microoganisms. 

The Sugar content, Total titratable acidity, and E;pecific 

gravity Here also checked every 24 hours. 

The racked fermented broth was stored at lefrigiratnr 

temperature (4~) for 2 Heeks. 
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Bentonite, Gelatin, and Geldtin with Tannic acid were testeJ 

as clarifying agents using the method 

(1982). 10m1 of fer,l1(;{lted brcth \'Jas put. 

des c rib e d }) y Mit C h>2! 1 1 , 

.into 15 Lest t.ubes. 'l'he 

t est t. u be SHe r ,-~ d i vi d e din t. 0 3 set s, 11" B , C 0 f 5 t E~ ~; t t It h-" 5 e a c h . 1 % 

solution of bentonit.e, 1% solution of Gelatin and 1% soluU.on each 

of Gelatin and t.annic acid Her'e added 1n varying volumes 

(0.1,0.2,0.3,0.4 and O.Sml) to the tubes of the thr0e sets (A,B,C) 

respectively. The tunes were plugged with cotton wool and kept at 

4GC until fermented brot.h became clear. A control IJ2~, lJi [)viJed by 

a tes t tube con La ini n'1 lOml 0 f f ermen ted brut h vii thou t. the adeli ti on 

of any clarifying agent. 

After clarification, the fermented broth WRS filleted (using 

a filter paper) inLo a sterile 200ml bottle3: 

t . db} t . t 1 t h t 6 h)O (" [. U' 1- ~ 0 pas e u t 1 S e - y.1 e a 1. n g 1 n a I': a. e r );] ~ a _ _ ... minutes 

(Amerine and Joslyn, ]970). 

The pasteurised clear fermented broth (CFR) was kept at room 

temperature for 7 days to check for any ullsightly develupments 

before putting it back into the refrigerator (Toukis, 1976). 



i) The CFB \'las analysed for pH, T:ltal Lit-ratable ac:idit-.y, Vulati]e 

'd' H , 1 ) 'd ( 1 a c 1. 1. t y , Pro t e 1. n, As 1 As cor:) lea C.'.. con ten t 2 rn of CF'B safltp 1 e Wd;3 

added to 38ml of 0.'5% o}:alic Acid) and qualitative iJ!..esence OC 

reducing suga1:S by rnethods al ready described fOL tb:o t2? .. LracL 

analysis. 

*Analysis was done for the respective CFBs designated ciS 

Type i - fr'om Flask i, 

Type ii - from Flask ii, 

Type iii - from Flask iii, 

Type iv obtained from seconuary fermentation. 

Seven commercially available wines ~len=: also .:3.:;dlysE:J fOl: ;:;0:,",(,;; 

properlies (Table 6). 

* * The Vol at i lea c i d i t y 1. sex p 1: ~ sse c1 a sac eLi car.; j d l' "" L 100.n 1 

of CFS and calculated 

hydroxide used Hi. tIl 0.0064. 

. c 
l) 1, 

This vIas deterrn.ined by fractional distillation (G:-;,~f()i-, 1978). 

iii) Reducinq Sugars 

A f~alibratio:1 curve' of glUcuse(l\rr~Jl<lI,)(.) \-7a::, n.c.:dt:: ~,)Jhl(;j!)y Lh,; 

underlined procedure: 

Iml of various concentrations of glucose (0.1,0.2,0.3 

1.2ml/ml) were put in tesl tubes. 2ml of DUS reagent ~as added to 

each tUDe, heated in a water bath, cooled undel tap IvClter and 10)111 



of distilled water added into each tllbt3. 

read off a spectrophotometer (HP~ S101 mode]) at 5·lOnlY: again::.:i. 0. 

reagent blank. The absorbance values w~re plotted against 

corresponding glucose concentl~tion. 

1ml of the CF.!3 vJUS given a double diluLion and tre2.t~~d similarly as 

the various glucose concentrations anrl the amount of reducing sugar 

present determined [Lor;) the standard curve (Hi llef, 1959). DNS 

reagent ~.,as prepared by dissDlving .lOg of 3'5' dilliLlO salysalic 

acid in 200ml of 2N Sodium hydroxide solution and rnalJe up to SOOntl 

with distilled wate~. 3009 of potassium Sodium lalLaLe \ld.!:,j 

dissolved in the resulting solution ancl made up Ll) 1 litre wilh 

distilled vlater. 

IV) Qlycerol Estim~L~Q!l 

1 0 a m 1 0 f C F B I->J as con c en tr· ate d Loa D 0 u t 1 0 rn 1 2<1lC1 S 9 0 f £ i rw 

sand and 4ml of milk of lime were adJed. Th,,: mixlUl.e vii:l.S 

evaporated to dryness and to the residue obtained, SOmI oI ethyl 

alcohol was added. Ailel. Lhe alcollOl tredtment, Lbo' vasLt:: \laS 

h8ated on a vlaterbath and then filtered through a Hhatmall No. 1 

filter paper. The filtt·ate vJas evapoLated t.u dtl'llf='SS ctnd 20:;:1 of 

absolute alcohol and 100nl1 of anhydluLls eLllt:'::: I-Jel.t:' dl.~(h;L1 Lu il:. 

The resulting solution was thE:n filtered agdin a:ld th~ filt1.:ate 

Hashed I-Jith 2 parts (1£ absolute alco}lol and 2 P':l.l:ts uf 3.nhydLClu.S 

ethel, then driE:d at lOO:C. 

and reweighed. Loss in weight on ignitioD gave glYCerol conlent 

(AOAC, 1984). 
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3.1 No deterioration I-Jas ObSel'Jed. in thE: fruit::..; Lbat. vIed.:' 

completely dried unck'L the sun. 30% of the frui.Ls noL cClrrli;'leLely 

dried (control) was attacked by mildew. 

About 400ml of extract was colledE.d from 200g uf fl:uit. 

3.3 No microbial grovJth ~'JaG observed on Nutrient Agar and Hi th t.he 

10-3 di I uti on on PDA. 

fungus was observed. 'f h e colon y hi a sin i t i cd 1 y v; h i l 0: b:1 t t t~ 1 Ht:: d 

black due to the production of sporangia. 

the petri dish of 9 cm diameter Hithin 2 days. 

objective of the microscope, hyphae COE:'llocytic and 

sporangiophores arose f.tom the rhizDicL. it 

species. 

(a) A dirty brovm precipitate indicated Incsenc:e of i"educing 

sugar. 

(b) Table 1 INITIAL COl1POSITION OF THE FXTF.ACT. 

Total sugars (%) 
Total titratable acidity 
(% taLaric (acid) 
pH 
Specific gCdviLy 
*Prot ein ("n) 
Ash U'6) 
*Ascorbic acid (mg/lOOmI) 

9.80 

0.58 
3. J 9 
1.10 

3.17 
O. ~)6 

112.13 
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* The s tan dar d c u 1: 1/ e for P 1: ate ina n d As cor' b i cae ida L e s It u IHl L 1 

respectively. 

(c) Ascending chromatograpy ildicated the presence uf Gluco:::!t'.! 

Fructose, Sucrose and Maltose in the extract (plaLe 3). 

Gas bubbling in the fermentation flask ylaS ohserved lvithin ·I 111:s 

after inoculating the extract with Lhe sLarl.er 

Fermentation period was eight days in flasks land 11 and eleven 

days in flask Ill. 'rhe fer-mentelj broth ~Jas milky in colont anJ 

cloudy in all the flasks. 

A general decline in the values of total sugaru, and specific 
0-"t\'Y 

gravity was observed. ~he decline was more pronounced in lhe first 

four days. There was an increase in Titratable acidity and a 

dect'ease in pt4 val ue. (1-''1.3> I: 
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f ennenta t) on 

PARAMETER -------- TIME (days~ 

1 2 /1 6 " (j 

*Total sugars 9.8 7.8 1.2 .1. 0 3.0 

Specific gravity 1.10 1.08 0.96 0.S1 0.89 

pH 4.6 4.48 4.24 4.18 4.10 

*TTA 0.58 0.59 0.62 0.63 0.64 

*Values are expressed in g/lOOml 

3. 7 HI CROSGQPY 

No contaminating microorganism was detected unJer the 

miscroscope. 

3 . 8 TE..."'!PERATURE 

The temperature ranged between 27 - 29cC. 

The secondary fementation lasted for seven days. During this 

period, there was a slight decrease in the pH Valu<2 vJhile ToLal 

titratable acidity increasedCF;~ . .;) 
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PARAMETE~R~ ________________ _ TH1E (DAYS) ---------

1 2 3 '1 5 6 7 -
pH 3.91 3.87 3.85 3.83 3.83 3.82 3.81 

TTA (%) 0.680.7'1 0.75 0.90 0.81 0.82 0.84 

3.10 CLARIFICATIO!'! 

The results are shown in table 4 below 

concentration Clarifying time (da~l 

Use d (g /1 ) 13 en t oQi..t!£ _____ G ~~t i y! _____ ~e I.§. t i 1.1 ______ __ -.S~Q£l. t r o_L 
& 

Tannic Acid 

1 5 8 Not clarified 

2 -, -1 " Ll 

3 3 4 " 

4 3 3 " 

5 6 2 " 

*The control clarified in eleven days. 

3.11 CLEAR FEP~ENTED BReTH {CPR' _______________________ ._ .. _____ .__._ ___________ '1. __ ._._ .. ._ __ --L __ ._ 

310ml of the clear fermented broth was collected after 

clarification. It had an amber colour and a good aroma. 



The amber colour deepened after past,:;uLi.zation. No sediments, 

undesirable odour or colouration was observed when the CFB was left 

at room temperalure for 7 d~js. 

Table 5 : Chemical analysis of the CFBs 

Coroponent ~tli 

I II III IV 

Alcohol %(V/V) 6.92 6.82 10.20 13.60 

pH 4.03 4.04 3.91 3.80 

TTA (% tataric acid) 0.64 0.64 0.68 0.83 

volatile acidity 

(% acetic acid) 0.023 0.027 0.029 0.035 

Glycerol ($'6 ) 0.290 0.270 0.300 0.280 

Ash (%) 0.660 0.680 0.650 0.630 

Protein (%) 0.620 0.670 0.630 0.600 

Ascorbic acid (mg/100ml) 79.360 79.360 79.360 69.440 
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3.14 Ascending chromatograpy indicated the presence of f1UtLose 

and glucose in CFB III and fructose, Glucose and Sucrose in CFB IV. 

Plate 3. Asc~nd:i.l}g paper chromatography l 

Key 

(G) Glucose (M) Maltose (iii) CFB Type III 

(F) Fructose (L) Lactose (iv) CPB Type iv 

(s) Sucrose eE) Extract 

, . 
; -



34 

Pasteurised CFB Type lV. 
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COMPONENT ____________________________ w..ll!1L-_________________________ _ 

YAGO *D~ *RB __ BA.CCHUS Cl';PEL HAL I m_J Q~~yl'§.O __ l~l1E15Q 

Protein 0.59 0.70 0.64 0.62 0.55 0.54 0.60 

Reducing 

sugar % 1. 20 1. 30 1. 20 2.40 1. GO 1.90 1.70 1.80 

Ascorbic 

acid 

mg/lOOml 9.28 89.28 89.28 36.37 52.91 49.60 49.60 69. 11<1 

Alcohol 96 

V!V 7.00 7.10 6.50 17.00 9.30 24.00 24.00 13.60 

*DC = Day Country; RB = Royal Banquette. 
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CHAP"I'ER i"'O(:rn 

n:I SCUSSIOl:! 

TLe preservation and ~;torage potent.ials of Icheku fl:uit. endows 

it with a major advantage over all other local fruits previously 

investigated for th.e pllrpo~.e of HlaJ)lJfa.r!tur i]1g ~,int:: ~ 

sp. isolated from the extract at 10-1 dilution is a weak parasite 

that commonly grow on fruits and other detached plant parts causing 

disease in their transit and storage l (Alexopolus and Him::; I 1979). 

The scanty groYlth may be attributed to the unfavourable 1,H 'ledUc 

(3.19) of the extract. 

The chemical composition of the Icheku extract is !:;ummal.i~ed 

in Tabl e 1. The 9.8% (H/V) total sugar 1n lhe extract lS 

compar abl e to the 4 - 12% (FJ /V) obtained f or banana I pineapp 1 e I 

orange and cashew ( Felton l 1971; Callender l 1976; Falade l 1981). 

The Sl.Igar 1 evel 

(H/V) reported for gt'dpe (Rosel 1977). However I the 9. 8"'b (f:7 /V) 

tot a 1 s u gar i. n l 11 e ext. r act i. s con d u c i ve f 0 L' l he 9 r U \'J 111 0 £ the ~.] j n e 

yeast. It vIas reported that high sugar levels (up to 25 96 (H/V» 

exert osmotic pressure causing most of the alcohol plo,]uced Lo 

remain intracellular and become toxic to the yedst cells ( n,,,,,, r'l' "-1'" 
J.J.I~I_ _ J. ~_ 

aD.d Josly:n, 1970; F ... m e. rIll e e t C', 1 
........... • J J 980 ; 

, 
~llU . 

1980a). Ascending chromatography indicated glucose, fruct.use l 

mal tose and sucrose to Le the reducing sugars preseIlL in the Icheku 

extract (Plate 3). Except for the presence of maltose l this result 

agrees with literature reports for cashevJ I orange and pineapple 



., 

·10 

( c: l' ,-. g- I '" t 0 '1 '" (1 G 0 f "." ,-........ L~ __ "- ~n.... .' ...... .I. ... ~. J... I 
. ~ C 7;:: 
...... J J ,~, ) . 

All the reducing sugars detect.ed are hCl\Jever the noriikd :::;ubstrates 

for wine yeast (Barnnet, 1976). The protein and ash cODlents of 

the Icheku extzact a'-'" cornparaLle to those found for grape and 

cashew ( Ochigbo, 1963; Rose, 1977; Aderiye, et a1; 1991). 

The Ascorbic acid value of 112.43(mg/100ml) found in the 

Icheku extract contrasts with the range of 31.56-97.11(mg/100ml) 

reported for pineapple, grape, orange, ll::mon, tangerine, liffle and 

casllew ju.icGS 1990) . 

e sse n t i ale 0 - fa c tor for \.J j n eye as t s . It vias t-epolLed that it 

enhances enzymatic hydroxylation and accelerates 

well as the excretion of ethanol when present at a concentratlon of 

1-1.5rng/ml in the fermenting must (Lehninger, 1975;). Ascot'biG 

acid is however inhibitory in the excess of 15mg!ml (PaDehal and 

stevJart;) 19 80a) . 

'l'he 0.58?6 TTA level and the pH value of 3.19 in tLe extract i::: 

comparable to reported values for cashew, pineapple::' Zll,J uLange 

juices. Tte TTA level in these fruit juices ranged flam O.5-1.5~ 

and the pH value from 3.0 - 5.6 ( Ochigbo, 1963; Felton, 1971; 

Gallander, 1976; Falade, 1981). The Im'-l pH vallU~ is u,=,sir-ablr:-. It 

fruit. In large scale alcoholic ferment.ation, the lrl.:ll1ufd.cLL~LeL 

prefers a low pH of the must to achieve the desireu sterility since 

it is impracticable and costly to sterilise the bull~ ploce;::;:::.; 

(Amerine and Joslyn, 1970). 



Most workers report the specific gravity of oranye, pineapple, 

cashew and grape juice to be in the range of 1.035 - 1.090. This 

extract. The dispality in value rna.y be a.t:b:ibutecl to 3. hisL(;r 

The 0.025% (W/V) of Sodium rneta.bisulphite used Lo sterilise 

the Icheku extl::ac;t is small \-ilton compared \-ii th the 0.190 (H/V) used 

is exralained by the low level of contamina.ting microorga.nism in 

the Icheku extract. The concentration maintai:n,,,d lLe 

sterility throughout the duration of the fermentation. The USe of 

Sodium metar1isulphite to sterilise mu.st is extensivl::ly l-epolted in 

literatun~ (DoLt et 1976). 

vlhich results in precipitation of sugar~i, release of pectins, 

destruction of pectinase and loss of bouquet and flavour confe~red 

by volatile esters (Slatter, 1972)" Furtherrnol.e, it IlctS lill18 UL 

no e f f e c ton \-J i n eye a s t. ; i s 80 90 e f fee t i v e a 9 a ill;,:. t. b act e !_ i a 1 

popUlation and clears tlle erltire fnoL11d POPlll~t'-i:)l~~ (D.;,,').1.:: .~:.t ,.1 
~,. .~ J 

1982) . This may be attributed to a physioloical adaptation since 

wine yeasts produce sulphites (Heinz81 and Truper, 1976). 

Glucose, Fructose,Sucrose and Maltose as carbon source. 

yeast can also be used aftel. appropriat.e treatment to fLee Lben: 

from bittering substances and other contaminating lnaLerials 

(Toukis, 1976). 



Generally, during alcoholic fermentation, tL.e p:.oducLion ',)[ 

carbon dioxide bubbles agitate the contents of the vessel. I L '.-Jas 

shown that a carbon dioxide pressure or 7. 2cttrn. 

gro('vth but not f~"l:·mEmtation and vJhen up to 30 atm. stopped holb 

"COl':>+- ;YYo"Jth ·'·'l r1 f'-'-'··l",e.'ltatl'oTl (oug11 a "1 (,1 71n''''rl'l''Co 191':1':) J. "- a ~ '- '::J L. t ... c........ ~ • ~_ J.... t ~ ____ ... - .. J. .A 4J. i \,...c .L '-..-- I {) (.) • 

to avoid the build up of exces~; carbon dioxide pressure, a 'u' 

was used in this work. 

Previ ous reports Jar c !Z. y k and H z Ole k , 1 S 7 7; IZ lln ]~ ;~ t--" an tl 

Go S ~'l ell, 1 9 -;.,; Hit c h ell, 1 9 8 2) a 9 r e e ~l i t 11 t. he s 0 fi eta 1 d t':l C llH:~ 1. il 

the val u e s of s u gar ~~ and s p e C i f i c 9 r a v i t:J' 0 b ,S ~:. r v e c1 i n L Lis h' 0 1"}~ :,(;:: 

fermentation progressed. The clecl ine is clue r (; r 

sugars by yeasts. The more pronounced decline ol,:,;enled :i n t ].,c. 
.Jl' .... 

first four days may be attt'ibnted to the peliod of e}~20nenUal 

phase of growth uf the yeast cells. The iner ease ill '1''1',''. Of LIn:' 

fermenting broth agrees ~'li th the observation of Ough ;::Wl} P.r::l::rl.j1c 

( 1 9 6 6 ); t his i s bee au sed uri n IJ f elm en L at ion J 0 1 va ['. i c a ,-: i c;:::: 1 j b-:, 

Pyt"uTJic, S\lccinic ariel l'~cetic acicls are prorlllcecl 19(5) . 

Low pH had been shown to contri~ute to flavour 

M 0 s t ~..". 0 r k e r s ref e r t 0 ben ton i tea 1! d 9:::d a t l n d :.:; C 1 c; 1 j f y :L n \] 

Bentonite does not impail:" ta:.::f>:: and ensures prot.ein .stabLlit,.i' 

et all 

.. ' .- / recOlflmendE'.;d t::wt Gelatin be uSl"d 
, 

(;q 1..;,d..L 

amount of Tannic acid. Gel a L j 11 loJ i t h tan n i c ::l. t.; i c1 C 0 U 1 d not c Ie;:: r 
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present in the fermented broth since it is generally associated 

with skin of fruits, leaves, barks and the woody stem (Maldonando 

t.!t al. I 1975; II1eJ{OrcrlY~·~ al)cl ~rgod(l~i I 1985). 

The chemical composition of the clear fermented broths (CFBs) 

is summarised in table 5. The alcohol content of CFBs I and II 

(6.92 and 6.8% V!V) are relatively low. This may be attributed to 

only the sugars naturally contained in the must have about 50% less 

fermentation by-products (esters, fusel oils, aldehyde~;, fat.ty 

acids etc.) and worse organoleptic features as compareJ with wines 

obtained ~-Ji til full addi tional sHeetening. HOI,lever, tbO:! vol ume of 

alcohol present in CFBs I and II are comparable to that of Royal 

Banquette; a popular sparkling wine that is conunelcLdly available 

in Nigeria (Table 6). The alcoholic content of crBs III and IV are 

also comparable to that obtained for some commercially available 

wines in Ni ger i a (Tabl e 6); some f rui t and honey I>J i.nes, alld fur 

some Vlif!"~s produced lD Iraq. The val tIes ran.geel trorn 7. 9-1'1. 6~l 

(V!V): Sachde et al. J 

L u s sac s the are tic a 1 y i e 1 d a f 5 1 % e t han 0 1 by \J e i 9 h t [) f fer n; e n he! d 

glucose is unattairlable becallse E:'11zyrnatic s~lstenlS irl tl1e ~1irle yeast 

convert sugar into amino acids, nucleosides and other building 

l:~loc]~s (F ... rnerine et al. ~ 1980) .. 

The range of sugar contdll. in some cormoer'cially a'Jaila.ble 

l'lines in 



1980) ~'Jas 0.12 - 10.05<:'6. This lS in agreement vlith the values 

obtained for the CFB's 9.0.4-1.8<:'0). 

indicated Glucose and Fructose to 

As c erlrl i rlg c 1-11: ortla tog 1" apllY 

in TTT 
~ 1 ~ an .. :! 

Glucose, Fructose and Sucrose to be present in CFEs IV, (plate 3). 

T his a 9 t" e e s vJ i t h 1 i t era t u 1: ere po r- t s for Cas he \J I OLan~e 

,1 'l C '7 t; 
<..A..L • J ...... J' • ....... J 

Formica, 1981). An additional sugar-, raffinose ~Jas detected in 

palwine (Ayernor and Mattews, 1972). 

The TTA and pH range (0.64 0.83% and 3.81 

respectively) of the CFBs are comparable to that obtained fO,1:" 

Pineapple, Orange, Cashe\-1 and some Iraqi vJines. 

these wines was, TTA, 0.52 - 0.92% and pH, 2.8-4.2 ( -r. w ll l,r\ 1071' \ ....... '.< _' ..... J . ..i.. J , 

Gallander, 1976; Riberau-G3ycD, 1 (t r- t). t::' '_" 1 ",-1,"J 
.1... "'J ".J j l. , ..... .[, , .... ~.,,~ .... J 

1981) . Hi n e s are k n mm t 0 bet hem 0 s t a c i cl i C 0 f all fer Ii. en ted 

drinks (Riberau-Gayon, 1978). 

the CFBs ranged between 0.027 - 0.035. Thi~::; ic:: :in agre,::;ment \lith 

a range of 0.023 - 0.036% reported for grape and piD~apple winss 

(Singleton and Gotner, 1965; Alll81ine and Joslyn, 1970). Inc:n:asir:.g 

volatile acidity (up to 0.12) is indicative of svoilage in wines 

~M W'~k, ~.~'" ~~.c Th8 protein (0.60 - O. 67~,) and o3.:=:h (0.63-

0.68%) contents the CFBs are comparable to those foun0 by Ochigbo, 

(1963) for cashew wine. The glycerol content (0.27 - O.30~) of the 

CFBs is in agreement wilh the range of 0.29 - 1.0% repolte0 in some 

wines (Svlejcar and Papcum, 1976). Glycerol and othE.:r vol aLiles ate 



3.1. , 

p' .lno/ 

1 Qhh ' JVV/ 

1982) . 

~15 

"1 C, ~.~ , 
....... / <,,' l- J 

The Ascorbic acid content of the CFBs (69.11-79.36mg/lOOml) 

indicate about reduction 

, , ') t1 ':l IT' n I ' 0 0 r" 1 ...L....L.~ ........... "~..... " as conLa;ined 

in the origirlal 

fruiL. 

value 

I ,~ .,'. '.' 
tl'· ... "~ 

of 

attributed to the fact that yeasts use Ascorbic acid fo~ enzymatic 

hydroxylation (Lehninger/ 1975) . It \'Ja::; show1 that high 

temperature (greater than 27°C) and oxjdation affect ascorbic acid 

degradation and Friedeman, 1956; Smooth and Nagy / 1980; 

Kra1111er et al., 1982) and tllat tIle irltel1se colol~r' [Dr!:I,]liul1 s'dcl'l as 

yellO\J or red pigments in juices is due to the de:::.;tructioll of 

ascot'bic acid (Hayashi et a1. / 1983; Lee ct!ld ]\J;:':9,L 1988). TL" 

increase in the browning index of the CFBs after pa::;teurizatiGn m::J.Y 

thus be attributed to ascorbic acid degradation. The ascorbic acid 

level found in the CFBs is comparable ~'Jith the 1e'Je1 lYl sonle 

COfrmercially available Hines in Nigeria (Table 6). 

There is no significant difference (equal mean) Leh/een CFB I 

and II. It may therefore, be assumed that the Icheku extracts has 

significant nutrient levels for the groHth of wine yeasts. It llad 

been observed that musts generall~{ contain a hig11 level of 

nutrients r'equil:ed by vJine yeasts (Fuleki, 1965; Suc:ntalaimen and 

aura, 1971; Guirarel and Snell, 1981). 

lU 1 the CFBs had good aroma af tel:" tl.w vJeel~s ot aglng and did 

not deteriorate after sixty days of storage. 



46 

From the foregoing discussio~ , the following statements can 

be made: 

i) Wine can be made from the Icheku fruit. 

ii) Icheku fruits can be preserved and stored satsi~actorily 

iii) The fruit has an ideal balance of easily fermentable sugars, 

acids and nutrients favourable for the growth of wine yeasts 

and 

iv) The products (CFBs) obtained from the fermentation of the 

Icheku fruit using S. cerevisae are comparable in all respects 

to wines cited 1n literature and to some commercially 

available wines in Nigeria. 

From these observations, and becaur:;e I clwku I, c' -, cheaply 

available and has no competitive demand, it may be concluded that 

it can be used for manufacturing of wine in Nigeria instead of 

totally depending on expensive imported Hines. The following 

recommendations are made towards improving on the present research 

findings. 

(1) A pilot plant for manufacturing of ijvine u,sin:J Icr:e1cu as 

substrate should be established. This plant should be located 

in the Eastern part of Nigeria considering the availability of 

the fruits in this region. 

(2) The possibility of mechanising the extraction process should 

also be investigated. 



(3) 

(-1) 
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The use of other strains of yeasts ( not a 1) 1 Y pal m \1 1. n e "" '-' C' t ) .1 '- U .. J 

or mixed cu} tln-e of yeasts may be investigated for in:pruvt:'d 

wine production. 

Investigations may c3.tT1.ed out in the pj.ot to 
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