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ABSTRACT

In Nigeria, wine is a popular beverage that has been consumed
for a long time. The c¢limatic condition in Nigeria is not
favourable for the cultivation of grape and other fruits which 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 for manufacturing wine
instead of totally depending on expensive imported wines. The
present work egxplored the possibility of using the fruit of Dialium
guieneensis (Icheku) as a substrate for maling wine. 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
p;eserved and stored without much deterioration for a long time.
This gives it a major advantage over all other locally available
fruits previously investigated for wine making. These fruits
include cashew, orange, and pineapple.

The important characteristics of Icheku wine include Alcoholic
content, 6.92 - 13.60% (V/V), pH, 3.81-4.04, reducing sugar, 0.40 -
1.80% Protein 0.60 - 0.67%; Total titratable acidity (TTA), 0.64
- 0.83%; Volatile acidity, 0.027 - 0.035, Ascorhic acid content,
69.44 - 79.36mg/100ml and Glycerol content 0.27 - 0.30%. These

results are comparable to those reported by some workers for



xi

cashew, orange and pineapple wines and to values found in this work

for some commercially available wines in Nigeria. The results 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

INTRODUCTION

pialium guineensis is a tree that grows abundantly in the
Eastern part of Nigeria but scantly in the West and Middle belt
regions. It grows wild. The fruit of Dialium guineensis 1s an
indehiscent achene that measures about 1.3m! in area. It 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' (Yoruba); Tsamiyan
Kurmi (Hausa), and ‘Icheku' (Igbo)(olorode, . Ll984). The fruit
will be called the Igbo name, Icheku in this worlk,

Icheku matures between the months of March and May and the
annual yield may run into thousanés of tonnes. Some of this is
consumed by people because of ils sweet taste and a substantial
guantity 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. 2 number of local fruits have been

investigated for use in making wine. They include cashew, (Falade,
1981; Macleod and Traconis, 1982; Oritz, et al, 1982; Ogunmoye«la,
1983; Aderiye et al, 1991) orange (Van. Bure 1970; Mitchell, 1982)
and pineapple (Singleton and Gotner 1965; Felton, 1971). These
fruits have short shelf 1life 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 wine, (Nagy and Nordy, 1970).



Plate 1. A branch of the tree with some fruits.
Key (a) Icheku Fruit
(b) The leaf

(¢) The 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. 1t has a very low water content and
from my experience the fruit;;can be preserved by completely drying
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 1is produced from fruits 1like Apple,
Rosehip, red, white, and black Currants, Strawberry, Raspberry,

Plum berry, Black berry, Blue berry and Goose berry (Gallander,

1976). However, grape 1is the most important fruit used all over
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 (Gallander, 1976). A wine made from
a fruit is named after the fruit, for instance, "Apple wine'. Wine
produced from honey is called ﬁead (Jarczyk and Wzorek, 1977).

In West Africa, palmwine is a naturally fermented drink that
is tapped from palm trees. It has a distinctive taste, 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 hottled drinks or

imported in large containers; blended and bottled in Nigeria.

The term fermentation i1is derived from the Latin verb,
(Fervere: to boil) thus describing the appearance of yeast on
extracts of fruits or melted grains. The ‘hoiling' appearance is
due to the production of carbon dioxide bubbles caused by the
anaerobic catabolism of the sugars present in the extract. The
application of yeasts for preparing alcoholic beverages dates back
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 malting and
brewing were already highly developed among the Babylonians without
any conscious knowledge of the uﬁderlying 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
Mesqpotamia, a part of the employee's salary was paid in the form
of wine or beer. 1In Egypt of the Pharachs, wine was regarded as a
holy gift from Osiris, the god of the deazd. In Isreal and Rome of
the old testament, the possession of vineyards was considered to be
an enviable sign of wealth. Wine was reputed to have certain
therapeutic values and was used as a drug because it was helieved
to be a good remedy against a number of diseases, including Angina
pectoris, Sour stomach and kidney stones (Stewart, 1974).

Although fermentation has been known to the ancient world, 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 (Cerran, 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 solid state fermentation procesess. The
hasic biochemical and microbiological research approach has heen
very aggressive and the result is a clearer understanding of the
scientific principles underlying wine making. Today, wine is made
all over 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 cultivation of grapes. France leads the world in wine
making. Italy, Spain, BAlgeria, Portugal, Rumania, BArgentina,
Russia, Hungary, Yugoslavia, USA[ Chile, Greece, Bulgaria, 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 Dry wines.

A. NATURAL WINES: These have sugar left or added after

fermentation. They include:

(i) Sparkling Wines: Made effervescent by secondary fermentation

or by artificial carbonation.

(ii) 8till wines: Do not contain carbondioxide and include

(a) Appetizer wines which contain about 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).



Table wines are further divided into:

White table wines which are fermented from white variety of
grapes ot must of black grape, Rose table wines where 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. FORTIFIED WINES: Here, distilled spirit is added after

fermentation. This increases both the volume of wine and
percentage by volume of alcohol.

Fortified wines include, Artificially flavoured wines and
Port, Madeira and Sherry which owe their flavour to natural
fermentation products. Sherry is Eharacterised by a nutty flavour
and contains between 0-7% sugar, Port is sweet, dark red and strong

and Madeira has a mild mouthfeel.

C. DRY WINES: These wines contain no sugar or relatively

small amounts which are difficult to detect Ly the taste

perception.

The group of microorganism, known as ‘yeasts' are used in wine

making. )%asts belong to fungi in which the unicellular form is
predominant (Lodder, et al, 1952). Vegsbabtive reproduction iy
usually, but not always by budding. A Dutchmgn, Atonie Van

Leeuwenhoek, is credited with being the first man to have observed
vyeast microscopically. However, it was not until 1837 that

Cagniards and Latour demonstrated that heer contains spherical
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bodies that are able to multiply and which belong to the vegetative

kingdom. It was Schwain who termed yeast “Zuckerpily' or ‘sugar

fungus' from which the name ‘Saccharomyces' originated {(Lodder et

N

al., 1952). Pasteur finally proved that fermentalion is due woinly

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

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

fact wine making can be said to be horn out of the yeast

technology. A variety of yeasts have been used forr wuwine
production. These include Saccharomyces cerevisiae and
Saccharomyces bhayvanans (Heinzel and Tyrupsr, 1976 Snwell, 1986)

Saccharomyces uvarum {(Dott, el al., 1976), and Botrytis cinera
(Veldhuis, 1972). The selection of a yeast is one of the major
factors that must be supervised wi£h respect to wine making.

The fundamentals of wine making are similar in all principal
wine making regions but methods vary to gsome extent owing to the

varieties of fruits used, the climate and other factors. The

process generally involves the following:-

1. LGCATIRG THE SUITABLE SUBST

A suitahle substrate is screened, and then extracted by a
suitable method. The extract (must) so obtained is subjected to a
prefermentation treatment to make it conduclye for yeast
fermentation. These treatments include dilution and acidity

adjustment, nutrient level supplementation and sterilization.
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2. SELECTING THE YEAST

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 medium
(Amerine et al., 1980). Here, a large supply of oxygen 1s
essential for the rapid multiplication of yeast cells and sterille

portions of the extract are used. lt is very crucial that the

culture is a pure one as any contaminating micreoorganisms may
produce undesirable products which may cause serious problems in

the final product.

3. THE FERMENTATION

Here, the starter culture is aéded to the extract contained in
the fermentation medium. The fermentation is «carried out at
carefully controlled temperatures. The optimum is normally 26-29°C
(Amerine and Joslyn, 1970); temperalbure above 35°C is unsuitable as
it favours the development of spoilage bacteria which impair wine

quality and tends to evaporate the alcohol produced. However, too

low a temperature makes the whole process too slow Lo be practical
The end of the fermentation depends on the desired strength of the
wine but is generally taken to be when carbon dioxide bhubbling has

stopped or at a sugar level of less than 0.7%.(Amerine and Joslyn,

1970).
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4. SECONDARY FERMENTATION

I1f desired, the wine is taken through secondary fermentation
where the free run wine 1is placed in bottles or containers,
supplemented with sucrose, then clogsed. Thiz process lasts for

7-11 days and produge wines that «effervesce (Amsrine, ot al.,

1980).

5. RACKING
By ‘racking' is meant the drawing off of the wine from the
Wine is racked to facilitate its clearing and fo

lees or sediment.

prevent undesirable flavours from being extracted from the old

yeast.

6. STORAGE AKD ACING

Two important changes take place during stourage and aging:

clearing of the wine and development of flavour. Substances

including tartates, certain proteins and other matters are present

in new wine and if not removed will produce a sediment and probaly

cloudiness (Amevine et &l., 1980). Durli.g ogisng, Tlavous ohioh

oy

due to a combination of taste and odour is developed in wine as a

result of oxidative changes and ester formation.

7. CLARIFICARTION

Wine may c¢lear naturally over a period of time; however for

economy of production, resort is frequently made {0 tle use of

fining agents followed by filtralion, heating, refrigeration or a
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combination of the processes. Fining (clarifying) agents include
Bentonite, lsinglass, Gelatin, and white of egg. They ave normally

used carefully as directed by the manufacturer or after laboratory
tests have heen carried out with small portions. ¥#hen not properly

used, they may hecome a source of cloudiness in the wvine.

8. PRCHKAGING

The clarified wine is blended, pasteurised and corked. The bottle
may be labelled for commercial purposes.

The aroma, taste and bougquet of wine are determined by Lhe
variety of fruits used, their chemical composition, nature of the
oCcouy

fermentation process and changes which are made to occur or

naturally during the post fermentation periced, (Fermica, 1981).

Wine iz a complex mixture of organic and inorganic compounds and
contains Esters, Sugars, Aldehydes, Diacetyls, Tannins, Fusel oils,

fatty acids, fized acide, and ARleohols (Amovin.,

The development of aroma is inhibted by the presence of large
guantities of Carbon dioxide, Sulpluir diexide and by exlusion of
air. The nature of the ester present is of much more importance
than the gquantity. The esters of ARcetic acid conbiibute much to
the flavour and bouguet of wine. Aroma and flavour are best
developed at low temperatures (Ough and Ameline, 1%5€6).

Wine defects refer to the undesirvable changes obhserved in
wine. These include brouning or other colour deterioration,
haziness, cloudiness, deposits, and undesirable taste and colour.

Defects may result from various causeg. When caunsed by microbial



infection, either by aerobic or anaerobic microoganisms, they are

ot

1680) .

DEFECTS BY BREROBIC HICROORGARISGHS

The most implicated organisms are the Mycodermas and Acetic acid

bacteria. The row well in the presence of oxygen but nobt when
d
the wine is well supervised and kept under anasgraohic conditions.
L
Candida mycoderma (wins flower) forms o Tilim over Lhe s Faoe
wine and attacks the extracts, the alcohol and occasionally the

organic acids. Acetic acid hacteria produce vineger from wine

(Amerine and Joslyn, 1970).

DEFECTE BY FACULTATIVI Pﬂip CEI.ICATHE

These organisms cause the disease known as “Tourne' vhich is
considered to be the most seriocus and common disease in wines. The

respoensible organisms are long slender rods which can grow in wines

with alcoholic content up to 20% or more hut survives better Lf the

alcoholic content is not teco high. "Tourne' is indicated by
increasing volatile acidity (0.12-0.14%), decreasing fixed acidity,

a “silky' type of c¢loudiness and in extreme cases, an ocdour and
taste that is termed ‘mousey' (Kunkee and Gozwell, 1977).
Lactobsog >ohilgandi, & aon o wmetile, nion sporalal i rod cauos
*silky' cloudiness in wines (Kunkee and Goswell, 1977). HMannito
forming bacteria produce volatile acgids, lactic acid and aannitoel
from glucose. Some c¢ocel cause cloudiness, butyric acid bacteria

produce bitter-taste and laclic acid bacleria may produce sour
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wine. All the microbial defects may be detected by wvigual
ohservation followed by the microscopicr’  exanminalion of the

sediment obtained by centrifuging a sample of the wine. Infection

-
r
s

igs prevented at low temperatures, and low content of

hél

sugar and

other nutrients. It is dinhibited slightly by Taunin butbt very
strongly Iy Sulphur dioxide and Metabisulphites, (Funkes and

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

diseases.,

lower c¢r remove the incidence of microbial

Iron and steel may cause cloudiness of wine forming the s

called “ferric casse'. The tin and copper dissclved from bronuze by

the juice if sufficient in quantity may cause flavour and colour

losses during the aging processes. The ferric cascse may be treated

by oxidising with Oxygen; Tannin (0.05%) is added followed by

¢larification with Casein and Bentonite. In another method, the

iron 1is oxidised, Tannin added and then Gelatin; settling is

permitted which is followed by racking, filtration and

acidification with Citriec 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 Westhoof, 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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and acid tolerant facultative anerchbes, hence their

ethanol
survival in wines (Pilone et al., 19€66). The malu-lactic bacleria

include Lactokacillus buchneri, Lactcehacillus casei, Lactobacellus

delbrueckii, Lactobacillus pastonanas, Louconostoo cilrovorunm,
Leuconostoc mesentercides and Pediococcus cerevisiae. el

inoculated into wine, they c¢arry out a sort of secondary

fermentation, fermenting malic and citric acid. Sugars are

converted to water and carbon dioxide. They use up ions like

potassium, magnesium, sodium, mangenese and calcium during the

h Y

fermentation (Stemmer e al., 19645, HMalo-lactic fermenta

AR

[ . .
Lion do

fen L
K PESEES

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

and Goswell, 1977). After this, wine becomes bidogically stable

due to the removal of fermentable substrates and Malic acid.
Generally microbial spoilage is prevented by low pH and
temperatures, low sugar content (0.2% or less), absence of air and

growth substances. Alcoholic content of 14-15% inhibilts acetic

acid bacteria; deacidifying cocct is inhibited at 17% alcohol,

=)

»i1Yi st 18%

L
Ty
RN S

Leuconostoc species at 14%, heterofermentative lactobae
and homofermentative lactobacilli at 10% (Frazier and Westhoof,
1978).

The manufacture of wine is a biological process, so monitoring
the biochemical c¢onditions is very crucial for a succegssful
fermentation (Amerine and Joslyn, 1970). Monitoring of these

conditions o€ 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 in activities directed towards the

maintenance and improvement of the quality of the product taking
‘into account all the factors that may positively or negatively

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

wines which are compartible with the market for which they are

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

phases of ¢ o ,i wine quality control.

Slgéiﬁﬂ?iiﬁ}lé__}QC}iEEiﬂﬁéi;ﬁlﬁilfiwﬁé?ﬁigiéilguﬂllm
These include proper fruit maturity,visual inspection for rotting,
fruit flies ete., cleaning and sanitization of extraction
materials or 2quipment, use of pure yeast culture, control of

fermentation temperature; prompt racking to avoid the development

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

visual and taste inspection of wine is important.

CONTROL. POINTS FOR PHRSE IT

These include sterilization of equipment in the bottling room,

and personal cleanliness of workers. FPFinished products should be

inspected for correct labelling and corking,

&

—e - ~Y
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However, there is no information in the literatuire concerning

1 } < AR

the use of icheku for wine production. The aiw of this vsgesarch

therefore is to propose icheku as a substrate for waking wine. Tt

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

self reliance.
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CHAPTER TWO

MATERIPLS AND METIODS

4

£

L
]
-~

Ihad

e

oty

OF THE FRUITS

i

th

2.0 COLLECTION AND PRESERVATI

!

Healthy mature fruits were bought from Amalla market in isi

Uzo Local Government Area of Enugu State. The fruitSwere preserved

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

conditions in the lahoratory cabinet from where they were exposed

to the sun after every four months. A control set of fruits were

not completely to dried.

2.1 EREPARATION OF THE ENTRRCOT
About 200g of the fruit (without the exocarp) was soaked in

approximately 150ml of sterile distilled water for 5 minutes. The

fruits were hand pressed to further release the mesocarp before

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

cloth into a sterile container. The muslin cloth was washed with

200m! of distilled water to further enhance the extractien.

PRESENCE IN THE BXTRACT

2.2 ASSAY FOR MICROBIAEL PRESENG

A serial dilution was carried out asceptically using 1lml of
extract. The 10! and 10 * dilutions were used to aszsay for

microbial presence using Potato dextrose agar and Nutrient agar.

The Incubation period was 24hrs.
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2.3 ANALYSIS OF THE BEXTRACT

i) OQUALITATIVE TEST FOR REDUCING SUGAR

Benedict's qualitative reagent was put din a test tube

containing five drops of the extract and hoiled for five minutes

(Plummer, 1971). The composition of the Benedict's qualitative

reagent is as follouws: Cuso, . 5H,0 8.%, NaCo3anhydrous, 50.0g., Tri
sodium citrate, 86.4g and distilled water to 500ml (Cheesebrough,

1987).

ii) TOTAL SOLUBLE SUGARS

This was determined using a refractometer (Belingham and

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

the measuring prism and covered. The light aperture was opened and

the instrument turned towards the light source: . The amount of

sugar present was read off from the scale.

iii) QUALITATIVE ESTIMATION FOR SUGARS BY ASCENDING CHROMATOGRAPHY

The method was described by Smith and Fienber (1965), &

baseline of 16cm was drawn from one end of the Whatman No. 1 filter

paper. 1% standard solutions of Glucose, Fructoze, Lactose,
Maltose and Sucrose were prepared in distilled water. A develcping

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. Six spok$s were
made on the paper, the first 5 for the standard sugars and the last

one for the extract. Ascending chromatography was tun 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,P0O;) (4ml) and Acetone
3 3

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

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

colour development.

iv) TOTAL TITRATABLE ACIDITY (TTA)

Five ml of extract was added to 100ml of distilled water in a
conical flask and 5 drops of 1% phenolphatalein solution added.
The mixture was titrated against 0.1N Sodium hydroxide solution.
The end point was indicated by a persistent blue colouration. The

TTA was expressed as Tartaric acid per 100ml and calculated hy

multiplying volume of Sodium hydrexide used by 0.150 (Heinzel and

Truper, 1976).

(v) P!

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.

vi) SPECIFIC GRAVITY

A hydrometer (Zeal, 1.00 - 1.800) was used. Some extract was
poured into the hydrometer jar and the hydromster spinned to get
rid of zany air bubbles clinging to its sides. The reading was

taken when the hydrometer became still and with the eve at surface
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level. The specific gravity was read at 15°C as directed by the

manufacturer.

vii) PROTEIN CONTENT

The Biuret method was used as described by Ccoper (1977). A
calibration curveﬂﬁ@tndbo was obtained using various concentrations
-of Bovine Serum Albumin (BSA) (0,2,4 - 10mg/ml). Biuret reagent
(4ml) was added to 1ml of the various concentrations of BSA
contained in respective test tubes and incubated for 20 minutes, at
37°%¢. A 107 dilution of the extract was treated similarly. The
optical density of the various sclutions was obtained using a
spectrcphotometer (WPN S101 model) at 540nm against a reagent
blank. The Biuret reagent was‘ composed of Potassium sodium

tartate (%g), Potassium iodide (5g), 6N Sodium hydroxide (100ml)

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

viii) ASH_CONTENT

A crucible (ashing plate) was weighed, 10ml of extract put
into it and heated over a hunsen flame to a constant weight. Water
and volatile components evaporated as vapour, the organic compounds
were burnt off as carbondioxide and oxides of nitrogen and the non

te +

jul

volatile components remained as residue, (weight of pl
residue) - (weight of plate) = weight of residue. Amount of

residue per litre of extract was then calculated.



ix) ASCORRIC ACID

Three grams of the Icheku froit was ground willi 75
oxalic acid and filtered through a Whatman No. 1 filter paper. The
filtrate (20 ml) was shaken with one teaspoonful of activated
charcoal and filtered again. The filtrate (0.5ml) was placed into
a test tube and made up to 4ml with 4.0% oxalic acid previously
treated with activated charcoal. 0.3 ml of 0.5% Dichlorophenol
indophenal was added to the mixture and the ftube vortexed at low
speed. The tube was ilncubated at room temperature for 10 minutes
and Iml of 4% Thiourea was added. 1.2ml of 2,4 Dinitrophenyl
hydrazine (2% in 75% HZSO4) was added dropwise with mixing to the
tubes and vortexed thoroughly. The tube was then incubated at 50°C
for 2 hrs. and allowed to cool to goom temperature. The optical
density was measured with a spectrophotometer (WPA S101 madel) at
510nm against a reagent blank. A calibration curve of vitamin C
(0.05 - 0.08 mg per ml)ahwandbd was obtained using the described
procedure. The amount of ascorbic acid present in mg/100g of fruit

was calcoulated from:

mg/100g = (conc. x 0.02 x 0.5 x 99.2) x 100 x 100

2.4 PRIMARY FPERMENTRTION

0.025% (W/V) of Sodium metabisulphite was used to sterilise

the fruit exntract. The inoculum used was a pure culbure <f 8.
cerevisiae (commercvial baker's yeast), 5S¢ of the Jdry vsast was
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Fa

added to about 25ml sterile portion of the extract and left at 37°C
fer 15 minutes (Aderiye, et al., 1991). "whis zctivated vesolt was

added to the extract at a 6% (V/V) concentration, 4hrs after
sterilizing the extract. The fermentation vessel was a sterile
500ml flat bottom flask fitted with a rubber bung carrying a ‘U’
tubing which ailowed the exit of carben dioxide. The "U' tuke
contained Sodium metabisulphite solution (0.1%) to prevent

contamination. Three different flasks were prepared ss follows:

Flask (i) contained 500m]l of extract.

et
e

Flask (ii) contained 500ml of extract supplemented with O.
(W/V) Ammoniumsulphate, (Maldonado, b azl., 1375).

Flask (iii): as in Flask (ii) but supplemented with 10% (W/V)
sucrose. All fermentations were cafried out in two sete of flasks
after adjusting the pH to 4.6. The fermentation was considered
completed when gas bubbling stopped and sugar analysis indicated a

@t

level of not more than 0.7% (Amerine et z 18807,

2.5 1S85T RACKING

The fermented broth was allowed some time (about 20 minutes)
for the sediments to settle. The supernatant was then rached off

the sediments, using a sterile rubber tubke into sterile containers.

2.6 SECONDARY FERMEWNTATION

400ml of the fermented broth from one of flasks {4} was

decanted into a sterile fermentation vessel and supplemented with



6% (W/V) sucrose and kept

(Frazier and Westhoof, 1978).

2.7 2HD RACKING

This was done at the

following the same procedue used

Key: (a) U’

(b) fermentation

(<) Rubber bung

at ambient temperalture

end of

tubing

for the first

the cecondarvy

flask

for 7 days

fermentation

raclking.



2.8 MICROSCOPIC ENAMINATION FOR  CONCAMINRTIING

L
l-

MICROODRGCAP I OGS

he fermenting extract was scereened for microbial

3

contamination at intervals of Z4hrs throughout the duration of the

fermentation process Iml of the fermenting extract was withdrawn

(after shaking the flask properly) with a sterile pipette This
was ce 1ﬁgfd at highspeed to obtain a sediment from which several

smears were prepared, gram stained and ohserved under the

microscope, first under z40 objective then under the 0il immersion

objective.

.r.q
il
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o
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2.9 Pl _AND TEMPERATURE MON

These were checked every 24hrs to detect any pH and

“1"
Q
=

temperature changes that may he favourakle to the growt!

spoilage microoganisms.

2.10 OTHER PARPMITERS

The Sugar content, Total titratable acidity, and specific
gravity were also checked every 24 hours.
2.11 8TORAGE AND BOIT

’V‘

The racked fermented broth was stored at refrigirator

temperature (4°%C) for 2 weeks.



2.12 CLARIFICATION
Bentonite, Gelatin, and Gelatin with Tannic acid were tested

clarifying agents using the method described hy Mitchell,

as
(1982). 10ml cf fermeated brcoch was put into 15 tegt tubes. The
test tubes wer= Jdivided into 3 sets, A,B,C of 5 test tubeseach. 1%

solution of bhentonite, 1% solution of Gelatin and 1% solution each
of Gelatin and tannic acid were added 1in varying veolumes
(0.1,0.2,0.3,0.4 and 0.5ml) to the tubes of the three sets (B,B,C)
respectively. The tubes were plugged with cotton wool and kept at
4°¢ until fermented hroth became clear. A control was proevided by
a test tube containiny 10ml of fermented broth without the additien
of any clarifying agent.

PRSTHEURIZATION

CRING AW =7

ihe
Y

After clarification, the fermented broth was filtered {(using
a filter paper) into a sterile 200ml  bhottles, cappsd and
pasteurised by heating in a waterbath at 65'C for 30 minutes

(Bmerine and Joslyn, 1970).

2.14 STABILIZARTION TIXEST

The pasteurised clear fermented broth (CFB) was kept at room
temperature for 7 days to check for any unsightly developments

before putting it back into the refrigerator (Toukis, 197€6).



2.15 ANALYSIS QOF THE CLEAR FERMENTED BES

ratabkle goidity, Volatile

fosi e
-+

i) The CFB was analysed for pH, Tatal t
. . L . . Y
acidity , Protein, Ash Ascorkic ac.d centent (2ml of CFB sample was

added to 38ml of 0.%% oxalic .cid) and qualitative presence of

]

reducing sugars by methods already described for the extract
analysis.
*Analysis was dene for the respective CFBs designated as
Type i - from Flask i,
Type ii - from Flask ii,
Type 1iii - from Flask iii,
Type iv obtained from secondary fermentation.
Seven commercially available wineg were also analysed for zous
properties (Table €).
** The Volatile acidity is expressed as acelic acid per 100ind

[~
&

of CFRB and calculated Ly wmultiplying volune of

P, AR,
DO I Ul

vdrozide used with 0.0064.

1i)} Alccholic Content

Thig was determined by fractional distillation (Chafor, 1978).

1ii) Reducing Sugars

LY Y

A calibration curve of ~1ucuonWPUhhx) wvas made ol lweing Lhe
underlined procedure:
Iml of wvarious cencentrations of glucose (0.1,0.2,0.3 -

1.2ml/ml) were put in tesl tubes. 2ml of DHS reagent was added to

gach tube, heated in a water bkath, cooled under tap water and 10ml
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of distilled water added into each tubs. The optical densily was

read off a spectrophotometer (WPFA S101 model) &t 540mm against a
reagent Dblank. The absorbance values were plotted against
correspeonding glucose concentr . :tion.

Iml ¢f the CFB was given a deouble dilution and treatsd similarly as
the various glucose concentrations and the amount of reducing sugar
present determined from the standard curve (Miller, 1959). DNS
reagent was prepared by dissolving 10g of 3'5'" dinilio salysalic
acid 1in 200ml of ZM Sodium hydroxide solution and made up to 500wl
with distilled water. 300g of potassium Sodiwum tartale was

dissolved in the resulting scolution and made up Lo 1 lilre with

aistilled water.

iv) Glycerol Estimation

~

100ml of CFB was concenlbrated to about 10ml and S5g of fine
sand and 4ml of wmill of lime were added. The mixture was
evaporated to dryness and to the residue obtained, 50ml ol ethyl
alcohol was added. After Lhe alcoliol treatment, Lhe paste was
heated on a waterbath and then filtered threugh & Whatman No. 1
filter peper. The filtrate was evaporated tu dryuness and 20ml of
absclute alcohol and 100ml of anhydrous ethev weie added Lo 10,
The resulting solution was then filtered again ans
washed with 2 parts of absolute alcchol and 2 parts of anhydrous

ether, then dried at 100°C. The dried mass was weighed, igailed

s in weidght on ignition gave ¢

(45}

and reweighed. Lo

(AOAC, 1984).
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3.1 No deterioration was observed in the fruits that were

]

completely dried under the sun. 30% of the fruits nolt completely

dried (control) was attacked by mildew.

w
28]

EXTRACYE

About 400ml of extract was collected from 200g ol fruit.

3.3 No microbial growth was observed on Nutrient Agar and with the

10‘3 dilution on PDA. However, with 107* one colony of a
g

fungus was observed. The colony was dnitially white but turned

black due to the production of sporangia. It grew fazl covering

the petri dish of 9 cm diameter within 2 days. Under the z 40

objective of the microscope, hyphae was coenocytic ana

e e ol . 1. P T W o R PR o
arces from the rhiizoide. 1t is probsb

161

sporangiophore

species.

3.4 RARMALYSTIS OF THE EITRACYT

(a) A dirty brown precipitate indicated presence of reducing
sugar.

(k) Table 1 INITIAL COMPOSITION QF THE EXTRACT,

COMPONENT MEAN VALUE
Total sugars (%) .80

Total titratable acidity

(% tataric {(acid) 0.58
pH 3.19
Specific gravity 1.10
*Protein (% 3.17
Ash (%) 0.06
*¥Ascorblic acid (mg/100ml) 112.43
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*The gstandard curve for Protein and BRscorbic acid ave shaown in

Hie Bippendix  respectively.

(¢) Ascending chromatograpy iundicated the presei

Fructose, Sucrose and Maltose in the extract (platle

3.5 PRIMARY WERMENWNTATION:

anoee

3).

Gas bubbling in the fermentation flask was ocbserved

wi

after inoculating the extract with Lhe starter

Fermentation period was eight days in flasks 1 and
days in flask 111. The fermented broth was milky

cloudy in all the flaske.

]

by

1

L

11
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thin 4 hrs
culture.
and eleven

colour and

-

A general decline in the values of total sugars

r

an

d zpecific

gravity was observed. %he decline was mere proncunced inn the first

four days. There was an increase in Titratable

decrease in pﬁlvalue, (f}3~é> , ‘ .

acidity and a
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Table 2: Changes in ccmposition of extract during primary

fermentation

PARAMETER _ TIME (days)

ki 2 4 6 &

*Total sugars 9.8 7.8 4.2 1.0 3.0
Specific gravity 1.10 1.08 0.96 0.91 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/1l00ml

No contaminating microorganism was detecled wider the

miscroscope,

3.8 TEMPERATURE

<>

(‘v

The temperature ranged between 27 - 29°C.

3.9 SECONDARY FERMEMTHLTION

The secondary fementation lasted for seven days. During this
period, there was a slight decrease in the pH Walus while Total

titratable acidity increased(}%yfg



Table 3: PH and TTA changes during secondary

31

fermentation

TIME (DAYS

PARAMETER
1 2 3 4 5 & 7
>H 3.91 3.87 3.85 3.83 3.83 3.82 3.81
TTA (%) 0.68 0.74 0.75 0.990 0.81 0.82 0.84

3.10 CLARIFICATION

The results are shown in

Table 4:

table 4 helow

Resultsg of Clarification Tests

Concentration

Clarifying time (days)

t
Contrcl

Used {(g/1) Bentonite Gelatin ___Gelatin
£
Tanni; Acid

1 5 8 Not clarified
2 4 4 "
3 3 4 "
4 3 3 "
5 6 2 "

*The control clarified in eleven days.
3.11 CLEAR FERMENTED BRCTHE {Crn}

310ml of the c¢lear fermented broth was colleclted

clarification.

amber colour and a gocd arcoma.

after



3.12 PESTEURIZATIOCH AND

STREBILIZATION

The amber colour deepened after pasteurization.

undesirable odour or colouraticn was observed when the CFB was

at room temperature for 7 deys.

Table 5: Chemical analysis of the CFBs

Component

Alcohol %(V/V)

pH

TTA (% tataric acid)
Volgtile acidity

(% acetic acid)
Glycerol (%)

Ash (%)

Protein (%)

Ascorbic acid (mg/100ml)

CEFRSs
CEFB
I 11 II1
6.92 6.82 10.20 13
4.03 4.04 3.91 3
0.64 0.64 0.68 0
0.023 0.027 0.0298 0
0.290 0.270 0.300 0
0.660 0.680 0.650 0
0.620 0.670 0.630 0.
79.360 79.360 79.360 69.

(@3]
ro

No sediments,

left
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3.14 Ascending chromatograpy indicated the preseunce of figtose

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

Plate 3. Ascending paper chromatography «

Key
(¢) Glucose (M) Maltose (iii) CFB Type 1ii
(F) Fructose (L) Lactose (iv) CFB Type 1V

(8) Sucrose (E) Extract



Plate 4 Pasteurised CFR Type iv.



3.15 Table 6:

COMPONENT

2
S 2

wines and Icheka wine Type IV

WINE

YAGQ *DC *RB BACCHUS CAPEL MALIBU CHALYPSO ICHEKU
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 1.60 1.90 1.70 1.80
Ascorbic
acid
mg/100ml 9.28 89.28 89.28 36.37 52.91 49.60 49.60 69.44
Blcohol %
v/v 7.00 7.10 6.50 17.00 8.30 24.00 24.00 13.60

*DC = Day Ccuntry; RB = Royal Banguette.
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CHAPTER FOUR

DISCECSETOH

The preservation and storage potentials of Icheku fruit endows
it with a major advantage over all other local fruits previously
investigated for the purpcce of manufacturing wine. The Rhizopus
sp. isoclated from the extract at 107! dilution is a weak parasite
that commonly grow on fruits and other detached plant parts causing
disease in their transit and storage, (Alexopolus and Mims, 1979).
The scanty growth may be attributed to the unfavourable pH wvalue
(3.19) of the extract.

The chemical composition of the Icheku extract is summarized
in Table 1. The 9.8% (W/V) tctél sugar 1in the egtract is

comparable to the 4 - 12% (W/V) obtained for banana, pineapple,

hew {( Felton, 1971; ¢Callender, 1976; Falade, 1981).

(W/V) reported for grape (Rose, 1977). However, the 9.8% (W/V)
total sugar in the extract ig conducive for the growth of the wine
yeast. It was reported that high sugar levels (up to 25% (W/vV))
exert osmotic¢ pressure causing most of the alcohol produced Lo

remain intracellular and become toxic to the yeast cells (Rumerine

and Joslyn, 1870; Bmerine <t al., 1980; ?2aunchal and Stews:t,
1980a). Ascending chromatography indicated glucose, fructose,

maltose and sucrose to be the reducing sugars present in the Tcheku
extract (Plate 3). Except for the precsence cof maltose, this result

agrees with literature reports for cashew, orange and pineapple
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1658 Hag et

- i e A . T
Eoal, 1975 callander, 1678 ).

ey

(singleton and Gotner,

All the reducing sugars detected are however the normal substrates

for wine yeast (Barnnet, 1976). The protsin and ash contents c¢f

the Icheku extract are comparable to these found for grape and

1O §¢

¥

cashew ( Ochigbe, 1963; Rose, 1977; BAderiye, et al; 1991).
The Ascorbic acid value of 112.43(mg/100ml) found in the
Icheku extract contrasts with the range of 34.56-97.11(mg/100ml)

reported for pineapple, grape, orange, lemon, tangerine, lime and

cashew Jjuices (Temple, et zlg 1990). Ascorbic acid La & very
essential co-factor for wine yeasts. It was reported that it
enhances enzymatic hydrezylation and accelerates glucozse upltake as

ation of

well as the sxcretion of ethanol when present at a cencentr

o
¢

~ gty

¥ b
- i S

e

1-1.5mg/ml in the fermenting must (Lehninger, 1975;). As
acid 1s however inhibitory in the excess of 15mg/ml (Panchal zand

Stewart, 1980a).

w

The 0.58% TTA level and lhe pH value of 3.19% in the extract 1

comparable to reported values for cashew, pineapple and crange

juices. The TTA level in these fruit juices ranged from 0.5-1.5%

and the pH value frem 3.0 - 5.6 ( Ochigho, 1963; Felton, 1971,

Gallander, 1976; Falade, 1981). The low pH value is desirable. It

may be responsible for the near sterility chesrved in ths Iolsku
fruit. In large scale alcoholic fermentation, the manufacturer
prefers a low pH of the must to achieve the desired sterility since
it is impracticable and costly te sterilise the bulk process

{Amerine and Joslyn, 1970).
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Mcst workers report the specific gravity of crange, pineapple,

cashew and grape juice to be in the ranyge of 1.035 - 1.0390. Thic
obhservation contrasts with the valusz of 1,100 choerved fopr Tobelua
Lo 3 higher

extract. The disparity in

s 1 = 1 - L B
level of izcluble solide in

The 0.025% (W/V) c¢f Sodium metabisulphite used Lo sterilise

the Icheku extract is small when compared with the 0.1% (W/V) used

for sterilizing cashew juice {Rderiye ot 3l, 1991, This Jlsparily
is expalained by the low level of contaminating microocrganism in
the Icheku extract, The c¢oncentration maintained the desired

luration of the fermentation. The usce of

D
o

sterility throughout th

Sodium metabisulphite to sterilise must is extensively reported in
literature {Dott et al, 18748). It e preferved bo zubaoclaving
which results in precipitaticn of sugars, release of pecting,

ss of bouguet and flaveur conferred

]

destrucltion of pectinase and 1

5]
e
—
I
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o

by volatile esters (S8latter, 1972), Furthermcre, it ha

ne effec on wine vyeast; 1is 80% effective against

w ¥

Tt o et sl
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pepulation and clearse the entire mou SOl

8

1982). This may be attributed te a physiocloical adaptatiocn sincs

wine yeasts produce sulphitesz (Heingzel and Truper, 1976)
The baler's yeast used in this work can preferably utilise

Glucose, Fructoeose,Sucrose and Maltose as carbon source. Prewer's

vyeast can also be used after appropriate treatment to free them
from bittering substances and other contaminating materiale

(Toukis, 1976).
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Generally, during alcoholic fermentation, the preduction

feal

carbon dioxide bubbles agitate the contents of the vesgsel. It wa:

shown that a carbon dioxide pressure of 7.2atm. stopped yeast
growth but not fermentation and when up to 20 atm. stopped holh
veast greowth and fermentation (Ough and BEmerine, 1966). In order
to aveoid the build up of excess carbon dioxide pressure, a "U' tube
was used in this worlk

Previous reports ( Jarczyk and Wzorek, 1577; Funkee and
Goswell, 1977, Mitchell, 1982) agree with the general delcine in

the values o¢f sugars and specific gravity cbserved in thiz work us
fermentaticon progressed. The decline is due to utilizaticon of
sugars by yeasts. The more proncunced decline oheserved in the
first four days may be attributed tg the period of expenential

TTR o

phase of growth uf the yeast cells. The increase i TTA of the

fermenting broth agrees with the obkgervation of OCugh and Ancrilue
(1966); this is because during fermenlatien, organic acids like

i¢, Succinic and RAcetic acids are produced (Rankine, 1965},

Low pH had been shown to contribute to flavour and avoma and

- . o . . X e
- s 1 o e i (R4 e, e b ] HRESASS I
FER-R U VRGN SOSE (L SHEEE N S R S N S S R A

; ; - gk b N -
inhibit the gruwth of cpoilage

Most workers refer tc bentonite and gelatin as clarifying

agents of cholce (Miller, 1959; Aperine ={ 21,7 Thiaa
- : LR LR - . e - .} Pas \

observation is in zagreement with the piesent [indings (Takle 4).

Bentonite does not impair tacte and ensures protein stablilibty (Dam

- . 4 . ; - r .y .
t al, 1931). Gelatin removes tannin from wine., Milobe! (0, ’qg'}_)
- - . - - - P TN - oy - U T a b PR S 27
e, recommended that Gelatin be used togsther willh an equal

i1 with tannic zoid could not clear

jo3)
0
o
oy
3t
——
[

amount of Tannic acid
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1980) was 0.12 - 10.05%. This 1

obtained for the CFB's 9.0.4-1.8%). Ascending chromateoyraphy
indicated Glucose and Fructose to be present in CFBs III and
Gluccse, Fructose and Sucrose to be present in CFBs IV, (plate 3).

This agrees with literature reports for Cashew, Orange and

Pineapple wines {(Singleton and Goinev,
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Formica, 1981). An additional sugar, raffincse was detected in
palwine (Ayernor and Mattews, 1972).

The TTA and pH range (02.64 - 0.83% and 3.81L - 4,04

respectively) of the CFBs are comparable to that obtained for

Pineapple, Orange, Cashew and some Iragi wines. The range for
these wines was, TTA, 0.52 - 0.92% and pH, 2.8-4.2 (Felton, 1971;
Gallander, 1976; Riberau-Gayoen, 19878; Zach:de =t al., 1982, Falude,
1981). Wines are known to ke the most acidic of all fermented
drinks (Rikerau-Gayecn, 1978). The percentage velatile aoidity in

the CFBs ranged between 0.027 - 0.035. i in agresment with
a range of 0.023 - 0.036% reported for grape and pinscapple wines

(Singleton and Gotner, 1965; Amerine and Joslyn, 1870). Increasing
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volatile acidity (up to 0.12) is indicative cf spoilag
((Bmerine, g abl., 1920) . dumbeniR B, Bagh K. S Sbaglaton,. €.
2rd. Webkk, KRB, ¥388)c The protein (0.60 - 0.67%) and ash (0.6
0.68%) contents the CFBs are comparable to those found by Ochigbo,

£3) for cashew wine. The glycercl content (0.27 - 0.302) of the
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CFBs is in agreement with the range of 0.29 - 1.0% reported in some

wines (Swejcar and Papcum, 1976). Glycerol and other velaliles are
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Pino, 1982).

The BAscorbic acid content of the CFBs (69.44-79.36mg/100ml)

indicate ahkout 40% reduction in the originzl value of
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112.43mg/100ml as contained in the Icheku £
attrikbuted to the fact that yeasts use BRscorbic acid for enzymatic
hydroxylation Lehninger, 1975). It was shown that thigh
7 Y

n . . . .
temperature (greater than 27°C) and oxidation affect ascorbic acid

degradation (Dulkin and Friedeman, 1956; Smcoth and Nagy, 1980;
Kranner et al., 1982) and that the intense colour formation such ac

vellow or red pigments in juices is due to the destructien of
ascorbic acid (Hayashi et =al., 1983; Lees and Nayy, 1G688). s

increase in the browning index of thé CI'Bs after pasteurization may
thus be attributed to ascorbic acid degradatien. The ascorbic acid
level found in the CFBs 1is comparable with the lesvel in sgsome
commercially available wines in Nigeria (Table 6).

There is no significant difference (equal mean) hetween CFE I
and II. It may therefore, be assumed that the Icheku extractis has
significant nutrient levels for the growth of wine yeasts. It had
been observed that musts generally contain a highh level of
malaimen and

nutrients required by wine yeasts (Fuleki, 1965; Suc

Qura, 1971; CGuirarel and Snell, 1981).
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Bl1]l the CFBs had good aroma after tuwo weeks of

not deteriorate after sixty days of storage.
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SUMMARY

From the foregoing discussion’. the following statements can

be made:
i) Wine can be made from the Icheku fruit.
ii) Icheku fruits can be preserved and stored satsiflactorily

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 in literature and to some commercially
available wines in Nigeria.

From these ohservations, and because Jchsku iy 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 wines. The following

recommendations are made towards improving on the present research

findings.

(1) A pilot plant for manufacturing of wine using Icheku 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.
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