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SUMMARY

Plantain (Banana-Musa AAB) is a widely growing but commercially
underexploited tropical fruit. This study demonstrates the processing
of plantain to flour and extends its use and convenience as a
constituent of bread, cake and biscuit.

Plantain was peeled, dried and milled to produce flour. Proximate
analysis was carried out on theoflour to determine the food composition
Drying at temperatures below 70 C produced light coloured plantain
flour.

Experiments were carried out to determine the mechanism of drying, the
heat and mass transfer coefficients, effect of air velocity,
temperature and cube size on the rate of drying of plantain cubes.

The drying was diffusion controlled. Pilot scale drying of plantain
cubes in_a cabinet dryer showed no significant increase ¢f drying rate
above 70 C. In the temperature range found most suitable for plantain
drylng (ie 60 to 70 C) the total drying time was adequately predicted
using a modified equation based ,on Fick's Law provided the cube temp-
erature was taken to be about 5°C below the actual drying alr temper-
ature.

Studies of baking properties of plantain flour revealed that plantain
flour can be substituted for strong wheat flour up to 157 for bread
making and up to 507 for madeira cake. A shortcake biscuit was produted
using 1007 plantain flour and test-marketed

Detailed economic studies showed that the production of plantain fruit
and its processing into flour would be economically viable in Nigeria
when the flour is sold at the wholesale price of NO.65 per kilogram
provided a minimum sale of 257 plantain suckers. There is need for
government subsidy if plantain flour is to compete with imported wheat
flour. The broader economic benefits accruing from the processing of
plantain fruit into flour and its use in bakery products include
employment opportunity, savings in foreign exchange and stimulus to
home agriculture.

KEYWORDS: FOOD PROCESSING IN DEVELOPING ECONOMY, ECONOMIC
FEASIBILITY STUDY, PLANTAIN DRYING, PLANTAIN BAKING
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PREFACE

BACKGROUND TO PROJECT

The National Horticultural Research Institute (NIHORT) of Nigeria

was established by the Federal Government of Nigeria in December

1975 to carry out research on all matters concerning non citrus
fruits, vegetables and citrus fruits in Nigeria. A project jointly
sponsored by the United Nation Development Programme and the Food

and Agriculture Organisation of United Nations (UNDP/FAO Project
NIR/72/007) was approved during June 1975 to assist the Government

in establishing this new Institute. The UNDP/FAO co-operation in the
project was originally scheduled to terminate by 1979 but was extended
later to end of December 1981 after which the Government of Nigeria
was to be solely responsible for the running of the Institute. The
fruit and vegetable processing section of NIHORT was set up under

the Utilisation Division to carry out research on the methods of
processing and preservation with a view to improving commercial
practice. A pilot processing factory was designed with all necessary
facilities so as to establish an acceptable and sound research-based
consulting service for the food processing industries but has not yet

been built,

I was appointed in October 1977 as a counterpart to Mr Kenneth
McLean, FAO Food Processing Adviser, attached to the Institute. We
carried out a national survey to determine the potential for fruit
and vegetable processing. The final report of this survey carried out
over three years is titled "Conditions for Expansion of Fruit and
Vegetable Processing" (McLean 1978). As a part of the assistance
contract FAO awarded Fellowships to some Research Officers in
particular fields to enable them to receive relevant training. Food
Processing was one of the fields in which need for further training
was recognised. I was nominated in May 1978 by Director of the
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Institute for a 3-year Fellowship Award to carry out research on

"Plantain Processing".

On 23rd October 1978, the Director of the Institute stressed in
writing the need for research training which would enable me to acquire
enough technical competence to be able to take charge of the proposed
pilot food processing factory. I was given two months to study the
traditional system of plantain flour production and to include all
available local literautre and literature about the Puerto Rican
Experience. A comprehensive report was submitted to the Director,

(Ogazi, 1978).

Tbe Institute has five research programmes - Citrus Fruits, Other
Fruits, Vegetables, Extension Research, Liaison and Training and
Special. Under the other Fruits Programme, the following fruits were
selected for research during 1977 - 1981 period - Plantain, Banana,
Mango, Pineapple, Pawpaw, Guava, Ogbono (Irvingia gabonensis), and
African Breadfruit (Treculia africana). Plantain processing to produce
flour was chosen as an appropriate research topic as there has been
no direct research in Nigeria on processing the fruit in order to

extend 1ts shelf life.

A detalled discussion was held on 13th July, 1977 between myself and
a team of IHD Scheme Tutors - Dr A J Cochran, Mr A Montgomerie and

Dr D J van Rest on the possibility of a Total Technology (TT) Project
based in Nigeria. On 18th July, 1977, I was offered a conditional
place on the Interdisciplinary Higher Degree (IHD) Scheme, including
TT coursework and the general topic was '"Methods of reducing lossés
of crops, vegetables, and fruits during storage and processing in
Nigeria'". Dr van Rest became my Tutor for the research training and

was responsible for the co-ordination and administration of the research
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project, After I took up my appointment with NIHORT Ibadan as a

research officer, I was offered a confirme& place for the research
training for the 1978/79 academic year. The topic was then changed to
"The processing and preservation of plantain material with a view to
commercialisation”. The TT Programme of the University of Aston was
considered most suitable because of its training in the Management of
Technology. Most students taking part in the programme are normally
sponsored by the Science Research Council of Britain and normally

based in particular companies to research on a specific industrial
problem. The companies originate the problems and usually co-operate

to make the project a success by providing all the necessary facilities

required for the research.

I was untypical in that the Institution which sponsored my work was
abroad. My first task was to find a collaborating Institution who would
provide facilities for the research in the UK. After four months of
unsuccessful approaches to some research organisations, Dr P Wix,

Head of Department of Applied Biology and Food Science, Polytechnic

of the South Bank, London, agreed to make available equipment in his
Food Pilot Processing Laboratory for the project. The arrangements also
included the use of the facilities in the National School of Bakery
attached to the department for assessment of the baking properties of

the flour produced.

The next step was to appoint the supervisory team and formulate the
research proposals. The selection of the supervisory team was very
‘delicate because I had first of all to interest the prospective
supervisory candidate on the objectives of the project. Secondly, an
assurance was required by the candidates that adequate facilities would
be available for the execution of the project. Eventually by April 1979

the supervisory team was selected as follows:
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Dr M C Jones (Main academic supervisor)
Department of Chemical Engineering, Aston University

Mr K G Vaidya (Associate supervisor)
Management Centre, Aston University

Mr G Beswick (Associate supervisor)
Department of Biological Sciences and Food Science

Polytechnic of the South Bank, London

Dr D J van Rest (Tutor)
Interdisciplinary Higher Degrees Scheme, Aston University

At South Bank Polytechnic, Mr F C G Kidman, Head of the National Bakery
School was elected to supervise the use of plantain as a composite in
bread and cake manufacture. He nominated Mr I Wheal, lecturer in

Biscuit Technology to supervise the production of plantain biscuits.

The supervisory team agreed that the research training would involve
both the technical and economic aspects of the project. The title was
again changed to "The Technical and Economic Study of Plantain Food

Products" to reflect changes in research objectives,

The research proposals were drawn up in such a way as to satisfy both
the Institute's objectives and the requirements of the University. The
proposals shown in appendix APP-P were formally accepted by the FAO on
27th June 1979 and by the Director, NIHORT on 2nd August 1979. On 2nd
October 1979, the Senate of the University approved my registration as
a Sandwich Student in the IHD Scheme for a Higher Degree by Resarch and
Thesis and recognised the supervisory team as above. The registration

took effect from 22nd April 1979.

Obviously, the success of such a project will depend not only on the
funding by the Federal Government of Nigeria and the FAO of UN but also
on the co-operative efforts of the student and the supervisory team,
Inspite of my great enthusiasm, the project could not have been

successful without the unqualified support given by all the members of
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the supervisory team. There was some doubt at the beginning of NIHORT's

commi tment to the project, but when Mr S A 0 Adeyemi became the Director
of the Institute by mid 1979 there was a positive response from NIHORT

which continued until the end of the project period.
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CHAPTER 1

General Introduction to Plantain Food Products Production

in Nigeria and the Corntext for the Research




General Introduction to Plantain Food Products Produétion:in

Nigeria and the Context for the Reésearch

"Development about and for people"” can only be achieved if
indus£rial growth benefits the right groups. Development must
therefore begin by identifying human needs. The objective of
development is to raise the standard of living of masses of the
people and to provide all human beings with the opportunity to
develop their potential (Streeten, 1976). A plantain industry
whose activities will include production, preservation, storage
and marketing in the country will surely provide this type of

development.

Plantain as food crop:

Nigeria is a fast developing country with a tropical climate which
varies from rather arid in the north to extremely hunid in the
south. In the decade between 1953 and 1963 when the last official
census was taken, the population rose at a rate in excess of 2.5
per cent per annum. If this rate of growth continues in the next
few decades, as it is likely with improved economic conditions and
better health and medical facilities, the problem of feeding the
increasing population at existing and gradually rising levels of
nutrition is likely to become increasingly serious. The official

estimate of the population now is between 80-100 million.

Socio~ economic changes such as industrialisation and urbanisation
call for sufficient and wholesome food supply for urban areas in
conveniently transportable and usable forms. This is a challenge

to farmers for the production of primary food crops and to the




food technologists for the processing and preseryation of crops

especially the perishable and seasonal ones.

Plantain (Musa species AAB group) is a good example of such a

crop. It is an important food crop in Nigeria as in all humid
tropical zones of Africa, Asia and Central and South America.
Plantain resembles a large banana and there are about 30 cultivars
which have been separately distinguished in Nigeria. The cultivars
have different local names (Ogazi, 1980), but all cultivars are
similar in certain important characteristics ~ like fruit and pulp
colour, hand and finger number under favourable growing conditions

(Devos, 1978).

The publication by the Federal Department of Agriculture on Food
Requirements, Supplies and Demand in Nigeria in the period 1968-85
predicts that by 1985 plantain will constitute the fourth main
vegetable product in Nigeria (Olayide et al 1972). The inadequate
public appreciation in the past years of the food values of
plantain, however, may mean that the predicted demand has been
underrated. It is estimated that for Nigeria a rise in the
standard of living would lead to an increase in the demand for
plantain (Paradisiaca, 1976), since it is a preferred food in a
number of parts of Nigeria and consumers will be willing to buy

more plantain as their incomes increase.

Previous investigations reported in the literature portray the
plantain as a versatile crop to grow and to prepare different
dishes in the kitchen. It is now not only grown on homesteads but

recently has been grown in small plantations for the commercial

market. 1In Nigeria it is mostly grown in Yoruba, Bini and Western




Ijaw and inter-cropped with cocoa and rubber.. It ‘is grown in:

compounds in Urhobo, Itsekini, Eastern Ijaw, Ibo and Ibibio and
inter-cropped with cassava, maize and cowpea (Devos, 1978).
Figure 1.1. shows the southern states where plantain is grown as
one of the main cash crops and these states provide for about 80%
of all the plantains eaten in the country. The uses of plantain
in Nigeria has been documented as shown in the appendix (APP-1).
The uses of plantain flour have been discussed in the report very
briefly. However, the use of plantain flour as composite with
wheat flour in the production of bread, biscuit and cake will be
discussed in detail in chapter 5 of this report. Plantain,
whether eaten as flour or in any other form is regarded as a
favourite and nutritious dish. This is connected with its iron
and mineral contents which makes it special among other staple,

starchy foods.

The Establishment of plantain industry in Nigeria

In 1980, the Federal Ministry of Industries commissioned a study
on the establishment of integrated food complexes in the southern
zone. The major food crops of this zone are cassava, cocoa,
cocoyam, cowpeas (beans), maize, plantain and yam. A detailed
study has been carried out on the feasibility of establishing
integrated food complexes in various parts of the country based on
the six crops cassava, cocoa, cocoyam, cowpeas (beans), maize and
yam. The study concluded that cassava, cocoa and maize were

potentially the most suitable crops for the proposed complexes.

Plantain has been left out of the above study because of the lack

of national awareness of its importance in the national food basket.
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Plantain like other fruits and vegetables has until recéntly been

neglected in fhe national plan for food production. The recent
awareness of the Federal Government has led to the establishment
of the National Institute for Horticultural Research. This has
been a positive step towards the development of indiégenuous fruits
and vegetables. The Institute has plantain as the most important
crop in the fruit programme. A number of studies of which this
project is one of them have been commissioned by the Director in

order to provide a Data Bank on plantain as a crop.

It is envisaged that plantain production and processing in Nigeria
could develop on lines similar to the already established cocoa
production and processing. The Cocoa Board was established by the
Federal Government to run the cocoa industry. The goverment also
established the Cocoa Research Institute of Nigeria to research on
all aspects of cocoa production. In 1970, the Cbcoa Development
Unit was established between the farmers of the Western States and
the World Bank to combat the decline of cocoa production. The Unit
acts as a link between the Research Institute and the farmers.
While the Institute researches on high yielding varieties and the
government provides subsidies through agricultural input, the unit
raises young cocoa plants for distribution to the farmers (Adigun -

Personal Communication, 1980).

A plantain industry can be encouraged analogously by establishing

a company to exploit commercially the research findings of NIHORT.
The establishment of this industry would help to fulfil the main
objectives of the Green Revolution which is to overcome our in-
ability to feed ourselves. The processing of agricultural primary

produce is desirable when the products are cheaper to transport in
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a processed form rather than in their raw state. This is

particularly relevant in the case of plantain because there is a
weight reduction of about 70 per cent when it is preserved in a
dried form. Although plantain can be used in the preparation of
many different dishes, it is, however, very perishable and has a
shelf life of about ten days from the harvest under a tropical
climate. There is need for longer shelf life which can only be
achieved by processing the fruit into flour. This issue is

discussed in detail in the next section.

Justification for plantain flour production

Innovations which make food products made from domestically
produced crops more appealing and hence reduce the import of food
products make a contribution towards bridging the gap between
domestic food supply and demand. Plantain flour, and bread,

biscuit and cake made from it are such innovations.

The many other reasons for processing plantain fruit into flour

include (a) Preservation, (b) improved quality of flour, (c) price

stability, (d) wider availability and (e) stimulate agricultural

production.

(a) Over 70 per cent of the harvest of plantains is obtained

during the period July to December and there is much wastage

of this crop during the period of peak supply. Most plantain

products cannot be stored for a long period resulting in
seasonal availability and limitations on their use by urban
populations. Plantain flour production would lessen the

wastage during peak production.
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The existing methods of production yse sun-drying and

grinding with crude equipment into flour. There is an
existing market for the flour, although unorganised with
little or no packaging provided. Plantain flour could be
provided in small packs for gruel or fufu (see appendix
APP-1) and bakery products preparation, thereby providing a
convenience food for housewives. The use of modern tech-
nology for the processing of plantain into flour will lessen
the drudgery of the traditional methods and improve both

hygiene and quality in the process.

The processing of plantain into flour increases its shelf
life. It could be available for different uses and help to
reduce seasonal fluctuation in the price of plantain.
Plantain flour does not lose its value as plantain fruit

does when it is overripe.

The demand for plantain in the northern states of Nigeria
(see figure 1.1.) where it is not easily and economically
grown is great and undersupplied. It is transported over
long distances by train and road. This results in wastage
due to damage to the fruit because of bad packaging and
fruits being overripe before reaching their destination.

The easy transportation and distribution of well-packaged
plantain flour would make plantain products available in all

parts of the country.

The processing of plantain into flour will stimulate agri-
cultural production and the establishment of plantain

plantations, thus creating employment which would contribute

7




added value to the economy and save foreign-exchange ‘by

reducing imports of wheat flour. It will also help
eliminate the plantain peels which constitute about 35 per
cent of the whole fruit weight and thereby reduce the

volume of garbage in the urban centres.

Technology Transfer

Practical plant manufacture of plantain food products in the
developing Nigerian economy is an example of Technology Transfer.
Methods of food processing are well established in advanced
economies, where they meet needs of large urban populations backed
up by many decades of engineering and business experience.

In Nigeria this experience cannot be guaranteed, and the technical
and financial plans to produce plantain foods must take this into

account.

Plantain is processed into flour as a food product and the flour
used to manufacture bread, biscuit and cake. Plantain flour has
been produced traditionally by drying under the sun and grinding

to produce flour. For the industrialisation of this process, there
is a need for judicious selection of equipment that will fit into
the economic and technological environment in Nigeria. The transfer
of the new process of flour making or the production of the other
plantain baked products could be hampered not only by the in-
appropriate technology but by the people's attitude to work and

other externalities like power failure, transportation problems.

Some of these problems are highlighted in the following examples.




(b)

Rouwen (1979) emphasised the need to start with intermediate

technology in developing countries with respect to: food
industry to minimise the problem of technology transfer.

He cited the case of the citrus processing plant in Brazil,
where he worked briefly, which he referred to as advanced
technology. The plant was designed in Bmerica and run by
Americans using cheap labour from Brazil for the routine
type of the work. He noted the regular incidence of
power failures and the high rate of labour turnover because
workers being less motivated left their employment to enjoy
their leisure (an opportunity cost of having to work for

small wages).

Obviously, a technology transfer could only take place when
the new knowledge is actually passed on from one culture to
the other involving peoples. Therefore, there is a need for
a technology transfer that will guarantee economic develop-
ment through good wages and offer learning opportunity for

the indigenuous people.

Meuser (1979) carried out the design of a process plant for
the processing of cassava to garri and flour for Chief A C
Okenwa of Onitsha, Nigeria. The plant was delivered to
Chief Okenwa and was lying in the port of Lagos for more
than one year. An excuse was given by the chief that cement
was not available for the building of the platform for the
installation. The actual reason might be that the plant was
probably too complex with drum drying incorporated for the
production of the flour. Meuser was disappointed that the

plant has not been installed and he could not claim a

9




complete success until it has been commissioned.® On the

other hand, Chief Okenwa might be reluctant to instal the
plant if he believed that it would be an unprofitable
venture. He might consider it better to abandon the plant

instead of incurring more debt by commissioning it.

Two issues are at stake here - financial loss by the local
entrepreneur and loss of market by the designer. Normally
such projects are partly financed by low interest loans
backed by the Federal government. If such projects fail

the government is unable to recover its capital contributions
(section 6.5.2). This is an example of inappropriate
technology and bad planning resulting from the entrepreneur
being technologically inexperienced . There is need for

experts to guide entrepreneurs in their choice of technology.

From worldwide experience of technology transfer the
following conclusions apply to the present project and these
include (a) simple technology, (b) extension of uses of
traditional crop in food industry, (c) objectives to be
understood by all and need for self-discipline and interests,
(d) allow for transport and utility unreliability, (e) need
for good leadership and flexibility, (f) due consideration
given to technology transfer in the planning stage, (g) good
understanding of food raw material and (h) needs the right

institutional framework.

(a) The simpler the technology, the easier it can be adapted
in the developing economy (e.g. use of cabinet dryer,

liquidiser and ADD as opposed to CBP method in

10




breadmaking - see chapters 4 and 5 of this report).

(b) (1) A technological innovation that improves or
extends the use of traditional staple crop will
be well received by the masses (e.g. plantain

bread, cake and biscuit).

(ii) For research to be effective and to make the
most of any investment in it, it is a good plan
to start off with the possibilities for better

methods of exploitation and processing local

natural resources taking into consideration any

peculiar characteristics.

(c) (1) The objectives of a technology should be
understood by the policy makers as well as the
masses who are the recipients. When a technology
is developed, its selection and eventual
implementation often depend on economic and
political decisions. When it is selected and
implemented its dissemination and acceptance by
the public depend on the acceptability of the

product to consumers.

(i1) Without self-discipline among the workers at all
levels the full benefits of labour-intensive
projects cannot be achieved. The new technology
must be able to stimulate the interest and
imagination of the scientists and technologists

(e.g. manufacture of plantain shortcake biscuit
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at Bisco Factory in Lagos where eyery worker

was anxious to see what it would look iike).

Allowance should be made for the unreliability of the
transport system and utility supply (e.g. electricity

and water).

There is need for a motivated and aggressive leader
who should act with reasonable freedom and seek good
opportunities and be flexible enough as to respond to
some inevitable changes whether economic, social or

political.

(1) The problem of transfer of technology should be
considered right from the planning stage by
asking the gquestion "technology for whom and

where ?"

(i1) There should be a close liaison among the
people who develop the ideas, their agents and
the people who originate the concepts. A good
example is the use of plantain pulp in bread

and cake making.

The development of new technology in food processing
should be carried out with full understanding of the
agricultural raw material as different variables/
cultivars could give different throughput and product

e.g. plantain, mangoes, tomatoes and oranges.
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Schumacher was quoted as saying, "If you want to be a-.good

shoemaker, you must not only be able to make goodishoes,
you must also know a lot about feet - because the aim of

the shoe is to fit the foot." (Davis 1981).

(h) A transfer of technology usually involves a process of
innovation and diffusion of the new technique by imitation
and acceptance. It needs adaptation and sometimes some form
of resistance could be met. The economical, cultural, social
and political aspects of the transfer of technology cannot be
separated from one another. Therefore given the inherent
difficulties, technology transfer and diffusion cannot be
expected to be a spontaneous process as many people tend to
regard it but require institutional channels of concerted

actions.

The Technical, Economic and Marketing Aspects of a Project

For the success of any project, an integrated approach should be
adapted in solving the technical, economical and marketing problems.
There are differences between the approach to these problems in the
developed and developing economy. Certain things taken for granted
in advanced economy are sometimes non existent in developing

, “enomy | . .
economy. In a developing ,a project leader often finds himself
having to direct and supervise all different sections of the
project in order to achieve complete success. Therefore, there is
need for a research training that will deal with the above problems

encountered in a project, especially when it is intended for a

developing economy.
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A project could be technically feasible but if:the return on

investment is negative or very low an entrepreneur would not
invest in it. The results of research should generate proposals
that produce realistic financial and economic rates of return for
project sizes. Translation of such results by sponsors should
depend on the attractiveness of such returns. The government may,
for other social reasons, undertake the implementation of those

projects which are unattractive to private sponsors.

Kilby (1969) writing on the utilization of domestic resources with
particular emphasis on the applied industrial research made the

following observation:

"One of the criticisms of applied research in Nigeria is that
insufficient attention has been paid to the economic, as opposed
to the technical aspects of the projects being investigated. Such
important factors as the logistics of raw material supply, the size
of markets as compared to efficient scale of plant, the effect on
prices of the implementation of the project and the net advantage
of displacing cottage industry are given only cursory, if any,

attention."”

The marketing problem can be tackled by carrying out pre-marketing
research to find out what the consumers would like to buy before
producing a range of products based on the finding. When the
products are produced a test marketing is carried out in order to
select the final product for commercialisation. Ricker (1969},
who maintains that marketing is a part of production and not of

distribution, made the following observations:
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1. "A technical break-through is one starting :point for

innovation, but for a new product development a. clearer
understanding of consumers' needs is of paramount importance.
The critical problem of new product development is to bring
as clearly as possible, the realities of consumer needs into
line with the activities of material and processess avail-
able. Some costly errors in the development of new products
have resulted from carrying one aspect of research and

development too far before investigating others."

2. "To be a success, business must serve a need. The needs to

be served are the needs of consumers. A successful product

can be launched if the marketing man has done his job well

and the product is technical and economically feasible."

3. "The food technologist must ever realise the great contribu-
tion he can make to the marketing man, his company and him-
self, not alone through his technical proficiency but
through a strict sense of the need for gquality, wholesomeness,

consumer value in the product in which he works."

From the above observations, the obvious conclusion is that there
is need for an interdisciplinary approach towards the development
of a new product. The technical, economical and marketing aspects
of a project for new products should be complementary for a

complete success.

In the present project, an assumption was made that there is
market for plantain flour for the preparation of gruel and bakery
products where possible, and that the market is undersupplied. The
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preoccupation was to develop technically internationally

acceptable food products from plantain and to carry out an
economic appraisal on the flour production from a plantain
plantation. The costs of the bakery products will depend mainly

on the cost of the plantain flour and have yet to be determined.

The consumer acceptability test for the plantain biscuit produced
was carried out in London, UK and Ibadan, Nigeria. However, in
order to obtain an estimate that could be translated into sales, a
preliminary test marketing of the biscuit was carried out at the
South Bank Polytechnic baker shop. The actual test marketing,
however, will be carried out in the countries where the products

would be sold.

Objectives of the present study:

The aims of this project fall into four sections.

1. Because of the underlying reason that plantain is a perishable
crop, it is necessary to carry out quality assessment of the
plantain fruits and flour. The physical and chemical changes
that take place during storage will be examined. The effect
of temperature during drying and maturation on plantain as
measured by the colour of the resultant flour will be deter-—
mined. The preliminary processing and proximate analysis will
help to determine the temperature range and establish quality

standard for plantain raw material for processing.

2. The technical problem will deal with the dehydration of

plantain and design of the plant. The drying mechanism of
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plantain cubes and the effects of temperature, air flowrate,

and cube size on the rate of drying will be studied. The
heat and mass transfer coefficients for plantain cubes will
be determined and the effective diffusion coefficient and
energy of activation established. A process for the produc-
tion of plantain flour will be designed after due considera-
tion of all possible routes. The quantity of flour to be
processed per 8-hour shift will be estimated for the selec-
tion of appropriate equipment size and the design of the

plant layout.

The baking properties of plantain flour with respect to
bread, biscuit and cake will be determined. The consumer
acceptability test and a preliminary test marketing will be
carried out on the biscuit to determine the actual degree of
acceptance and help to estimate demand. The results of the
tests will be used to determine whether plantain flour could

help to lessen dependence on wheat importation.

The financial and economic evaluation will be carried out to
establish the cost of plantain fruit from a given plantation
size and price of the flour from the fruit. The economic
benefits and financing will be assessed in terms of the net
present value and internal rate of return. The economic
aspects of bakery products production using plantain will be
treated with respect to food balance sheet and national
economic policy. The principle of shadow pricing will be
applied in order to show the value of plantain flour as a
substitute for wheat flour. Plantain will be considered in

the overall context of government policy on food production

17




and the social benefits that could be derived from a

plantain food industry. The role of government for
effective implementation will be examined and discussed in

the light of financial and material incentives.

Each section above uses the methods of a different discipline,
hence the need for the interdisciplinary approach adapted in the
execution of the project. A separate introduction and literature
review have been provided for each chapter - so that the different
results can be judged in their proper context. The overall
contributions made in the project will be summarised in the

conclusion section.
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CHAPTER 2

Quality Assessment of Plantain Fruits




QUALITY ASSESSMENT OF PLANTAIN FRUITS

Introduction
o eradction

The guality and maturity of plantain is of paramount importance
for industrial production of plantain flour and allied food
products. When the term "Plantain" is used alone in this report,
it implies plantain fruit. It is necessary to characterise the
varieties planted by farmers and to obtain information on the
production patterns and fruit characteristics.Sanchez Nieva et al
(1968@ reported that processed products of acceptable guality can
be prepared from fruit harvested throughout the year provided the
fruits are harvested at a proper stage of development. This
corresponds to the stage at which the fruit reaches a pulp content
of about 60 per cent which corresponds to a pulp: peel ratio over
1.5:1. This does not, however, provide a means of judging when

plantain is over mature for commercial drying.

Freshly harvested green plantains are usually stored in some manner
before processing or selling in the fresh market. For commercial
processing, stocks of plantain fruits are usually held for sometime,
thus making allowance for any unexpected interruption in the supply
of fresh fruits. There is therefore a need to determine the changes
which take place in a mature plantain during the storage period

which might affect processing characteristics.

Experiments were carried out to determine the composition and
physical properties of the green plantains used for flour production.
Also the effect of temperature of drying and sugar content on the

colour of the flours produced was studied.
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2.2 REVIEW OF LITERATURE

2.2.1.1.

Composition and Properties of Plantain

Chemical Analysis of Plantain

Nieva Sanchez et al (1968g found that two cultivars,
Maricongo and Guayamero planted in the same field had

different chemical compositions as shown in table 2.1.

Acidity as Total
Anhydrous H Moisture Starch Reducing Sugars
Citric Acid P Sugar as Invert
% W/W % W/W % % %
Maricongo 0.09 6.27 58.82 27.29 0.39 0.57
(Greeq)
Guayamero 0.15 6.06 60.42 25.19 0.57 0.90
Table 2.1. Chemical composition of green plantains of the Maricongo

and Guayamero cultivars.

Ketiku (1973) carried out a detailed chemical analysis of
green and ripe plantains. The raw material for these studies
was grown in Ibadan, Nigeria. The details of his analysis

are given in table 2.2., 2.3 and 2.4.




Unripe Skin Ripe Skin Unripe Pulp Ripe Pulp
Protein 8.0 8.0 3.0 3.5
Ash 10.1 10.1 2.0 2.2
Ether
Extract 5.1 5.6 1.1 2.2
Crude Fibre 5.6 5.6 0.5 1.1
Nitrogen-
free 71.2 70.0 93.4 92.0
Extract
Dry Matter 15.0 17.0 44.0 43.0

Table 2.2 Proximate chemical composition of unripe and ripe plantains
(g/100g dry samples), %.

Constituent Unripe Skin Ripe Skin Unripe Pulp Ripe Pulp
Glucose 1.6 3.0 0.4 5.6
Fructose 0.6 19.0 0.7 9.0
Sucrose 0.7 2.2 0.7 2.4
Maltose - Trace - -
Total Sugars 3.0 31.6 1.3 17.3
Starch 50.0 35.0 83.2 66.4
Cellulcse 9.0 10.5 1.6 1.3
Hemicellulose 12.4 14.0 1.9 0.8

Table 2.3

Carbohydrate Constituents of Unripe and Ripe Plantains

(g/100g dry matter).




Amino Acid

Unripe Ripe Unripe Ripe

Amino-Acid

Pulp Pulp Pulp Pulp
Lysine 89 168 Glycine 94 95
Histidine 75 85 Alanine 122 118
Arginine 141 320 Valine 103 106
Aspartic Acid 179 214 Methionine 24 45
Threonine 66 65 Isoleucine 75 95
Serine 75 84 Leucine 132 151
Glutamic Acid 165 302 Tyrosine 56 84
Proline 103 123 Phenylalanine 94 101
Table 2.4 Amino-Acid Content of Plantain Pulp (mg/100g dry matter).

Gomez and Mattill (1949) reported that plantain contains
15-18mg of total ascorbic acid per 100 grammes of pulp of
which dehydroascorbic acid is only 20-30 per cent of the
total. They also determined the carotene content to be about
3ppm irrespective of the stage of ripeness. Where-as Asenijo
and Porrata (1956) found that the carotene content of green

) L+ +
and yellow (ripe) plantains were 10.43 - 3.66 and 6.68 - 2.27

mg per gram of raw edible portion respectively.

The proximate analysis of flour produced from some plantain
cultivars has been carried out by different workers. Rahman
(1964) analysed plantain flour and obtained the following
values in percentage: moisture 11.87, protein 2.8, starch
70.4, alcohol-insoluble solids 86.8, total sugar 0.18 and

crude fibre 1.08. The mineral content was 1.61 and 0.07

N
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2.2.1.2.

per cent respectively, for potassium and phosphorus,  with

6mg/100gm of sodium and (in parts per million), Ealcium 643,

magnesium 1414, manganese 10, and iron 15.

Preharvest Changes in the Physical Properties of Plantains

Sanchez Nieva et al (1968@ studied the characteristics which
could be used as criteria for harvesting of the fruit at a
proper stage for processing. They suggested that plantains
should be harvested for processing when the pulp content is
over 60 percent which corresponds to a pulp: peel ratio over
1.5:1. Also, from shear-press measurements, it was establish-
ed that plantains become softer as they mature, which suggests
that the change in texture taking place during the maturation
process is an important quality-determining factor. They,
however, acknowledged the practical limitation of the above

measurements for field work, since both are destructive.

Sanchez Nieva et al (1971) studied the effect of time of
planting on yields and processing characteristics of plantain
and found that fruit reached the proper stage for harvesting
in about 90 days after shooting, irrespective of the time of
planting. The processing gquality of the fruit was not
affected by the time of planting and harvesting, and the summer
production peak could be avoided by spreading plantain
production by scheduling the planting. Sanchez Nieva, et al
(1975) also studied the effect of stage of maturity at
harvest on quality of frozen products (e.g. tostones of pre-
fried slices) and maintained that the effect of the stage of

development on quality was more pronounced on the attribute of
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2.2.1.3.

appearance than on flavour. They also claimed that' for

commercial processing, products of acceptable~quality ‘can: be
prepared from plantains with pulp content ranging from 55 to

65 percent.

I found during my survey of the Southern States of Nigeria
that local farmers considered plantain fruits as mature when
the bud was fully opened and dried. Usually the bud comes
out first and continues to open as fruiting continues. Aan
experienced farmer will through visual observation and

experience know when a fruit is fully mature.

Post-harvest Changes in the Physical and Chemical Properties

of Plantain

Sanchez Nieva, et al (1970) studied the ripening of plantains
in a walk-in ripening room with temperature and airflow set
to the desired limits and relative humidity at 95-100 percent
and found that the age of fruit had little effect on ripening
and that starch conversion to sugar started significantly the
day after harvesting. The reducing - and total-sugars
increased during the first six days and then levelled off.
Non-reducing sugars increased to a maximum up to the start

of ripening and decreased, reaching a minimum value at the
overripe stage. The mocisture and pulp content increased.
steadily from the green stage to the over-ripe stage,
probably through the process of respiration which utilises
sugars by converting them into carbon dioxide and water.

Pulp from a green mature plantain may have moisture content

ranging from 52-62%, (Nieva Sanchez, et al 1970; Hernandez,

ol
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1973; Ketiku, 1973; Karikari,et al 1979). The acidity

increased to reach a maximum value by the sixth day,
decreasing from then on. The pH decreased during the first

six days, increasing again steadily to the over-ripe stage.

Hernandez (1973) studied the storage of green plantains under
different conditions and noted that freshly harvested green
plantains start to ripen in about seven days, reaching full
ripeness two days later when kept under room conditions of
relative humidity 90 percent and temperature of about 30°%.
If stored in refrigerator chambers, they remained green for
twelve days, but the products made from them were of poor
quality. By using 200ppm of the chemical thiobendazole (TBZ)
the fruits can be kept perfectly green for twenty-five days
at room temperature (3OOC) and for fifty-five days under

o
refrigeration (15 C).

Awan and Ndubizu (1978) studied some changes in the nutrients
contents of stored plantain fruits in a room at ambient
temperature of 28°C and relative humidity 85 percent and
reported that mature plantains contained on average 2.63
percent reducing sugar which increased to about 17.95 percent
in two weeks; the protein content increasing from 2.9 to

3.5 percent; the fibre content from 0.96 to 1.4 percent but

the ascorbic acid content decreasing from 17 to 9.29 percent.

Fecod Texture Measurement

Texture is an important food attribute which must be taken

into account together with colour and flavour when judging
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the quality of a sample of food. Szczesniak and Kleyn (1963)

demonstrated that not only is texture a very important“food
quality attribute, but in certaln cases is more important
than flavour. Therefore, the importance of texture in the
food industry, particularly in developing new products,
controlling manufacturing conditions and evaluating the

quality of the finished products cannot be over-emphasised.

Brennan, (1976) classified the various methods used to study

food texture as follows:

(a) sensory methods, (b) instrumental methods involving
deformation of the sample, (c) sonic methods, (d) methods for
structural examination, (e) chemical analytical methods,

(f) miscellaneous methods.

Only the instrumental methods involving sample deformation

reported by Brennanwill be described as they are very

relevant to the methods used in this work.

Instrumental methods involving sample deformation

Instrumental methods of texture measurement are widely used

in industry and research and offer advantages which include:

(a) Tests which are comparatively quick and easy to carry
out;

(b) Test conditions which are relatively easy to control;

(c) Reprecducible results which are usually better than with

sensory methods;

no
(o)}




(d)

Equipment which although is of high capital cost is

generally cheaper to operate than a sensory panel,

On the other hand, such methods yield only indirect measure-

ments of texture and the results need careful and expert

interpretation.

Most of the instrumental methods of texture description are

based on mechanical tests which involve measurement of the

resistance of food to applied forces greater than gravity.

All instruments have certain essential components:

(1)

(11)

(1ii)

(iv)

A head or probe which comes into contact with the
sample and exerts the forces in it. This may take
the form of a simple cylindrical plunger, a flat plate,

a cone, a knife edge, or be of some other basic design.

A sample retaining plate or cell to hold the sample in
position during the test. This may be a simple flat

platen, a cup, or some specially designed cell.

A driving mechanism to impart motion to the probe. The
motion may be vertical, horizontal, oscillatory or
rotational. The mechanism may vary from a simple

weight or pulley arrangement.

A load (or deformation) sensing device to detect and
measure the resistance offered by the food sample.
This may consist of a spring or lever, a simple strain
gauge or a sophisticated load cell.
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(v) A display or read-out system to enable the results to

be seen and recorded.

The measurement of the properties of samples which are not
well defined and cannot be easily expressed ia fundamental
terms is usually carried out by emp¢rical means. However,
with certain types of foods, the results have been found to
relate to one or more textural attributes and so they can be
used as indirect measurements of the attribute(s). The many
different instruments used may be classified according to the

type of action involved (e.g. compression).

Compression - The sample is compressed by a plunger or plate
and the force reguired to attain a specific change in sample
height or the height change brought about by a fixed load, is
measured and used as a textuval index. Bulk compression, in
which the sample is restrained in a cell while a plunger
descends onto it, is also used. Bread, cake, cheese, fruit
and vegetable tissue are examples of foods often tested by

this method.

EXPERIMENTAL

Materials

Green plantains of Uniban, Turbo, Colombia, South American
were purchased from a dealer, Mr P Bodel, 90/91 Granmire

Arcade, Brixton, SW9 London and used throughout the

experiment.

Unless otherwise stated, all reagents used were of analytical
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grade and all the quantita

grade A glassware,

Proximate Analysis of Green Plantain

Moisture Content

The moisture content of green plantain and plantain flour:

was determined using vacuum over at 75°C and 740mm Hg for

several hours until constant weight was recorded. For the

green plantain, 5g of cubes (lcm) were put in nickel

moisture dish with 1id and dried in the oven, while for

plantain flour a 5g lot was dried using an aluminium dish with lid..

2.3.2.2. Protein Content '

The protein content of plantain flour was determined using the
semi-micro Kjeldahl method as described on pg 11 of "The
Chemical Analysis of Foods", (Pearson, 7th Ed. 1976).

2.3.2.3. Fat Content ey - /’;  1v 5'3

The fat content of plantain flour was determined-using  , ‘ ff

the soxhlet extraction method as described on page 14 of

"The Chemical Analysis of Foods'". (Pearson, 7th-Ed: 1976) .

2.3.2.4 Alcohol Insoluble Solids

The alcohol insoluble solids was determined according to‘the'_"ﬁf'

¥

method described in A.0.A.C. 1975 32.006 for vegetable

products.

Flour Acidity

The acidity of the flour was determined using the water e
extract method described on page 209 of "The Chemical Analysis

of Foods" (Pearson, 7th. Ed. 1976) . i ‘__x' *,;i"




2.3.2.6.

2.3.2.8.

2.3.2.9.1.

pH of Flour

The pH of the flour was determined as désér;bed on page 2101

of "The Chemical Analysis of Foods". (Pearson; 7th. EQ. 1976).

Fibre of Flour

The fibre content of the flour was determined as described on
page 16-18 of "The Chemical Analysis of Foods". (Pearson,

7th Ed. 1976).

Ash Content

The ash content of green plantain cubes was determined as

described on page 8 of "The Chemical Analysis of Food!.

(Pearson, 7th Ed. 1976). : "jf \ 

Reagents

Pure Sucrose
1% agueous methylene blue solution ¢ “7,
Sodium Hydroxide "’*’ ;§T
Concentrated Hydrochloric Acid (AR) ' -
Fehling's Solution A: This was prepared by dissolving
69.278g copper sulphate pentahydrate’
in distilled water and making up to
one litre. : -

Fehling's Solution B: This was prepared by dissolving;LOQg;
sodium hydroxide and 346 Sodium .
Potassium tartrate in distilled water -~
and making up to one litre. -
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Standard Invert
Solution: (2mg/ml)

I C for 3 days. It was then
dlluted to 1 litre and this was ‘
equivalent to 1% acidified solution
of invert sugar. 100ml of ‘the
acidified solution ‘was neutralised
with sodium hydroxide and diluted to
500ml.

Zinc Acetate 21.0g of crystallized zinc acetate
Solution: Zn(C. H,0,) 2.0 and 3ml of glacial

(Clearing Agent) 2322 2
g 49 acetic acid in water were mixed and

diluted to 100ml.

Potassium This was prepared by dissolving .10.6g
Ferrocyanide of Potassium Ferroryanide in 100ml' of.
Solution: distilled water. :
(Clearing Agent)

Standardisation of Fehling Solution

A soxhlet solution was prepared by mixing equal amoun&‘bf
Fehling's Solutions A and B. The standardisation was

carried out as described in A.O0.A.C. 1975, 31.036:

2.3.2.9.3. Determination of Reducing Sugars in Plantain Flour (Lane

Eynon Volumetric Method).

Clarification of Plantain Flour

20g of the plantain flour was weighed into 200mli¥ '
volumetric flask and 100ml of distilled watervéddedﬁi‘
10ml each of zinc acetate solution and potassi w
ferrocyanide solution was added and then madeuuﬁﬂtéi

200ml with distilled water. The solution was filtered.

The filtrate was used for the determination'cfﬁthei:fr
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2.3.2.9.3.2. Determination of Reduc

Plantain Flour Extract

This was carried ocut as,descylbédiin A,0.A.C. 1975,

31.038 - on cleared extract (2.3.2.9.3.1.)

Determination of Sucrose in Plantain Flour as Invert

Sugar

5ml concentrated hydrochloric acid was added to“50ml

of the filtrate (2.3.2.9.3.1.) in 100ml volumetric

flask and allowed t

Texture Measurements on Plantain

Apparatus

Instron Universal Testing,lnst;umé;>,

reased crosshead
vel) .. . ’
Magness Taylor Prope

Cork Borer

Knife

plates 2.1 and 2.2 below.

32




L
i
-

i

Knife (a)
, 7 Cork borer (b) ,
o /m»,cw»,.«ﬁffﬂ;g - = : - Chart recorder (C)

.

, .
i : e
-

o
i




than 100kg at synchronous/érééséhééd;séééds?frog 0.5 ~';n
125cm/min. The full detéii;%;f fhe ope;atlcnkof{tﬁe

Instron (UTI) together with the standard modifications and
accessories are described in the Catologue of the Instruments
and Equipment for advanced materials testing; Instron Ltd,

Halifax Road, High Wycombe, Bucks, England.
Briefly, the apparatus consists of two sections:

(i) . The tensometer and controls

(ii) The chart and calibration controls.

The Tensometer

This comprises an upper fixed croés—headiand a lower éro$s¥
head which can move up and down at various speeds;1,piff fé
load cells and probes can be fixed into the lower Cross heaﬁi
for compression and puncture tests. The lowey: cross—hééa-;
is driven downwards at constant speed, thus exerting a fbr

on the specimen. The signal created by the force is trans

mitted through the load cell to the previously calibratedf

chart recorder.

Speed of Lower Cross-head

Various cross-head speeds may be selected by using appropriat

pairs of gears. The two gears in use are housed'atathe
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of the rear casing on

The Load Cell

to be measured.

A cell with a range of 10g 500g
B cell

CTM cell " " " " 2g - '100kg

The Chart Recorder

The chart recorder is a potentiometric pen recorder with

various chart speeds. The speeds can-be selected in exa

the same way as for the cross-head driVé;meChaﬁiSm;
chart and pen drives were operated by placing{the,appropxiate‘v
switches on the control panel at the base of the recorder .

into the UP position.

Calibration of the Chart

In order that an observed deflection could be‘correlatéd*witﬁ
a load, the apparatus was calibrated.- The chart was f rst
zeroed and then adjusted to give a known (usually full s

deflection for a known weight placed ‘on the load cell.

weight was such that full scale deflection was obtaine'

maximum sensitivity.




The time axis of thé:éha
ora simple multiple of, the movemen ©
depending upon the gear used.

power supply.

2.3.3.3. Selection of Gear and Chart Speeds

The gear speed of 5cm/min. (i.e. Drive HX low HY) and a chart
speed of 0.5cm/min. were found to be a suitable combinatiénj
for the textural measurements of both unripe and ripe
plantain pulp. The faster gear speed gave too short a time
for any measurement to be made, while the slower gear speed

took too long a time to give scope- for.accurate:measureme

2.3.3.4. Sample Preparation

A 3 cm cross-sectional length was cut out from a peeled 
plantain of average diameter. ‘The cork borer waquSéd
pierce longitudinally through the centre to produce a
cylindrical shaped sample of height approximately 3cm.

The sample was then reduced to a uniform height éf 2.5cm
and diameter of 2.5cm. Samples of these dimensioné‘were“»‘
used in all compression tests. For the penet;ation and

puncture tests, a whole plantain was always used so that'z

the tests could be carried out at the centre of the'fruityy

Uniaxial Compresssion and Puncture Tests

The load cell and compression head (Magness Probe“fop punc ure -
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test) were inserted

tion of motion of the cross-head was then reversed until the -

plunger was completely withdréwn from the sample. Plates

2.3 and 2.4 illustrate both the compression and puncﬁure

tests.

The Physical and Chemical Changes of Plantain during Storage

Apparatus

Triton Constant Humidity Cabinet and Incubator

Humidity range

Knife
Gallenkamp Oven BS, Size One, Model OV-160
Perforated Aluminium Trays 400 x 300 x 40mm

End-~Runner Mill

Method of Storage

per cent relative humidity, a condition normally obtained i

the humid tropics of Nigeria. Samples consisting . of 8
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2.3.4.3.

2.3.4.4.

plantains were taken at .
physical and chemical measuremer

after 10 days:

Testing Procedures

On removal of the plantains from the incubatoxr; they were
peeled with a knife, cubed and divided into two*lots-and
. o (e} . .
dried at 50 C and 93 C respectively, using a fan dryexr =
Gallenkamp Oven BS, Size One, Model 0OV-160. All the dried
samples were milled in end-runner Mill to produce flour.
Flours of particle size under 150#m from each sample were
produced by sieving with Sieve Mesh No. 100 with a Sieve:

shaker.

Chemical analysis of the sieved flours wgg . carried out to

determine the moisture, alcohol insoluble solids; acidityj‘w

pH and sugar content (reducing and non-reducing) as describ-
ed in sections 2.3.2.1, 2.3.2.4, 2.3.2.5, 2.3.2.6 and

2.3.2.9, above,

The physical measurement of the forces required to rupture
a given sample of plantain pulp (section27373.4) and to
puncture the skin was carried out as described in section

2.3.3.5.

Colour Measurement of the Plantain Flouxr

For wheat flour, the Kent Jones and Martin Flour Gradexr

series 11 instruments are freguently used to judge the
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grade of colour-or'bflghtn/
obtained ‘are ‘not affected by a &tar.ifA
bleaching. In'principle, the grade of the £

to the extent -to.which the.endo§permvha$“been-contémi ated

with powdered bran and this is callédffhe extraction rate.

Plantain flour contains no bran and as a result the colour
of the flour could not be graded using the above flour
grader. In this case, the system of colour specification
suggested by the Commission Internationale de 1l'Eclairage
for standardising colour measurements was used to gquantify
the difference in the colours of the plantain flour
produced. The full detail of the method of measurement and
analysis of results are described in the EEL Reflectance

Spectrophotometer Operating Instructions Manual.

Briefly the process involves a measurement of three functi@ns
referred as X, Y and Z which have spectral distributionsfaﬂd
their reflectance values for a given sample may be calculated
mathematically from the full spectrophotometric cufvgl“ W
photocell-filter combinations, the reading may be‘takéﬁi£biaf“
reasonable practical approximation with the "EEL" Reflecﬁangéf

Spectrophotometer by using the special "XYZ Filter Wheel! anBIJ'

taking readings of the sample which give directly the X, Y,

7 values. The coefficients are obtained from the values as

follows:




Since the: Y function has t

the "average eye' response, the
sample when measured using this filter is a measur

percentage "visual brightness'

2.

4. RESULTS AND DISCUSSION

Table 2.5. Results of the Proximate Analysis of Green Plantain

Pulp (Dry Basis)

Pulp peel ratio Fibre

Pulp Content = 64.35% W/W Ash = 1.12% W/W

Moisture Content = 60.46% W/W Reducing Sugar = 6.37% W/W

Protein Content = 2.85% W/W Non-reducing
sugar as invert

Fat Content = 1.06% W/W Total Sugar

Alcohol Inscluble pH of Flour

Solids = 83.56% W/W

Flour Acidity Carbohydrate

(0. IN NaORH) = 2.88ml (by difference
method) =

2.4.1. Proximate Analysis of Green Plantain Pulp

The figures listed in table 2.5. are the average of threé
readings and are in close agreement with those observed~py
Sanchez Nieva et al (1970), Ketiku (1973) and Awan NdubiZﬁ(,
(1978). The values may vary with the state of maturipy;
The plantains that were available in the market-in LQpaoﬁ= 
were shipped from West Indies and South America. One ééé;di 

reasonably assume that the plantains were mature before they

were harvested.
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The Physical and Chemical

Storage

Table 2.6 details the physical and chemical properties at

different stages of maturation. . The stéte of maturation

was judged visually by the colour of the peel.

Tradition-

ally plantain fruits have been judged to be mature when the

buds were fully open and dried. At this stage the fruits

would still be green. As the fruits start ripening, the

degree of softness was judged traditionally by pressing the

This method would not be suitable for

fruits with fingers.

industrial processing of plantain into flour when large

guantities would be purchased from local farmers.

A criterion used for selecting peas for canning or freezing

depends on the percentage of "alcohol insoluble solids”

obtained@ after refluxing the peas for 30 minutes din 80%

ethyl alcohol. 1In the case of plantain pulps, the alcohol

insoluble solids dropped from 86.23% in the green-state to

72.6% at the turning state (i.e. when both green and yello

colours were observed on the fruit). At the ripe stag

value was 63.13%. Subsequent decreases were very smaii.
Since plantain pulp could be dried fairly easily up to_£ﬁe;
turning stage, one could set a minimum limit of 70% as &he
value for the alcohol insoluble solid for plantain pulp'té
be selected for dehydration. However, this method cannot¢bé
regarded as simple and variations in fruits may reqﬁire

modification of the limit adopted.

For commercial processing of fruits, a rapid and convenient
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method is required. Th

been suggested for use as a ma

mature green plantain. Sanchez Nieva'et.al ¢

mended that plantains be harvested for-érdcessing—whe.
peel ratio is over 1.5:1. The pﬁlp: peel ratio of the
plantain used for this experiment was 1.8:1-at the turning

stage and 1.9:1 at the ripe stage. Since the plantain

pulp could be dried easily at the turning stage but not when
ripe, because of the difficulty in handling, it may not be
practicable to set an accurate ratio limit above which the
plantain would not be suitable for drying. The difference

between 1.8 and 1.9 is very small and when carrying out

factory tests, any error would be within experimental limits:

Texture measurement of plantain fruits (sample rupture-or

puncture) represents a very accurate and rapid means of
selecting plantain for drying on a commercial scale. The
process, although capital intensive is fast and reproducible.‘

The force required to puncture the skin at the turning and

ripe stages was 10.3kg and 5.7kg respectively. One could -

set a force limit of about 9kg below which drying the ffﬁiﬁsv
would pose some difficulties. Also a force of about8kg

could be set as a limit if the rupture process is-used.

The knowledge of the sugar content in a given sample of

plantain is very important if the appropriate choice”of
drying temperature is to be made. Green plantain can Bew -
likened to the potato as starch staples. In potatoes, thete:';u,

are processes which occur during storage:

(a) respiration which utilises sugars by converting-them

Ly S B




into carbon dioxid

conversion of sugar to starch, presi

synthesizing enzymes.

As sugars increase at low temperatures, starch decreases
and at high temperatures sugars decrease ‘as ‘a result of

respiration and starch synthesis, (Appleman 1912). " During

storage at low temperature, reducing sugars accumulate more

rapidly than sucrose, (Schwimmer, et al 1854).

The total sugar content of plantains used in this experi-
ment increased from 4.74% to 20.95% from green to the
turning stage and to 30% at the first ripe stage. The

sugar content of 39.19% at the second ripe stage was greater

i

than 38.19% at the overripe stage. The slight decreasé;iﬂ;

sugar content at the overripe stage could beexplained by
the fact that during fermentation, some of the sugar was = .
utilised in the process. The result obtained in table 2.6
showed a similar trend as those reported by Sanchez Nieva

et al (1970) but the rate of starch hydrolysis was slower

as the reported total sugar content increased from 4,40% at
the green stage to 14.92% at the turning ‘'stage “and to: -
21.39% at the ripe. Since starch hydrolyses faster at

higher temperature, the difference could arise from the

L ; o ;
difference in temperature of storage which was 30°C in: this

o
experiment and 22°C as reported. -

The colour of the plantain flour produced is considered’
critically by the consumers in their choige for the

preparation of gruel or amala and confectionery prdducﬁguxu

b5




A light coloured plan

2.5 and 2.6 show the colo:

stages of maturity.

from plantains at green’and 1 ; thch had been

. o / e
dried at 50° and 93°C respectively. Th lour of the

flours produced at ‘both the'greenJand turning stages at the

processing temperature of 50°C was iiéht*bern. The colour

darkened progressively to dark brown/atzthe/second ripe stage.

The flour produced from the overripe plantain was less dark

than the flour from the fully ripe plantain-due to the ' ;

decrease in the sugar content. The flours produced at a
. o
higher temperature of 93 C were progressively darker

from the green to the fully ripe stage.

the system of

The difference in colour was quantified usin

colour specification by the Commission Internationale de

lour measurement:.

1'Eclairage (C.I.E.) for standaraisiﬁgf;/
The figures detailed in table 2.7 wexre obtaiqed from the

measurement and used to calculate the percentage brightness.

The percentage brightness of the flour obtained from the,f

green plantain pulp dried at SGOCjwas 70.5 and the value

decreased to 64 at the overripefét, 517;Th§ freeze dried -

plantain pulp at -24°C was brightéstgwr h:/§.7, The;Valuesfﬁ
obtained after drying at 93O¢:Was lower, ;gﬁging from 61.9

at the green stage to 41.2 at the full ripéQStage.

S i o
The value of 70.5 for the.green plantain pulp dried at“BQ‘C

was reasonably close to the 74.1 obtained. fro the ground rice

purchased from the market. Plantain flour is used for the

gruel which is also prepared with ground ri;e;'

46

preparation of







(A7 6°S¥ £ €S 6°19 0°%9 T5%9 , 9769 97L9 S oL V ssaulubTad %
_ S3USTOTIIS0D
000°T 666°0 000°1 6660 66610 666°0 666°0 0°7 666°0 JO 2nlea TeIOL
£60°0 S60°0 S01°0 ¢11°0 8171°0 €171°0 LTT°0 9z1°0 9¢1°0 z u
0eg "0 16£°0 90%°0 01%°0 90% "0 80v "0 vov " © 60¥ "0 g1v"0 A "
L1S°0 €18°0 687 "0 LL7 "0 SLY -0 8LV O 8LV "0 S9%°0 Py 0 - X JUSTOTIFSOD
L7507 LTl AN 87047 LLST 67941 G291 2 591 L7891 P304 Z + K + X
6°6 17 8 €l 6°91 L 87 8L 1761 8°0¢ 0°¢e abexaay 7Z
676 ¢ 11 8¢l 6791 L°8T 8°LT 1761 8°0¢ 0°tc " pag
0°07 (AN 8 €l 6791 8 81 6°LT 1°61 L°0¢ 6°2¢C " pug
676 AN 6°¢1 6 91 L°8T 87LT 0761 8°0¢ 0°€c sbutpeax IST Z
A7 6°S¥ €°¢€9 6719 099 1°99 9769 97L9 ST0L abexaay X
A% 0°s¥y €°¢S 6719 8°€9 0°'v9 9°99 Z°L9 0°0L " pag
€ 1y 8 4P €°gs 6719 0°%9 £°¢€9 8749 L9 ST0L u pug
[N 89V €°¢9 8719 T°%9 0769 €769 €89 6°0L sbutpeax IST X
9°'9vS Z°09 €79 cL 0°sL 1°6L 8 LL 8 9L ¢ SL aberaay X m%
£°€S Z°09 €79 L LTEL ¢°SL 8 LL 6°9L 0°s¢L n pAag
£°ES 1709 %9 zL 0°GL 0°sL 0°8L L 9L L™VL " pug
Z°LS €09 AR7AS] L Z 9L 1°6L 8 LL 8°9L 0"9L sbutpeax ISy X
YL Y 61 °6¢ S6°0¢ §6°0¢ VLY 61 °8¢ 61°6¢ 80 0¢ S6°0¢ bLTp % 3T2AUl SE saebns TeIOL
utejueTd usain us9I9
usaxb woxg /MOTTI®X soetd /MOTTOX
POTIP 923914 MOTT9X MOTTI®X butuang uasiIn adtaxaa0 MOTT®A MOTT®A pbutuxnyg, TEERD) fAiTanyew jo abeas
D,0€ 3®
L G € ANON 01 L G € FINON UOTIEeqNDUT UT SsAe(
Do M% D, 06 butAxg yo oxanjexadwsj

‘1oad ¥ 30 INOTOO BY} woxy pdbpnp «

Torowojoydoajoads oouejoa 3oy fHH DUTSN JUsWLRINSEOW INOTOD WOXF pauTeidqo soxnbT L7 oTael




However, the colour of th g pared Wi£hﬂﬁiéﬁ£éiﬁf:

flour is usually dark while the one Preéarédﬂﬁitﬂ‘groﬁhaffn

rice is fairly white in colour. 'The dark colour of\tgé,’i’
gruel prepared with plantain flour is due to hiéh sugar
content of the flour which favours maillard reaction.
Maillard reaction occurs when a mixture of amino-acids and

reducing sugars are heated resulting in a darkened product.

Colour changes in food are brought about by enzymic brown-
ing, non-enzymic browning cor bleaching. The enzymic
browning reaction occurs when the enzyme catalysed reaction
of oxygen with certain phenolic compounds produces guinone
structures and their polymerisation products which are
responsible for the brown colour. This browning action

can be controlled by bleaching or use of antioxidants. The

maillard reaction reported above is an example of non-enzymic

browning.

With the high sugar content of plantain at the latter stages

of maturation, it is thought that drying at temperatures
above 70°c resulted in the production of a dark brown
product mainly through the maillard reaction. At tempera-
tures well below 70°C the maillard reaction is less import-
ant and light coloured flour has been produced even with

nlantains at their turning stage of maturation.

Since the moisture content of plantain increased from

around 62% at the green stage to about 66% at the ripe

stage, more energy will be required to dry a given guantity

of plantain as it matures from the green to the ripe stage.

In addition, ripe plantains present a handling problem due
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to their softness and muc

the milling and sieving of ﬁhe;drled ripe piaﬁtain pulp dun

to the clogging effect.

From the preliminary drying and milling tests the following

conclusions have been drawn:

Plantain pulp could easily be handled, dried and milled if
processed when the state of maturation did not exceed the
stage from green to the turning point when both green and
yellow colours appear on the fruit. A light coloured flour
will be produced from plantain pulp if dried at a temperature
well below 7OOC. Drying at temperatures above 70°%¢ produces
a dark brown flour. The use of a Magness Taylor Probe
attached to an Instron UTI offered a very rapid and
convenient method of selecting plantain fruits for commerCia;’
drying. A minimum force of 9kg was required to puncture the

skin of suitable fruit.

The respective total sugar content of plantain at green ~(5%)
and turning point stage (20%) should be taken into consider-
ation in the manufacture of bakery products. Less sugar would
be reguired in a product produced from high sugar plantain

flour, thus lowering the cost of production.

The C.I.E. brightness figure of the plantain flour to be
used for either gruel or bakery product preparation should
not be below 66 since the value obtained for the turning

point stage was 67.2. Thus in the commercial production of

plantain flour, the use of a physical method, like the EEL

Reflectance Spectrophotometer for measuring., would give a

fairly accurate and reproducible result.
50
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CHAPTER 3

Dehydration of Plantain




3. DEHYDRATION OF PLANTAIN

3.1. INTRODUCTION:

There are different methods available for drying fruits. Each method
has an effect on the quality and the physical properties of the
product. Traditionally, plantain fruit is peeled, sliced and

sun-dried forlan average of six days, the actual drying time

depending on the intensity of the sun and the season. The rate of
drying depends on the thickness of the slices. During the rainy
season, pre-drying directly over fire for twenty four hours is
necessary for quick drying in the sun. The degree of dryness is
judged by the ease with which the slices are broken. The drying is

carried out on a mat or a hard surface like stone or cement.

The quality of thé dried product is usually poor and the colour of
the flour milled from the dried product is dark brown making it-not
very acceptable to the consumers. For commercial dehydration of .
plantain pulp, a controlled drying process and good understanding

of the drying mechanism of the plantain slices or cubes are very

important for a better and economic factory process.

A study of how a solid dries may be based on the internal mechanism
of licuid flow and on the effect of the external conditicns of

temperature, humidity, air-flow, state of subdivision on the drying

rate of the solid. The former procedure generally requires a
fundamental study of the internal conditions. The latter procedure,

. - =1 b t
although less fundamental is more generally used because the results

have greater immediate application in ecquipment design and evaluation.



Understanding the drying behaviour of plan bés'bvéf'é'raﬁge Of!,
temperature, and cube size and air velocity is necessary-iﬁ-drder“to
design or select a suitable dryer for commercial production of.planﬁafh

flour.

3.2 Some Theoretical Considerations

Nonhebel and Moss (1971) considered some general principles governing
the drying of a solid material. When a wet solid is dried by passing
a stream of heated gas across or through it, the hot gas serves to
transfer heat to the solid by convection and to remove the evaporated
vapour. If the hot gas is supplied to the system at a constant
remperature and humidity, 1t is observed that the drying process oCCUTS
in two distingt stages. Initially the rate of drying is constant and
then, at a fairly definite moisture content it begins to diminish and
continues to do so progressively until it is zero when the material
is completely dry.

The moisture content at which the drying rate begins to diminish 1s
known as the critical moisture content but the change generally tends
to occur gradually over a range of moisture contents as shown by

point B in the typical drying curves of figure 3.2.1.

Constant rate drying B Constant rate
6 rviﬂ;’.,
b B .| critical ——p A
< ¢—Critical moisture £ | moisture
. content range ] content .
[ &0 range
o =
> £
> o
@ 2
© =
s : - (7 e — : .
°© @—Falling rate s Talling rate
bt drying o drying
I Slc
& o>
C

Joisture content of the drying solid

Time from the start ef drying
kg H,0/kg D

Fioure 3.2.1 Typical drying rate curves in convection drving at

constant external conditions.




In some cases the initial moisture co Y/bérbeléw’thé'céitical .

value and the drying will then be entirely falling-rate, wit

constant rate. The falling-rate curves themselves may‘be»concave-j\

Or convex OY may approximate to a straight line

Stage AB in figure 3.2.1 represented the constant rate period when

the surface of the solid remains saturated with liquid water

because movement of water within the solid to the surface takes
place at a rate as great as the rate of evaporation from the surface.
Drying takes place by movement of waler - - from the saturated
surface through a stagnant air film into the main stream of the
drying alr. The rate of drying is dependent on the rate of heat
transfer to the drying surface and is controlled entirely in the
case of pure convection drying by velocity, temperature and humidity
of the drying gas. Thus if these are constant, the rate of drying
is constant. It is dependent cr the rate of migration of liquid

from inside to the surface at which evaporation occurs.

Stage BC represents the falling-rate period when the rate of
migration of liquid to the surface has decreased so that it controls
the rate of drying. The effects of external heat and mass transfer

resistances progressively diminish. From point B, on-wards,

the surface temperature begins to rise approaching the dry-bulb
temperature of the air as the material approaches dryness. Often
rate period is described by two stages known as first

the falling

and second falling rate periods.



Perry and Chilton, (1973),

conSidéred:éopg~ asic drying theofieé;;and
considered the concept of the constant and4falling réte periodéw {1'
of drying. When the heat for evaporation in the constanﬁ f;te éefﬁdd (L

is supplied by a hot gas, a dynamic equilibrium is established

between the rate of heat transfer to the material and the rate of

vapour removal from the surface.

- dw = hA (( Ta - Ts) . . . . . . . . 3.2.1
de A
where - dw = drying rate (kg water per second)
de
h = heat transfer coefficient (W/m2°C)
A = surface area for heat transfer and evaporation(mz)
) o
Ta = air temperature C
o)
Ts = surface temperature of the drying material C
2 = latent heat of evaporation at surface temperature

( J/kg)

In equation 3.2.1. it is assumed that heat is supplied solely by

the sensible heat of the drying gas.

The velocity of the drying gas affects the values of the heat and
mass transfer coefficients through the two relations given in

equation 3.2.2. for a single sphere (Rird 1960; Sherwood et al 1975).

1/2 1/3
hd = 2.0 + 0.6 Re/ Pr /
K .
1/2 1/3
and kcd = 2.0 + 0.6. Re Sc 320,
D
AB
where nd = Nusselt number {(Nu)
k
Ked = mass transfer Nusselt nuﬂ&wr
D
LB

Reynolds number (Re)

>

Schmidt number (Sc)

S

WU
S




Cp & = Prandtl number (,Pfi

4 = diameter of the sphere (m2)
X = thermal conductivity (W/m oC)
kc = mass transfer coefficient ( myfs )
DAB = Diffusion coefficient (m2/S)
for water vapour in the air
fﬂ B . 3
= Average Density kg/m
\Y = air velocity m/s
A = alr viscosity kg/ms
Cp = mean specific heat of dry air  J/kg °c

Nonhebel and Mess (1971) established that if a fluid is composed

of air and water vapour at relatively low concentrations of water

vapour, the Prandtl and Schmidt numbers are approximately equal,

the mean moclecular weight of the fluid is approximately egual to

that of air and the specific heat of the fluid is the humid-heat

of the air/water vapour. They also noted that the guantity or

velocity of the gas stream passing over the surface is not always

sufficient to ensure that true egquilibrium at the wet-bulb

temperature is achieved (e.g. a minimum velocity
recommended in wet-bulb hygrometry for air/water

practical drying problems it can be assumed that

of 3 m/s is
system) but in

the actual surface

will approximate to the wet-bulb temperature for constant - rate
drying with heat transfer by pure convection.
Perry and Chilton, (1973,) found that when flow occurs over immersed

bodies such that the boundary la
the whole body, laminar flow 1is said
in the main stream is turbulent.
applicable to single

55

yer is completely laminar over
to exist even though the flow
The following relationships are

podies immersed in an infinite fluid and are



,gé@e,al the~averége heat-
transfer coefficient on immersed bogdies is predicted by

N =Cr(N)m(N)1/3.......3‘2.3_‘

Nu Re B

where the constant Cr = 0.648 and the notation m = 0.5. and

for the situation where flow is parallel to object and

3
Ne. = 107 to 3 x 105 and N 2 0.6

The characteristic length is used on both the Nusselt and Reynolds

numbers and the velocity in the Reynolds number is the undisturbed

free stream velocity.

When liquid diffusion controls in the falling-rate period, the
general form of eguation for diffusion of a liquid in a solid based

on the Fick'!s 2nd law which for unidimensional flow, is

W = pdw . 3.2.4

e d %2

With negligible surface resistance to mass transfer,the solution

expressed as average moisture content for the slab is:

ol
H B T% (%TFI)Q expd - (2041122 pesar’ f..... 3.2.5
n=o
where Wg = average moisture content (dry basis) at any time 6, (kg)
Wc - critical moisture content (kg)
We = eguilibrium moilsture content (kg) :
D = Liguid diffusivity of the evaporating

material in the drying solid m /S
S] - time from start of falling rate period (§)

i -~ one half the thickness of the solid layer through
which the diffusion occurs (m) .



The summation in 3.2.5. is rapidly co

Do

_EQ:>CLO6 only the first termm n = o is needed, giving:-

We—- We = ge—De (77/24{.)2 e« v+ . . . 3.2.6
Wc-We Tr2

Equation 3.2.6 assumes D constant. However, D is rarely constant
but varies with moisture content and temperature and humidity.

3.2.6. may be differentiated to give the drying rate as

2
dwg = -T'D (WgWe) . . . . . . . .. 3.2.7.
2
as 4 L
where dWe = drying rate (i.e. decrease in moisture content)
ae

(kg water per second)

Thus from equation 3.2.4, when internal diffusion controls for long
times, the rate of drying is directly proportional to the free-
water content (WgWe) and the liquid diffusivity D and the drying
time varies inversely as the square of the material thickness.
When equation 3.2.6. is plotted on semilogarithmic graph paper,
a straight line is obtained for values of

(Wg- We) / (Wc-We) &£ 0.6 when the approximate form of equation

3.2.7. applies also.

External and Internal Diffusion Resistances in Cube

The passage of one gas component through another is called diffusion
or mass transfer and the rate is proportional to kc in eguation

3.2.2. The measure of the external resistance is the reciprocal of

. : o : = 1
mass transfer coefficient k_ : External Resistance = 1/K_

(3!
=1




The diffusivity or diffusion coefficient of a censtitueﬁf A
in a second component B is a measure of its Qiffusive mobility

A measure of the internal resistance is as ‘follows:

Internal Resistance = Diffusional Path Length

Diffusional Coefficient (DAB).

3.3. Review of Literature

Many authors have studied the effect of external variables

(the alr temperature, velocity,the humidity,the size of solid being cried)
on the drying rate and mechanism of a range of food crops. The main
difficulty in describing transport of heat and mass inside porous
food materials is that the geometry of the structure is not easily
described cuantitatively during the drying process and that the
rates of heat and mass transfer depend on local values of

temperature, pressure and composition, (Mazza and LeMaguer, 1980)%:

3.3.1. Effect of Velocity: By studying the effect of different

velocities of air on the moisture content of a given sample during
drying it is possible to determine which resistance (internal or
external) controls the rate of drying. Jason (1958) dried fish
muscles and found that at low air velocity, the rate of heat transfer
by convection 1is considerably reduced and becomes comparable with the
rate of heat transfer by radiation. He noted that, although the

temperature of the surface initially falls steeply with increasing

. R 1 1 B . 1 1
air velocity, it remains slightly higher than the wet-bulb temperature

even at the highest velocity of 3.7 m/s. Vaccarezza et al, (1974)

found that for sugar beet root O9mm thick, increase in rate of

drying with increase in air velocity was not appreciable but for

3 Irvi i initi il increase
a 4mm sample the rate of drying increased initially with

8

)




in velocity fram 2 - 6.5m/s. Palumbo e T e e %Dd -
found that onset of the diffusion—contfolled falling,raté Period{
occurred almost immediately after drying started. BAir velocity éﬂouiél
have no effect on the drying rate. Townsend et al(1975), however, |
have reported statistically significant increases of about 1% in

the percent shrinkage of sausages dried in high air velocities
compared with sausages dried in low air velocities. Chirife, (1970),
studied the effect of air flow rate for the range 0.5 - 1.4 m/s

and found that up to a velocity of 1.1 m/s, the increase of flow

causes appreciable decrease of drying time for tapioca root but
further increases are no longer as effective since the drying time
appears to tend to a limit for ah air flow greater than 1.38 m/s.

The drying of tapioca root is diffusion controlled from the start.

He explained the fact by considering that at low flow rates, the
drving rate is controlled by a mixed mechanism: the mass transfer

at the solid gas interphase and the internal diffusional mass transfer.
As the flow rate increases the superficial mass transfer coefficient
increases until for a given value, the superficial resistance 1is
negligible compared to the internal resistance., Roman et al (1979)
founad that increasing air velocities from 0.235 - 1 m/s in the

drying of lmm thick apple resulted in increase in heat and mass transfer
coefficients. This caused faster drying rate at all but the very low
moisture content. Saravacos and Charm, (1962) found that increasing
air velocity from 1 - 3 m/s increased the drying rate of potato
6.5mm thick during the constant rate period but had no effect on

the falling rate period. Mazza and LeMagquer (1980) conducted drying

experiments with onion slices 1.5mm thick at constant temperature

and variable air flow rate and found that external resistances

contributed significantly to overall resistance. Since the internal

resistance is unaltered by change in the flowrate, the increase
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in drying rate is totally attributable to the JJnPr:ovemelz:t in heat

and mass transfer at the surface of the product

The overall effect is that at low air velocity the‘rate > heat
transfer by convection is reduced and this effect is more pronounced
when smaller cubes are dried. There is an optimum velocity required
to overcome the resistance to mass transfer at the solid gas
interphase. When this resistance is overcome, further increase in

air velocity does not effectively increase the rate of drying.

When the rate of drying is diffusion controlled, external conditions
like air velocity should not have any influence on the rate of drying.
However, the experimental results of all quoted authors except,
Saravaccs and Charm(1962), acknowledged the fact that in a diffusion
controlled drying process increase in air velocity could affect the
rate at the initial phase when evaporation from the surface controls
the rate. The velocity of the drying gas affects the magnitude of
both heat and mass transfer coefficients through some established
relations between Nusselt, Reynolds, Schmidt and Prandtl numbers
(section 3.2, equation 3.2.2.). This will be discussed further

during the analysis of the experimental results obtained in this work.

3.3.2. Effect of Size: The overall effect of size on the rate of
drying is that smaller size requires shorter time to dry than a
. . 3 2 1 3y
bigger size as can be shown 1n the relation dW =-Tr D_(Wgﬁe)
de 4t

reported in section 3.2. Saravacos and Charm (1962) found that the

3 o : -~ : ~ . a . 3 . -
drying time of the falling rate periocd curing the drying of potato

slabs followed the rule of the square of thickness when the apove

equation is used. The critical moisture content was found to vary

to a small degree with the thickness of the food material and the

external drying conditions. The graph of log (WzWe)/ (Wc-We) versus
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time gave generally a straight line for t / region of moisture cdntentﬁ

1.0 - 0.1 kg Hzo/kg DM. The value of. the drying constanté,calculaged
from the slopes depended on the thickness of the food piece,\thé \
nature of the material and air temperature. Vaccarezza et al (1974) ,
however, found that sugar beet root drying time showed a thickness
dependence which was not exactly proportional to the square of the
thickness. Jason (1958) found that the effect of evaporative cooling
varies inversely with the square of the thickness of the fish fillet

and directly with the effective diffusion constant in accordance

with the equation:

as / (w-we) =Awn ... .3.2.8
de 4Lz

where 3H/d6 is rate of cooling per unit weight of free water
(W-We) . The effect was more on the thinner samples which resulted

in the reduction of diffusion constant.

The rule of the sqguare of thickness does not always follow ,
(Vaccarezza et al 1974). When a solid is being dried, the heat
transfer process involves both latent heat transfer owing to
vaporization of a small portion of water and sensible heat transfer
owing to the difference in temperature of water and air. 80% of this
neat transfer is due to latent heat and 20% from sensible heat
(Perry and Chilton, 1973). The extraction of this latent heat

results in evaporative cooling.
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3.3.3. Effect of Air Temperature

Charm (1971) stated that the effect of temperature on reaction'faéef

is expressed through effect of the temperature op the reactioﬁ‘veibélty"
constant. The most satisfactory method for expressing the influence

of temperature on reaction velocity is that used by Arrhenius (1889),

1n K = 1n A -4E/RT .. . . . . . . . . .3.2.9
where K = reaction velocity constant
A = constant
R = gas constant
AE = energy of activation J/mole
T = absolute temperature OK

Arrhenius suggested that in every system there is a distribution of
energy among the molecules at any time. In order to enter into
reaction it is necessary for the molecule to possessat least a
certain minimum amount of energy distribution changes and the
number of molecules possessing energy greater than the energy

of activation increases.

The temperature dependence of the diffusion and the activation
energy can be represented by the Arrhenius type of relationship

which is of the form D(T) = A exp (-AE/RT) where DI(T) is the diffusion

e} 5 -
coefficient at temperature of drying T K. Palumbo et al, (1977), reported

that theoretically when the activation energy 1is Xnown, the diffusion

coefficient at any temperature can be determined from its value at

a single temperature. Thus by incorporating the actual diffusion

coefficient for a particular temperature, the moisture level at any

stage of drying could be calculated . Charm(1971) stated that the

constants 4E/R and A may Dbe evaluated from the velocity rate constant

K determined at two different temperatures. In the case of diffusion
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coefficient (D) instead of velocity Qﬁst’nt,'twofvalues L
required to be plotted against the rééiproéai of absoiﬁté £emper§tﬁ;é
to give a straight line. Corresponding values of diffusio”n c’oe_ff‘ici\t\a;lti :
and absolute temperature can be obtained from any point on the 1line,
while the activation energy can be calculated from the slope of the
line (i.e. slope = - 4E/R). These values could be substituted in
equation 3.2.9 to obtain the value of A so that D(T) can be obtained

at any temperature of the material being dried. Mazza and LeMaguer
(1980) in drying 1l.5mm thick onion slices found that because of

higher rate of diffusion at higher temperature, the drying times
necessary to achieve the same residual moisture content in the onion
was twice as long at 40°¢ than at 65°C. They also showed that at

40, 50, 65 OC, diffusivities in the first phase of drying were about
20, 25 and 35 times higher respectively, than for the second phase.
This indicates that during the highexr dehydration rate period,’the

rate was sensitive to changes in temperature while during the second
period of drying, which corresponds tc low moisture contents, the

rate was not sensitive to external factors. Jason(1958) in drying

Smm thick fish muscle established that the value of the diffusion

coefficients for the second phase of drying were approximately

cne-fifth of the values obtained in the first phase.

The temperature of food materials increase rapidly at the beginning

of drying towards the air dry bulb temperature. The internal

temperature gradient is small and food temperature can be described

eing uniform at each instant of time, (Saravacos and Charm{1962);

o

as

Jason, (1958); Chirife, (1971); Vaccarezza et al, 1974). Saravacos

and Chayrm, (1962), determined the heat transfer coefficient of potato

o .
slabs dried in air as 14.44 W/mzK (8.34 Btu/hr sg ft F) using

equation 3.2.1. The value of heat transfer coefficient obtained when
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single layer of cubes in a tray are dried might be a bit higher

than when more layers of cubes are dried.. This is because a -

considerable amount of heat is transferred by conduction from the
trays to the cubes, in addition to the convection of heat by the
alr stream. As a result the temperature of the product tends to rise
above the wet bulb temperature and overall heat-transfer rates are

higher. This effect is minimal with more layers of cubes.

The overall effect of temperature is that the rate of drying is
higher at higher temperature due to higher rate of diffusion and
higher heat transfer rate, (equation 3.2.1.). The temperature of

the drying material is assumed uniform at any given time eventhough
there is a slight temperature difference of about 2°C between the
centre and surface temperatures of the drying material,

(Alzamora et al 1979). The appropriate value of diffusion coefficient
should be that corresponding to the mean temperature of the material.
This temperature will be approximately that of the surface
temperature. The values of diffusion coefficients and energy of
activation of some food products published in the literature are

shown in table 3.1.

From the above review, it is evident that nothing has been reported
on the drying characteristics of plantain pulp with respect to
effect of air temperature, velocity and cube size. Therefore

h the drying behaviour of plantain

experiments are needed to establish

cubes.
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3.4 EXPERIMENTAL METHODS:

The objectives of the experiments were:

(1) to establish¥clrves for plantain and determine the effects of
size, air flow-rate and temperature

(ii) to determine the variation of cubes surface temperature
with time

(iii) to determine the diffusion coefficient and activation
energy in the drying of plantain cubes

N

(iv) to attempt to predict the drying time using a modified
form of Ficks 2nd law of diffusion (3.2.4).

3.4.1. Apparatus:

Figure 3.4.1. shows an elevation of the perspex chamber used in the
study of the drying behaviour of plantain cubes. The chamber contains
dry - and wet - bulb thermometers (E.F.) fitted at both the inlet

and exit side of the chamber. The chamber was held firmly by two
stands (B) and three supporting rods(D). Two openings at the ends of
the chamber were for the passage of the drying air into and out of

the chamber. An opening with a tight screwed perspex cover

(10 x 10 cm) was cconstructed so that it could be fitted ox removed
easily. All the drying samples were put into the chamber through

the opening. Drying sample rested on a wooden block, 7 x 6.5 % 4.5 cm,
at the centre of the champer. The height of the wood is such that

the sample would be in good contact with the passing stream of dry air.
Plate 3.4.1 illustrates the connection of the drying chamber with the
spray dryer. Plate 3.4.2. is & pla& view of the drying chamber and

A 1.5 mm thick chromel-alumel

the temperature chart recorder.

thermocouple was connected to the chart recorder and the instrument

. . » e \ ,3 i a ilin
calibrated using a calibration unit together with ice and boi g

o) O
water to read the temperatures between 0  and 100 C. Plate 3.4.3.

illustrates the connection of the spray dryer and the chart recorder

with the drying chamber.
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o

'Plgte'E.Q.i

illustrates: the
connection of the
drying chamber with
the spray dryer

Plate 3.4.2

illustrates the
bird's eye view of
the temperature
recorder

Plate 3.4.3

illustrates
the connec-
tion of the
spray dryer
and the
chart
recorder
with the
drying
chamber




The chamber was supplied with heated/air'from/a/éenirifugal fan Héateé
py a thermostatically controlled heater of a laboratéfy spréy dryer

o
The temperature range was O - 250°C. The air velocity was varied

py a manual butterfly valve and measured with an AM5000 Digital

Anemometer. The velocity range was O - 3.5 m/s

3.4.2. Drying Procedure:

Green plantain pulp was cut into 10mm and 15mm cubes and used as
samples for the drying tests. A 5mm cube was alsc dried at 54OC

in order to establish the second falling rate period as 1Omm or 15mm
cube would reguire a long time of drying to exhibit the second falling
rate period. When the operating temperature and air velocity have been
selected, the readings of the dry- and wet-bulb thermometers were
taken for the inlet and outlet air. Samples were weighed on a
standard laboratory electronic balance reading 0-200g i'0.00lg.

The balance was placed as near as possible to the drying chamber so

as to minimise loss of drying time. The weighed sample was placed

on the wooden block inside the chamber through the specially
constructed opening. Samples were withdrawn at desired intervals and
weighed. The readings of the thermometers were taken at the same
intervals. Drying tests were carried out at air temperatures of

o)

407, 497, 54, 6OO, 65° and at air velocities of 2.4, 2.9 and 3.4m/s.
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Measurement of the Centre Temperature of 15mm
Aluminium Cube so as to determine the heat k
transfer coefficient for 15mm cube under. the
experimental drying conditions

A hole 1.5mm diameter was made in the 15mm aluminium cube to the

depth of 7.5mm (i.e. to the centre of the cube). When an equilibrium

condition was established in the chamber, the cube was placed on

the wooden block and the thermocouple inserted through the wooden

block into the aluminium cube until the centre was reached. The

temperature chart recorder was switched on immediately. The size

of the thermocouple was very important because heat conduction

along the wire

would be negligible only if very thin thermocouple

was used. In the experiment the thermocouple was not exposed to

the drying air
was solely the
reading became
temperature of

aluminium cube

so that the temperature of the centre in the chart
temperature of the centre of the cube. When the chart
constant, the experiment was terminated and the centre
the cube at any time read from the chart. The

was weighed before and after the experiment.




3.§ RESULTS AND ANALYSTS OF DATA

Heat Transfer Coefficient From Aluminium Cube Heating

Air Temperature T OC

Cube

e

o
Temperature T C

transfer coefficient is function of air velocity and

if the heat

3.5,1.
e £ 1MeE B (S)
T (6=0) = Initial Cube Temperature
The heat
geometry of the material being dried. Therefore,
transfer

coefficient is determined using an aluminium cube,

the

value will hold for a plantain cube of the same dimension dried

under the same conditions.

Rate of heat transfer to cube Q = hA(TA~ T)
Q = mc dar/de
where @ = rate of heat transfer to cube J/s
o
dT = change in temperature of cube K/s
dae
m = mass of the cube (kg)
Thus hA(TA~T> = mcdl/d8 ...cceenn- 3.5.3.
B,
ar - ha de L. 3.5.4.
mc
TA~T |
T v o
o
1.e. - lne = hBAO® ....-- 3.5.5.
mc
. In(T_-T) = 1In(T -T ) - hA © ...3.5.6.
ST

plot of values of

of slope - hA/mc.

(T_-T) versus © should produce
A

a straight line




The cube temperature was considered uniform

but time dependent.

Aiy Temperature was the same at all exposed

heat (qg was not a function of temperature,

In the experiments, the area A in 3.5.6 was that of 5 cube faces,
the sixth being in contact with the wooden block, and thus not

heated by the ailr stream.

Table 3.5.1

Data from chart for the evaluation of heat transfer coefficient.

Téiioids) TA T (TA—T) ln(TA—T)
@) 46 26.5 19.5 2.97
60 33.7 12.3 2.51
120 37.8 8.2 2.10
180 40.6 5.4 1.69
240 42.3 3.7 1.31
300 43.5 2.5 0.92

A graph of in(TA— T) versus time in seconds figure 3.5.1 gave a

-1
slcpe of -0.0069 s

. . -0.0069 = -ha
mc

-)
il
O
)
O
N
O
i
=

x

14

= 0.0069 x 9.127 x 0.224 x 4.185
5 x (1-5}2
100

(Assuming that 5 faces are being heated)

h = 52,5 w/mzoc.

Air velocity = 2.9m/s in experiment.
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approximate Check on h value

For flow around spheres, correlations exist of Nu versus Re & B .-
.

5 1/3
had = 2.0 + 0.6 Re * P, / (Section 3.2, equation 3.,2.2).

‘ . o
For air velocity 3 m/s at 60 C passing over a sphere of diameter
0.015m and taking viscosity of air = 2.OxlO_5m2/s, B.= 0.7

k=0.030 W/mk

Re = 3x 0.0l5 = 2250
2. 0x10"°
. 0.5 }
%é = 2.0 4+ 0.6 (2250) (0.7)9-333 _ 27.27

h = 0.030 x 27.27

0.015

- 54.5 w/m® °c

To check if the assumption of uniform cube temperature is valid.

True if Biot Number EY_<:CL1 (Vaccarezza et al 1974)
2 Bk 3 2 L
with h = 52 w/m~ ©C and V = L /6L = /6 (assuming 6 faces)
A
Bi =L h = 0.015x 52 x1 (k=229 Wik for pure aluminium)
6 k 6 x 229
= () X 1 O..

Therefore Biot number criterion easily met.

o ; FEi £ Omm ct i 5.3w/ 2o
Similarly the heat transfer coefficients for 1Omm cube is 45.3W/m ©C.
The result of the experiment is in reasonable agreement with the

theory for a sphere.

2

A sphere of diameter 0.015m has a smaller surface area of 7.1 x 10 m

compared to 11.0 x 10_4 m2 for a cube of 0.015 m side.




For a given heat load, the theoretical heat transfer e

pe less for the cube according to the relation h= mcdT/de
A(T_ -
(AT)

3.5.2. Mass Transfer Coefficient at 15mm Plantain Cube Surface
_._.__—...____’

—_—

(B)

stream of air
Water Vapour moving

Interface T T TT T T into gas stream (n)
= e

: Cube wet
w1tn water

" Smm -

NS

Example of Mass-Transfer Across a Phase Boundary:

Diffusion of water vapour into the air stream occurs as shown in the
above figure.The Mass-Transfer coefficient (kc)determines the rate
of diffusion normal to the interface (Bird et al 1960). The correlation

for mass transfer coefficient at the surface of a sphere is as follows:

kcd = 2.0 + 0.6 R 1/2 S 1/3 (section 3.2 egquation 3.2.2)

e C

D
AR

For air velocity 3m/s past a 0.015m diameter sphere and for DAB m%ﬁD

S = 4 . 20x10° =0.55
¢ D 3.6 x 10-5
AR >. X
Re = 2250 (section 3.5.1)
1 1/2 /3 _ ¢
4o 2.0 + 0.6 {2250) / (0.55) = 25.36
D
AB
ko= 25.36 % 3.6 x 10 °
0.015
= 0.061 m/s

~J
i

i
H
t
1
1




3.5,3. Internal and External Diffusiop Resistances in Plantain Cube:

at air velocity 3m/s the mass-transfer coefficient is 0,061lm/s

. | | .
at 60 C D (Internal Diffusion Coefficient) = 1.612 x 10 ° (see page q1)

External Resistance = 16.4 s/m

1l

Internal Resistance Diffusion Path Length

Internal Diffusion Coefficient

= 0.005 9
1.612 x 10

3.1 x 106 s/m

il

Conclusion

The heat transfer coefficient is 52 w/m2OC for five faces of 15mm
aluminium cube and agrees well with the empirical formula for a

15mm diameter sphere. The mass transfer coefficient for a 15mm diameter
sphere is 0.061 m/s and this is taken to be a good approximation to the
value for 15mm plantain cube by anology with the agreement of the
experimental and calculated h values in the previous section 3.5.1.

The internal resistance of 3.1 x 10 s/m is far greater than external
surface resistance of 16.4 s/m. Thus the external resistance and air
velocity should not affect the drying rate during the falling rate

reriod in the drying of plantain cubes.




3.5.4. Surface Temperature of the Drying ‘Cube

The rate of evaporation of water fram the drying material depends

on the surface temperature of the material. For a diffusion
controlled drying process, the rate of eévaporation will also depend
on the rate of diffusion of water vapour fram the inside of the
material to the surface. The rate of diffusion is dependent on the
material temperature. However, the material temperature increases
rapidly at the beginning of the drving towards the air dry bulb
temperature but the difference between the material and dry bulb
temperature becomes negligible only when about 90% of the initial
water has been evaporated, (Vaccarezza et al 1974). The internal

temperature gradient is small and the food temperature can be described

as being uniform, (Alzamora et al 1979).

The low material temperature and consequently low rate of diffusion
will affect the amount of water being evaporated from the surface
throughout the drying process. It is intended in this section to
establish theoretically the surface temperature of plantain cubes

. .. o ; ‘ N
(i.e. cube temperature) when dried at 60 C at 3m/s using the rate of

moisture loss from the experimental drying curve.

Assuming uniform cube temperature (T), the energy balance for heat

flow when a plantain cube is being nheated can be represented simply as:

hA(T—T)=~2dw+mch
ae ae

A

~1
~1




Neglecting sensible heat, the équation reduces to/the form;

ha (T, -Td = - 7dw
A Xde

where dW = rate of moisture loss kg/s
de

For the drying operation carried out with 10mm and 15mm plantain

o
cubes at 60°C, sample calculation is given below:

O

:6OC = face
TA T(G) sSurrace temperature

A = 23551@/47 (Mayhew and Rogers, 1972)

h = 50 W/mZOC

-4 2
For 10mm cube A= 5x10 " m~ (5 faces exposed to heating)
r 2 -4 2
For 15mm cube A= 5x(1.5)"x10 " m" (5 faces exposed to heating)
TA—ie = XdWVJ/d@
ha

Surface temperature after 5 minutes of heating

10mm cube 15mm cube
-4 ~4
T -T = 2355 x 4.75 x 10 T - T = 2355 x 8.87 x 10
A O 4 A © 2 -4
50 x 5 x 10 50 x 5 x (1.5 x 10
= 45 = 37
o o
T = T =237C
5 157¢C 5
The theoretically calculated cube surface temperature rose
continuously until the dry bulb temperature was reached as shown in

figure 3.5.2. Thus there is no constant drying period since the

surface temperature was never constant. The surface temperature

was found to be below 50°C during the first 60 minutes of the drying

Operation for both 10mm and 15mm cube. An average mean surface
temperature of 55°C was assumed to be most appropriate for the

calculation of the diffusion coefficient, to be used for the prediction

of moisture loss with time.
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The data and the calculated surface temperature for 10mm and 1'Smm

. . o
plantain cubes dried at 60 C are shown in the table APP-3-{

3.5.5. Diffusional Process in the Drying of Plantain Pulp

3.5.5.1. Equilibruim Moisture Content (W )
e

This is the lowest moisture content that can be achieved when moist

material 1s dried under a given set of conditions of temperature and

Q

humidity. It can be determined by drying the material under the given
condition until constant weight is confirmed by repeated weighings.

A correct value of we is necessary for the accurate determination

of the diffusion coefficient, D, for the first falling rate period,
which depends on the slope of the graph ln(we - we)/(wo-we) versus
time. When too high a value is used for we, the graph tends to curve
downwards and when a low value is used, the graph tends to curve
upwards as shown in figure 3.5.6. The value of We was found by graphs
such as figure 3.5.6 and the graph that gave the best straight line

was used to calculate the value of D. It was found that for almost

all the cubes, the equilibri#¥m weight was 37% of the initial weight of

3.5.5.2. Calculation of the Diffusion Ccefficient (D)

F - W )/(W -W ) versus time (figures 3.5.3 -

From the graph of 1In (W e)/( o v
2 2 )

3.5.7), the slope is measured to give - ¢ D/16L" (eguation APP-3-Z)

The diffusion coefficient is then calculated as shown in the sample

calculations below.
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sample calculation for the 1Omm and 15mm cubes dried at 54OC |

15mm Cube l1st Falling Rate Period (Figure 3.5.5)
15mm Lube . 5.
= am’D - -
...4 _5
D = 1.111 x 10 x 16 x 1  x 5,625 x 10
9 2
= 11.26 x 10 °° n?/s
10mm Cube lst Falling Rate Period
) - -
Slope = -9 D = - 1.750 x 10 4 S !
16L7
-4 -5
D = 1.75 x 10 X iﬁ. X Ev x 2.5 x 10
9 2
= 7.88 x lO_lO m /S

3.5.5.3. Calculation of the activation energy (4E) for the temperature

i
o
range 40° - 65°C

o
From the graph of ln D versus 1/T K (figure 3.5.8) a straight line
was obtained whose slope was equal to - AE/R (section 3.3.3, equation

3.2.9).

For 1Omm Cube

-1
Slope = 1.9 = -5757 e 5758 = -AE S
0.00033 R
4AF = 5757 .5758 x 8.314
= 47.8 K/mole
For 15mm Cube
-1
Slope = 1.6 = -4848.4848 = - AE S
0.00033 R
AE = 4848.4848 x 8.314

40.3. kI/mole
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Graph of natural logarithm of diffusion coefficient
against the reciprocal of the temperature of drying for

10mm and 15mm cubes
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obtained

Calculation of the constant "A" using a known value
of diffusion coefficient "D"

to obtain a value for the constant "A" in the relation

exp (- AE/RT)

a value for the diffusion coefficient D is

from the graphs in figure 3.5.8.

energy, diffusion ccefficient and corresponding temperature are

substituted in the relation 1n D

= 1ln A& - AE/RT to obtain a wvalue
for "A".
For 10mm Cube
ln D = -21.6 (From figure 3.5.8)
T K = 314.4654 ( " " )
E = 47868.500 J/mole (Section 3.5.5.3)
ln D = ln A - AE/RT
- 21.6 = 1ln A - [;47868.600/(8,314 X 314.4654;
ln A = 21.6 + 18.3091 = 3.2909
A = e~3'2909 = 0.03722 mz/sec
D(T) _ 0.03722e ~ GE/RT
For 15mm Cube
in D = -21.4 (From figure 3.5.8.)
T°K = 309.5975 (" " ")
AE = 40310.300 (Section 3.5.5.3)
In D = 1n & - AE/RT
- 21.4 = 1nh - [£40310.3/(8.314 x 309.6)
In A = - 21.4 + 15.6571 = -5.7429
A = e_5'7429 = 0.0032 m2/sec
D(T) - 0.0032¢" AF/FT
s for different

The summary of the calculated diffusion coefficient

temperatures based on the activ

ation energy is given in table 3.6.2.

8é

The values of the activation




3.5.5.5. Prediction of Cube weight with drying time

The weight of plantain cube at different time intervals during drying

was calculated using computer programme for the relation:

3 2
S D(T). 2
= (W (B ) (P - gz +Lexp LW Dme + 1
(2 3 16 L2 27

exp - 1057T2D(T)9 + We
1612

(appendix APP-3.3equation APP~3i1 The calculated values for 10mm and

15mm cubes are given in tables 3.6.3 and 3.6.4.

-

3.5.5.6. Prediction of Moisture changes during plantain cube drying

The fraction of evaporable water remaining in plantain cube as a

function of time was calculated for both experimental and theoretical

. 3 —lh/ ~ .
weights using the relation miﬂl——é for 10mm and 15mm plantain
Wg‘Ne
. . C o ) 0 - i .
cubes dried at 409, 49%. 549 60°, and 65°C. The calculated

values are given in the appendix APP- 3.4 to APP-3.8.
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3.6, Discussion
2.0

3.6.1 Effect of Air Flowrate on the Rate of Drying

The data for the drying curves of 15mm plantain cube are given in

table APP-3-9.

Figure 3.6.1 shows the effect on the drying rate of 15mm plantain cube
for three air velocities. There was an appreciable increase in the rate
of water desorption when the air velocity was increased from 2.4 -

2.9 m/s. The subsequent increase in drying rate when the velocity was
increased from 2.9 - 3.4 m/s was less but significant. The granh of
fracticnal rate of water descrntion as a function of mean moisture
content, figure 3.6.2 showed no evidence of constant rate period as
there was a continuous fall 1n the dryving rate. If there was a constant
rate period, the praph would appear horizontal initially before
decreasing as was the case in the drying of fish muscle (Jason 1958),

and potato disc (Saravacos and Charm 1962).

When fruit and vegetables are dried using cabinet of trav drier the
air velocity in the range of 2 - 5 m/s 1is usuallv emploved. (Brennan

et al 1976).

Alr Velocity Reynolds Heat tranfer *Mass transfer External
Number Coefficient Coefficient Resistance

m/s ‘.G/m2 oC m/s s/m
1 750 33.2 0.04 26.8
2 1500 45.3 n,N5 19.7
2.4 1800 49,2 0.055 18.2
2.9 2175 53.7 0.06 16.6
3.0 250 54.4 0.061 16.4
3.4 255¢C 57.8 0.865 15.5
4.0 3000 62.4 0.07 14.3
5.¢ 3750 69.3 0,077 12.9

Table 3.6.1 Effect of Air Velocity on the Heat and Mass Transfer
Coefficient of 15mm plantaln cube
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Figure 3.6.1 Effect of Airflowrate on the Drying Rate of 15mm :
plantain cube = - o
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Table 3.6.1 shows the effect of increase in velocity-in the drying

of plantain cube on the heat transfer coefficient and the external
resistance to mass transfer. However, the external resistance of
16.4. s/m is very small compared with the corresponding internal
resistance of 3.1 x 10 s/m when 15mm plantain cube was dried at

60°C and air velocity 3m/s, (section 3.5.3). 1In the falling rate
period, increase in air velocity should not affect the internal
movement of water vapour (i.e. internal diffusion) to the surface.
The increase in the rate of drying with increase in air velocity in
the falling rate period could be mainly due to the increase in heat
transfer coefficient giving a higher cube temperature and consequent
high diffusion coefficient. The drying of plantain cube could be
described as taking place in two zones, the zone of unsaturated
surface drying and the zone where internal moisture movement controls.
The first zone lies within the moisture content of 100% - 80% and
could be regarded as within the critical moisture content range
(figure 3.2.1). In this zone not all of the surface can be maintained
saturated by moisture movement within the solid. The drying rate
decreases for the unsaturated portion and hence the rate of the total
evaporation decreases with time. The zone where internal moisture
movement controls starts from the mean molsture content 80% and

this happens after about 50 minutes drying for 15mm plantain cubes.

O
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6.2.

3, Effect of Air Temperature on the Rate of Drying

The data for the drying curves of 10mm plantain cube are given

in APP’-3.170. Figure 3.6.3. shows the rate of drying for the air
o) o o}

temperatures 407, 497, and 60°C . As expected, increase in temperature

reduced the drying time. The time required to reduce the moisture

content below 10% of the original content was shortest for the

.smallest cube size, APP-3.10. However, care should be taken to

avoid case hardening effect at very high temperature of drying which

results in a lower drying rate.

The biological changes occuring in a material at any point will be
functions of the moisture content, temperature and time. A chemical
change which could take place during the drying of plantain pulp

is the gelatinisation of the starch granules. The average moisture
content of green plantain pulp is 60%. The plantain starch could mix
with the water when heated to form a viscous liquid. Meyor (1978),
noted that for most starches, the granules begin to swell rapidly and
take up a large amount of water at a temperature of approximately

6SOC. The swelling of starch, which results in an increase in viscosity

of starch-water mixtures and the formation, under proper conditions,

of a gel is now believed to occur through the binding of water.

antain starch, the gelling point temperature wWas found to be

Jmet

For p
71°¢ using Brabender Viscograph equipment. The details of the experiment
are given in chapter 5, section 5.5.2. Thus if plantain pulp is dried

at a temperature above 750C, the resultant flour will be pregelatinised

o . o i )
ut if dried at a temperature below 70 °C, the dried pulp will yield

o

non-gelatinised flour. Each type of flour is desirable for the

production of particular dishes. Since the cube surface temperature

of the drying cube is initially well below the dry bulb temperature,
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Figure 3.6.3 Effect of temperature of drying on the raté of dryln
of 10mm plantain cube #
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(section 3.5.4. figure 3.5.2), one could operate the dryer at a
higher temperature initially and reduce it to the appropriate temperature

after about 90 minutes of drying estimated from figure 3.5.2.
The temperature effect on the rate of diffusion and the value of
activation energy for water vapour in plantain cubes is discussed in

section 3.6.4.

3.6.3. Effect of Size on the Rate of Drying

The data for the drying curves are given in table APP-3-l} and APP-3.42
Plantain cubes of the size 5mm, 1Omm and 15mm were used in the study
of the effect of thickness on the rate of drying and figure 3.6.4
shows the results obtained after drying cubes in a petri dish inside
the drying chamber (figure 3.4.1.). The rate of drying was fastest
with the smallest cube in both cases and the drying time required

to achieve a moisture content below 10% was shortest for 5Smm cube

as shown in table APP-3.12 Considering the equation 1n<w—we)

= ln{Wo—We) - aG/L2 where a is constant (section 3.2, eguation 3.2.7),

and using the data in table APP-3./2 one will get the following values.

. 2 . 2

thickness (L) L Time 6 8/L
Smm 25mm2 120min 0. 48
10 100 210 0.21
15 225 > 300 < 0.13

Therefore the drying time for the three different sizes was not
inversely proportional to the sguare of the thickness, and hence a

constant “a” value independent of cube size, was not found.

i
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The rate of drying was faster for single cubes than for éingle layer
of similar cubes packed in Petri dish as shown in figure 3.4.4 .
Wwith single cubes, the drying took place on the five exposed faces.
But with the single layer cubes, they behaved initially as a single
surface layer and drying took place from the top surface only.

As drying proceeded ,the cubes shrank and the structure of the layer
became more open and relatively thinner. Each cube then behaved

as a single cube and drying took place throughout the whole laver.
(See figure 4.4 page ISJJ, The effect of thickness on the rate

of diffusion is discussed in section 3.6.4.

3.6.4. The Diffusional Process in Plantain Pulp Drving:

It is assumed that the drying of plantain cubes is diffusion
controlled for about 80% of the total time for the drying operation
because the fractional rate of water desorption as a function of mean
moisture content showed no evidence of constant rate period (Section
3.6.1, figure 3.6.2. ). BAlso the cube surface temperature rose
continuously until the dry bulb temperature was reached showing that

there was no constant drying period, (section 3.5.4, figure 3.5.2).

The diffusion coefficient was calculated from the slope of the best
possible straight line of 1n<we—we) vs © from the experimental data,
(section 3.5.5.2.) . Most of the straight lines were obtained through
the points obtained at 1n(we—We>/<wo—we)-< 0.6. The diffusion
coefficients increased with temperature for a particular cube size
and also with cube size for a given temperature as shown in

. The values of

[oX)

table 3.6.2. for the first falling rate perio
activation energy were 47.8 kJ/mole and 40.3 kJ/mole for 10mm and
15mm cubes respectively, (section 3.5.5.3) . The theoretical values

of Giffusion coefficients calculated using the appropriate activation
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energy and air temperature for the cube size (section 3.5.5.4) &re also
shown in table 3.6.2. The values of the diffusion coefficients and
activation energy agree reasonably with the figures published in the

literature, (table 3.1).

The rate of drying of a wet material is directly proporticnal to

the free-water content and the liquid diffusivity in accordance with
. . _ 2 2 .

the relation dW/de = - (we - We) ¥ "D/4L" (section 3.2). Also Jason
(1858) found that the effect of evaporative cooling varied inversely

with the square of the thickness of the fish muscle and directly with

the effective diffusion constant according to the dH/de

{ —_
\We We)
y 2 ‘ A
= a T°'o (section 3.3.2). He claimed that the effect
41,2

of evaporative cooling was more on the thinner samples which resulted

in reduction of diffusion constant.

Since the diffusion cocefficient increases with increase in temperature,

the lower diffusion coefficient of the smaller cube could be explained

by the fact that the surface temperature of the smaller cube (1Omm)
falls below the surface temperature of the larger cube(l5mm) for the

first one hour of the drying operation. However, the surface temperature

of the smaller cube starts to increase at a faster rate than the larger
cube during the latter stage of the drying as shown in figure 3.5.2.

The resultant effect could be the case hardening of the cube surface

because the rate of water movement from inside the material to the
surface can no longer maintain the rate of evaporation from the surface.
Therefore a hard impermeable skin could form at the surface, thus

reducing the rate of water diffusion.

The theoretical weights of plantain cubes calculated from equation

APP-34using the theoretical diffusion coefficients at the air
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o v
temperature and at 5°C below the air temperature are compared with the
experimental weights in tables 3.6.3 and 3.6.4 for 10mm and 15mm

cubes respectively.

The experimental and theoretical values are plotted as shown in
figures 3.6.85. - 8. The cube weights calculated with diffusion
coefficient at 5°C below the air temperature agreed closely with
the experimental weights after about one hour drying for 1Omm

and 15mm cubes dried at 60°C (figure 3.6.7). At lower temperatures
of drying, the theoretical values were below the experimental
values throughout the period of drying (figures 3.6.5 and 3.6.6).
any prediction of drying time based on the diffusion model equation

3.2.

U

will be greatly under-estimated unless due consideration is
given to the very low surface temperature of the cube at the initial
stage of drying. Chirife, (1971), applied equation 3.2.5 in the drying
of tapioca root and found that the experimental data does not follow
exactly the theoretical pattern which indicates that the effective
diffusivity cannot be considered constant. He also found that as the
temperature increased, the constant diffusivity model approached the

experimental values. Vaccarezza et al (1974) applied Fick's law in

=

the analysis of the data obtained during air drying of sugar beet root
and found that a good agreement was obtained between the theoretical
and experimental internal moisture distributions during drying.

He, therefore, claimed that Fick's law, might be used to predict

the moisture distribution especially at his lower drying temperature
(47OC). He attributed the disagreement at higher temperature of
drying (8lOC> to the probable structual and chemical changes in the
drying beet and the existence of internal temperature gradients

which were not observed at lower temperature.
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Figure 3.6.7
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The apparent discrepancy in the findi

to the following:

1. The surface temperature of the
the air temperature until abou
content is evaporated (figure
There is a need to use the ave
for the calculation of the ave
of using the air temperature.
the diffusion coefficient at a
67°C for 5.5mm thick apple sla
of 71°C. When an average mean
assumed in the present work fo
at 60°C, APP- .17 , better
(figures 3.6.7, 3.6.9, 3.6.10)
recognising this variation in
introduced a variable eguation
he solved numerically and inco

However, it is beyond the scop

2. In the development of eguation
diffusion coefficient is const
that the diffusion coefficient
with decreasing moisture

fiquing\o{Chirife (1971). The use of

for the moisture range 1.0 - 0.1, (Saravacos and Charm 1962)

means that at the initial stag

coefficient would be underestimated and over cstimated at the

last stage of drying. This was
and 3.6.10, where the diffusio
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ngs of different authors may be . due

drying material is lower than

t 90% of the initial moisture
3.5.2; Vaccarezza et al 1974).
rage mean surface temperature

rage diffusion coefficient instead
Alzamora et al,zl979), calculated
mean average temperature of

bs dried at air temperature
surface temperature of SSOC was

y both 10mm and 15mm cubes dried
agreement was obtained,

. Vaccarezza et al, (1974),

the product temperature with time,
in a dimensionless form which
rporated in the diffusion model.

e of this work to investigate

3.2.5, it was assumed that the

ant. However, taple 3.6.3 shows

drcryerases with time and hence

content. This agrees with the

an average diffusion coefficient

e of drying, the diffusion

shown in figures 3.6.7, 3.6.9

o
n coefficient at 55 C was used



Figure 3.6.9 Comparison of predicted and experimental moisture changes
of 10mm plantain cube dried at dry bulb temperature 60°C
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Figure 3.6.10 Comparison of predicted and experimental moisture changes
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instead of at the air temperature of Gooc,

The use of wrong value for the material weight at the begining
of the falling rate period. (ie the critical moisture content
wc) when a mixed drying mechanism is obtained at the beginning
of the drying operation could result in disagreement between
the experimental and theoretical values. In the drying of plantain
cubes, the surface of the cube was wet for a very short period
which was not enough time to constitute a constant rate period,
(section 3.6.1, figure 3.6.2). The critical moisture content
range was therefore prolonged, (figure 3.2.1) and the actual
falling rate period started when the material weight was below
the initial weight. Therefore the use of initial material
weight (Wo) in the equation 3.2.5 instead of the appropriate

critical weight (W ) will definitely introduce some €rror.
c

When the drying time becomes large, & limiting form of equation
3. 2.5. is obtained when n = o giving rise to equation 3.2.6.

The use of the first term only of the series has been found

t

in this project to be the cause of the initial disagreement
petween the experimental and theoretical weight. Therefore
more than one term would be needed for the calculation of the
theoretical weight which the summation ln(W;w)/(WC~We) in
equation 3.2.5. predicts as shown in the sample calculation
SIS ao° j b
done manually for 10mm and 15mm cubes dried at 60 C, ( APP-3-2)

In the computation carried out for plantain cubes, all the terms

-7 . R < .
having values up to 10 were included and presented in tables

3.6.3, and 3.6.4.
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all the reports in the literature compared the fractions of evaporable
water remaining in wet material being dried as a function of time.
Figures 3.6.9 - 1O compare the experimental and theoretical values

for plantain cubes and they show good agreement after about one hour

of drying.

1t is now evident that the diffusion model based on the Fick's law
cannot be used to predict the drying time correctly during the early
part of the drying period without due consideration given to the

time dependence of temperature and temperature dependence of the
diffusion coefficient, (Vaccarezza et al 1974). In a commercial drying
operation, however, the total drving time is one of the most important
factors to be considered in the design or selection of dryers.

In the case of plantain cube drying, 1if an average mean surface
temperature is used for the calculaticn of the average diffusion
coefficient, the total drying time required to reduce the moisture
content to about 9% of the initial moisture content can be accurately
predicted using the modified form of Fick's law (eguation APP—3'Q

C . o
Also a better agreement would be optained at air temperature above 60 C.
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3.7. CONCLUSION

1. The heat transfer coefficient for aluminium cube heating was
found to be 52 W/mzoc and 45.3 W/mQOC for 15mm and 1Omm
respectively at 2.9 m/s air velocity and the value for 15mm
cube agrees well with the empirical formula for a 15mm diameter
sphere. The values should also hold for the plantain cube
heating having the same geometry. Any reduction in the rate of
heat transfer can be quantitatively attributed to the rise in
surface temperature of the cube alone. The mass transfer
coefficient for a 15mm plantain cube is 0.061 m/s at 2.9m/s
air velocity. The external surface resistance of 16.4.s/m 1is
negligible when compared with the internal resistance of
3.1 x 10 s/m. The external surface resistance should not affect

the drying rate during the falling rate period.

N

The surface temperature of the plantain cubes was found to be

pelow the air temperature at the early part of drying and

yose continucusly as drying progressed until the dry bulb

n

temperature was reached. There was no constant rate drving
period as the surface temperature was never constant and the

grapnh of fractional rate of water desorption as a function of

mean moisture content showed a continuous fall in the drying

rate.

The effects of increase in air velocity are the increase in the

heat transfer coefficient and the continuous decrease in the

external resistance to mass transfer. Increase in surface ‘ :

temperature of the cube will increase the rate of water @

evaporation from the cube surface. Since the effective external

resistance to mass transfer for water vapour 1s small when
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compared with corresponding internal resistance for the velocity
range 1-5 m/s, the choice of optimum air velocity will depend on

the cost of energy required for the fan power.

Increase in temperature reduces the drying time but care should
pe taken to avoid case hardening effects at very high drying
temperatures, which result in a lower drying rate. Plantain
starch has a gelling point temperature of 71%. 1f plantain
pulp is dried at a temperature above 750C, the resultant flour
will be pregelatinised but if dried at a temperature below
7OOC a non-gelatinised flour is produced. Since the surface
temperature of the drying cube is initially well below the dry
pulb temperature, the dryer could be operated at a higher

temperature initially and the temperature reduced to the

appropriated 1evel after about 90 minutes of drying.

3. Smaller plantain cubes have a faster rate of drying but the
drying time was not inversely proportional to the sguare
of the thickness when 5mm, 10mm and 15mm were dried
simultanecusly. The rate of drying was faster for single

a tray.

3
o
®
n

o)

o]
)
e
)
o
e
=)

cubes than for a single layer of similar cub

diffusion controlled for about

IS
3
oy
0]

drying of plantain cubes is

80% of the total time for the drying operation and there is no )

20

effective constant rate period. The diffusion coefficients

increased with temperature for a particular cize and also with

cube size for a given temperature in the first falling rate

period. The values for 10mm cube lie between 3.8 x 10 and

- o
14.9 x 10 10 m2/s for a temperature range petween 40 and

O

65°C. The values for 15mm cube for the same temperature range
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-10 -
lie between 6 x 10 and 18.9 x 10 10 mz/g, The values of

activation energy were 47.8 £J mole and 40.3 kJ/mole for 10mm
and 15mm cubes respectively. The values of the diffusion
coefficients and activation energies agree reasonably with the

figures published in the literature (table 3.1).

The effect of evaporative cooling is greater on the thinnexr
sample and a smaller sample has higher activation energy
than a larger sample. This results in the rate of diffusion
being faster in the larger cube. Choice of the optimum cube
size for commercial drying would aim to maximise material

throughput and is discussed in chapter 4.

Observed variation in the diffusion coefficient values during
the course of a drying experiments may be caused in part at
least, by changes in the cube temperature accompanying the
progressive fall of the drying rate. For the best prediction
of drying rates the diffusion coefficient should not be
calculated at the ailr temperature but at the average surface
temperature which 1is assumed to be about 5°C below the air

temperature for plantain cubes.

The cube weights calculated from diffusion coefficient determined
at a temperature 5°c pelow the air temperature agreed closely
with the experimental weight after about one hour dryving at

air temperature of 6OOC. At lower drying temperatures the
theoretical values were below the experimental values throughout
the period of drying. any predicted drying time made using the-
modified diffusion equation APP-3{ which was based on Fick's

law could be a serious underestimate unless due consideration
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is given to the very low surface temperature of the cube at

the initial stage of drying.

6. There are discrepancies in the findings of different authors
as to the adeguacy of the drying model for food drying rates
and temperatures. Possible causes of disagreement in the findings

have been given in points 1 -4, section 3.6.4.

In a commercial drying operation the total drying time can be

fairly accurately predicted using the modified diffusion equation,

- / 2 2
g We :fgﬁ\B exp - 977"De 1 exp - 41Tr Do + 1 exp — 105 n2 o +
WC—We \Tr‘éj 16L? 3 16L2 27 eXp ——Dl-gijz——

for plantain cubes when the mean surface temperature is used
for the calculation of the average diffusion coefficient and

A e
air temperature above 60 C.
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CHAPTER 4

Plaut Design for Plantain Flour Production




4. Plant Design for Plantain Flour Production,

4.1. INTRODUCTION

Plantain processing to produce flour involves the processes
represented in figure 4.1. There are three routes through which
plantain could be processed into flour. Route 1 involves peeling,
slicing, tray or cabinet drying, milling and sieving to produce
flour. Route 2 involves blanching with hot water, to loosen the
peel, and fluidised bed drying; otherwise the process is the same
as in route 1. The processes in routes 1 and 2 could be combined
by drying the plantain pieces for about 2 hours in a tray dryer
followed by fluidised bed drying to the desired final moisture
content. In route 3 the plantain is steam blanched and expressed.
Water is added to homogepise the slurry which could be dried using
either a spray dryer, votator , drum dryer or extruder. For the
extrusion process, no water need be added, as plantain contains
about 60% water by weight and this lies within the minimum
concentration of water necessary for the formulation of extrudate.
The drying in route 3 is a high-temperature short-time process,
operating above loooc. The technology involved in the processes
encountered in route 3 may be classified as advanced. Steam
production is necessary and the operation of the capital equipment
requires trained technicians. In the case of any breakdown, spare
parts may not be easy to obtain. The initial capital cost may be
high as all the equipment may have to Dbe imported. The technology
involved in routes 1 and 2 may be classified as intermediate.

The ouveration of either a tray or fluidised bed dryer is fairly
simple and most of the eguipment could be constructed locally.

The fluidised bed route will require a larger blower with a greater
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throughput than the tray dryer and would be seriously affected by
preakdown of the blower. Either process is labour intensive and
could reduce unemployment in the rural areas. The drying process
affects directly the quality of the flour produced. Pregelatinised
flour is produced when processes in route 3 are employed. Drying
plantain cubes in either tray or fluidised dryer could yield

pre- or non-gelatinised flour.

The selection of an appropriate dryer for the drying of plantain
require$ equipment trials under conditions closely related to

the heating and handling conditions to be encountered in practice.
In addition to the difficulty of predicting drying rate curves,
questions arise concerning variation of drying conditions through
dryer, air flow pattern and effect of operating variables and choice
of equipment upon the condition of the dried product. Also the usual
economic factor of processing cost must be considered in relation

to the most desirable product condition fram a sales point of

view, (Foust et al 1980).

Where possible, moisture contents and temperatures should be
measured at various points within the dryer. The completeness of
the information which is sought in any given test depends on the
ultimate use of the data. In any case data for at least two sets
of operating conditions are needed if a good analysis of dryer
performance is to be made. The following factors should be

considered in the preliminary selection of dryers,
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Properties of the material being handled

2. Drying characteristics of the material

3. Flow of material to and from the dryer

4, Product quality

5. Facilities available at site of proposed installation

The physical nature of the material to be handled is the primary
item for consideration. A slurry will demand a different type of
dryer from that required by a solid which in turn will be different

from that required by a sheet of material, (Perry and Chilton, 1973).

For plantain pulp drvying, plant trials were carried out on drum and
cabinet dryers, For the drum dryer, the factors affecting the
drying rate and the final moisture content of the flour were
investigated. These include the speed of rotation of the

drum which controls the contact time, the steam pressure, and

the film thickness on the drum. For the cabinet dryer, the effects
of¢ temperature, tray loading and sample geometry on the rate of
drving were investigated. Fraom these trials, the overall

nce data were obtained. The results will be used to

o)
®
=
o
§
o

establish the optimum operating conditions, product gquality and
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K
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and dryer size.
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4.2 Literature Review

pretreatment and Peeling

Green Plantain and banana pulp are
similar in texture and are both starchy staples. Roudier and
Lavollay, (1945) described the modern methods used in French
Africa in which the plantain and banana fruits were dried in
tunnel dryers operated at temperatures between:58O and 69OC.

They reccmmended sulphuring the fruits to prevent discoloration,
using 200 mg of sulphur dioxide per 100g of fruit. Da Silveira
(1946) studied the discoloration of the ripe banana flour

prepared by a drum-drying method and recommended dipping the fruit
in a solution of one percent citric acid instead of sulphuring
before dehydration. Von Loescke, (1955), pointed out that ripe
bananas have been sun-dried, drum-dried, spray-dried and dried

in cabinet dehydrators. Of these, drum-dried banana flakes seemed
most capmercially promising. Rahman, (1963) dried plantain cubes
using trays in a Proctor and Schwartz cabinet dehydrator at dry
bulb tamperatures varying from 93° to 71°C.  He established that
hand peeling and slicing vielded between 25 and 28 percent of flour

after drying. The unpeeled fruit yielded , after treatment with

-

otassium metabisulfite, 31 to 32 percent of flour. Inspite of the
higher yield obtained with the unpeeled fruit, one would expect to
process peeled fruits for tne production of flour of acceptable

colour. {

Samish and Coussin, (1965), studying the production of dehydrated
flakes as a means of utilising surplus panana, found that
blanching bananas before drying improved the product and the

addition of 862 improved its colour.
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Effect of Temperature:

Chirife(197/) dried tapioca@beds in a temperature range 55-100°C
and found that increase in temperature reduced drying time but
stressed that the choice of optimum working temperature must be
made considering the effect of temperature on the physico-chemical
characteristics of the dried product. Slices of tapioca, a
starchy staple like plantain, were scorched at temperatures of

840 or higher. Archapong and Wieneke(1977) reported that drying
of 15 mm plantain cubes at temperatures above 85°C resulted in

considerable shrinkage and hardening of cube surfaces.

Effect of tray loads

van Arsdel and Copley(1964) studied the drying rates in well
designed cross-flow tray dryers and found that once a single layer
cf pieces is spread on a tray, the active evaporating surface 1is
increased only sligntly by adding to the load so that it is

2,3 or 4 pieces deep. Conseguently, increasing the total loading
per square metre reduces the gross drying rate materially during

the early stages of drying. As the drying proceeds, the material

O

»
-

the trays shrinks and the structure of the layer on the trays

o
[

econ

s more and more open and relatively thinner so that drving

M

takes place throughout the whole layer. The maximum dry output
when shredded cabbage was cdried in a counterflow tunnel was obtained
2

at a tray load of about 7.3 kg/m . Chirife and Cachero (1970} found

that, although the maximum ped depth was 120mm, the output was

jo)]

highest at the bed depth of 20mm. Edelmiro et al (1977) studied
the effect of tray loading on the time required to reduce the

moisture of 12 x 10 x 6.5 mm green banana cubes to 10% of the

original value. He found that it took 3 hours to dehydrate the

2
cubes when placed in a single layer (9kg/m”~) and 6 hours when the
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tray was completely filled with the cubes(33kg/m2) . In other
words, the overall rate of drying based on weight loss for 6 hours
operation was 5.5 kg/mzhr which was greater than the rate of
3kg/m2hr for 3 hours operation. He claimed that initially the
problem was with the difficulty of hot air in passing and water
escaping through the successive layers of banana cubes. However,
as dehydration progressed, the shrinkage of banana cubes reduced

their volume, increasing air spaces and permitting the hot air
the removal of water.

Therefore, increase in tray loading increases the throughput to
54 certain limit after which further increase will not result in
significant increase in output. It is important to establish the

optimum tray loading for optimum output of dried product.

The literature contains little about the commercial dehydration

of banana or plantain pulp with a view to designing or selecting

a suitable dryer. It is a wide practice to blanch fruits or

use additives to help improve the colour of the end product. In the
present work, it was found that hot waterxr blanching for about

10 minutes facilitates peeling by softening the peel for easy
removal and that good quality flour could be produced without

additives.
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4.3, Plant Trials

4.3.1., Pilot-Scale Production of Plantain Flour Using Reller,
Double Cylinder (Nip Fed) and Tubular Dryers:

The trial was carried out at Richard Simon & Sons,

"Dryer Divisicon'" No.8. Factory, Private Road No. 3, Colwick
Industrial Estate, Nottingham, NG4 2BT, UK. Tel: 0602-249881;
Telex 37454. The objectives were to study the effects of the
speed of rotation of drum and steam pressure on the drying of

green plantain slices to produce flour.

Experimental Procedure and Results:

15 kg of green plantain was used for the trial and detailed report
on the individual equipment trial is given in the appendix
(APP- 4~/ )., Table 4.1 summarises the experimental conditions and

the results.

Cconclusions from the trial:

Thin plantain slices could be dried in a double cylinder dryer
to produce dried bands which could be milled to flour of desired
particle size. For the production of a good product with
required moisture content, there is need for proper adjustment

~

of the cylinder speed and pressure. For every kilogram of water

o]
)

evaporated, 1.4kg of steam 1is used and to obtain good performance,
economically it 1is necessary to run it for a minimum of 14 hours
a day. Blanching the plantain in hot water for about 15 minutes

resulted in much darker product while unblanched green plantain

slices gave a light coloured plantain flour.
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4.3.2. Pilot-Scale Drying of Plantain Pulp Using Cabinet and
Simulated Band Dryers

The trial was carried out at APV Mitchell Dryers Ltd, Denton
Holme, Carlisle, Cumbria, England, CA2 5DU. UK: Tel: 0228 34433;

Telex: 64139.

The objectives were to assess the drying performance of both
Cabinet and Simulated Band Dryers for plantain cubes and slices
in order to establish the best operating conditions that will give

quality product.

Experimental Proceedure:

30 kg of green plantain was used for the tests and the detailed
report on the individual equipment trial is given in the appendix
(APP—b»ll The data collected from the trial runs on the Cabinet

Dryer will be analysed in section 4.3.3.

Conclusion from the trial:

ct

A Cabinet Dryer is the best egquipment to handle the prcposed

n

through

En

~ut of 3500kg plantain pulp per day. Dicing of plantain

pulp produces more uniform 10mm cubes than slicing. Drying two Or

t

hy

m

e layers of slices resulted in slices sticking together to

t=h

orm single thick layer, thereby reducing vapour diffusion.
The use of perforated trays greatly reduced the tray wetness and
improved the rate of drying. There was no significant difference
between the colour of the products obtained after drying at

° ° } £ b and slices
67" and 77 C for single and second layer tray of cubes ana S- .
Inspite of the obvious significant improvement in the colour of
the products produced in a simulated band dryer, the capital cost

of the equipment as well as the throughput requirement for

economic operation are thought to pe too high for the proposed
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throughput for plantain drying.

4.3.3. Data Analysis and Discussion of Results from Drying
Tests in Cabinet Dryer

4.3.3.1. Geometrical Effect on the Rate of Drying of Plantain Pulp

The data for the analysis of the effect of sample geometry on the
rate of drying 1is given in table APP.4-2 for 1lOmm cubes and slices.
The moisture content of the plantain was 64% and the water content
(dry basis) was plotted against drying time as shown in figure 4.2.
The rate of drying was faster for cubes than the slices of the same
thickness at both temperatures of drying. The 10mm slices were not
uniformly sliced and there was evidence of wetness on the side of
the slice facing the tray. In addition, slices tend to stick
together when more than one layer is required to be dried, thereby
resulting in slower rate of drying because of reduction in vapour

diffusion.
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the Rate of Drving:

ne data showing the effects of temperature is shown in table
APP.f,.[ /4 5. Figure 4.3.shows that the rate of drying of a single

@) \ o
laver tray 30cm x 20cm x 2cm was faster at 67 C than at 77 C.

o3

When the tray was filled to a double layer, the rate was faster at

oyl

o . . ;
67°C than at 77°C for the first 150 minutes refore the trend

e} L O
changed and the rate became faster at 7 C that at 7 C.

However, when the tray was filled to three layers, the rate of

Q

o . .
rying was faster at 77OC than at 67 C throughout the period of
drying. In the single layer tray, the cubes probably suffered

from case hardening effect at 77°¢c pbecause the rate of evaporation

[\]
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4.2 Geometrical effect on the rate of drying of plantain
pulp

O=—~O=8 10mm slices at 670C Kt 10 1T slices at 77°cC

O
g 10T cubes at 677C 4 A lomm cubes at 770C

Time (minutes)

26
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of water diffusion from inside the

was that the drying rate was less

was not matched by the rate
That the rate of drying

The resultant effect
of drying.

cube.
o, -
than at 67 C from the start
single layer cubes was faster at 67OC than at 77OC could also
be due to some faulty temperature recording . In the double layer
o

of

there was also the effect of case hardening at 77 C for

tray,
the first 150 minutes of drying when sacme cubes shrank to create

void space for water vapour to escape from the lower layer.

nis resulted in faster drving rate for the rest cf the drying
the top cubes suffered from

the cubes at the top appeared

T
In the three layer tray,
the rate of

period.
However,

case hardening effect and some of

very dry at the end of the drying operation.
7~ O 3

67 C eventhough some of the

o}
ras faster at 77 C than at

-y = g \/\'
innermost cubes were still very wet at the end of the drying test.

. . . . . . _ . o
Drying plantain cubes in a tray at an alr temperature below 70 °C

would give good drying rate with the resultant gocd end product

which will also depend on the tray loading.

4.2.3.3. Effect of Tray Loading on the Rate of Drying:
Tre data showing the effects of tray loading is shown 1in
,
APP~4-& 4.2, The rate of drying was fastest in a single layer

Tray and faster in a double layer tray than in three layer

tray at any temperature of drying as shown in figure 4.3. It is

1 to aim at a final moisture content about 10% for a gcod keeping

In the drying of plantain cubes it
284 minutes for a

o
4
ot

W

ity of the dried product.
moisture content

—

qua
tocok about 176 minutes for a single layer and
temperature of

At a
80 minutes

double laver, (a ratio of 1:1.6) to reduce the
a higher

o
when dried at 67 C.

to abou
o .
77°C it took about 220 minutes for single layer and 2
1t would require a very long

for double layer(a ratio of 1:1.27).
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time to attain the set final moisture content for a three layer
tray, eventhough it was not possible to establish this because of the

limited time available for the drying test, (figure 4.3).

It follows that output for a given quantity of plantain in a given
cabinet dryer can be doubled in 284 minutes by drying in double
layer tray than in a single layer tray for 352 minutes.

There was evidence of wetness in the three layer tray due to some
condensations taking place because the escape of the very humid
vapours from the cubes heated by conducticrn was apparently obstructed
by the dried cubes at the top layer. There was also evidence of
uneven drying due to wetness of some innermost cubes resulting in
poor quality end product. The trays containing two layers of cubes
experienced less wetness because after a few minutes of drying,
voids were created between the cubes due to shrinkage through

which the vapours escaped. The highest throughput of dried plantain

cubes was obtained by drying double layer trays in the cabinet dryer.

4.3.3.4. Determination of the Drying Constant for a Single
layer of Cubes

The slope of the straight line of the plot [n(we~We)/(Wo~We)
versus time in the first falling rate period is known as the drying
constant, {(Saravacos and Charm 1962). For 5 sides of cube being
. w2 2 . - o . 1at of
dried, slope= 977 D/16L (equation APP-3-2) For a thin slab oI
a2 2
thickness 2,,drving from one face, slope = -pTr°/164

(equation APP-3J. Theoretically the ratio of the slope of a slab

to a cube is 1:9.




The data for the plot of én(we—We)/(wo—We) are given in
APP-4-6. The slope of the graph for lOmm single layer tray dried
(@] -1 -1 o
at 67 C was found to be 0.625 hr and 0.58 hr at 77 C(figure 4.4).
. o -
The slope for 1lOmm single cube at 65 C was found to be 1.2%hr !
(figure 4.4). The ratio of the slopeof a single layer tray of cubes
and that of the single cube is 1:2 from experiment. The rate of
diffusion of cubes in a single layer tray lies between that of a
thin slab and a single cube drying from 5 faces in the first falling
rate period, However, when the ratios above are compared, the single
layer tray of cubes behave more like single cubes than a slab.
The result agrees with the findings of Van Arsdel and Copley (1964)
who studied the drying rates in a well-designed cross-flow tray
dryer and found that when a single layer of pieces is spread on a
tray, the materials shrink as drving proceeds, and the structure
of the layer on the tray becomes more and more open and relatively
thinner so that drying takes place throughout the whole laver.
. -1 . .
The drying constant of O.63hr for 10 mm single layer cubes in a
e} -1 . -0
tray at 67 C and 1.29 hr for 10mm single cube at 65 C fall
-1 -1
within the range of 0.34hr to 2.12hr given by Saravacos and

Charm(1962) .

It would, however, be inaccurate to determine the diffusion
coefficient based on the formula for either the single cube or &
thin slab. Hence it is more appropriate to carry out a plant
trial and determine the slope from the experimental plot for use

in the calculation of diffusion coefficient for the cubes.
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4.3.3.5. Summary of Conclusions:
Thin plantain slices could be dried in a double cylinder

1.

dryer to produce dried bands which could be milled to flour
The high feed-rate of 512 kg/hr

of desired particle size.
of plantain pulp and its specific use for the production of

pregelatinised flour places it as an alternative choice to

a cabinet dryer.
Dicing of plantain pulp produces more uniform cubes than

slicing.
The rate of drying was faster for cubes than slices at the

3.
two temperatures of drying.
The use of perforated trays greatly reduced the tray wetness

4,
and improved the rate of drying.
: . 1 o Q :
Drying plantain cubes at a temperature above 70 C would not

significantly increase the rate of drying due to the effect
This effect

of case hardening on the surface of the cubes.
would initially or throughout the drying operation, depending

on the tray loading, reduce the rate of drying.
The highest throughput of dried plantain cubes i¢. obtained
by drying double layer trays in a cabinet dryer.

In single layers on a tray,cubes behave more like single
bes

10mm single layer cu

7.
cubes than like a slab.
; -1
8. The drying constant of O0.63hr  for
o e - N ; .
in a tray at 67 C falls within the range pablished in the

literature for fruits and vegetables.
Plant trials should be carried out to determine the slope
lculation

. rather. : ‘
from the experimental plot¥than carrying out the ca
n the formula for

Ne]

of the diffusion coefficient of the cubes o

either the single cube or a thin slab.
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4.4 Appropriate Process Flow Diagram for the Processing of
Green Plantain into Flour

4.4.1. Choice of Technique

There are many routes to follow in the production of flour from
green plantain (figure 4.1). In order to choose the appropriate
technology for the production of plantain flour consideration should
be given to the economic and social impact as well as to the
enviromment in which the process will be carried out. Some of the
routes shown in figure 4.1 are very expensive and would make the

end product (plantain flour) very expensive. An appropriate process
flow diagram is shown in figure 4.5, The route depicted in

dotted lines is an alternative technique which can be considered

as poorer choice by comparison with the cabinet dryer route for

the following reasons:

1. The drying rate of drum dryer is higher and its use of energy
very efficient(evaporation rate = lkg H20/1.4 steam) . However,
the raw material imput required to operate economically
for at least 14 hours batch is 56,000 kg of plantain pulp.

This regquires long shift and high energy input (section 4.3.3.5.)

2. Much time and experience are required for start-up operation
each day in order to produce standard end product. Therefore

it cannot be classified as a village technology.

(9%

. Product waste is very high and if recycled results in poor

quality end-product.

4. The range of products which can be handled in the dryer 1is

limited to thin slices and slurries.
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The selected route 1-9 can be described as adppropriate for the

following reasons:-

1. The size of plant can be selected to match the available raw
material input and still operate economically. The capital

cost may not have to be high.

2. Larger output can be obtained by using low capacity equipment

and operating at two or three shifts at peak season.

3. The range of materials to be handled is wide and can be used

to dry almost all fruits and vegetables including grains.
4. Its operation is simple and it can be manufactured locally.
5. It offers flexibility in use of enerxgy(e.g. wood, gas,

electricity or steam).

4.4.2. Operaticnal Steps:

The drying operation will be carried out on 8-hour shift basis.

The actual drying will be carried out in 6 hours while the remaining
two hours will be for start-up, loading and unloading of dried
products. The processes involved in route 1-9 are described

briefly as follows:

Hot Water Blanching

The green plantain fruits are soaked in a hot water for about 10-15
minutes to soften the peel for easy peeling. The hot water can be
provided by collecting the condensed exhaust steam in a tank.

One should guard against the danger of over-blanching with the
resultant effect of pulp softness. The optimum blanching time should

be determined for equal sizes of fruit.
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Hand Peeling
Hand *==-— 2

The blanched fruits were hand peeled by the author at the rate of
24 Man-Hour per 1000 kg of fruits. Without blanching, it takes
about 72 Man-Hour to peel the same quantity. The peels could be

dried and milled to produce animal feed.

Storage of the Pulp in a Water Tank:

The plantain pulp is put in a tank containing clean water to be
held temporarily before slicing or dicing. In this way, enzymic
prowning action is temporarily prevented. This action is caused by
the enzyme catalysed reaction of oxygen with certain phenolic
compounds producing quinone structures and their polymerisation

products which are responsible for the brown colour.

Dicing/Slicing

The pulp is diced or sliced using an automatic dicing machine like
Kenwood Peerless or a Swedish "Halde" automatic slicer with
different blades. Hand slicing can also be carried out where no
machine is available or breaks down. In this case, it takes about
22 Man-Hour to slice 1000kg of pulp to a thickness of about 15mm.

However, uniformity in size cannot be guaranteed in hand slicing

operation.

Dehydration of Plantain Slices in a Cabinet Dryer

will be filled to two layers and loaded in &

0
ct
o)}
o)
Q
W
=
o))
p
Al
o}

e
n

binet dryer. The drying will be completed in about 6 hours at a

O
temperature of not higher than 70 C.
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Milling Process:
Milling r2o-==2°=-
The dried slices can be milled using an end-runner mill or a

hammer mill. The milling is continued until the desired particle
size is obtained.
Sieving:

Sieves of aperture size 150-850 g4m are used to produce flour
of different particle size as required. The rejects are

collected and used as animal feed.

Plantain Flour

The flour produced is graded according to particle size and

packaged for the corresponding uses.




4.4.3. Material Balance

The initial target is to produce 20 bags of plantain flour of

50kg each a day. The material balance is shown in figure 4.2,

The output can be improved by adjusting some of the figures.

For example, it was observed that milling in a hammer mill produces
a very fine flour that does not require any sieving for plantain
biscuit production. Without any sieving, a total of 1300 kg of
flour will be produced. The minimum quantity of flour obtainable
from a given guantity of plantain fruit is 25% of the original
fruit. This minimum value was used in the evaluation even though

it is possible to obtain up to 28% as flour.

The peel is assumed to be 35% by weight of the plantain fruit.
If dried and milled, it could be sold as animal feed. The less
attractive option is to use the peel asmulch in the plantain

plantation. Mulching has been proved to increase the outpat on

long term basis.

The percentage moisture content of the pulp is taken to be 60% by

weight of the pulp. It is expected that after drying, the moisture
content will be reduced to 10%. This means that the amount of water
to be evaporated is 50% of the pulp weight wet-basis.

The cabinet dryer has the capacity of holding 720 standard trays

of dimension 810 x 410 x 32 mm. The manufacturers estimated that
each tray could contain 5kg of wet material. It was, however, found
a

during plant trial that this would result in very long drying

time and poor quality product due to uneven drying.
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It was also established previocusly that filling the tray to two
layers deep gave the best result in terms of drying rate and end
product (section 4.3.3.3.). Therefore the 720 trays of the 12
trucks will be filled with 3615g of plantain cubes each. This
would give a filling of about two layers and the total pulp weight

dried in a batch will be 2600kg.

4.4.4. Energy Requirement

The demand for energy is for dehydration, milling, dicing/slicing
and hot water blanching. The energy required for hot water
blanching can be regarded as zero input cost since it is planned
to use the exhaust steam condensate as the heating medium.

It can be reascnably assumed that about 80% of the total energy
employed will be used for dehydration. Water vapour to be
evaporated is 217 kg/hr (i.e. 1300kg/6hr), while the dryer

capacity is 720kg water vapour per hour.

If it is assumed that the drying will be carried out at air

temperature of say 650C, the total energy reguired will be given

=Mx Cp (T - T ) mt?
Q L—’(A M)+
where O = Total energy required kJ
= Weight of the plantain pulp kg
m = Weight of water toc be evaporated kg
O
Cp = Specific heat of pulp and water 37%7 c
o

TA = RAir temperature C

T = Initial Temperature of pulp and water which 1s

M taken as average room temperature(250) obtainable

in Nigeria.
. o
H = Latent heat of evaporation at 65 C

T, 0 = 2600 x 4.18 (65 - 25) + 1300 x 2345.7
= 348140 kJ =350 My
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If the 35 My required for drying represents about 80% of the
total energy required for the whole process, then the total energy
required will be about 4%4¢ /M¥. This can be cheaply supplied
py steam than by electricity. The power requirement of the fan
motors is 33 H.P. which is equivalent to about 25 i energy.

The energy can be supplied electrically.

A summary of the process egquipment and labour regquirement for the
8- hour shift operation is given in table 4.2. Such items as
tables for sorting and possibly for slicing, buckets etc will be

included in the cost estimation as contingencies.

4.4.5. Manpower Requirement for the Factory Operation:

The manpower requirement for a food processing factory is the
managerial, scientific, technical, skilled and other allied

personnel employed in managing andcarrying out the factory processes.
There are essential features of an organisational chart for a factory
operation. Figure 4.f{. illustrates the organisation chart anticipated
for the plantain processing factory. The actual number of staff

in each section depends on the volume of operation. The qualification
and salary scale for each post will be decided by the factory

manager who should be a process engineer with some years of
experience. Casual laboures needed for such operations like peeling

and slicing will be recruited according to dalily demand.
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Table 4.2

e it

Summary of the process equipment and labouy regquirement

: e 8 - ] Shift ,

Process Equipment and Labour Requirement Quantity
1. Plantain Fruit Supply 4000 kg
2. Hot Water Tank (1.5 x 1.5 x 1.2 m)
(Stainless Steel) 5
3. Hand Peeling of 4000kg plantain at 12 knives
335 kg/8-hour (12 Stainless Steel knives) (12 persons)
4, Soaking Tank (1.5 x 1.5x 1.2 m) -
Stainless Steel 5
5. Dicing of 2600kg of pulp 1 unit
(If sliced by hand, it would require about (1 operator)

7 persons to slice at the rate of 364g/
8-hour/person)

o. Cabinet Dryer 1 unit of 12 Trucks 1 unit
(4 cperators)

7. Bins for temporary storage of the dried pulp 10

8. Milling of 1300g of dried pulp 1 unit
(1 operator)

9. Sieving Unit 1 unit
(1 operator)

10. Packaging (one heat sealing machine 1 unit
and bags) (1 operator)
11. Compressor 1 unit

Total unskilled labour required = 20 persons.
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4.4.6 Factory layout for plantain flour production

The factory layout for the daily processing of 4000kg of green plantéin
into flour is illustrated in figure 4.7. The factory will occupy an
area of about 0.13 hectare of land. A boiler plant and an electrical
plant will be required for power supply. A water treatment plant will
also be requlired to provide clean water for the factory. The room for
the storage of raw plantain will be air conditioned to provide a very
low temperature for longer storage life of the plantain in the green

state.

There 1s provislon for future new process plant as plantations are
expected to grow 1n size which will result in an increase in the volume
of fruit production. The plantaln flour produced will be stored and

sold wholesale.
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CHAPTER 5

The Baking Properties of Plantain Flour and

Consumer Reaction to Plantain Biscuit




The Baking Properties of Plantain Flour and Consumer Reaction’ to.

Plantain Biscuit

Introduction

The interest of research scientists in the production of composite
flour from local raw materials is growing to include all possible
cereals and tubers obtainable in the developing countries where
adequate supplies of suitable home grown wheat are not available.
The demand for bakery products as convenience food has been

found to increase with urbanization.

In 1960 an FAO expert studied the possibility of producing
piscuits from a mixture of wheat flour with corn flour and
cassava starch in Uganda. Products of reasonable gecod guality
were made. In 1964, FAO promoted and sponsored a "Composite
Flour Programme' to overcome the technical restraints on the
utilization of local grain and starchy flours in the production

of bakery products (Faure, 1971).

A meeting was held at the Tropical Products Institute, London in

1

N

70 by experts in baking technology to discuss the composite

flour vprogramme and 1t was decided that the use of composite flour
should not be in direct competition to that of wheat flour. Bakery
products made from composite flours should be assessed and priced
on their own merits. It was agreed that biscuits might offer a

better use of composite flour than pread, (Asselbergs, 1970).




5. 2 Review of literature on the use of plaf@tain and banana in”bakery

products

Dupaigne and Richard (1965) carried out an investigation of the
use of banana in biscuit making. They incorporated ripe banana
flour into wheat flour at a level of 24% in the manufacture of
army biscuits. 1In this experiment, the ripe banana flour was
substituted for the ordinary sugar because of the high sucrose,
fructrose and glucose content. They found that it is possible to
produce an acceptable biscuit but maintained that the guality

and nutritional value could be improved.

Leclierc and Wessling (1918) carried out experiments using 25%
banana flour and 75% standard wheat flour in the baking of bread.
They claimed that the texture and colour of the bread obtained

were inferior to bread made from wheat flour alone as shown in

table 5. 1.

Table 5. 1 Analysis of bread made with banana flour and standard wheat
flour
Bread Total Salt- Fat Fibre Protein Carbo- Colour Texture
Compositicn Ash free (Nx6.25) hydrate ’
Ash

< e =3 < % % %

< (=2 < = < < <
Banana flour 1.78 0.71 1.40 0.28 7.33 54.21 Grey- 96
(25%) brown
{(Unripe fruit)
Banana flour 1.65 0.76 1.20 0.29 7.49 54,37 Light~- 88
(25%) grey
(Ripe fruit)
Wheat flour 1.28 0.31 7.08 0.13 8.74 52.77 Cream 99

(Spring wheat)

flour.
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Breads with banana flour contair
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winckel (1924) recommended the use of 25% wheat flour and 75%
banana flour in bread making. It was doubted whether the product
would be acceptable to the American public. Rasper, et al (1974)
studied the effect of non-wheat starches in composite doughs using
yam, cassava, sorghédm and millet. A substitution of 15% of
typical Canadian wheat flour was made using flour from the above
products for bread baking trials. Yam flour and cassava starch
were considered the most satisfactory substitutes for wheat flour
in the above trials. Using egual amounts of green banana flour
and wheat flour, Edelmuro, et al (1977) prepared cup cakes which

they claimed were acceptable to consumers.

The limited literature on the use of plantain and banana flour in

composite flour for the manufacture of bakery products is evidence

Hh

of lack of appreciation of the plantain crop when compared with
the extensive literature on the use of other starchy staples and

grains in composite flour.

The main objectives to be achieved in this study are:

1. To study the physical properties of plantain flour alone and in
composition with wheat flour.

2. To determine the effect of dilution of strong wheat flour
with plantain flour on the baking properties of the wheat
flour for bread and ceake.

3. To develop a new plantain shortcake biscuit using 100%

plantain flour.

4.. To carry out consumer acceptability testsof the plantain
biscuit.
5. To carry out a preliminary test marketing of the plantain
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biscuit.

5.3 Physical Properties of a Flour

5.3.1 Flour strength - Gluten in Flour

Flour 1s essentially a mixture of starch, damaged or un-
damaged, electrolytes, moisture and a dried-up hydrogel (the
gluten). The strength of a flour depends on the guantity and
and quality of the gluten content. The gluten is the in-
soluble flour proteins after they have become hydrated. It
consists of two main proteins - gliadin (soluble in 70%
alcohol) and glutenin (soluble in dilute alkali). The
collocidal condition of the gluten (i.e. protein) in flour or
dough is undoubtedly closely connected with the suitability
of the flour for the baker. Gluten is elastic and tough to
varying degrees and on baking becomes coagulated and sets to
form a strong network within the starch gel. A weak and
flowy gluten, however, is not as coagulated as a toughexr one
such as that found in the flour from good Manitoba wheat.
But too much coagulation may occur in some wheats grown in
tropical countries, such as India, with the result that the
gluten loses extensibility and other desirable characteristics.
The power of swelling in the presence of water possessed by
proteins is related to the guality of gluten. A weak flour
with poor protein content has a poor swelling power and the
doughs are therefore weak. A sStrong flour contains a large
amount of protein particles which have great swelling and
hydration capacity, hence the pleasing elastic dough. The
swelling power of gluten particles will be affected by the

hydrogen ion concentration (pH) of the dough as well as the
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proteolytic enzymic activity, (Kent-Jones and Amos, 1967).

There are four distinct grades of flour, strong, medium

strong, soft and special cake.

Strong Flours: They have high protein (11—15%) and take up

much water when making doughs of the correct consistency
and elasticity for the production of bread of satisfactory

volume and good texture.

Medium Strong Flours: Have 9-11% protein and take up

sufficient water to make doughs resilient enough to withstand

the rapid early generation of gas during the initial pericd of
baking.

Soft Flours: Contain proteins (7-9%) of low gluten strength
and have poor water absorption. These flours give "lifeless"

doughs which tend to run out as fermentation proceeds and in
conseguence produce heavy loaves of unsatisfactory texture.
However they are mainly used for biscuits and confectionery

products which rely on other ingredients like sugar for their

texture and stability.

Special Cake Flours: These are known as high-ratio flours

and are milled@ from the centre of high grade wheats containing
7-8.5% of good guality gluten. After milling the flour is
heavily chlorinated which destroys the coherency of the gluten.
The chlorine treatment increaseg the acidity of the flour and
renders the starch more soluble, increasing absorption and

retention of moisture. The water adsorption is greatly
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influenced by the particle size of the flour.

Physical Methods for the Measurement of Flour Quality

Flour guality can be assessed by physical and chemical
The physical propertesof the

analysis and by baking tests.
dough made from a flour and the changes taking place when

the dough is fermenting are normally measured through
rheological measurements related to the protein, starch,
These tests involve

and water absorption power of the flour
rinograph.

the use of the Extensograph, Amylograph and Fa
Brabender Farinograph: Kent-Jones and Amos (1967) described
(figure 5.1) as follows

the principle of the instrument
lades at constant speed

[0

3
[N
b
M
K

The force taken to turn paddl
through a dough of fixed initial consistency 1s graphically
recorded in the form of a wide band and as the tests proceeds,

this force varies according to the nature of the flour and
known as farincgrams,

hence different shaped bands or g
of the dough are thus

The change

re produced.
reccrded over a period and the evaluation is not restricted

8]

to any one time,
following

The reading from this instrum

0

[}
D
QJ

to be asse

characteristics
as volum

the water absorption power of the flour
(Since 300g of flour is

flour
sctual volume recorded will be

o]

water used per 100g of

used for the test, the
a curve centred

a percentage for

divided by 3) or as
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on the 600 line at peak development.

(b) the dough development time in minutes: This indicates
the mixing time required, from the moment "doughing
up" starts to optimum development of the dough. It
also yields the time for maximum ban” width (i.e.
maximum elasticity of the dough).

(c) the dough stability: This is measured in minutes on the
curve from its highest peak to the point where the
middle of the curve drops 40BU (Brapender Unit) below
the 600 line.

(d) the dough resistance: This is the sum of dough
development time plus stability time.

(e) the dough weakening which is measured by how many BU
the middle of the curve falls below the 600 line after
12 minutes.

This equipment does not measure individual physical

properties nor the composite picture >f the dough behaviour

during fermentation and processing.

Brabender Extensograph: The equipment (figure 5.2) is

particularly adapted to fermented doughs and for examining

the influence on dough character of improvers. The test
consists of stretching a dough of cylindrical form by means
of a moving arm The stresses set up in the dough by its
resistence to extension are recorded as a graph. It

measures the following characterist

prepared as for the Farinograph.

(a) Resistance to stretching i.e.
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obtained from the height of the Extensogram measured

50mm after the cur:e has started.
the ability to stretch without

(b) Extensibility i.e.
breaking. It is measured in millimetres and is taken

as the length of the curve.
The Ratio Number, which is obtained by dividing the
The

(c)
resistance to stretching by the extensibility.

greater the ratio number, the "shorter" will be the

the measure of the gluten guality:

dough.
(d). Dough Strength i.e.
This is obtained from the area of the curve.
The readings from this instrument

3

Amylograph:
are related to the viscosity of the gels formed
rater.

1

Brabender
in the presence of wa

flours are heated uniformly 1in
The increase in viscosity is due to the gelatinisation of the
action of

tarch within

h
n

starch, the viscosity being influenced by the
present. inisati of

ol
Daxkin n
. e

whetner 1

«Q

[

It si
temperature of a

the

normal.
approximately 1.5°C

oY i

o]
)
[

=
ol
}..

[

9
3
e

-

the constant

the starch g
isation is plotted

with

‘:’)'

which
lati

increase in viscosity due to ge
n curve reveals a starcnhn

N

-]

ne
a grar
rater

automatically on

good water binding capacity resulting in bread with dry
curve shows a starch with low

When this curve is lower than normal it

A low

eating crumb.

binding capacity.
154




Form.

Jlagrammatic

Viscograph -

Brabender

3

5

£

Lyt

Figure

Loy
[E



+r

-

M

M

KEY TO DIAGRAM - Brabender Viscograph

Main Frame

Stirrer Motor (Pot Drive)

Radiant Heating Element

Reflective heater housing

Control mechanism in rear of mair frame

Glass Thermoregulator

Cooling element (may be raised and lowered)
Instrument head (may be raised and lowered)
Hezd lifting handle

Rotatable slurry pot

Transport lever (Thermoregulator drive contirol)
Cooling control switch (may be on front of instrument on certain models)

Thermoregulator manual drive (zero setting knob)

Recording pen
Graph Paper (with electric drive and manuzal conirol)

Main controls (vary with model type)




is usually due to excessive proportion of damaged starch
which is more subject to breakdown by the enzyme Diatase.and
which produces a bread usually with a sticky and crumby
texture. The low curve could also be an indication of

excessive ~n.~amylase activity.

5.4 Determination of Physical Properties of Plantain Flour as

Composite with Wheat Flour

5.4.1 Materials and Equipment

Materials: (a) Strong Canadian Wheat flour (Leviathan)
obtained from the store belonging to the
National Bakery School, the Polytechnic of
South Bank, London.
(b) Plantain flour (ungelatinised) cbtained by
peeling green plantain fruit, drying the
pulp, milling and sieving to the required

particle size.

{c) Water

Equipment: (a) Brabender Farinograph (f) Beakers
(b) Brabender 2mylograph (g) Spatula
(c) Brabender Extensograph (h) Covering glass
(d) Stirring Device (i) Stop Clock
(e} Thermometexr

5.4.2 Operational Procedure
5.4.2.1 Water Absorption Power (W.A.P.) using Farinograph. The

working of the instrument has been described in detail in

nModern Cereal Chemistry " pp 340-349 (Kent-Jones and

Amos, 1967), ind is illustrated in figure 5.1 (section 5.3.2.1)




The samples for test are as follows:

Test Sample Number Leviathan (%) Plantain Flour (%)
0 (Control) 100 -
1 30 10
2 85 15
3 80 20
4 75 25
5 70 30

300g of the composite flour mixed in accordance with the
percentages given above for each flour was put in the

mixing bowl of the farinograph and dry mixed for one minute

to ensure homcgen€lity. Warm tap water - was cooled

to 30°C and poured intc the burette until it was filled to

the graduated mark. The pen was placed on the paper and the
motor started. Water was run gradually into the mixing bowl
from the burette. As the mixing started, initially the pen
rose over the 600 line mark but dropped again below the mark.
This continued momentarily but as the water worked into the
dough, the pen rose above the A00 line and the curve ran level
for a few moments, neither rising nor falling, on the 600 line.
That was taken as the peak of the curve and the motor was
stopped, the burette reading taken as the water absorption.
Having determined the water absorption another 300g of the
composite sample was put in the mixing bowl which had been
cleaned and the test repeated. But this time all the water

as determined in the first preliminary test was poured into

the bowl at once. Any flour clinging to the sides of the

mixing bowl was scraped down into the dough with a spatula
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and the mixer covered with a sheet of glass to prevent
evaporation. The mixing was run for twelve minutes and the
motor stopped. The mixer was thoroughly cleaned after use,

and between tests and &ach percentage of plantain was similarly
tested. Different Farinograms (curves) as shown in figure S.L

were obtained.

Protein quality of the test samples using Extensograph

The working of the instrument has been described in detail in
"Modern Cereal Chemistry" v  337-339 (Kent-Jones and
Aamos, 1967) and briefly in section 5.3.2.2. with diagramatic
illustration.

The dough prepared in the Farinograph is mechanically
moulded into baton shapes of fixed weight and allowed to
stand for 45 minutes. At the end of this period, the roll

is clamped at each end in the Extensograph. The middle of

the dough piece is then stretched downwards by means of an

Q

s at a constant rate and the deformation

Q,
D

arm which scen

1

o)

continues the dough breaks. The moving arm 1is connect-

[l
3
o

en which continuously records the tension in the

D
[
t
O
8]
73

dough and the extent to which the dough has been stretched.
When the dough has been stretched, it is reformed into a
or a further 45 minutes and again stret-

baton shape $stocd

ted for the third time, thus obtaining

oY)

ched. This is repe

three Extensograms after 45, 90 and 135 minutes.

Viscosities of the test samples and plantain flour using

Amylograph

The working of the instrument has been described in detail in
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"Modern Cereal Chemistry" pp 351-354, (Kent-Jones and

Amos, 1967) and illustrated in figure 5.3 (Section 5.3.2.3):
The method adopted was as follows :-
80g of flour mixture under test was weighed in scale.

The instrument burette was filled with water, so that the
water level was actually 450 ml.

The overflow device on the burette drained off any surplus

water, so that the water was always level at exactly 450 ml.

Approximately one fifth of the water contained in the burette

was drained into the vessel of the stir

=
b
=

&a
oy
o
P
S
o
v
14}
o,
o
°
o

flour added. Both were stirred into a stiff paste with a
spatula. After this, approximately one guarter at & time
of the waterAremaining in the burette were successively

added to the paste under continuous stirring, Then

the cover of the stirring device was put on the vessel.

With 20 turns of the crank the content of the vessel was

stirred into a homogerous slurry, which was free from lumps
in approximately 8 seconds.
The slurry ihus obtained was poured into the amylograph "pot"

The water remaining in the burette was used to rinse out the
stirring device. After the remainder of the water containing

the residue of the slurry has been poured into the pot the

=3
=2
™
=y
®
W
DJ
O

f the Amylograph was then swung into position and




the control switch turned on. The temperature of the
suspension was allowed to increase to 93°C in 45 minutes.
During this period, changes in viscosity are constantly

measured and recorded on chart paper.

In order to determine the viscosity of 100% plantain flour,

a series of tests were carried out to determine the gquantity
of plantain to be used, In each case, the total
volume of the solution was 530ml. This was achieved by

assuming that lcc of water is eguivalent to lg and when

45g of plantain flour was used instead of 80g, 35cc of
distilled water was added extra to the solution after adding

the usual 450cc from the burette.

5.5. Observations and Results
5.5.1 Farinograph: A marked reduction in peak development time and

length of time of stability wewe observed as soon as the first

Qs

ilution sample was tested. This reduction in peak develop-
ment time was not directly portional to the amount of
plantain flour incorporated into the mix but continued at a
much reduced rate (see graphs figure 5.4). However, the
total stability time did not continue to decrease and the

higher dilutions displayed a slight increase in stability

ol

time. The actual doughs became much more plastic as the

‘ncreased. Some reduction in W.A.P. was

—
m
<
D
i
0]
th
o
s
b__!
-t
t
P
O
3
o

noticed as the dilutions increased. The results of different

tests are shown in table 5.2. below.
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proportion of plantain flour % 0 10 15 20 25 30

(Control)

Wwater Absorpticn (%) 58.7 59.5 58.5 58.2 57.9 57.7
peak Development Time (mins) 3.0 2.25 2.25 2.25 2.0 1.75
Elasticity (BU) : 140 120 140 140 160 160
Stability Time (min ) 7.5 3.75 3.25 3.25 4.0 4.25
Total Stability Time (min ) 10.5 6.0 5.5 5.5 6.0 6.0
Dougn Weakening (BU) 45 65 84 84 100 105

(CM) 0.8 1.1 1.5 1.7 1.8 2.0
Table 5.2 Farinograph properties of blends of wheat flour and plantain

Figure 5.I shows the farinograph curve characteristics for

[an}

different levels of dilution of Leviathan wheat flour with

plantain flour.

»

Ut
[
N

Amylograph: As the proportion of plantain flour in the

mixture increased the viscosity of the slurry at peak gel

increased dramatically. The gelling point temperature was
higher for the mixtures than the control. The time and

The viscosity of 8Cg plantain flour in 450ml of distilled
water was too high to be measured by the instrument. 4b5g

led water gave viscosity

O
<
I
+
3
IRN
e8]
un
=
o
(0]
=
o7
'_A
n
t
'_l
—

=

(o))

value below 1000 BU except for the freeze dried sample which

.5 shows the viscosity graph obtained

wul

gave 1060 BU. Figure

from 45g plantain flour in 485ml of distilled water. The

3

graph was recorded as a line which at first ran parallel to
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to the horizontal axis but at 76°C started to rise reaching

a peak at 91°C after 44 minutes.

The results are tabulated in tables 5.3 and 5.4 below

proportion of plantain flour % 0 10 15 20 25 30
Control

Temperaturg at the start of 57 60 60 60 60 61.5

gelation (°C)

Time at the start of 20 23 22.5 22 22 24

gelation (mins)

Temperaturg at the peak 85 83.5 83 82 82 81.25

gelation (7C)

Time at the peak gelation 40 39 38.5 38 38 37.5

{min)

Maximum Viscosity (BU) 665 118 1130 1230 1480 1680

Table 5.4. Viscosity of mixtures of plantain flour and Leviathan flour

(%)

The resistance i} extensiplility SnoOwsS good
correlation with one another. In general as

a dough matured it became shorter and displayed greater
visco-elastic properties. A visco-elastic material shows no
yield stress and incomplete recovery when the stress 1is
removed. This was shown on the graph by an increase in
resistance (R) but without a dramatic decrease in extensibi-

lit As a result, the Raio Figure (R/E) remained with-

<
™

in certain tolerances that gave a guide to the visco-elastic
properties of the dough. A good ratio is from 2 to 4. If
the ratio figure increased dramatically, which would normally
be as a result of increase in resistance, then the dough
would be excessively stable withou sufficient extensibility
to allow the dough to increase in volume properly. On the
other hand if the ratio figure was low it would show that

Ear

the extensibility of the dough was excessive signifying too
much flow without sufficient resistance to retain safrficient
volume of gas to allow proper seration. The results obtained

from the tests are given in table 5.5 below.
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Proportion of Resistance Extensibility Ratio Area

Plantain Time (R) (E) (5) 5
flour (%) (mins) (BU) am (E) mm
0 45 285 137.5 2.07 70
(Control) 90 330 130 2.53 74
135 380 130 2.92 75

10 45 300 130 2.30 62.6

90 460 115 4.00 87.4

135 530 103 4.17 85.3

15 45 410 112.5 3.60 78.0

90 590 87.5 6.74 75.1

135 630 72.5 8.68 64.4

25 45 450 90 5.00 54.5

90 670 72 9. 30 69.0

135 660 65 10.15 50.0

30 45 580 62.5 9.28 50.2

30 665 55 12.09 50.0

135 580 60 9.60 57.5

Table 5.5 Results from Extensograph

5.6 Discussion

proportion of plantain as measured by trne Farinograph indicates a
Jesvesce in the cluter content (taple 5.2, section 5.5.1). The
protein content of plantain flour is about 3% and it contains no
gluten forming protein as confirmed Jobls gluten wash (Chilambwe
and Afam, 1980). Thev showed the effect on the g¢luten content of

the dilution of strong Canadian Patent flour with plantain flour

E /PF WE/PF WF/PF WE/PF
(100) (80/20) (60/40) (40/60) (20/80)

Note: WF = Wheat flour PF = Plantain flour

h
e

This means that any dilution with plantain flour beyond 20% will
reduce the gluten content of the composite below the acceptable
level for breadmaking ( 3-15% Protein). They also established
that the coherence, stability, extensibility and colour of the

167

S S R

e

R




gluten progressively deteriorated with increase of plantain

content.

The addition of 10% plantain flour brought about a significant
decrease 1in total stability. However the decrease remained at
a constant level Dbetween 10% and 30% dilution showing that other
factors like resistance to mixing due to the presence of plantain
flour may well be influencing the test. Taking the results at
face value it can be argued that at lower dilution rates of up
to 20%, the short process method for breadmaking, which allows

of the dough straight after mixing, can be emploved,

1

The viscosity of the plantain flour and its composite with wheat

h

flour can be affected by the following factors :

1. the state of the starch : (a) when damaged mechanically

during milling, the viscosity is different from that of the
undamaged starch. (b) Whether the starch has been partially
regelatinised during heat treatment. The viscosity of

pregelatinised starch differs from that of ungelatinised

starch.
2. The amount and nature of protein present.
2., The amcount of enzyme present for diastatic activity.
4., The amount of fermentable sugar present.
The viscosity of the composite flour increased with increase in
the quantity of the diluent - plantain flour, showing that the

stmrch of the composite has a petter water binding capacity.

The nigh viscosity would normally indicate tnat the flour would
have a low starch damage figure with little enzymic &ctivity.
The control displaved a relatively gocd acceptance figure wihen

compared against other similar bread flours that may well be used
a

Literature Handout, RMT 18), and a stronghold flour nad a peak of
790 BU. The Leviathan flour has a viscosity of 665 BU. It may
be assumed that the Leviathan flour by itself will have functioned
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fairly well in supplying sugars to a fermenting dough. . However,
as the dilutions increased the peak gel increased so dramatically
that at first glance it may be thought that insufficient sugars
will be hydrolised from the starch in the gel. A more realistic
explanation might be that the increase in viscosity was brought

apout solely by the plantain starch whilst the wheat flour

provided sufficient hydrolysed starch.

5

Careful study of Tables 5.6 and

(@2

.7, which show gelling times
of wheat flour and of plantain flour will yield an estimate of

total baking time for composite plantain flour.

Time for Temperature Time for Temperature Maximum
start of at the maximum at maximum gel
gel start of gel gel gel
ki ] 57° i 85°C 665
100¢% Canadian 20 min 57°C 40 min 5 o
Patent Flour
(8Cg)
100% Plantain 33.5 min 75°C Beyond the recording of the
Flour (80Cg) instrument
Wheat Flour 22.5 min 60°C 38.5 min 83°c 1130
(85%) +
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time to start gelling but from the fast rate of gelling as

B

bserved during the viscograph test on 80g plantain flour, one

can reasonably assume that the time and maximum viscosity at

peak gelling would Dbe
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significantly less than the 40 minutes and 85°C for the 80g. wheat'
flour. This means that when bread dough is prepared from a
composite of wheat strong flour and plantain flour, there is the

possibility of either producing an under-baked or over-baked bread.

This might happen because at a given baking time, the starch of
wheat flour might not be fully gelatinised. But if enough time 1is
allowed for the full gelatinisation of the wheat starch, this might
result in a very dark crust of the bread, an evidence of over-
baking. The dark crust is as a result of caramelisation reaction
of the excess sugar contained in the plantain flour with the amino-

acid content of the flour at a high temperature.

The production of plantain flour involves heat treatment. This
might result in the inactivation of the #%-amylase naturally pres-

ent in the flour, therebv leaving a flour with very low amylase

figure.

This hypothesis is confirmed by the fact that the viscosity of
corresponding éilution with plantain pulp gave low viscosity
(Leather and Wegrzyn 1982). Their results are compared with the

t

lour as follows:

H

results from plantain

Gellina Time for Temp. at Time at Maximum

Point start of maximum maximum Viscosity
Temp. gelling viscosi- viscosi-
ty ty
> ~O .
WF(90%) + PF(10%) 60°C 23 min. 83.5°C 39 min. 1118 BU
N O .
WF(90%2) + PP(10%) solids 61°C 24 min. B6°C 40.5 min 800 BU
o . .
WE(85%) + PF(15%) 60°C 22.5 min. 83°C 38.5 min 1130 BU
- - . (@) .
WF(85%) + PP(15%) solids 61°C 24.0 min. 85 C 40 min 380 BU

WF = Wheat flour; PF = Plantain flour; PP = Plantain pulp.

Table 5.7 Comparison of the gelling properties of plantain pulp and flour.
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If the « - amylase content is low, the diastatic activity of the
enzyme on the starch will be low. Therefore the starch will
gelatinise fully and fast to give the high viscosities shown in
table 5.7 above. If a flour, having high protein content of good
guality gluten has viscosity above the level of good bread-
making, an addition of artifical &~ amylase like malt will help
to lower the viscosity point. However, care must be taken to add
the corect guantity. This does not necessarily apply to the

composite flour made from wheat and plantain flour.

In order to investigate the effect of the state of plantain starch
and the sugar content of the flour on its viscosity, the viscosities
of 45g gelatinised and non-gelatinised plantain flour respectively
were determined under the same condition. The results as tabulated
in table 5.3 show that the viscosity of the ungelatinised flour 1is
far greater than that of the gelatinised flour. There is also
marked decrease in the viscosity with increase in the total sugar
content for both gelatinised and non-gelatinised flour. Ayernor
(1973) studied the effect of pregelatinisation on the viscosity of
yvam starch (fiour) and found that pregelatinised flour with an

o .. . . . i
initial viscosity 380 BU at 20 C showed cecline 1in viscosity with
rise in temperature. At 950C, the viscosity fell to 120 BU. He,
however, found that the non-pregelatinised flour remained at the

- ,0
to 74°C

3

nd that prolonged

o))

initial viscosity of 20 BU u

T

neating to 95°¢ prought the viscosity stable at 730 BU. He

ted the large difference in the maximum viscosities of the

ibn

att

I
{

two flours to the high physical modification of starch in the
pregelatinised flour as viscosity is affected by the size of
particles of the dispersed phase of the colloidal system. The
obvious conclusion would be that to produce dough of good gelling
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property for breadmaking a non-gelatinised plantain flour should

pe used in composition with strong wheat flour.

Gelatinised plantain flour is usually dark brown in colour because
of high temperature drying (section 2.4.2, plates 2.5 - 2.7).

When used in baking a dark coloured crust was produced which would
be unacceptable to consumers. Although a golden-brown colour is
desirable in the baking of bread, biscuit and cake, a controlled
browning is necessary. Green plantain pulp has been shown to
contain aboutv5% total sugar of which 4.5% is reducing sugar,
(section 2.4.2, table 2.6). It contains amino-acids like glycine,
(section 2.2.1.2, table 2.4), which could react with the reducing
sugar present when heated at high temperatures {180—2OOOC) to
produce brown substance called Melanoidins. The process is called
maillard reaction. A pregelatinised plantain flour has undergone
this process partially and during further baking the browning

reaction might not be effectively controlled.

The main determining factor in deciding if a composite flour will
make a dough suitable for preadmaking is the result from the

sograph test. Examining the ratio figures obtained above it
can be assumed that suitable dough with acceptable visco-elastic

properties would be produced from the 10% dilution for a short to

the 15% dilution. All other dough tests gave figures which
showed that they were much too staple and lacked suitable viscosity.

The decrease in dough stability with increase in rate of dilution

Uy
~1
[\l




shows decrease in gluten content of the composite flour. At 10%
dilution of strong wheat flour with plantain flour an acceptable
dough can be produced even for a process involvingalong fermenta-
tion period. At 15% dilution an acceptable dbugh will still be
produced if the short process method for breadmaking is used e.g.
Chorleywood Bread Process (CBP) and Activated Dough Development

(ADD) Process( Se€ secln .5'8‘!}

The starch of plantain flour has great affinity for water and good
water-binding capacity which would result in bread with dry eating

crumb (section 5.3.2.3.).

From the point of view of available fermentable sugar, the visco-
grams indicate that the composite flour would not be suitable to
sustain any periods of fermentation over 1% to 2 hours. However,
from the viscosity figures it can be established that plantain
flour is mainly responsible for the increase in viscosity. There-
fore it is possible to assume that the wheat starch will still

provide sugars to the yeast while fermentation is 1in progress.

O

A composite flour of scual amounts of strong wheat flour and
plantain flour could be used in the manufacture of confectionery
products like Madeira Cake. The egg albumen present in the egg
used for the cake making will combine with the gluten of the

composite flour to form a non collapsable girderwork in the cake

balanced recipe is used. Plantain flour which has no

je

=

9

.
[oF
T

Qs
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gluten forming protein could be called a very soft flour. It can
be used in the production of rotary moulded biscuits of the short-

cake type, which are not dependent upon a protein structure.




Breadmaking Potential of Plantain Flour

Breadmaking processes

The three main methods in breadmaking are Cé&entional or
Traditional (Bulk Fermentation), Activated (Chemical) Dough
Development (ADD) and Chorleywood (Mechanical) Bread Process

(CBP) .

Traditional or Conventional (Bulk Fermentation) Method

This is a straight dough process where all the ingredients

are mixed together in one operation and the fermentation

o))

carried ouvt in bulk from 30 minutes to about 15 hours,

2

S

depending on the amount of yeast, water and salt used, the
e temperature of the finished dough and the

room where it 1s stored (Fgnce, 1966).

William (1975) Qescribed the function of yeast in a fermenting
dough as threefold (a) the stretching of the gluten strands

by the gas produced with the physical and chemical changes
taking place, and the retention of the gas produced giving

i

well-risen loaves, (b) the aeration of the dough by the gas

of)

produced during proving and baking to give o)

lataple texture,

I\

o]

-

and (c) the production of a characteristic flavour of well-
made bread.

In using dried veast or low guality compressec yeast it is
usual to prepare a flying ferment to 1mprove rehydration and
subsequent fermentation. The Iferment 1s a mixture containing

o)}

o]

roportion of water, the yeast, any veast food and sufficient
water to make a thin batter. The yeast immediately begins

to ferment and multiply, and soon is active and vigorous,

so that it is ready to
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complete the fermentation of the yest of the flour.
A ferment is generally allowed to stand until it shows signs

the fermentation time can be

However,
In the traditional

of collapse.
determined by the gquantity of yeast used.

s, the quantity of yeast is determined to firstly

proces
slowly produce gas, to distend and modify the dough structure

fermentation

and then finally tc maintain optimum rate of gas production
1 hours

=]

the yeast is killed in the oven.

in the final procf stage —-commonly up to

takes place until

When the rest of dry ingredients are ready, the ferment is
The dough is then allowed a

and the dough made up.
development.

1s divided,

S a4l

-

period for the second stage of fermentation and
After the bulk fermentation, the dough i, allowed
to its final shape and then given the

to recover, moulded

inal proof period before baking.

h

1

t

hctivated (Chemical) Dough Development (ADD)
is a no-time method of bread production. By adding
rcchloride to

reducin
destabilise the gluten structure and allo
of the dcugh, the dough stability is then achieved by the use
oI oxidising agent The "no-time” process requires more
enzyme activity to feed the greater yeast guantitlies used
and thus produce gas at z faster rate and temperature of
29-32°C are commonly used. Care is needed to adjust water
temperature to supply the heat reguired. This process
eliminates "bulk fermentation" time but the final proof peri
still exists to develop volume and structure in the loaf.
yeast is about double the quantity used in traditional bulk
The high yeast

fermentation process for good aeration.

q -




levels and temperature use food-supplies at much increased
rate, so that the original sugars are rapidly exhausted and

adequate final proof thus still depends on enzyme activity.

Chemical dough development processes in general use medium
strong flours since the prolonged strains imposed by bulk
fermentation do not exist while the high levels of oxidants

help to stabilise the structure. However, to obtain high

water absorption values, flours used for this process

"

invariably have high levels of "damaged starch" and this

limits strength reduction. he dough is divided straight

A

1

from the mixer for final proving and eventual baking.
Chorleywood (Mechanical) Bread Process (CBP)

This is essentially a "no-time" dough p
modification of the gluten structure of

about by prolonged and heavy high speed

materials are subjected to apn intensive

rocess wnere the
the dough is brought
The

mixing. dough

mechanical mixing

within a short period in a suitable mixer capable of
introducing a higher work level within a short period. Correct
2wOYk input is important and temperature needs toO be carefully
controlled.

This process eliminates the bulx fermentation period, ‘
altogether. This is achieved Dy the intense mechanical

mixing which, in tne space of only a few minutes, develops
the dough in a manner wnhich takes several nours in conventional
processes. It is, however, stressed that an oxident must

be used and that fat is necessary as well as extra water in




As with the ADD process, the correct

the dough making.
level of oxidemt is required to stabilise the dough structure

while the fat lubricates the gluten strain during the high

riﬂ

speed miy

summarised the three principles vital to

Williams, (1975)
the production of good guality bread using the mechanical

dough development process as follows:

A critical minimum level of a specified type of fat.

1.

2. A high and specified level of a particular oxidising
agent or combination of oxidising agents.
mechanical work: 1l watt hours per

t
O
[}

W
=
n
+- [
D
(9]
I

be introduced into the dough

1

dough must
five minutes.

ilogram
during a total mixing time of three to

e
(s

The main difference in the three processes of breadmaking is
Dividing, intermediate proof, mowddling,
machinery

in the mixing method.
stages often utilise the same

1 and

proof an al
pattern for both mechanica

chemical processes, with relatively small changes from the

ermentation process.

bulk £
william (1975) summarised the differences in the mixing
methods for the three processes as follows:

fermentation:
20 minutes approximately.

Bulk £
slow-speed mixer
three hours 1in a controlled atmosphere,

Conventional
Rest in mixing bowl for

o , o o s
temperature 27 C, relative humidity 70-75% with & knock back

after two hours. Divide.
4 77




Chemical dough development (ADD) - No-time process

Conventional slow-speed mixer - 25 to 30 minutes. No bulk fermentation.

Temperature 29 - 32°C. Divide immediately.

Mechanical dough development (CBP) - No-time process

Higher - energy impset mixer - To a work level of 11 watt hours per
kilogram of dough in a time period of 3 - 5 minutes. Need for cold water

about 10°C. No bulk fermentation. Divide immediately.

He maintained that in each case improvements in the loaf quality would
be affected by alterations to the recipe. With bulk fermented doughs in
commercial practice yeast foods such as calcuim and ammonium salts,
sophisticated fat blends and enzyme-active soya flour are usually added
to produce a commercially acceptable loaf. In the case of the dough
produced through '"no-time" process, the basic formula will give a poor
loaf no matter how skilful the baker is thouch fat and yeast foods will

give some degree of improvement.

5.8.2 Selection of a suitable method and level of plantain flour

substitution

In & joint investigation with Cihilambwe (1980), experiments were carried
out ta ascertain the extent to which wheat flour could be replaced by
plantain flour in the production of high quality bread loaves. The
potentials of the conventional (bulk) fermentation, ADD and CBY were
assessed in order to select the most technically and cconomically

suitable process. The recipes used were as follows:




Bulk ADD CBP
Fermentation

Flour 1000¢g Flour 1000¢ Flour 1000¢g
Yeast 20g Yeast 20g Yeast 20g
Salt 18¢ Salt 18¢ Salt 18¢
Ambirex 10g FAD 10g Dynarex’ 10g
Fat (Compound) 10¢g Fat (Compound) 10¢ Tat 10¢
Water 600g Water 600¢g Water 600g

Jote: 1 The flour represents the total amount of plantain and Canadian
(Leviathan) flour or Wheatmeal (Cerovin) used.

2 The composition of the flour~was elther plantain flour 157 and

wheat flour 857 or plantain flour 207 and wheatmeal flour 807.

The conclusions from this joint work were as follows:-

1 A fully acceptable white bread can be made using 857 wheat white
flour (Leviathan) and 157 plantain flour. The crumb and sheen of the
hread made from the composite flour were darker in colour when
compared with the control bread (1007 Leviathan flour). At 207
plantain flour substitution , the crumb and sheen were (00 dark to

1

ao

oy

e,

P

be accep

A fully acceptoule brown bread can be made using 8n% wheatmeal flour

X}

Cerovim) and 207 plantain flour. At levels of plantain flour
substitution above 207 the loaf volume, crust colour and bloom pile
were inferior to the control bread (1007 wheatmeal flour). However

the crumb colour and sheen were not affected.

(OS]

The bulk fermentation process produced an inferior white bread even
at 157 plantain flour substitution when compared with the control
bread (1007 wheat flour). This was attributed to the low level of
gluten present in the composite flour.

4 Although the CBP method gave the loaf of best volume, the process
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was considered most unsuitable for African countries because it
requires cold water of approximate 1OOC, in an area where the

average ambient temperature is about 280C, and the high speed mixer
needed is expensive to purchase, to operate and to maintain,

5 The ADD process was considered the most suitable for production

of plantain composite bread. It gave a consistent dough comparable
with the control. There 1s no special equipment required unlike the
CBP method. Conventilonal bread mixers are used, the only modification

being the extension of the mixing time.

The photographs of the final products produced using conventional
(fermentation) and ADD methods are shown in appendix APP5-1. Full
details of the test bakes carried out and test data are glven in
Chilambwe (1980). The details of plantain bread production using ADD
method are given below (section 5.8.3).

5.8.3 Pilot-scale production of plantain bread using the ADD me thod

This work was carried out in Nigeria at the Department of Food Science

and Technology, the University of Ife, Ile-1fe.

Equipment
Mixer: Morton (medium size) - Supplied by Morton Machlne Co Ltd.,
Wisham, Scotland

“oulder: Mono-universal - Supplied by D Ayres Jones & Co Ltd., Swansea,
Great Britailn

Prover, Oven and Baking trays - Supplied by Henry Simon Ltd., Stockport,

England

Breadmaking formula

Plantain flour 5.25kg Salt 525¢

Strong Wheat flour 29.75ke L-cysteine 1.8g

Yeast (Dried) 364g Ascorbic acid 2.4¢

Fat (Compound) 700g Water 25 litres

Sugar 1750g
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Note: The wheat flour was supplied by The Flour Mills (Nigeria) Ltd.

Dough preparation and baking

The flours were dry mixed to ensure even consistency as shown in plate
5.1. The temperature of water for yeast growth was 310C and after brew-
ing and mixing thoroughly, was poured along with other ingredients into
the mixing bowl and blended for 4 minutes at speed one of the instrument.
Then the dough was divided into 500g lots and moulded 1in the automatic
moulder. After placing in baking tins, the dough was placed inside the
prover (plate 5.2) for about 45 minutes. Water vapour was provided by
plain hot water in trays at the bottom of the prover. This water was
replaced from time to time in order to maintain a constant supply of
moisture for proofing as well as for a humidity of between 75 and 957.
The proofed dough was baked in a gas oven at a temperature of 210°C.

The final baked bread is shown in plate 5.3.

The bread was found to be acceptable to a small group of consumers who
bought it at the standard price of 40 kobo (Nigerian) per loaf. There
was no change 1n volume and taste. This recipe contained additlonal
surar in order to make the bread sweet to Nigerian taste. The bread main
©d its quality for about 5 days when stored in ambient condition
of about 28°C and 85% relative humidity. Further more detailed tests

are required to determlne the market demand, price and consumer

acceptability of the plantaln bread.

g
7

wl

The Cake-Making Potential of Plantaln Flour

Dif{ferent tvpes of cakes are made using different types of flour.
Plantain flour is a very weak flour with no gluten-forwing protein. The
use of strong flour with a high gluten content is not encouraged in
cake-making because it produces & stiff batter which reduces the rate

of heat penetration to the centre of the cake thus causing the cake to

dry out too quickly. (Kent-Jones and Amos, 1967). However, the use of

Py




Plate 5.1 Dry mixing of plantain and wheat flour.

Plate 5.2 Bread prover
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baked bread

.3 Plantain

Plate 5
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a composite flour made from a very strong flour and a verv weak flour

could serve as a suitable medium-strong flour for cake production,

5.9.1 Processes in cake making

Several different methods are used in the preparation of cake batters.
The two principal ones are the "sugar-batter'" and "flour-batter" methods.
Fance (1966) discussed the principles underlyine these methods as
follows:

Sugar-Batter Method: All the fats and sugar are beaten to a light cream

eitner by hand or machine. In the creaming process, the rapidly moving
hand or beater disrupts the surface and enters the mix, drawing air in
with 1t which 1s retailned,provided that the mixture is sufficiently

1

stable. When the fat/sugar mixture is light and fluffv, the epes are
added 1in suitable proportions and beating continues until the mixture
1s a smooth, complex emulsion of fat, sugar, eces and air. A successful
mixing requires the right temperature of the raw materials which is

1. b o Ty 1 .

vetween 18 and 21°C. When the last eggs have been beaten in, the
flavouring is added and colour adjustment mace with a suitable dve,

The sieved flour and baking powder are then carefullyv dispersed through

+ T
the mix. I

1)

(=)

milk 1s used, it is added after the flour has been mixed in
so tnat there 1s no direct contact with the flour which would result
In the formation of gluten and cause toughening of the cake. An adaption

of the sugar-batter method is used by some manufacturers who add a
proportion of the flour during the fat/sugar creaming stage. This prev-
ents the risk of curdling and the possibility of toughening.,
h) ., . . N
figpr-Batter Method: An equal weight of flour 1s beaten with the fat
— Zg el ~setnoc

until g light and well aerated nature is obtained. The sugar and eggs
are whipped together in approximately equal portions, but the whipping

should not pe prolonged. The sugar/egg ratio should never exceed 1:1.25,

. o
and the temperature of the materials should be between 18 and 21 C.
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After the addition of egg colour and flavouring to either of the
mixtures, the whisked egg/sugar 1is added to the fat/flour in stages and
carefully blended in. Any balance of flour is then added, together with
paking powder, and finally milk and fruit are mixed in. A good blending
of the two mixtures is necessary because it 1s important that the alr
whisked into the mixture is conserved for good aeration. Good cakes can
be made by dissolving the sugar into the eggs and adding the solution
to the well-beaten fat/flour 1in portions, beating well after each

addition until the mixture 1s smooth.

some bakers consider it an advantage to add the acid constituent of
the baking powder to the fat/flour mix and the bicarbonate of soda to
the sugar/milk solution. In this way little or no reaction will take

place between the chemicals until the cake is in the oven.

5.9.2 Plantain Madeira Cake

A jolnt project was carried out on the use of plantain flour for
fadeira cake production. The objective was to determine the extent to
which plantain flour could replace strong Canadian flour (Leviathan)
for the manufacture of Madeira cake. Both the sugar - and flour -
batter methods were used in order to recommend a suitable process. An
attempt was also made to produce a Madeira cake using 1007 plantaln

lour. The recipes used were as follows:

Sugar Batter (Conventional) Flour Batter Method
Flour 1000¢ Flour 800¢g
Sugar 800g Sugar 800g
Fat (Cake Margarine) 800g Fat (Cake Margarine) 800g
Egg 800¢ Fog 800g
Baking Powder bg Flour 200g
Milk 180g Baking Powder bg
Milk 180g




Note: The flour represnts the total amount of plantain and wheat flour

(Leviathan).

The conclusions from this joint work were as follows:

1 An acceptable Madeira cake can be manufactured using 50% plantain
flour and 507 strong wheat flour (Leviathan),

2 The use of flour batter method produced a better cake.

3 It is not feasible to produce Madeira cake using 1007 plantain flour
because it does not contain gluten forming protein (plates 5.4 and

5.5).

rull details of the project are given in Afam (1980).

The production of plantain Madeira cake has been repeated in Nigeria

in tne Department of Food Science and Technologv, the Universitv of
Ife. The cakes produced were well received by a small proup of selected
housewives. Further detailed consumer acceptability and marketlng tests

need to be undertaken in order to determine the size of possible demand.

5.10 Tne Biscuit-making Potential of Plantain Flour
Smith (1972) gave specifications that could be used to describe a

biscult product. It should -

1 be based on a cereal content — wheat, oat, malze, barley, soya, rve

(3]

o7
i

contain less than 5% moisture. If decorated with a non-cereal

product (cream, marshmallow, icing, jellv, jam etc) the molsture

v

-
L

ent in the decoration snall not be considered in the 5%

[4%]
w

3 not be considered a biscuit when more than 607 of its total weight
1s not cereal based
4 be considered a biscuit if so-called by custom, habit or tradition.

The terms biscuit and cookie should be deemed synonymous.
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Plate 5.4 Madeira cake made from plantain flour, wheat

flour, and egual amount of wheat and plantain
flour using flour batter method.

Plate 5.5 Madeira cake made from plantain flour, wheat

flour, and egqual amount of wheat and plantain
flour using sugar batter method.
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5.10.1.1.

Classification of biscuits

Wheal (1971 and 1974) described the two methods by which

-
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an be clagsified - degree of enrichment

an
processing or by the method of shaping.

Classification by enrichment and processing

Biscuits are roughly divided into two main groups, namely
"Hard dough biscuits" and "Soft dough biscuits".

Hard dough biscuits

Hard dough biscuits are usually low in combined fat and sugar
content and high in water addition at the dough stage. In

some C

ol}

ses fat is layered into the dough during processing
and if this is taken into account such biscuits have a very
high apparent fat content. During processing all traditional
'hard dough' biscuits pass through some intermediary process
between the mixing machine and the shaping machine. This
intermediary process may take the form of fermentation and

surfacing or layering.
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is altered completely.

Hard dough biscuits can also be subdivided into three groups,

lean (water and cream crackers), medium (rich tea, osbhorne,
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marie, garibaldi) and puff (butter puffs, waffles, fruit
puffs).

Soft dough biscuits

These biscuits are normally high in combined fat and sugar
content with a low moisture addition. In processing the
dough passes direct from the mixing machine to the shaping
machine. They are subdivided into three further classes -
short, medium and flow types.

Short biscuits: These are very rich biscuits containing a

nigh percentage of combined fat and sugar but with the fat
far in excess of the sugar (e.g. shortbread and shortcake) .

Medium biscuits: The medium contain a lower percentage OI

combined fat and sugar, the balance of which is not guite
<o critical (e.g. digestive abnernethy).

Flow biscuits: These are also high in their combined fat

and sugar content but in contrast to the 'short' types, the
sugar greatly exceeds the fat content (e.g. ginger nuts, rice,

perkin etc.).

Classification by method of shaping

1 B

Although the character cf the dough 1in many cases determines
or limite the shaping method employed, some doughs may be

shaped by a variety of methods each of which may confer not

cnly a different appearance, but also a different texture toO
the biscuit. The many shaping methods employed include

mp cutting, embossed cutting, rotary moudling, rotary

cutting, wire cut, and rout press. The principle of rotary

-

moulding only will be described as 1t is used for this project.

Rotary moulding: This method cf shaping entails smaller

machinery requiring less floor space and is relatively
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simple to operate. Whereas the stamp cutting and emboss
cutting methods of shaping reguire the use of a sheeter,
gauge rollers, and a cutting head for shaping, the rotary
mould dispenses with the sheeter and the gauge rollers and

shapes the biscuit from the raw dough.

The principle of shaping is based upon that used for the
hand production of shortbread from wooden blocks or dies.
The dies are engraved round a phosphor bronze roller which

is known as a "die roller" or a "moulding roller"”.

In the machine,the moulding roller is placed in front of a
steel fluted roller. Above these is the hopper into which

the dough is fed . On starting,the two rollers revolve in
opposite directions forcing the dough down between them.

This action forces the dough into the dies and fills them.

Then as the rollers move away from each other, underneath, the
dough meets a knife blade which may be either fixed or
oscillating. This blade which is flush with the surface of
the die roller scrapesoff the excess dough from the die roller,

and this surplus forms a sheet on the back roller and revolves

with 1t. Thus there is no waste.

We now have each die filled with dough and the next problem is

vom the die without distortion.

th

the extracticn of the bilscuilt

3 )

This 1s achieved by
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ler is a rubber covered rol
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tion web runs. To remove the biscuits from the die roller
the rubber roller is raised forcing the extraction web, which
is very coarse weave onto the bottom of the biscuit to which
it adheres. Then as the extraction web moves away from the
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die roller the biscuit sticks to the web and is

withdrawn from the die. All that remains is for the biscuit
to be removed from the extraction web and conveyed to the
oven. This is achieved by running the extraction web round a

knife edge thus peeling the web away from the biscuit.

The character of the dough used for this method is very
important. Obviously the dough must be strong enough tc bind
together and withdraw the dough piece complete from the
intricate engraving associated with such biscuits as custard
cream. On the other hand,should the dough be high in water
or syrup and present a sticky surface to the die then again

the dough will tend to stick in the engraving when the dough

piece is extracted.

The average composition of a rotary dough 1is

&)

Flour Sugar at

(98]
—
s

However it is possible te handle a variety of ginger Snaps

ich possess a low syrup and water contert, 1sing
a plain round diefor this method of shaping.
Factors affecting bisculit flow
The amount of flow or spread developed in a biscuit during
baxing depends on many Ifactors.
Flour type Zerating agents Dough mixing
Fats Starch Processing
Sugar pH Scrap utilization

Baking
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Smith (1972) maintained that every ingredient used in making
a dough, every process and every environmental condition
influences the quality of the product. Paramount is the
influence of the actual mixing process. The best of ingred-
ients, incorrectly mixed, will yield an inferior product.
Dough mixing

Dough mixing can be considered either by method OY degree.
Method: With soft doughs mixing can be carried out by the

"aAll in" method or the '"Creaming" method.

The "all in" method is precisely what the name implies, a

one stage mixing process whereas the "creaming'" method entails

-

the pre-creaming of the fat and sugar, or the fat and part of
the flour, before the other ingredients are added and 1is

essentially a two stage process.

The "creamy" method will improve the fat dispersion and will
produce a greater shortening effect than that obtained by the
"311 in" method.

Degree of mixing: Insufficient mixing of a soft dough can

lead to irregular flow due to the uneven distributions of the
raw materials through the dough mass. It could manifest
itself as variations in biscuit sizes over the whole dough run
or if really serious as irregularities in the parameters of

individual biscuits.

Excessive mixing of soft doughs will result in the develop-
ment of gluten in the dough and a reduction in shortness.
1

The development of gluten strands within the dough will make

it more resistant to flow and in extreme cases may even cause

shrinkage.
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5.10.3.

Development of recipe for plantain biscuit manufacture

"Is it not possible that starch plays as an important a
role as the protein ? Yet who has published any work from
the starch angle in respect of biscuit making ? Here is a

wide field crying out for investigation. BAnyone willing to
become a pioneer ?" (Smith, 1972).

Since plantain flour has only non-gluten forming proteins,
its use as raw material in biscuit production is limited
to those biscuits that do not rely on gluten for their
structure. Soft dough biscuits like shortcake and flow
tvpe biscuits fall into this category (section 5.10.1).
The standard recipes for shortcake and flow type biscuits

are given in (Wheal, 1971) and are as follows :-

Shortcake Biscuits

23]

low-type Biscuit (e.g. Rice

Biscuit)
Biscuit (wheat) flour 1000g Biscuit (wheat) flour 1000g
Lard/Oleo 180g Fat (Compound) 170g
Fat (Compound) 235g Margarine 150g
Icing Sugar 320g Caster Sugar 650g
Salt 10g Sodium Bicarbonate 4. 5qg
Buttablle 570 lg Cream Powder 8g

(acid Calcium Phosphate)

Egg Colour (Yellow) 0.125g Ammonium Bicarbonate 5.5g

(Vegetable dye)

Water 120g Egg Colour (Yellow) 2cc
water 220g

Initially experiments involved the replacements of
biscuit wheat flour in the above standard recipes and

the assessment of test bakes.
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5.10.3. 1§ Test Bake 1 - Batch production of shortcake biscuits

Shortcake biscuits were manufactured using the appropriate standard
recipe (secti