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Working through this Course

This course involves that you would be requiredgend a lot of time to
read. The contents of the course are vesgseél and require you
spending great time to study them. This accountshi® great effort put
into their development in the attempt to make thary readable and
comprehensible. Nevertheless, the effort requirdd you is still
tremendous. | would advise that you avail yoursled opportunity of
attending the tutorial sessions where you woulcehtiie opportunity of
comparing knowledge with your peers.

Course Materials
You will be provided with the following materials:

Course guide
Study Units.

In addition, the course comes with a list of recanded textbooks
which though are not compulsory for you to acqurendeed read but
are necessary as supplements to the course material

Study Units

The following are the study units contained in ttosirse:

Module 1

Unit 1 Principles of Food Science and Technology

Unit 2 Food and its Functions

Unit 3 The Role of Vitamins in Nutrition

Unit 4 The Role of Minerals in Nutrition

Unit 5 Food Poisoning

Module 2

Unit 1 Deterioration and Spoilage of Foods

Unit 2 Food Contamination and Adulteration

Unit 3 Food Processing and Preservation Operatidns
Temperature Based Processes

Unit 4 Food Processing and Preservation Operatibngdse of
Irradiation and Moisture Reduction

Unit 5 Food Processing and Preservation Operatibng/se of

Additives, Modified Atmosphere and Fermentation
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Module 3

Unit 1 Composition and Structures of Nigeriae8V African
Foods

Unit 2 Processing Traditional Food Products in Kmé Roots,
Tubers, Cereals and Legumes

Unit 3 Processing Traditional Food Products in Neyd: Fruits,

Vegetables, Milk, Meat and Fish

The first unit under module one discusses the @s$atisciplines of
Food Science and Technology, embracing Food ChemRtocessing,
Quality Control, Engineering, Preservation, PackggMarketing and
Storage.

The second unit introduces food groups, includimgeals, legumes,
starchy roots and tubers, sugar and preserves, fiskaand eggs, fats
and oils, fruits and vegetables, milk and milk proid and beverages.
The relationship of these groups to macro and mmerbients are also
discussed.

The third unit concentrates on the micromumis that are called
vitamins. These are divided into two major groupise fat soluble and
the water soluble. Among the fat soluble are vitmmh, D, E and K

while the water soluble includes thiamine, riboftgwniacin, pyridoxine,

pantothenic acid, cyanocobalamin, ascorbic acidiirhi choline and

inositol. The vitamins are derived mainly form fosaolurces.

The fourth unit deals with the other group of migrotrients called
minerals. These are divided into two major groups: major elements
and the trace metals. Among the major elements @alcium,
phosphorous and magnesium, stored in bones ani; teadium and
potassium located in the intracellular fluidspntrolling the ionic
strength of the cellular fluids. The trace metaldude iodine, iron, zinc,
and fluorine. The deficiencies of these elements tasice metals result
in severe growth loss and other specific symptoms.

The fifth unit discusses food poisoning. It ideief various factors
responsible for food poisoning, types of organismslved in food
poisoning and the mode of control.

The first unit under module two identifies factorssponsible for
deterioration and spoilage of foods, namely: chamiphysical and
biological factors. The impact of deterioratiohfoods on its quality
and acceptability, as well as its control was reree.
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The second unit discusses contamination and adtitiarof foods. The
causes of contamination, namely: bacterialysgal and chemical
factors were reviewed. The unit also discussesenwicdprevention of
contamination in some field produce.

The third to fifth units discuss food processingd apreservation
operations, namely: |. Temperature Based ProcesHesUse of

Irradiation and Moisture Reduction; Ill: Use @idditives, Modified

Atmosphere and Fermentation. These units idettidyadvantages and
disadvantages of each process as well as food isemeble for each
procedure.

The first unit under module 3 concentrates on threictire and
composition of major Nigerian/West African food psy) namely: Roots,
tubers, cereals, legumes, meat and fish.

The second to fourth units reviews traditional f@wdcessing of various
food commodities, namely: Roots, tubers, cerdafjimes, meat and
fish in Nigeria. The review highlights the basjeoations and problems
involved in processing of commodities in each fgooup
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Assessment

There are two components of assessments for thiss€oThe Tutor
Marked Assignment (TMA) and the end of course exation.

Final Examination and Grading

The examination concludes the assessment for theseolt constitutes
70% of the whole course. You will be informed okthime for the
examination. It may or not coincide with the Unsigy semester
examination.

Summary

This course intends to provide you with some b&smwledge of Food
Science and Technology dealing with food componeantsl their
functions. By the time you complete studying thairse, you will be
able to answer the following type of questions:

1. Define Food in terms of macro and micro nutserSuggest sources
for the major macronutrient and micronutrients

2. Discuss the effects of food processing on thative values of
cereals and legumes

3. Differentiate between animal fats and vaglke fats. Why are
vegetable fats essential in human foods?

4. Compare and contrast the functions of Vitamian8l Vitamin C.

5. (&) Name two vitamins that are derived onlyrfranimal sources.

Vil
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(b)  Name two vitamins that are available mainlpiants and
cereals.

6. Discuss the role of minerals in enzyme acasiti

7. Classify foods into perishable and non perighahd show

characteristics for each group.

List the advantages and disadvantages of Hoadiadtion.

Discuss methods employed in achieving eotration of Moist

Foods.

10. Discuss the different methods of food pres@yaaty Freezing.

11. Differentiate between Pasteurization and $tatibn.

12. Enumerate the type of foods usually subjecte@ach method of
Pasteurization and Sterilization.

13. Choose 2 farm produce and explain the techsitprethe prevention
of contamination during post harvest storage.

14. What are the advantages of Vacuum packaginggasdpackaging
commonly used in the beverage industries?

8.
9.

We wish you success in this course. In particuae,hope you will be
able to appreciate the importance of energy, prsteiats, the micro
elements of vitamins and minerals. Food presemafwocessing and
packaging ensure the wholesomeness of foods adsoc#tria, moulds,
fungi and other contaminants. Healthy foods areydar storage, sales
and marketing.

We sincerely hope you enjoy the course.

With the Best wishes.

viii
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MODULE 1

Unit 1 Principles of Food Science Technology
Unit 2 Food Composition and its Functions
Unit 3 The Role of Vitamins in Nutrition

Unit 4 The Role of Minerals in Human

Unit 5 Food Poisoning

UNIT 1 PRINCIPLES OF FOOD SCIENCE
TECHNOLOGY

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Whatis Food Science?
3.1.1 Scope of Food Science and Technology
3.1.2 Food Chemistry
3.1.3 Food Microbiology
3.1.3.1 Bacteria
3.1.3.2 Fungi
3.1.4 Food Packaging
3.1.5 Food Processing and Preservation
3.2 Food Processing and Presentation
3.2.1 What is Market?
3.3  Food Situation in Nigeria
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

Food is a complex biochemical material. It is anythgwien to satisfy
appetite, meet physiological needs for growth, na@mn all body
processes and supply energy to maintain body teatyerand activity.
Food, from the professional point of view, is amjpstance, whether
processed, semi-processed or raw, which is intenftad human
consumption, and includes drink and any other szt which has
been used in the manufacture, preparation or tregnof “food”, but
does not include cosmetics or tobacco or sabses used only as
drugs Because foods differ markedly in the amount of mlrients
they contain, they are classified on the basifieir tcomposition and the
source from which they are derived.
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A normal healthy diet should not just cohstd the three major
nutrients, namely: fat, carbohydrates and qungt but should also
provide a range of essential macro- and micromisjein the form of
dietary fibre, minerals and vitamins.

Micronutrient:  nutrient needed in tiny amounts; a substance
that an organism requires for normal growth ancettgaument but
only in very small quantities, e.g. a vitamin omemal
Macronutrient: element needed in large amounts for normal
growth and development.

For good health and vitality, a range of microrerts is needed in
sufficient but not excessive quantities, combinethvthe absence of
toxic components, whether naturally present or@gaminants. Food
Science and Technologists apply their scientifiowdedge to ensure
that food gets to all in the best possible state.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

define food science and technology

explain the different disciplines of food sciencel aechnology
distinguish between food science and technolody dfsd
cooking, home-economics nutrition and food service
discuss Food situation and regulation in Nigeria.

3.0 MAIN CONTENT

3.1 Whatis Food Science?

Food Science is the study of the physidablogical, (including
microbiological), and chemical makeup of fodébod Scientists and
Technologists apply many scientific disciplin@s¢luding Chemistry,
Engineering, Microbiology, Epidemiology, Nutritip and
Molecular Biology to the study of food to improveetsafety, nutrition,
wholesomeness, and availability of food. Dependomg their area of
specialization, Food Scientists develop ways pimcess, preserve,
package, and/orstore food, according to industrgnd
government specifications and regulations. Conssirsefdom think of
the vast array of foods and the researcti d@welopment that has
resulted in the means to deliver tasty, nutritiosesfe, and convenient
foods.

What Food Science is not?
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Food Science is Not NutritionWhile some food scientists may
focus on making foods more nutritious or deiaing what
components of food provides health benefits, Natritnd Food
Science are actually very different.

Food Science is not cookingAlthough Food Scientists play a
large part in making sure food tastes good, theyrat chefs.
They do, however, share a common objective: to gree@and
present food that will deliver satisfaction to t@sumer, and to
do it in a safe, healthy, and cost-effective way.

Food Science is Not Food Servicéost of the employees we
see on the front-lines of a restaurant arethie food service
industry. The directors of food safety and thoseettgping new

food productsfor chain restaurants, however, ar@stm
likely Food Scientists.

3.1.1 Scope of Food Science and Technology

Food Science and Technology encompasses the faljowiajor areas
of specialisations:

3.1.2 Food Chemistry

Food chemistry is the study of the compositionaafds, their properties
and how they interact with each other and the enwrent. It may also
include Food Analysis which is subdivided into twoain areas,
qualitative and quantitative analysis. The formarvoives the
determination of unknown constituents of a substarand the latter
concerns the determination of the relative amoahgsich constituents.

The major chemical classes of food are: Proteiashahydrates and
fats. Other components are minerals and vitamins.

The following is a brief summary of some atgans that can be
induced in various food classes

\
Proteins hydrolysig, Polypeptides + Peptides +
Amino Acids
and ‘ proteinacgs Peptides (responsible for bitter
taste)
Polypeptides | gegtideses' Simpler peptides + Amin
acids

(Responsible for both desirable and
undesirable flavours)
Proteins } Anaerobic breakdown Foul smelling sulpdma

3
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nitrogen-containing

Peptides products like Amino acids
ethyl sulphides, amines,
indole, ammonia etc. This is
putrefaction

Glucose Anaerobic Oxidition Carbon Dioxide + Water

Glucose _Alcahalir_Eegmentation Ethanol + CarbonxXide +
Energy
Glucose Lactic Acid Eermentation Carbon Dioxide +
Water

Organic Acids Aerobic Oxidation Carbon Dioxide + té&fa
This oxidation leads to loss of
acidity and increased
susceptibility to microbial attack
and other alkaline deteriorative
reactions.

Fats Microbes Glycerol + Fatty Acids

—>
A thorough understanding of these reactions isirequo ensure that
foods delivered to consumers are safe, wholesoutgtious and tasty.

3.1.3 Food Microbiology

Food microbiology is the scientific study of miccopic organisms and
their effects in food systems. Microscopic arngms commonly
encountered in food systems are bacteria and flaagnprising yeasts
and moulds).

3.1.3.1 Bacteria

Bacteria are of major importance in the food indusbn the one hand,
they cause food spoilage and food borne diseaseb,sa must be
controlled. On the other hand, they improve fo@Vdlur and nutrition.
On the helpful side, bacteria contribute to tleementation (chemical
breakdown) of many dairy products people eat ewday. Yogurt,
considered a healthful food, is produced by baatdarmentation of
milk. The bacteria produce lactic acid, which turie milk sour,
hampers the growth of disease-causing bacteria,gares a desirable
flavour to the resulting yogurt. Cheese also isdpoed by fermentation.
First, bacteria ferment milk sugar to lactic acidhen, cheese makers
can introduce various microorganisms to preddice flavours they
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desire. The process is complicated and may takehsam even years to
complete, but it gives cheeses their charactefistours.

3.1.3.2 Fungi

Fungi are single-celled or multicellular organisnithout chlorophyll

that reproduces by spores and lives by absorbitigents from organic
matter. Thousands of different types of fungi gramvand absorb food
from substances such as soil, wood, decaying argaatter, or living

plants and other organisms. They range from tinpgls-celled

organisms invisible to the naked eye to some of ldrgest living

multicellular organisms. They are among the forsintecomposers of
organic matter, breaking down plant and animal reshnand wastes into
their chemical components. As such, fungi play iéicat role in the

recycling of minerals and carbon. Fungi’'s value iomankind is

inestimable. Certain types of fungi, including sedeypes of mould,
have proven extremely valuable in the synthesisawfibiotics and

hormones used in medicine and of enzymes used irairte
manufacturing processes.

Black bread mouldAspergillus nigerone of the most familiar molds,
begins as a microscopic, airborne spore that gesesnon contact with
the moist surface of nonliving organic mattér spreads rapidly,
forming the mycelium (fungal body), which made up of a fine
network of filaments (hyphae). The mycelium produother clusters of
rootlike hyphae, called rhizoids, which penetrdte brganic material,
secreting enzymes and absorbing water and ipestéd sugars and
starches.

Yeasts are small single-celled fungus that fermesotgars and other
carbohydrates and reproduces by budding. Yeastgeneral are

widespread in nature, occurring in the saild on plants. Most
cultivated yeasts belong to the gerfssccharomycesghose known as

brewer's yeasts are strains ®f cerevisiae. Today they are used
industrially in a wide range of fermentation prases medicinally, as a
source of B-complex vitamins and thiamine and astage in the

production of various antibiotics and steroid honas; and as feed and
foodstuffs. Pure yeast cultures are grownairmedium of sugars,
nitrogen sources, minerals, and water. The finaldpct may take the
form of dried yeast cells, or the yeast may be ggédsnto cakes with

some starchy material. When a batch of yeast fkinga medicinal, or

food purposes is completed, the medium in whichyth&st was grown

is discarded. In the making of wines, beepgirits, and industrial

alcohol, however, the fermented medium is the ddsoroduct, and the
yeast itself is discarded or used to make aninelde
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3.1.4 Food Packaging

Packaging of food is essential to make sure thd femains wholesome
during its journey from processor to consumer. Bgeig contains food,
makes it easier to handle, and protects it fromrenmental conditions,
such as temperature extremes, during transport.lotks out
microorganisms and chemicals that could contamitlage food, and
helps prevent physical and chemical changes andintain the
nutritional qualities of food. The type of food atie processing method
used often influence the choice of packaging. kan®le, since oxygen
makes fats go rancid, oils are packaged in contintbat are
impermeable to oxygen. On the other hand, oxygemgable plastic
wraps allow fruits and vegetables to “breathe” ams$ure that meats
will maintain a vibrant red colour. Metal and glassntainers have
traditionally been used in canning because thegerrals can withstand
the high temperatures and changes in pressuratbahnvolved in this
processing method.

In addition to metal, glass is often used fackaging heat-sterilized
foods. Glass is impermeable to oxygen and waterdmss not change
the flavour of food. Another advantage of glasthat it is transparent,
enabling the consumer to see the product insideveder, glass is not
impact-resistant and is relatively heavy.

Plastic, by contrast, is lightweight and unbrea&alaind it has become
an extremely common material for use in food paci@gMost plastics

used in food packaging are heat resistant so kgt tan go through
high-temperature sterilization processes. Plagtianade into a wide
variety of shapes, including bottles, jars, traarsgl tubs, as well as thin
films that are used as bags and wraps.

Paper alone is not frequently used in packagingegmxfor certain dry
foods, such as flour and sugar. However, when p&peoated with
plastic or other materials to make it stronger ampermeable to water,
it can be more widely used. Paperboard is oftem dise cartons, and
plastic-coated paperboard for packaging frozen doodartons and
containers for shipping are usually made of corredj@ardboard.

3.1.5 Food Processing and Preservation

Food Processing encompasses all the steps thatgfesithrough from
the time it is harvested to the time it gets torétailer. Some processing
methods convert raw materials into a different famnthange the nature
of the product, as in the manufacture of sugar fsougar beets, oil from
corn or soybeans, or wara (unripened soft cheess) milk. Processing
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may also involve an extremely complegt of techniques and
ingredients to create ready-to-eat conveniencestood

Food Preservation refers specifically to the prsirep techniques that
are used to keep food from spoiling. Spoilage i @mnge that makes
food unfit for consumption, and includes cleah and physical
changes, such as bruising and browning; infestdippmsects or other
pests; or growth of microorganisms, such as bagtgeast, and molds.

Food Processing and Preservation therefore is achraf Food
Technology that is concerned with the transfornmatd raw animal,
vegetable, or marine materials into tasty, nuwgio and safe food
products. It also provides a means of crgagmoducts that are
convenient for consumers, like those that are readgat or require
minimal preparation and cooking. Combining Food cessing and
Preservation techniqgues with modern distributiontwoeks makes
seasonal crops available year-round.

3.2 Food Distribution and Marketing

After food is processed and packaged, it entersxéensive distribution
network that brings food products from the manufeat to various
retail outlets across the country and even arotmedwiorld. Modern,
high-speed methods of transportation — trucksnsraand planes — and
reliable methods of environmental control — esgBcieefrigeration —
enable even perishable food to be transported dre@inces.

Distribution networks help satisfy consumer demtordvariety, making
available, even in remote areas, foods that areloually grown or
processed. In fact, although food distribution retws invisible to the
average consumer, it plays a vital role in ensutimg availability of
even the most basic foodstuffs.

Some large supermarkets have the resourceduyo food products
directly from processors, transport the productsd &tore them in
warehouses until they are needed at the store. Yawkr independent
grocery stores and other small retailers, food esalers fulfill these
roles. One type of wholesaler is a cooperatwelesaler, which is
owned by the retailers that buy from them and ugw&lls only to these
member-owners. In contrast, voluntary wholesalersee gublic
companies that sell to any retailers without havingembership
requirements. Some food is sold directly to a festmre without going
through a wholesaler first. This is common for fealich as bread and
dairy products that must be delivered fresh eveny @ every few days.
Smaller manufacturers often use food brokers astage arrange for
their products to be sent to retailers or wareh®use
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Through these various distribution channels, foakes its way to food
retailers, such as restaurants, fast food outlespermarkets,
convenience stores, specialty shops, drug stores,same department
stores. Minimarkets and open market selling arepteelominant means
of distributing foods in Nigeria.

3.2.1 What is Market?

Many different definitions and views of what maiket is have been
presented. A Marketing Manager may think of a miaikea more
comprehensive way taking a broad look at the woedket. Another
may include a geographical place to demarcate &enaiyet, some can
use demographic, sociological or psychological aldes in defining
their markets. Markets can also be seen in tefmsits sold within a
specific period of time. A common way of definiagnarket by the re-
sellers is in terms of demand and supply. It eacltherefore that the
term market depends largely on individual's pergeand judgement.

The earliest usage of market put marketaaphysical place where
buyers and sellers gather to exchange goods anidesgr An economist
sees market as all the combination of buyers alersénvolved in the
purchase of goods and services. In other wordsar&et is seen here in
terms of structure, conduct and performance relalip. This is best
illustrated with demand and supply patterns. Teortfarketers, a market
Is seen as the set of all individuals and orgailisatwho are actual and
potential buyers of a product or service.

3.3 Food Situation in Nigeria

Most Nigerians are subsistence farmers, producanghsim, millet, and
cattle in the north, and maize, rice, and yamshm gouth. Cassava,
legumes, and tomatoes are raised throughout Njgasiaare poultry,
goats, and sheep. Large amounts of plantains agar £ane are also
produced. Agriculture, including farming and herding, accauhbr 26
percent of Nigeria’'s GDP and engages 3 percenhefeiconomically
active population.

Palm oil became an export crop to Europe in thdyeEdth century.

Cocoa and groundnuts later grew in importance,assipg palm oil as
export crops in the early 1950’s. Most crops ammvy on small family
farms. Large plantations were discouraged uhal 1950’s, but since
then, they have been significant in the productdmubber, palm oil,
and cocoa. Principal crops in 1999 (with ainautput in tonnes)
included: cassava (33.1 million); sorghum (7 mip millet (5.96

million); peanuts (3 million); and sugar cane (®&®). Palm oil, palm
kernels, yams, and maize are also important. stock included 24.5
million goats, 19.6 million cattle and 14 millioheep.
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However, food production is seasonal in Nigerighug, during periods

of harvest, a false impression of surplus is givéfowever, within a

short time, they are exhausted through direct ampsion, wastages,
deterioration and spoilage. This is all the morebsgause adequate
processing, preservation and storage facilitiesnateavailable during

periods of plenty. In sharp contrast, constantdfeopply is ensured by
extra-seasonal conservation and storage of foodupts in developed

countries. In Nigeria where these facilitieee anot present, food
consumption and industrial production patternsnaagkedly seasonal.

Food, by its very nature, is perishable. In a syrearried out in 1996,
losses in food produce were as high as 25 — 65@taimains, tomatoes,
oranges, banana, leafy vegetables and citrus.frdifgart from physical
losses, nutritional losses were also recorded: ashnas 15 — 20% of
Vitamin C was reportedly lost during transportatiogtween the farm
gate and the eventual consumers. A 1994 surveyucted by the
Central Bank of Nigeria reported losses in agrigalt output in the
following commodities: maize 6.852 million twes, cassava 22.3
million tonnes and beans 1.47 million tonne®ther sources show
losses in the following produce: maize 13%, rice, ¥drghum 14%,
millet 10%, cowpea 19%, groundnut 8%, soyb&&h, yam 16%,
cassava 8%, cocoyam 10%, plantain 13%, other fG%s These no
doubt, represent massive losses in farm produdeotight to have been
consumed and lost income if the commodities hawenlsold. This
situation is further compounded by the fact thaidfavailability has not
been able to keep pace with the present rate aflatgn growth.

Only when appropriate processing, storage and ma&sen techniques
are developed and applied, will Nigeria break firmen the shackles of
poverty, which at present, is threatening to robk nation to its
foundation. The fact that fresh foods cannot henébat all times and in
all places makes food processing essential if goessl are to remain
satisfied.

One of the major problems facing the producer hagays been that the
crops he grows are generally ripe for harvestingngua single short
period of the year. Yam, cassava, potatoes aret otlot crops have to
be harvested when they are ready. Rice, milletraaize are ready for
harvest after rains at the start of the dry seasArfeasible solution to
this problem is citing of specialised food procegsplants close to the
main producing areas.
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These industrial factories can be set up to:

Provide wholesome foods to the consumers

See that the finished product meets all applicgdeernment
standard and regulations

Ensure that food is produced under conditions aabép to the
governmental authorities.

As Nigeria embarks on her industrialisation effdhe products of its
factories have to compete with imported goods sat ther locally
processed foods will be acceptable to consumerse achievement of
quality, therefore, cannot be accidental, in ashmag it is the result of
organised effort by the producer of the commodity.

In concise terms, the purpose of quality contrabiprovide information
and the organisation necessary to achieve the ptioduwf good quality
foods. To this end, the National Agency for FoadigpAdministration

and Control (NAFDAC) set up in Nigeria has estdi#is several quality
standards for different products and has exposedda range of fake
and adulterated products in recent times.

These standards and regulations established by M&FBre aimed at
achieving the following:

I.  Prevent adulteration

ii. Prevent manufacture and processing of food$eumunsanitary
conditions

lii.  Control the use of chemicals and productsadditaves

iv.  Create awareness and sensitise the populace hedueto avoid
patronising fake and substandard products.

However, very little has been achieved in termsngflementation and
enforcement among both multinational and gettandustries. In
Nigeria, only few food industries have quality aahtservices. The
majority take advantage of the fact that the fewsteng regulations are
not effectively monitored and enforced. Not to deerlooked is the
bureaucratic bottlenecks associated with prosecudiodefaulters and
the slow pace of Nigeria’s judiciary system. Nekeless, NAFDAC is
undaunted in its avowed war against fake, adultdraind substandard
products. Nigeria's survival, with the upsurge applation (with a
projected figure of 230 million by 2020) lies insastained massive and
coordinated production of foodstuff. These muibst coupled with
modern and scientific methods of food processing preservation to
offset colossal waste of foodstuff.
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Modernisation of native Nigerian technology is astnifi the nation is to
overcome her food problems. Appropriate tecbgwl is important

because it permits the optimum utilisation of aafalé resources and
improvements in food products that are peculiarlgedan. It would

therefore be necessary to develop improved praugssethods as has
been done of late fogarri (fermented cassava meadfgi (fermented

corn meal) andiru (Parkia biglobosa) otherwise, development
pressures will make these indigenous products pespand Nigeria
would then have to depend almost exclusively orifpr products. This
is already happening with lager beer, imported ednbeverages and
fruit drinks vis-a-vis native beverages lil&to, Burukutu, Kunnu,
Tsobo (zoboandSekete

4.0 CONCLUSION

Food Science and Technology (FST) involve manyiplises which
ensure the processing, wholesomeness, safety, ariktimg of foods.
It also deals with the ultimate metabolism andzation in body cells.

50 SUMMARY
In this unit we have learnt that:

Food contains micro and macro nutrients.

Food Science and Technology (FST) involve manyiplises
including Chemistry, Engineering, Microbiology, Bpmiology,
Nutrition, Toxicology and Molecular Biology.

The sales, distribution and marketing of proced$sed are
essential to make foods accessible.

Food production and marketing are seasonal in Niger

Food quality control and the prevention of adulierain the
Nigerian Food Industries are regulated by NAFDAC.

SELF ASSESSMENT EXERCISE

Define Food Science and Technology. How is thsgigiine different
from cooking or Home Economics?

6.0TUTOR-MARKED ASSIGNMENT

Define Food in terms of macro and micro nutrierfiaiggest sources for
the major macronutrient and micronutrients.
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1.0 INTRODUCTION

Foods that are commonly consumed by humans inclGdeeals, and
Cereal Products, Starchy roots and tubers. Legu(Retses) leafy
vegetables, fruits, nuts and seeds, sugars, sysweets and preserves,
meat, poultry and other meat products, sea folell §sh, eggs, and
roe, milk, cream and cheese, fats and dikxbs and spices, non
alcoholic and non dairy beverages, alcoholic bmyes, dietetic
preparations, miscellaneous (salt, maggi culbes, vinegar and
fermented condiments).

This unit will enable you to gain an insight intaamtity and_gualityof
the food you eat. You will be able to identify maaol the major and
minor chemical components in your food. It will pessible, by the end
of the unit, to determine whether your diet fufillthe natural
requirements to keep you healthy.
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2.0 OBJECTIVES

By the end of this unit you should be able to:

define the_ majoand_minorconstituents of food

describe the food major groups

classify human foods according to their functions

describe the functions of each food major group

differentiate between high and low energy foods

enumerate the deficiency symptoms of low food iatak
explain the consequences of processing on thetimatrialues of
food major groups.

3.0 MAIN CONTENT

3.1 Food Groups Necessary in Human Diet
3.1.1 Bread and Cereal

Cereals common in sub-saharan Africa includen, sorghum and
millet. Corn differs from other cereals in thaetiellow form contains
carotenoids wittprovitamin Aactivity. Its other special feature is its low
content of tryptophan. The niacin in corn is iband form that cannot
be digested and absorbed by humans unless predremith lime
(calcium hydroxide) or by roasting. Most cdseaontain little fat,
although oats contain 7 percent. Wheat contaitype of dietary fibre
(arabinoxylan hemicellulose) that is particularlgiuable for treatment
and prevention of constipation. It increases thk lof the faeces and
shortens the mouth-to-anus transit time. Bran t®m@centrated source
of the same dietary fibre.

Cereals are largely consumed as bread and to er lesgent as cakes,
crackers and breakfast cereals. They are alsaupnwt in other forms

in some countriese.g.,boiled, crushed, or rolled, made into pasta, etc.
Wheat and rice are the two major cereals for huoctarsumption; wheat

in Europe, North America, and northern India, amgk rin East and
Southeast Asia. The nutritional weakness of gcisilow thiamine and
riboflavin (resulting in beriberi) content whenig milled to polished
rice.

The bread-cereal group include all breads and Isstbat are whole-
grain or enriched. The protein content is not higltereals, but these
products can be a significant source of proteinnviey are consumed
in large quantities. All cereals are very highstarch and are generally
inexpensive sources of energy. The fat contd@ntereal products

14
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generally is very low unless tlyermis included. Whole-grain products
contribute significant quantities of fibre and suithce vitamins and
minerals as pantothenic acid, vitamin E, zinc, @ppnanganese and
molybdenum.

3.1.2 Fruits and Vegetables

Fruits and vegetables have similar nutritm@perties. Because 70
percent or more of their weight is water, they pdevcomparatively
little energy or protein, however many contain mia C and carotene,
two nutrients not found in cereals. Fresh frugarticularly the citrus
variety, and their juices are usually rich in viianC, which is easily
destroyed when cooked. Fruits and vegetablescalstain fibre, which
adds bulk to the intestinal content and is useful preventing
constipation.

Most vegetables are important sources of mineraigmins and
cellulose. Certain vegetables, such as potatmedyibute appreciable
quantities of starch. Large amounts of the miser@alcium and iron
are in vegetables, particularly beans, peas anctblio Vegetables also
help meet the body's need for sodium, chloride,aktipbcopper,
magnesium, manganese, phosphorus and potass@anotenes (the
precursor of vitamin A) and ascorbic acid (vitan@p are abundant in
many vegetables. Vegetables are useful as soafgesighage. Citrus
fruits are valuable sources of vitamin C and yelmoured fruits, such
as peaches, contain carotene. Dried fruits cordample amounts of
iron. Figs and oranges are excellent sourmkscalcium. Like
vegetables, fruits have high cellulose content.

3.1.3 Milk

The milk of each species of animal is a completdféor its young.
One pint of cow's milk contributes about 90% of dagcium, 30 to 40%
of the riboflavin, 25 to 30% of the protein, 1020% of the calories and
vitamins A and B, and up to 10% of the iron anawiin D needed by
an adult. The milks of mammals contain all ess¢mitrients. Human
milk is the perfect food for infants, provided ibroes from ahealthy,
well-nourished motheand the infant is full-term. Breast milk contains
important antibodies, white cells and nutrientsi communities where
hygiene is poor, breast-fed babies have fewer tioies than formula-
fed babies.

The milk group includes milk and milk products aslMas cheese and
ice cream. Milk is a complete protein food conitagnseveral protein
complexes. It also contains important amounts o$tnmutrients, but it
is very low in iron, ascorbic acid and niacin. am and phosphorus
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levels in milk are very high. Vitamin A levels anggh in whole milk,
but this fat-soluble vitamin is removed in the progon of skim milk.
Riboflavin is present in significant quantitiesrmlk unless the milk has
been exposed to light.

Cow's milk is good food for human adults, libe cream i(e. fat)
contains 52 percent saturated fatty acids (longgn L0 carbon atoms in
length) as compared to only 3 percent polyunsadrdiat. This fat
raises the plasma cholesterol and is thought t@riee of the dietary
components that contribute to coronary heart deseakng with the
same fat in concentrated forms (cream and butt€g.circumvent this,
the dairy industry has developed low-fat cow's mikth 2 percent
instead of almost 4 percent fat), very low-fat skimik, or skim milk
with extra non-fat milk solids (lactose, ot and calcium), which
gives more body to the milk. Lactose, the char&ttersugar of milk,
is a disaccharide made of the monosaccharidescesguand galactose.
While these monosaccharides are easily abdprlkectose is not.
Lactose passes to the large intestine, wliteie fermented by the
resident bacteria to produce gas and leading, sm@®tto diarrhoea.

In the late 1960’s, it was discovered that the wdof many ethnic
groups couldn’t break down the lactose of largentjtias of milk into
galactose and glucose; they lose most of theistimal lactase enzyme
activity as they grow up (lactose intolerance).isihow recognised that
such individuals share this deficiency with additoughout the world,
such as in Asia and Africa, and with most of themeh kingdom.
People originating in northern Europe are the ettaegdrom the global
viewpoint: they usually retain full intestinal lase activity into adult
life. People who have little of the enzyme laetas their bodies can
still take large amounts of milk if it has beenoaled to go sour, if
lactobacilli have split most of the lactose intotie acid, or if the lactose
has been treated with commercially available lactas

The vitamin C present in milk is destroyed by hegt(pasteurisation),
which in many countries is required to prevent ik from spreading

bacterial and other infections. Cheese making iarament art formerly

used on farms to convert surplus milk into a fobdttcould be stored
without refrigeration. Cheese is rich in proteirdatalcium and is a
good source of vitamin A and riboflavin. Mosheeses, however,
contain about 25 to 30% fat, which is mostly saeataand they are
usually high in salt (sodium).
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3.1.4 Meat, Meat Substitutes, Fish and Eggs

Meats generally consist of about 20% protein, 2@¥%ahd 60% water.
The amount of fat present in a particular portiormeat varies greatly,
not only with the kind of meat — pork, beef, lansk;. — but also with its
quality. The “"energy value" varies in direct prapmr with the fat
content. Meat is valuable for its protein, which is of higiological
value. Meat also is an excellent source of B vitesm Pork is the best
source of thiamine, liver is next, and skeletal aeisfrom any meat
source, is third. Meat is also a good source otinjavitamin B,
vitamin By, other vitamins of the B group, and the mineralrieats
iron, zinc, phosphorus, potassium, and magnesiuiver is the storage
organ for, and is very rich in, vitamins A ang.Blt is also an excellent
source of riboflavin and folic acid.

The meat and meat substitutes group include bessl, (calf's flesh),

lamb, pork, organ meats such as liver, heart addeki; poultry and

eggs; fish and shellfish; and dried peas, beansyatedl The meat group
contains many valuable nutrients. One of its nmaitrients is protein,

but meat also contains cholesterol, which is belieto contribute to
coronary artery disease. The minerals coppen and phosphorus
occur in meats in significant amounts, particularyn and copper in
liver. Different meats vary in their vitamin conte Liver usually

contains useful amounts of vitamin A, thiamine,offavin and niacin.

All B vitamins occur in significant amounts in afleats.

The muscular tissue of fishes consists of 13-20%tepr; varying
amounts of fat, ranging from less than 1 to moentB0% and 60-82%
water, varying inversely with fat content. Exacbgortions of nutrients
vary among different species. Furthermore, vammetialso exist within
the same species due largely to seasonal and ¢eednmations. The
fatty acids in fish are largely polyunsaturate@ne of the major fatty
acids, eicosapentaenoic acid, in large amountscesdthe tendency to
thrombosis.

Eggs have a deservedly high reputation as a fddte white is protein
and the yolk is rich in both protein and vitamins 3, E and B. Eggs
also provide zinc, calcium and iron with little satted fat and few
calories; egg yolk, however, has high cholestermhtent, which at
elevated level in the bloodstream, can increasésamsk of coronary
heart disease. Research has shown that consumit@yane egg a day
is unlikely to increase the risk of coronary hedisease in healthy men
and women. Eggs are better kept fresh in the esfaigr for 4 — 5
weeks whereas hardboiled egg will only last a we€ansumers are
reminded that eggs age more in one day at roome&anye than during
one week in a refrigerator. All eggs should bekeabat low or medium
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heat and should be served when the white is coeiplebagulated and
the yolk has begun thickening to prevent food paisg. Eggs should
not be cooked whole in the microwave oven (theaxiblode).

3.1.5 Starchy Roots

Potatoes, cassava and yams are valuable and cbeages of energy.
Their nutritive value, in general, resembles thhtcereals, but their
protein content is lower. Protein deficiency ma&dommmon in tropical
communities in which the staple food is eassor yams. Potato,
however, provides some protein — less than cereak d- but also
contains some vitamin C. Sweet Potatoes containptgment beta-
carotene, convertible in the body into vitamin A.

Although the quantity of protein in potatoes is yormall (2%), its
nutritive value appears to be high. Cassava aostaalf the protein of
potatoes. There are toxic substances in someeo$tdrchy root foods
that have to be avoided or dealt with karetul preparatione.g.,

solanine in the green sprouts of potatoes and dgacompound in the
leaves and outer parts of the roots of cassava.

3.1.6 Legumes (Pulses)

Peas and beans resemble the cereals in nutritive \wut have higher
protein content and, since they are not subjecmilling, are good
sources of B vitamins. They are thus valuable sipphts to cereal
diets, especially in tropical or subtropical coied; moreover, they,
particularly the soybean, are also valued for thiagte. Soybean is
especially rich in protein (about 38%) and is aanapmmercial source
of edible oil. They are however known to leod sources of
antinutrients, which, if not properly taken care @duld limit the uptake
and utilisation of other essential nutrients.

3.1.7 Sugars, Preserves & Syrups

Sugars, mostly sucrose and high-fructose corn syarg added both in
processing and at the table. Together sucrosdracibse provide 12%
of the average total calories in adults and aelittlore in children. There
are also naturally occurring sugars in foods (fsaet glucose, sucrose in
fruits and some vegetables, and lactose in milkuga$ contains no
protein, no minerals, and no vitamins and thuslbiesen called a source
of "empty calories Sugar is an excellent preservative becaitise
adsorbs water and prevents the growth of microoesgas Jams contain
from 30 to 60% sugar, and honey and natural syfegs maple) are
composed of more than 75 percent sugar.
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3.1.8 Fat and Oil-Based Foods

Animal fats used by humans are butter, suet froef,dard from pork,

and fish oils. Important vegetable oils includés drom olive, peanut
(groundnut),, coconut, cottonseed, sunflower sseglbean, safflower,
rape, sesame, mustard,, red palm and corn. th&kse are high in
calories. Only butter (other than the previouslyntrened fish-liver

oils) contains any of the vitamins A and D, but padim oil does contain
carotene, which is converted to vitamin A in thelypo Vitamins A and

D in controlled amounts are added to margarinedgteBumargarine,
other fats, oils, sugars, or unenriched refinedrgpaoducts are included
in the diet to round out meals and satisfy the afge Fats, oils and
sugars are added to other foods during preparafitghe meal or at the
table. These foods supply calories and cdah t® total nutrients in
meals.

3.1.9 Beverages

Although most adults drink one to two litres of aé day, much of this
is in the form of liquids such as coffee, tea,tfjuices, soft drinks, beer,
wines, or spirits. In general, these are apprediatore for their taste or
for their effects than for their nutritive valu&ruit juices are, of course,
useful for their vitamin C content and good souroégotassium but
low in sodium. Coffee and tea by themselves areoohutritive value,

except that coffee contains some niacin and te@asenfluoride and

manganese, but they may be a vehicle for intakesughr, milk or

lemon. Beer contains 2 to 6% alcohol, natural wih®-13%, and most
spirits up to 40 percent.

Since ethyl alcohol has an energy value of seviat&iories per gram,
very significant amounts of energy can bdamied from alcoholic
drinks; in addition, beer and wine contain natwadjars as well. The
only vitamin present in significant amounts in bé®m a brewery is
riboflavin.  Wines are devoid of vitamins but somets contain large
amounts of iron, probably acquired from iron vesselsed in
preparation, especially of cheap wine. It is passior excess iron to be
absorbed and stored in the liver where it may doumie to toxic
manifestations.

3.2 Changing Food Habits and Related Problems

Traditional food habits in themselves have rarbBen the cause of
malnutrition and nutritional-deficiency diseasesheTusual cause of
such problems has been a simple lack of ,faddether because of
environmental conditions or of poverty. The paoany society may be
forced to consume less food or a more limited ¥gé foods than they
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require. If the staple is protein-low (e.g. cassav plantain based), the
poor who cannot afford legumes or animal produstsupplement the
staple may suffer from kwashiorkor; if the stageraize, pellagra may
become prevalent if other foods are not consumaabalvith the maize.
Advances in agricultural and food-processing teghes have led to
increased food supply and a nutritionally enricluget. Nevertheless,
modernisation and westernisation of traditionaldfdwabits have also
had their deleterious effects. For example thide acceptance of
refined rice (likeUncle Bens ArossqQ Tomatoetc) at the expense of
locally parboiled rice (likeDfadg Abakaliki, Ekitietc) at the turn of the
20th century caused a scourge of beriberi (a nidefitiency disease)
in many developing countries, resulting in thousaondfl deaths. The
substitution of bottle-feeding for breast-feedimgoag poor families has
also been implicated in a great deal of malnutritiond diarrhoeal
diseases in Nigeria.

Changing food habits have had harmful effects endffluent developed
nations, as well. The proportion of energy obtdifrem carbohydrates
has dropped significantly (often ranging from 355@%), while that

obtained from fats and protein — particularly aripeotein — is on a

steady rise. This represents gross inefficiese of agricultural

resources; in addition, the increasing sedentatyreaof jobs and

dependence on fast — foods as replacement for hdresthy meals

increases nutritional deficiency diseases, evenngmihe educated.
Furthermore, the increased intake of saturatedafad cholesterol,

coupled with inadequate exercises has been relatedn increased
prevalence of cardiovascular disease in both deusjoand developed
nations. In the developed countries, about 40%hefcalories supplied
by their diets are derived from fat and about 20émfsugar. There has
also been notable increase in fat and sugtake especially in
developing countries. However, fat and sugar crowidother foods. In
a population that is largely sedentary, this tetadtead to obesity and
deficiencies in iron, calcium, complex carbohydsaéed fibres — which
can, in turn, cause a host of health problems.

3.3 Food Composition

3.3.1 Proteins

Proteins are essential structural and functionatpments of all living
organisms. They are large molecules with widelyedaproperties and
many different functions. Proteins consist of mamyino acids linked
together bypeptide bonds Haemoglobin, for example, is a red blood
cell protein involved in the transport of oxygelnzymes are proteins
that catalyse the chemical reactions of cells. &ah is a major
structural protein in bones, tendons and skin. #otdies, which are
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critical components of the immune system, and aflyss, found in the
lens of the eye, are proteins. Many hormones iateips.

The primary functions of protein are to build botgsue, regulate
functions such as muscle contraction and blomesgure, synthesize
enzymes and some hormones (such as insulin, thgulate
communication among organs and cells) and othempt®asubstances
that govern body processes.

Structure and Composition of Proteins

There are about 20 common amino acids in most ipstelhe name of
the acids comes from the stem word amine, meandegived from
ammonia." Amino acids join together in long chaitme amino group (-
NH-) of one amino acid linking with the carboxylogip (-COO-) of
another. The linkage is known as a peptide bondQ@QH,), and a
chain of amino acids is known as a polypeptide. tdfne are large,
naturally occurring polypeptides. A few rare amiacids and several
other kinds of chemical substances — metal iomaeherosthetic groups
derived from vitamins, carbohydrates and lipidsre also frequently
present. The amino acids differ in structure araperties; each has an
amino group, a carboxylic acid group and an alkie sshain (-R). The
side chains differ in size, structure and propsrtlome are composed
of only carbon and hydrogen atoms and lardrophobic(water hating).
Others contain oxygen and nitrogen atoms andhgorophilic (water
loving); some ionise and have positive or negagileztrostatic charges.
Each protein has a specific number and sequenaenwio acids, where
peptide bonds connect the amino group of one ta#nkoxyl group of
the next. The resulting linear sequences give guokein a specific
size, a unique three-dimensional structure andn@ way or another,
account for its properties.

Protein and Nutrition

Plants, bacteria and most other microorganismshegide all of the
amino acids required for protein synthesis. Humamd most animals,
however, cannot synthesise all of the amino aamsraust obtain some
of them from their diet.  Proteins are usually r@adivailable from
both animal and plant sources. Of the 20 aminosatiét make up
protein, eight are considered essential — thdidsause the body cannot
synthesise them, they must be supplied ready-nradeods. If these
essential amino acids are not all present at thee game and in specific
proportions, the other amino acids, in whole opart, cannot be used
for metabolising human protein. Therefore,diat containing these
essential amino acids is very important for sustgiigrowth and health.
When any of the essential amino acids is lacking,remaining ones are
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converted into energy-yielding compounds, resulimghe excretion of
its nitrogen. However, when excess protein isreatdich is often the
case in countries with heavy meat diets, the eptodein is similarly
broken down into energy-yielding compounds. Becapis®ein is by
far more scarce than carbohydrates and vyields dahee $4 calories per
gram, the eating of meat beyond the tissue-buildieghands of the
body becomes an inefficient way of procuring energyoods from
animal sources contain complete proteins becausg ititlude all the
essential amino acids. In most diets, a combinatioplant and animal
protein is recommended: 0.8 grams per kg of bodghtas considered
a safe daily allowance for normal adults.

Increased risks of gout (disease with inflammatéihe smaller joints,

especially of the toe), certain cancers and hemtade have been
correlated with high protein diets. Kwashiorkor,peotein-deficiency

disease that primarily affects children 1 to 4 gesld who are weaned
on starchy foods, is still endemic to parts of édri Asia, and South
America.

3.3.2 Fats

Fats or lipids are a family of chemical compountisexi by plants and
animals as a source of energy. In most animatis ai@ stored in special
cells that tend to form pads of tissue under the akd around certain
organs and joints, the locations depending on pleeiss. Stored fat, or
adipose tissue, serves as a fuel reserve for mesabo Fat protects the
body from shocks, jolts and provides insulation.plants, fats in the
form of oil are found in the stems, seeds and.fruit

Fat is a concentrated source of energy, produciogerthan twice as
much energy as equal amounts of carbohydrates @ntdins. Being a
compact fuel, fat is efficiently stored in the boby later use when
carbohydrates are in short supply. Animals obJipused stored fat to
tide them over dry or cold seasons, as do humarsgdtimes of scarce
food supply. In industrial nations, however, wittod always available
and with machines replacing human labour, the actation of body
fat has become a serious health concern. Alldis@snade up of units of
glycerol and fatty acids. The kind of fatty acidsten can affect a
person's health. Saturated fatty acids found irtebutnilk and other
animal products can raise the level of cholest@mothe blood, thus
leading toarteriosclerosis Unsaturated fats found in vegetable oils can
reduce high levels of blood cholesterol.

Dietary fats are broken down into fatty acids — se@rce of metabolic

energy for muscle contraction — that pass into lileed to form the
body's own triglycerides. The body's adipose &dsun a constant state
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of build-up and breakdown, thus ensuring a contirsugoply of fatty
acids. Fatty acids containing as many hydrogemstas possible on
the carbon chain are callsdturated fatty acideand are derived mostly
from animal sourcesUnsaturated fatty acidare those that have some
of the hydrogen atoms missing; this group includesnounsaturated
fatty acids, which have a single pair of hydrogen missing, and
polyunsaturated fatty acidsyhich have more than one pair missing.
Polyunsaturated fats are found mostly in seed diaturated fats in the
bloodstream have been found to raise the level haflesterol, and
polyunsaturated fat tends to lower it. Saturatsd &re generally solid
at room temperature; polyunsaturated fats arediqui

The predominant substances in fats and oils agéd¢grides, chemical
compounds containing any three fatty acids combingd a molecule

of glycerol. The fatty acids consist of a chaincafbon atoms with a
carboxylic acid group (-COOH) at one end. The numbg carbon

atoms ranges from four to more than 22, but thetrnosimon chain

length is 16 or 18. Because they are synthesrsdéidei body from two-

carbon units (acetyl coenzyme A), chain lengthsrexarly always even
numbers. Butyric acid is an example of a saturéatigl acid. The four
valences of each carbon atom are attached to tembgn atoms and to
the two adjacent carbons:

.

T—i 01—
TL—0)

T—i—T
T—i—T

When adjacent carbon atoms are linked by a doulniel beach has only
one valence available for hydrogen:

H H

| |
T
H H H H

When no double bonds are present, the fatty acdigto be saturated;
with the presence of one (monounsaturated) or r{msb/unsaturated)
double bonds, the fatty acid is said to be unstddra

Fats with a high percentage of saturated fattysatethd to be solid at
room temperatureg.g.butter and lard. Those with a high percentage of
unsaturated fatty acids are usually liquid odsg3.sunflower, safflower
and corn oils. In the shorthand notation for fatyds, the number to
the left of the colon is the number of carbon atowtsile the number to
the right of the colon represents the number ofotiotonds;e.g. 4:0
has four carbon atoms and no double bondsdqaturated). This is the
shorthand notation for butyric acid.
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A small group of fatty acids are essential in thet.dThey occur in body
structures, especially the different membranesdensind around cells,
and cannot be synthesised in the body from othst fainoleic acid
(18:2) is the most important of these fatty acidsduse it is convertible
to the other essential fatty acids. Linoleic alsab two double bonds
and is a polyunsaturated fatty acid. As well asidp@n essential fatty
acid, it tends to lower the plasma cholesterol.nolgic acid occurs in
moderate to high proportions in many of the sedd; @.g. corn,
sunflower, cottonseed and safflower oils. Somejaudanes
(polyunsaturated margarines) use a blend of oilscssd so that they
have a moderately high linoleic acid conteridible fats and oils
contain smaller amounts of other lipids as weliragycerides).

3.3.3 Carbohydrates

Carbohydrates, which include cellulose, starchegas and many other
compounds, are the most abundant single class gainar substances
found in nature. They are formed in green plagts Iprocess known as
photosynthesis, in which energy derived from sunilig used for the
assimilation of carbon dioxide from the air. Mosturally occurring

sugars belong to the D-series, the most commorglibm aldohexoses,
which have six carbon atoms and four asymmetri¢resn Aldohexoses
include glucose, mannose, galactose and the fagarsfructose. The
aldopentose sugars ribose and deoxyribose — hdvicgrbon atoms —
are important constituents of nucleic acids.

Disaccharides and polysaccharides are formed framm ©r more
monosaccharides joined by chemical bonds. Glultoked to fructose,
forms the disaccharide sucrose (cane sugar); giulaased to galactose
forms the disaccharide lactose (milk sugar); glectisked to glucose
forms the disaccharide maltose. Starch, glycogehcellulose are all
chains of glucose units, differing only in their des of bonding and
degree of chain branching. Some biologically im@ort sugar
derivatives are sugar alcohols, sugar acids, deoggars, amino sugars,
sugar phosphates, muramic and neuraminic acids.

Carbohydrates function as the main structural efgsnend storage
products of energy in plants. The principal forare starch in plants
and glycogen in animal tissues. These are polywfegtucose; they are
deposited in cells in the form of granules wherugplsis of glucose is
available. In times of metabolic need, the polysreme broken down by
enzymatic action and become fuel. Plants stonelstia roots, tubers
and leafy parts mainly during photosynthetic atgiveome plants, such
as sugar beets and sugarcane, also store sucrose.
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Carbohydrates and Nutrition

Carbohydrates are the most abundant food sourcesavfly. The two
kinds of carbohydrates amgarchesand sugars Starches are found
mainly in grains, legumes and pulses, roots ancertutand some
rhizomes, while sugars are found in plants anddriiie most important
being sucrose (obtained from sugarcane or dihgar beet). The
carbohydrates containing the most nutrierdse the complex
carbohydrates, such as unrefined grains, tubeigetables and fruits,
which also provide protein, vitamins, minerals dats. Less beneficial
sources are foods made from refined sugar, sudofectionery and
soft drinks, which are high in calories but lownatrients and fill the
body with what nutritionists caimpty calories.

A large part of the human diet consists of carbohtgs in the form of
starch and sucrose. Both must first be broken dimtheir component
sugars by digestive enzymes before absorptiontih@dloodstream can
take place. In humans, carbohydrates are usetiebgdlls in the form
of glucose, the body's main fuel. After apson from the small
intestine, glucose is processed in the liver, whatbhres some as
glycogen, a starch-like substance, and passes Ihst into the
bloodstream. In combination with fatty acids, g@glse forms
triglycerides —fat compounds that can easily be broken down into
combustible ketones. Glucose and triglycerides carried by the
bloodstream to the muscles and organs to be oxlidiExcess quantities
are stored as fat in the adipose and other tissoele retrieved and
burned at times of low carbohydrate intake.

4.0 CONCLUSION

Cereals, roots and tubers supply energy wtamin B complex,
legumes and leafy vegetables supply proteins anotes@ids or pro-
vitamin A, while meat, fish and eggs supply praseinAnimal fats
contain mainly saturated fatty acids, whereagetable oils contain
poly-unsaturated fatty acids which are esaént humans. Food
therefore is composed of major nutrients such atemrs, Fats and
Carbohydrates. It also consists of minor but essentitrients such as
vitamins and minerals.
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50 SUMMARY
In this unit we have learnt that:

Foods can be classified into 17 major groups eggeéls, Roots,
Meat and Meat Products etc.

Food contains different compositions dependinghengroup that
it belongs to

Cereals include Rice, Corn, Millet, Sorghum whialpgly low
tryptophan needed for body build up of Niacin. igtedd rice is
also low in thiamine. Cereals however supply fibre

Legumes, Meat, and Milk supply high proteins bwnodegumes
contain anti-nutrients.

Fruits and vegetables contain 70% water but supiglly vitamin
C (Ascorbic acid)

Milk and milk products are rich in proteins, whilgants survive
on breast milk which contains antibodies which pras
infections.

SELF ASSESSMENT EXERCISE

1. Define major and minor constituents of food.

2. Classify Foods in terms of their composition, tleose that are
rich in proteins, fats and carbohydrates and thibae are rather
rich in vitamins and minerals.

6.0TUTOR-MARKED ASSIGNMENT

1. Discuss the effects of food processing on the tingrivalues of
cereals and legumes.

2. Differentiate between animal fats and vaglke fats. Why are
vegetable fats essential in human foods?
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1.0 INTRODUCTION

Vitamins are organic compounds that functiorainly in enzyme
systems to enhance the metabolism of proteinspbgdrates, and fats.
They are not synthesised in the body hence musbtasned, therefore,
from outside sources as food. Exceptions to thlfindion include
vitamin D, which is synthesised in the body to mited extent, and
vitamins B, and K, which are synthesised by bacterialaflom the
intestinal tract.  Without these substances, theakam®wn and
assimilation of foods could not occur. Certain mias participate in
the formation of blood cells, hormones, nervouseayschemicals, and
genetic materials. Vitamins and minerals funct@sn'tofactors$ in the
metabolism of products in the body. Most aspettsoaly metabolism
proceed with the aid of specific enzymes, but diadnal catalysts were
not present — for example, the cofactor vitamind amnerals — the
reactions would proceed so slowly that they wowddreffective.

Vitamins are classified into two groups, the falubte and the water-
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soluble vitamins. Fat-soluble vitamins include mias A, D, E, and K.
The water-soluble vitamins include vitamin C ance tB-vitamin
complex.

2.0 OBJECTIVES
By the end of this unit you should be able to:

define a vitamin

list the fat soluble vitamins

list the water soluble vitamins

discuss dietary sources of the vitamins

explain the deficiency symptoms of three namedwiiis.

3.0 MAIN CONTENT
3.1 Vitamins
3.1.1 Fat Soluble Vitamins

3.1.1.1 Vitamin A (Retinol)

Vitamin A is found in animal foods, especially indr of land animals
or fish. It exists in a variety of formsicluding retinol, which is
currently considered the most active form. WMad the world's
population, however, derive most or all of theitamin A from plant
foods, many of which contain the yellow-orange pagn carotene.
Carotene, a pigment in some plants, can be comvertdie human body
to vitamin A. One molecule of-carotene can be cleaved by an
intestinal enzyme into two molecules of vitamin Alhe pigmentp-
carotene occurs in fruits such as apricots, peache®ns, mangoes and
pumpkins. It is also a companion of chlorophytie tgreen pigment in
leaves, so that green vegetables are good souEm@sugh vitamin A is
stored in the liver of a well-nourished adult tstlabout two years of
deprivation.

Vitamin A has many important functions in the bdtiat relate to the
maintenance of membrane integrity, especially athepal cells and
mucous membranes. It is also essential for boowtyr reproduction
and embryonic development. Vitamin A deficiency utes in night

blindness in which the ability of the eye to see in dimhligs impaired,
permanent blindness and extremely dry skiHypervitaminosis A
which results from excessive intake over a longagaeof time, is most
common in children. Symptoms consist of irritalgilivomiting, loss of
appetite, headache, dry and scaling of skin.
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3.1.1.2 Vitamin D

Dairy products, eggs and cod liver oil are goodrses of vitamin D.
The active forms of vitamin D arergocalciferol (vitamin D,) and
cholecalciferol (vitamin D), both of which arise in the body from
ingested precursors by exposure of the skin tawititet light. Vitamin
D primarily regulates calcium metabolism by deterimg the movement
of calcium from intestines to blood and from bldodbone. It interacts
with parathyroid hormone and calcitonin in coniral calcium levels.
Thus, vitamin D is today more legitimately consgléia hormone rather
than a vitamin. In tropical countries, where expesto sunlight is high,
vitamin D deficiency is rare. Ultraviolet irradiaii of food products
increases their vitamin D content.

Whether formed in the skin from a derivative of lesterol or taken
from the diet €.g., in fatty fish and dairy products), vitamin B
changed in the liver to 25-hydroxyvitamin D. Thssfurther changed in
the kidney by an enzyme (regulated by parathormotwe)l,25-
dihydroxyvitamin D (1,25-(OH)vitamin D), the active form. The best-
known action of activated vitamin D at the cellulavel is to turn on
synthesis of calcium transport protein in the cdilsng the small
intestine.

A deficiency of vitamin D results in failure to avb calcium and
phosphorus, causing faulty formation of bondn children, the
syndrome is known ascketsand is manifested by deformities of the rib
cage and skull and bowlegs.Adult rickets, or osteomalacia is
characterised by generalised bone decalcificatrah) aventually, gross
bone deformities. Symptoms ofiypervitaminosis Dconsist of
weakness, fatigue, lassitude, headache, nausedtingend diarrhoea.
Urinary symptoms occur when calcium deposits bupdin the kidneys
(kidney stones).

3.1.1.3 Vitamin E

Vitamin E, chemically known aslpha tocopherqlis the most active of
the group of tocopherols. It is present in seed, akpecially wheat-
germ oil, margarine, seeds and green leagetables. Vitamin E
protects fatty acids and cell membranes from oiodat Few vitamins

have been implicated for more diseases than haswitE, including

such diverse disorders as coronary artery diseasscular dystrophy,
habitual abortion and schizophrenia (mental diseasegked by a
breakdown in the relation between thoughts, fesliagd actions, and
often with delusions and retreat from social lif@hus far, vitamin E is
considered to have possible value in decreasingigheof cancer. It is
relatively non-toxic.
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3.1.1.4 Vitamin K

Vitamin K, found mainly in green leafy vegetablagyeyolk, liver and
fish oils, is essential for synthesis by tlneer of several factors
necessary for the clotting of blood. Although #iphabetical letters for
most vitamins are arbitrary, the letté¢ came from the German
Koagulationsvitamin. One vitamin (K) occurs in some plant foods;
others (the vitamin Kgroup) are formed by bacteria in the large
intestine  Chemically,phylloquinone is the natural plant source of
vitamin K, and a synthetic derivative,menadiong is used
therapeutically. Although deficiency of vitaminridrely occurs, when it
does the result is uncontrolled bleeding. It iscumedically in treating
specific deficiencies that occuduring anticoagulant therapy, in
haemorrhagic disease of the newborn, andhapatocellular (liver
related) diseases.

3.2 Water Soluble Vitamins
3.2.1 Thiamine (B1)

Thiamine, the first B vitamin to be idergifi chemically in 1926,
consists of a complex organic molecule containingyamidine and a
thiazole nucleus. In the body, it functions asoanzyme in the form of
thiamine pyrophosphate and is important in alcoeome amino acids
and carbohydrate intermediary metabolism. Alcolsoleme at special
risk of thiamine deficiency because the more alt@h@erson drinks,
the less thiamine-containing food he consumealcohol requires
thiamine for its metabolism, and body’s reservditivdamine is smaller
than for any other vitamin. It only takes aboutdzys without thiamine
intake before signs of deficiency appear, provitlesl calorie intake is
maintained. The symptoms of thiamine deficieremg known as
beriberi, a syndrome consisting primarily of peripheral migimarked

by sensory and motor paralysis of the limbs anahlliy, heart failure.

Thiamine deficiency is prevalent during damage arubt often occurs
in nutritionally deficient alcoholics. Thiamine fsund in whole-grain
cereals, meats, yeasts, and nuts.

When thiamine is deficient, the two most promindmbchemical
abnormalities aréghe accumulation of pyruvic agithecause the enzyme
that processes pyruvic acid for entry into theattoxylic acid cycle
cannot function without thiamine, andisturbances in areas of the
nervous systera system highly dependent on glucose as fueltlaunsl
requiring thiamine as an essential coenzyme fagettsteps in glucose
metabolism. Thiamine deficiency can lead Weriberi, Wernicke's
encephalopathyin association with Korsakoff's syndrome, or a
peripheral neuropathya disorder of the peripheral nervous system).
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Beriberi is a high-output cardiac failure @sated with general
dilatation of small blood vessels in response wuawlation of pyruvic
and lactic acids. It was formerly common in rigdheg peoples of East
Asia but is now rare. In Wernicke's encephalopathg abnormalities
are in the central part of the brain. Thase progressive mental
deterioration, disorientation, and a characterigtiaralysis of eye
movements. Like beriberi, it responds dranadlifc to injection of
thiamine, but unlike beriberi, there may be a nesidabnormality of
memory. Thiamine deficiency is one of many causeseripheral
neuropathy, generally involving an impairment o€ teensory, motor
and reflex functions of the limbs. However, other B-vitamin
deficiencies and a number of toxins can produceinglas effect.
Response to nutrient therapy always takes weekstaacadvisable to
treat the disease with multiple B vitamins. Goodrses of thiamine are
cereals, yeast, meat (pork, liver, poultry), spubeans, potatoes, egg
yolk, milk, peanut butter, enriched and whole giaiead.

3.2.2 Riboflavin (B)

Riboflavin is a fluorescent yellow-green water-$méu vitamin colour
which plays a vital role in intermediary metabolisnit has a complex
organic ring structure to which the sugar ribosgised. In the body,
riboflavin is conjugated by phosphate to yield fiaein 5'-phosphate
(FMN) and by Adenine Dinucleotide to vyield Flavin dénine
Dinucleotide (FAD). Both serve as coenzymes fowide variety of
respiratory proteins. Riboflavin deficiency in humsais characterised
by growth failure in children, nerve degradat (particularly of the
eyes), sore throat; seborrheic dermatitis of tloe fand body mass) and
anaemia. The only established use of riboflavinnighe therapy or
prevention of deficiency disease. Food sourceludiec dairy products
(milk, cheese), meat (liver, kidney, poultry), fiskheat, yeast, enriched
and whole grain breads.

3.2.3 Niacin (B)

Niacin is a water-soluble vitamin that is madehe human liver by the
conversion of the amino acid tryptophan. If thetein intake is low,
pre-formed niacin must be provided in the dietthié protein intake is
generous, the body makes its niacin from the tpipdm. Some animals
(such as cats) do not have this ability. Two foraisniacin exist:
nicotinic acid and nicotinamide. In the bodyiacin is present in
Nicotinamide Adenine Dinucleotide (NAD) and Nicaimide Adenine
Dinucleotide Phosphate (NADP),whichserve  ascoenzymesin
conjunction with protein in tissue respiration andlso as
dehydrogenases.
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Pellagra, caused by niacin deficiency, is chares®drby a cutaneous
eruption, which at first resembles sunburn becdusects the areas of
the body exposed to sunlight. The tongue becomésanel swollen,

with excessive salivary secretion. Diarrhoea alssucs along with

nausea and vomiting. Later, central-nervous-systgmptoms appear
with headache, dizziness, insomnia, depressioreaed overt psychosis
with hallucinations and other mental disturbances.

Nicotinic acid (in doses about 200 times the RD&used in medicine
as a drug that lowers the cholesterol level in glesma. This is an
example of a pharmacological action of a nutrieBecause nicotinic
acid in large doses lowers blood lipids, it hasrbegtensively used in
the therapy and prevention of arteriosclerotic ulscdisease. It is also
used in the treatment of pellagra. Toxicity may wcm the form of

liver damage with large doses over a prolongedgderiFood sources of
niacin are meat, poultry, dark green vegetablegat® whole grain or
enriched breads.

3.2.4 Pyridoxine (B)

Pyridoxine, found mostly in whole-grain cemgalvegetables and
meats, is a substituted pyridine ring structurd #hasts in three forms,
all of which may be converted in the body to pyxdb5-phosphate
(PLP), the active coenzyme form. PLP function®iuman metabolism
in the conversion processes of amino acids, inctudiecarboxylation,
transamination and racemization.

Pyridoxine in megadoses (100 and more times the RDaround two

milligrams per day) has been taken to ameliorate #ifects of

premenstrual syndrome (prescribed or self-mediogtibut its efficacy
has not been established. Symptoms of deficiem¢yumans consist of
seborrhoea-like skin lesions of the face, increasédbility, convulsive

seizures (particularly in children), kidney stoneand neuritis

(inflammation of nerves) resulting in degeneratadrperipheral nerves.
On the other hand, prolonged dosage of 500 miligraand above of
vitamin Bs over a period of time causes damage to peripherales,

with a loss of sensation in legs and hands.

3.2.5 Pantothenic Acid

Pantothenic acid was first identified in 1933 da@or necessary to cure
certain skin lesions in chicks. It is found maimymilk products, liver,
eggs, grains and legumes. Pantothenic acid is cauve coenzyme A,
which serves a vital role for a variety of reactionvolving transfer of
2-carbon fragments (acetyl groups). It is alsssential for the
production of metabolic products crucial td hving organisms.
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Pantothenic acid has no specific curative indicetibut is included in
multivitamin preparations.

3.2.6 Folic Acid

The name comes from Latiiolia ("leaf). This vitamin is found in
animal organs, legumes, whole-grain cereals, a$ aselvegetables.
Chemically, folic acid is pteroylglutamic acid. tine body, folic acid is
converted to folinic acid (5-formyl-tetrahydrofolacid), the coenzyme
form, which accepts 1-carbon units importamtthe metabolism of
many body compounds.

The main function of folic acid is in the synthesisDNA, thus in folic
acid deficiency, replication of DNA and cell divasi are slowed or
stopped; nucleic acid synthesis will also takte place. Cells that
rapidly turn over, such as blood cells and epittietiells lining the
intestine are affected first. The requirement folicf acid is notably
increased in pregnancy. It is sensitive to heal ianmostly destroyed
when vegetables are over-boiled. Folic acid deficy can occur in late
pregnancy, when the requirement is double thathercadults. It is also
fairly common in patients with diseases in whichl adivision is
increasede.g.,in blood diseases or cancer. The most common gause
vitamin B, deficiency is pernicious anaemia, in which absorptf the
vitamin is defective because of the failure of #temach to secrete a
special protein (intrinsic factor) that assistsapson of vitamin B, in
the lower intestine. Dietary deficiency occurv@getarians, who eat no
animal food. It takes five or more years of sudfied before symptoms
appear because the stores of vitamin iB the liver (about 1.5
milligrams are enough to last about five years i daily requirement
as small as one microgramme).

Deficiency in humans results in various anaemiasl amrrhoea.
Deficiency can also be induced by antivitamins sashmethotrexate,
which is used in cancer chemotherapy. Folic acigressent in many
common foods like vegetables and liver — but te destroyed by
excessive cooking. Deficiency is relatively rardegss caused by an
antivitamin or pregnancy.

3.2.7 Cyanocobalamin (B)

Vitamin By,, the last of the vitamins to be isolated in 194&hemically
the most complex of all the vitamins. It has thghieist molecular
weight (1,355) compared with any vitamin, arsd absorbed by a
complex mechanism. It has a central ringed strectidled a corrin
nucleus, linked to an amino propanol esterifiecabyucleotide, and also
an atom of cobalt to which is attached a cyanidrigr Few vitamins
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are as important metabolically as,Boecause it is involved in many of
the synthetic steps required in the manufactureurfieoproteins and
proteins. Almost all organisms need this vitamih dnly in very small
amounts.

The ability to absorb this vitamin depends on tmedpction by the
stomach of an intrinsic factor, a glycoprotein. s€a of B, deficiency
often involve patients with defective productiontbfs intrinsic factor.
Failure of absorption (pernicious anaemia) is namemon than dietary
deficiency. Vitamin B; is found only in animal foods, so the¢gans
(pure vegetarians) are at risk of deficiency over tourse of several
years. The requirement of vitamin,Bwith vitamin D) is the smallest
of all the vitamins, only two micrograms per dayhat is stored in the
liver is enough to last for five years déprivation. Vitamin B;
participates with folic acid in DNA synthesis ss deficiency leads to a
similar anaemia.

The symptoms of deficiency are identical to thessieal syndrome of
pernicious anaemia: ineffective manufacture of béabd cells; faulty
myelin synthesis, leading to paralysing neuritigl@mmation of nerves)
and a failure to maintain the epithelium of theestinal tract. Marked
anaemia and generalised debility, which eventuddiyelop, are always
fatal unless treated. Cyanocobalamin has onlyestablished use, the
treatment of this deficiency disease, butinsluded nevertheless in
many multivitamin preparations. Food sources areniyaf animal
origin, namely: milk, eggs, meat, poultry, fishudr, kidney and heatrt.

3.2.8 Ascorbic Acid (Vitamin C)

Ascorbic acid is a plant sugar in the acid formxurenic acid. It is the
opposite of vitamin B in that it is found in almost all plant foods,
notably citrus fruits, green leafy vegetables aoohdtoes, but not in
meat. It is a powerful antioxidant and is requifedthe formation of
collagen;i.e., in wound healing. Unlike vitamins of the B complex,
ascorbic acid does not act as a cofactor. In ty,bascorbic acid is
reduced to dehydroascorbic acid and is involvedxilation-reduction
reactions.  Vitamin C functions mainly in the formoat and
maintenance of intercellular ground substance emithgen in teeth,
bone and connective tissue of blood vessels.

Symptoms of deficiency are manifested mainly in docend blood
vessels: teeth loosen because dentin is absorltethangums become
spongy and bleed easily; haemorrhages in otheretssalso occur easily
with the slightest trauma. Vitamin C is used teyant and treat scurvy
and many other disorders, including various deptablems. Intake of
very large amounts for long periods of time carmaenful, even though
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vitamin C is well tolerated, as it may contribute the formation of
kidney stones in the urinary tract. A daily intaké sufficient fresh
orange juice provides enough vitamin C for mosppses.

3.2.9 Biotin, Choline and Inositol

Biotin, a complex organic acid containing sulphisr,a coenzyme for
several carboxylation reactions involving carbooxdie fixation. It is

synthesized by intestinal bacteria and is widespreafood products
like meats, vegetables and legumes. A naturatiéefty in humans is
unknown, even in individuals on extremely deficidrts.

Choline, a simple amino alcohol, is a componentleaithin and of

acetylcholine, the latter of which is one of the sthamportant

neurotransmitters. Unlike most vitamins, cholirma de synthesised in
the body, provided that methionine intake is sugfit. It is present in
large amounts in egg yolk, milk and seafood. Humeficiency rarely

oCCurs.

Inositol is an isomer of glucose, the common swjdruman diets. It is
a component of certain phospholipids. No coenzfunetion has been
established, but inositol promotes the growth @fsye

4.0 CONCLUSION

Vitamins are micronutrients present in the bodyteysregulating the

metabolism of proteins, fats and carbohydraf€sey are mainly
obtained from dietary sources although some of tbembe synthesized
in the body system (e.g. vitamin D) and by bacléiiaa in the intestine

(e.g. vitamins B and K).

5.0 SUMMARY

Fat-soluble vitamins are usually absorbed with #odloht contain fat.
They are broken down by bile in the liver, and ¢&meulsified molecules
pass through the lymphatic system and veins toisteibiited through
the arteries. Excess amounts are stored in thg<tat and in the liver
and kidneys. Because fat-soluble vitamins can beedf they do not
have to be consumed every day.

With the exception of vitamin C (ascorbic acid),t@rasoluble vitamins
belong mainly to what has been termed the B complazxtamins. The
better-known B vitamins are thiamineJBriboflavin (B;), niacin (B),
pyridoxine (B), pantothenic acid, lecithin, choline, inositolnda
paraaminobenzoic acid (PABA). Two other membeesfalic acid and
cyanocobalamin (B). Yeast and liver are natural sources of most of
these vitamins.
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SELF ASSESSMENT EXERCISE
List the water soluble vitamins and fat solublemins.

6.0TUTOR-MARKED ASSIGNMENT

1. Compare and contrast the functions of Vitamiandl Vitamin C.

2. (@) Name two vitamins that are derived only fr@amimal
sources.

(b)  Name two vitamins that are available mainly in plants and
cereals.
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1.0 INTRODUCTION

Unlike sodium and potassium which are staple elésnehthe diet and
are present in ample amounts in all foodvefetable and animal
origins, certain minerals are additional dietarguieements. Although
most are present in the average diet, these miaraly not always be
ingested in quantities sufficient to satisfy melabmeeds, especially
during growth, stress, trauma, blood loss andsome diseases.
Minerals are classified as major or trace dependingthe body’s
requirements. Major minerals are: calcium, nesgmm, chlorine,
phosphorus, potassium, sulphur, sodium and potassilrace elements
are other inorganic substances that appeathén body in minute
amounts and are essential for good health. Lstlenown about how
they function, and most knowledge about them cofrm®s how their
absence, especially in animals, affects healtracd'elements appear in
sufficient amounts in most foods. They includeochium, copper,
fluorine, iodine, iron, selenium and zinc.
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2.0 OBJECTIVES
By the end of this unit you should be able to:

classify minerals in the body into major and tratEments
discuss main metabolic functions of each mnaheslement
through the deficiency symptoms

identify major dietary sources of these minerahedats

discuss the advantages of eating foods containetgrg fibre.

3.0 MAIN CONTENT
3.1 Mineral Elements
3.1.1 Major Elements
3.1.1.1 Calcium

The body's requirements for calcium are generalbt fy eating or

drinking dairy products, especially milk and cheese well as dried
legumes and vegetables. Most calcium (about 9@%}adred in bone,
with a constant exchange occurring among blooduéisand bone. The
intake is balanced by losses in urine and faecds H[lood levels of
calcium and its intestinal absorption, deposition,mobilisation from

bone are all controlled by a complex interplay wdmin D, parathyroid

hormone and calcitonin. Contrary to some lbetg beliefs, high

intakes of protein and phosphorus do not lead tosa of calcium.

Excessive dietary fibre, however, can hinder itsoaption.

Calcium promotes bone rigidity and is important nraintaining the

integrity of intracellular cement and cellulanembranes. It also
regulates nervous excitability and muscle contoactand may be

protective against high blood pressure. Durpgriods of growth,

pregnancy and lactation, calcium intake shouldrmeeiased. Diseases
of calcium metabolism include vitamin D deficiendypervitaminosis

D, hypo- and hyper-parathyroidism, and some forimemmal disease.

Calcium depletion is difficult to recognise becal@ percent of the
calcium in the body is in the bones. A 1 % reducdf bone calcium is
impossible to detect. This amount, though Emal quite large (it
amounts to about 10 — 12 g)Osteoporosis a calcium deficiency
disease, is manifested by reduced bone mass farteyar length or
volume of bone. This implies less mineral [calciymosphate] and
bone protein, and by extension, reduced or iregabone mobility.
Osteoporosis is common in postmenopausal women naustrial
societies. It causes bone pain and a tendenawadtufes. It clearly has
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multiple causes, including lack of exercise as vasllthe possibility of
insufficient dietary calcium.

3.1.1.2 Phosphorus

Phosphorus plays important roles in conjunctiorhvgalcium in bone
and teeth formation, acid-base balance maintenam@emostasis of
calcium and in reactions involving carbohydrategids and proteins.
The chemical energy of the body is stored in "heglergy phosphate™
compounds (ATP’s). Elemental phosphorus is exthempeisonous, but
phosphorus ingested as phosphates in the dietsl lmesenilk, cheese,
yoghurt, fish, poultry, meats and grains, is notido Deficiency is

manifested in general body weakness and loss oiucal

3.1.1.3 Magnesium

Magnesium is an essential element in human metabaind functions
in the activities of muscles and nerves, enzymaevattdn, protein

synthesis and many other reactions. Magnesiumsis @hportant for

maintaining the electrical potential in nerve andsoie cells. It is found
mainly in whole grains and green, leafy \agks. Magnesium

deficiency results in growth failure, behaviour lplems and occasional
spasms. Magnesium deficiency may also occur iesca$ alcoholism,

diabetes mellitus, pancreatitis and renal diseas&®longed deficiency
can cause changes in heart and skeletal muscleesgixe retention of
magnesium can occur in renal disease and resultsustle weakness
and hypertension. A deficiency in magnesium amorgjnourished

people, especially alcoholics, leads to tremorsa@myulsions.

3.1.1.4 Sodium

Sodium, which is present in small and usually sidfit quantities in

most natural foods, is found in liberal amountssaited prepared and
cooked foods. It functions mainly in the maintecef acid-base and
body water balance, and nerve function regulatitie.depletion occurs,
usually with accompanying water loss, as a resitlinassive loss of
fluids as in severe cases of diarrhoea, vomitind) @xcessive urination.
The patient ends up being weak and exhausteddium depletion
(usually accompanied by chloride depletion) occirsa number of

disease states. Deficiency results in muscle cramguiiced appetite
and mental apathy. Too much sodium causeslema an over

accumulation of extra cellular fluid. Evidence naxists that excess
dietary salt contributes to high blood pressure.
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3.1.1.5 Potassium

Potassium occurs naturally in bananas, leafy vétgsapotatoes, milk
and meats. It functions mainly in maintenance @fl-dase and fluid
balance and nerve transmission Depletion occussturations similar to
sodium and may become obvious if sodium awater, but not
potassium, are replaced. Potassium loss is eslyetkdly to occur
with diarrhoea or overuse of purgatives, with regulise of diuretic
drugs (drugs causing increased output of urine}h wiorticosteroid
treatment. In potassium depletion the serum-patasdevel is low,
there is weakness of voluntary muscles and in@steristalsis may
stop. Under these conditions, the electrocgrdiosh shows low T
waves. Deficiency results in muscle cramps, mecwafusion, loss of
appetite, and irregular cardiac rhythm

3.2 Trace Metals

3.2.1 lodine

lodine is found naturally in salt-water fishes, Iffish, dairy products
and vegetables. The one important function ofrieds associated with
the synthesis of thyroxine and the function ofttingoid gland. Persons
living in coastal regions usually receive an adegusupply of iodine
because of the high content in seafood. In gedigamgions located
far inland, however, a lack of iodine in food istdp occur, causing
goitre, so a small amount of iodine is often addgdnanufacturers of
table salt (iodised salt). Elemental iodine ighty poisonous, and its
only use in medicine is as an antiseptic.

lodine is necessary for the synthesis of the hoewoof the thyroid
gland. In the absence of adequate iodine, theoithygnlarges because
of increased secretion of pituitary thyrotrophM/here the frequency of
endemic goitre is high, babies are often born wrttinism (a cause of
mental defect and dwarfism), in addition, laxge percentage of
apparently normal people in the community develbpoamalities such
as learning disabilities, deafness, a higher ratestdlbirths and
malformed babies. lodised salt is effectiomly in developed
communities. For remote, isolated communities tlest method of
prevention is an injection of two millilitres of desed oil to all women
of childbearing age.

3.2.2 Iron
Iron is a vital component of haemoglobin and alscestain respiratory

enzymes. The main function of iron is in the fotima of haemoglobin,
the red pigment of the blood that carries oxygemfthe lungs to other
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tissues. Foods high in iron content include meaerland heart), Lean
meats, eggs, whole grains, wheat germ, legumes raast green
vegetables. Increased requirements for iron ocewng the growth
period, pregnancy, excessive menses and othenaestaof blood loss.
An average diet containing 10 to 15 mg a day isgadi& for most
people. Iron deficiency, resulting in anaemia, tentreated by large
amounts of iron in order to gain positive absomptio

Iron deficiency is common throughout the world, mmumore so in
women than in men. Bleeding depletes the bodyarf because each
millilitre of blood contains 0.5 milligram of iron.When iron stores are
empty, there is anaemia (reduced red blood celhiyawith small cells
containing less haemoglobin than normal (microgytigpochromic
anaemia).

3.2.3 Zinc

Zinc, found mainly in lean meat, whole-grain breaasl cereals, dried
beans and seafood serves as a cofactor of dehy@regge and carbonic
anhydrase. Zinc loss occurs during such stresstgnhs as surgical
operations and its replacement aids in wourghling. Dietary
programmes often promote zinc loss, while the dssoncentrated zinc
supplements can lead to calcium deficiency. Featof zinc deficiency
in humans have been protean: various combinatién®ss of taste,
retarded growth, delayed wound healing, baldnaesstufar skin lesions,
growth failure, small sex glands, impotence in mealafertility in
females, delayed wound healing, mental lethargyraddced immunity
to infections. Over ingestion of zinc or inhalatioh its vapours can
cause depression, vomiting and headache.

3.2.4 Fluorine

Fluorine is concentrated in the dental enamel arfwbnes as fluoride. It
functions in bone structure maintenance and inese#se resistance of
the enamel to erosion by acid. The chronic toxisedof fluoride starts
at intakes of about five milligrams per day; thestfisign is mottling of
the teeth. Above 10 milligrams per day bony outgh®vmay occur
(skeletal fluorosis). The only foods that contappreciable amounts of
fluoride are tea and fish. In communitiesd acountries where the
drinking water is not fluoridated many obtain sorfieoride from
toothpastes, a few give fluoride tablets to chiddpeophylactically, and
dentists apply fluoride solution directly to theipatients' teeth
periodically. Deficiency results in osteoporosisl &amoth decay.
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3.2.5 Other Trace Minerals

Selenium found mainly in seafoods, meat and graipsevents

breakdown of fats and other body chemicals. Howatsedeficiency is

manifested in various forms of anaemi&opperoccurs naturally in
meats and drinking water. It aids red blood cethfation. Deficiency
results in anaemia and impaired bone and nervessdidevelopment.
Chromiumoccurs naturally in legumes, cereals, orgaeats) fats,
vegetable oils, meats and whole grains. It fumsticmainly in glucose
metabolism. Deficiency results in adult onset dtab.

3.3 Dietary Fibre

Dietary Fibre can be defined as food maltergarticularly plant

material, that is not hydrolysed by enzymes sedrdtg the human
digestive tract but may be digested by microflorahe gut. It refers to
the remains of plant cell walls, a complex mixtofecarbohydrates that
resist digestion in the intestinal tract and arrefore apparently of no
nutritional value in the diet. Dietary fibre, aldmown as bulk and
roughage, is essential in the diet even thoughraviges no nutrients.
Human nutritionists have thus disregarded dietdong ffor many years.

Over the past two decades, however, there has hewndespread
appreciation of the importance of dietary fibre fogalth. With the
development of precise methods for measuring tfierdnt compounds
present, the ternrmon-starch polysaccharidéNSP) is preferred to the
less-precise term dietary fibre. These includéutmede, hemicelluloses,
pectins, fructans (e.g. inulin), gums andniing. They are all
polysaccharidesi.€., unavailable carbohydrates) except lignin, which
occurs with cellulose in the structure of plantsheTvarious types of
NSP can be divided into two broad groups: thosé #ma insoluble
(celluloses, some hemicelluloses and lignin) amderthat are soluble in
water (beta-glucans, pectins, gums, mucilages and some
hemicelluloses), forming viscous gels. Howeveg @odex definition
recognises that there are other materials thahairdnydrolysed within
the human digestive tract, the principal class dpéie resistant starches
(oligosaccharides based on galactose, maltose other sugars) and
lignin. There are three forms of resistant stasclia) protected starch
molecules, (b) unswollen granules, e.g. potataktand (c) retrograded
starch. These materials (a — c) are resistantdestlon in the upper
reaches of the alimentary canal and arrive inta¢he colon where they
are digested by the microflora of the gut, a defitg characteristic of
dietary fibre.

The increased bulk of high-fibre foods give themager satiety value
(that is, they make a person feel “full Yypivhich is beneficial in
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preventing obesity. More importantly, a diewl in fibre leads to
constipation and the development of high pressun the intestinal
tract. This has been linked with the developmérdierticular disease

of the colon, hiatus hernidyaemorrhoids(piles), and varicose veins.
All of these conditions are more common in peopith \& low intake of

NSP, and high-fibre diets are protective.

High-fibre diets lower blood cholesterol therebylueing the risk of

heart disease. Bile salts are formed in liker from cholesterol;

normally some 30g are secreted daily in lile. Most of this is

reabsorbed and recycled. Fibre will bind a praparbf the bile salts

(and cholesterol itself, which is also secretethabile), so that they are
excreted in the faeces rather than being reabsptbad causing more
cholesterol to be used for bile salt synthesis.

High-fibre diet also reduces the risk of gallstdaemation, since a high-
fibre diet results in more bile salts and less ebt@rol being present in
the bile — it is the insolubility of cholesterol @i its concentration in
bile is high that causes the formation of gallsson8ile salts have been
implicated in the development of cancer d&fe tlarge intestine.
However, if the salts are bound to dietary fibréhea than being free in
solution, they will not be able to interact withetintestinal wall in such
a way to promote the development of tumours.

Dietary fibre has two further important effects reducing the risk of
cancer. All diets contain a number of potenti@ifycinogenic (cancer-
causing) compounds; many of these will bind to adetfibre, and so
will be unavailable for absorption into the bodydaunable to interact
with intestinal cells. Furthermore, the inteati bacteria ferment a
proportion of the dietary fibre, and some of thedurcts of this bacterial
metabolism (especially butyric acid) have anti-peohtive action (that
is, they help prevent cells from multiplying), asal will provide further
protection against the development of intestinacea.

The food sources of fibre are fruits, vebkis, cereals (especially
whole grain), whole-grain bread, wheat bran anddpets made from
nuts and legumes. A diet overly abundant in fibrewever, can cut
down on the absorption of important trace minedaisng digestion.

4.0 CONCLUSION

Minerals are micro nutrients which can be clasdifr@o major elements
and trace in organic components which are presefttads required for
good health.
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50 SUMMARY
In this unit we have learnt that:

Calcium and phosphorus are minerals required foekand teeth
formation. A small amount of calcium is howeveruggd in the
serum which regulates nervous excitability and reusc
contraction.

Enzymes require magnesium for activation of thevaiets of
muscle and nerves. Similarly Zinc is required a®factor in the
dehydrogenases and carbonic anhydrases required in
intermediary metabolism.

Both sodium and potassium are elementsndoin small
quantities for the maintenance of acid-base andy bodter
balance, and nerve function regulation. Bathinerals are
involved in hypertension.

Blood contains haemoglobin which requires iron asofactor.
Lack of iron result in hypochromic and microcyticagmia.
Fluorine derived from water or dental sourcesd in the
formation of strong teeth and bones.

Eating foods containing fibre e.g. from leafy vesés cereals
and legumes promote many advantages even thoughitself is
not a nutrient.

SELF ASSESSMENT EXERCISE

Classify the mineral micronutrients accorditgy their physiological
functions in the body.

6.0TUTOR-MARKED ASSIGNMENT
Discuss the role of minerals in enzyme activities.
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1.0 INTRODUCTION

Food Poisoning, in the broadest sense, refersyt@amdition in which a
food causes a toxic reaction, whether as a reguét toxin naturally
present in the foodfor example, green or sprouting potatoes, paytiall
cooked red kidney beans, many mushrooms and s@daxin acquired
by the food as a result of natural accidésiich as contamination of fish
or shellfish with toxins from dinoflagellate orgams in plankton);
fungal spoilage leading to the production of mye&ate in the foodor
contamination of the food with toxins during agttawal processing
(for example, pesticide residues)food processingsuch as accidental
contamination with industrial chemicals). It maysal result from
ingestion of heavy metalmtoxication) such as copper and mercury.
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However, the term is generally reserved for gastrointestindisease
resulting from bacterial (or sometimes viral) contanation of foods

Food poisoning (or intoxication) is generally claesised by the
symptoms of nausea, vomiting, loss of appetite r@na), fever,
abdominal pain or discomfort (gastroenteritis) amrhoea, in varying
degrees.

By far the most important cause of food poisonisigantamination of
foods with bacteria that do not cause any obviqeslage, so that the
food is still apparently fit to eat, but may contdnazardous amounts of
toxins, or sufficient numbers of bacteria to causection in people
eating the food. While in some cases the symptdewvelop within a
few hours of eating the contaminated food, in ottases there may be a
delay of several days or even weeks before theeeaay signs of
infection. Obviously in such cases, it is difficudt ascertain which food
caused the infection.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define food poisoning, botulism and cross contationa
enumerate the types of botulism

explain main sources of mineral poisoning

enlist the symptoms of bacteria and mineral poisgni
propose measures for the control of food poisoning.

3.0 MAIN CONTENT
3.1 Causes and Management of Food Poisoning

3.1.1 Causes of Food Poisoning

Direct or indirect contamination of food may causgctions in man.
The transmission of these diseases by food depend$e following
conditions:

The presence of a food that supports thewtr of the
microorganism

The inoculation of the food with a sufficient numbef
microorganisms, which may come from a patient waitimical
disease, a carrier, or from contaminated envirorin{amater,
sewage etc)
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Contamination at suitable temperatures for a pelood enough
to permit the growth of the organism or the elaboraof the
toxin

The absence of suitable treatment or processintheffood to
inactivate the organism or the toxin

Ingestion of food by the host.

This series of events usually occurs inedtirsy where there is a
reservoir of organism in man, animals, or the emment; where
knowledge and practice of food hygiene and persdngliene is
inadequate to prevent transmission of ibganism; and where
sanitation facilities are insufficient to prevenbntamination of the
environment with human excreta and its transféodal.

Contamination of food leading to food poisoning cacur as a result of
the way in which the food is handled and preparéde major causes
are:

3.1.1.1 Inadequate Cooking

Inadequate cooking of contaminated raw food andegaate reheating
of pre-cooked food, so that the temperature issudficiently high to
kill the bacteria.

3.1.1.2 Food Storage Conditions

Keeping cooked food at temperatures that favougtbeith of bacteria.
Bacillus cereuss a special problem because it forms spores theat a
relatively resistant to heat, and these sporescaremonly found on
cereal grains. If cooked rice is kept warm, asrfbccurs in take-away
restaurants, the spores germinate and the organidtiplies, producing
its toxin.

3.1.1.3 Cross - Contamination between Raw and Coaké&ood

Cross-contamination is commonly a problem in domedbod
preparation, but may also occur, sometimes withmdtec effects, in
industrial food processing. In one incident 1894, some 224,000
people were infected wit®almonellaas a result of pasteurised ice
cream being carried in tankers that had previobein used to transport
unpasteurised egg contaminated v@dimonella enteritidis
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3.1.1.4 Poor Personal Hygiene in Food Handlers

3.1.1.5 Ingestion of Toxins

The ingestion of naturally occurring poisons présen mushrooms,
toadstools, fish and shellfish and other aombants. Mushroom
poisoning from mushrooms, such Asanita phalloidesor muscaria,
result in sweating, cramps, diarrhoea, confusion armgbmetimes
convulsions. Patients usually recover within 24iiso If the infecting
mushroom isAmanita phalloideshowever, liver damage is common,
leading to jaundice. Remissions may occur, but riwtality rate is
about 60 percent or higher. Fish poisoning caalré&®om Pacific types
such as sea bass, Caribbean types sudPasallas Scrombroid types
such asMackere] and Tetraodon types such Bsffers Symptoms
include numbness of the limbs, joint aches, chalgl fever. Muscle
weakness and paralysis can also occur, and deathremalt within 24
hours. Mussels and clams may ingest a poisonous dinoftage({red
tide) from June to October that produces a toxin destroyed by
cooking. Symptoms include nausea, vomiting and aiial cramps
and death can occur as a result of respiratonyrail

3.1.1.6 Ingestion of Heavy Metals

Ingestion of heavy metals, such as lead and meraany cause acute
nausea, vomiting and diarrhoea and may cause ag®[yiror nervous
system damage over the long term. The sgveiftthe symptoms
depends on the irritant and the dose, as well asreékistance of the
patient. Treatment includes bed rest, fluidsl éblood or plasma
expanders in severe cases where shock is antidipate

3.2 Types of Food Poisoning Organisms

Food poisoning organisms can be classified into gyaups, depending
on the mechanism involved in causing disease:

3.2.1 Organisms that Produce Toxin in the Food

The main examples of such food poisoning organiamnesClostridium
botulinum Staphylococcus aurewend some strains d@acillus cereus
Here the problem is one of intoxication rather thaection, as occurs
with the other classes of food poisoning organisiiis means that if
the food contains a significant amount of the toxmen subsequent
cooking will not reduce the risk of food poisoning.
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Clostridium botulinunfood Borne Poisoning

Botulism is poisoning caused mainly by eating foodntaining
Clostridium botulinuma poisonous bacterium. There are three main
kinds of botulism. Food-borne botulisntaused by eating foods that
contain the botulism toximvound botulismcaused by toxin produced
from a wound infected withClostridium botulinum infant botulism
caused by consuming the spores of the botulinuntebac which then
grow in the intestines and release toxin. All feraf botulism are fatal
and are medical emergencies.

Food-borne botulism is especially dangerous becaasiag a batch of
contaminated food can poison a large number of Ipeoffhe food-

borne organism, which is derived from the soil,vggan many meats
and vegetables. Its spores are killed by boilog30 minutes, while the
toxins may be destroyed by moist heat at 80° C {F)6for the same
period. Because the spores grow best in ahsence of oxygen,
improperly processed foods in sealed containerserofi perfect

environment for their development.

If food contaminated by the bacteriu@lostridium botulinumis
improperly canned or bottled, the bacteria are a&blproduce a toxin
(botulin), which produces the disease botulism.thiwi8 to 36 hours of
ingestion of the contaminated food, the botulininogaralyses nerves
regulating muscle function, resulting in reapry failure, as the
muscles that control breathing weaken. In additiba toxin affects the
central nervous system and interrupts nerve impulbait the mind
continues to function normally (symptoms usuallpegr 18 to 36 hours
after ingestion). Disability progresses from didfity in walking and
swallowing, along with impaired vision and speeth, occasional
convulsions, and ultimately to paralysis of thepmegory muscles,
suffocation, and death, all within a few hours aysl depending on the
amount of toxin ingested.

The most direct way to confirm diagnosis is to dasirmate the presence
botulinum toxin in the patient's serum or stool ioyecting serum or

stool into mice and looking for signs of botulismihe bacteria can also
be isolated from the stool of persons witod-borne and infant
botulism.

Botulism antitoxin may be effective if administdrearly. Surgical
opening of the trachea and use of a respirator bwyife saving.
Physicians may try to remove contaminated food stilthe gut by
inducing vomiting or by using enemas. The respisattailure and
paralysis that occur with severe botulism may nexjai patient to be on
a ventilator for weeks. Research into the useodfillsm in biological
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warfare has produced a toxoid, an inactivgpeison for use in a
vaccine, to induce immunity.

Staphylococcu$-ood Borne Poisoning

The most common species of StaphylococcuStaphylococcus aureus
(also known asStaphylococcus pyogengesvhich is found on the skin,
mouth, external ear and in the nostrils of manylthgaindividuals.
Another species of staphylococcustaphylococcus epidermidis
(Staphylococcus albus)is very widespread but is not normally
pathogenic. However, either of these bacter@n cause serious
infections under the right conditions. For examplegy may infect
wounds or give rise toendocarditis (inflammation of the heart
membrane) if the host’'s immune system is weak. yThay also cause
pneumonia and internal abscesses. Although thegotidorm spores,
staphylococci can survive for several weeks in copditions. Some
strains can withstand high temperatures; they doofien grow outside
the body, but may do so in meat, milk or dirty wate

The various species &taphylococcubacteria multiply rapidly at room
temperature and may directly infect the gastrotitaktract. This is
due largely to careless food handling: workers siageze or cough on
food or may have infected pimples or wounds onheds or face and
transmit the bacteria to the foodstaphylococcus aureusfections are
characterised by the presence of pus and formafiabscesses.

This form of staphylococcus is responsible for spgimstules (pimple
containing pus), boils and carbuncles (severe skiscess), impetigo
(contagious skin infection forming pimples asdres), infections of
wounds and burns, breast abscesses, whitlow, og&dibis)
bronchopneumonia, septicaemia (blood-poisoninglitea@ndocarditis,
food poisoning and scalded skin syndrome. @gms of nausea,
vomiting and diarrhoea develop 1 to 8 hours aftegposure to the
Staphylococcudacteria. Treatment is usually a combination ofdfl
and electrolyte replacement; deaths are ratduch more rarely,
Staphylococcus aureugive rise to more serious infections when the
resistance of a tissue or the host is reduced.

3.2.2 Organisms that Multiply in the Intestiral Tract and
Produce Toxins that Causes the Symptoms

Such organisms may multiply in the intestinal cayior example, some
strains ofBacillus Cereusand Clostridium perfringens in which case
the onset of symptoms is relatively rapid aftetirepthe contaminated
food, and the infection lasts generally for onlyday or so. Other
organisms, including the various pathogenic strainSscherichia coli
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species oAeromonasandVibrio cholerae(causing cholera) invade and
multiply inside the cells of the intestinal walleseting toxins. The
onset of symptoms from such organisms is typicaig to two days and
the symptoms may last for several days.

Escherichia coliFood Borne Poisoning

E. coliinfection is a potentially fatal form of food porsag caused by
certain strains of the bacteriugscherichia coli. Some 5 millionE. coli
bacteria normally inhabit the human and animalsimal tract, and are
vital to processing vitamins in the diet. Howevarnumber of strains
are pathogenic and cause gastroenteritis. Setra@ns, known as
entero-pathogenic strains, are associated with raadked meat, and
are a common cause of diarrhoea in infants, buélyaproduce
gastroenteritis in adults. Other “entero-toxicdgéstrains are the main
cause of “travellers' diarrhoea”. A relativelydarnumber of organisms
(100 million or more) are normally required to caumich infections,
which are generally associated with food and watartaminated by
faeces.

Entero-invasive strains of the bacterium invaddscet the intestines,
causing dysentery, with bloody diarrhoea. These haghly virulent
strains, and ingestion of just a few organisms mayse infection.
Outbreaks of such infection have been associatéd wumndercooked
hamburgers and unpasteurised milk. The entero-halkagc strains
are also highly virulent, causing both bloody diaea and possibly
fatal systemic infection. In particular, the str&. coli0157:H7, which
also exists in animals and humans, is thought t@ brally infected,
highly toxic strain of theE. coli bacterium. Ingestion of as few as 10
organisms may cause intestinal haemorrhaging arssilde kidney
failure. The fatality rate from the infection i® Her cent in children and
the elderly. The main source of infection is undeked beef that has
been contaminated, often in abattoirs, with faecestaining the
bacterium. Infection through nursing of victimsncalso occur. Once
infected, people in confined areas can pass oimtéetion.

Certain rare strains of the bactefischerichia colicause food poisoning
in young children, the elderly, and people with ampd immune
systems. E. coli 0157:H7 normally found in the intestines and faecal
matter of humans and animals, can survive in nfetiiel meat is not
cooked past 155°F. Outbreaks are due mainly téaounated cooked
meats bought from local retail butchers. Thesedentes underscore
the need for improved food regulations, preparatom hygiene as
bacteria from meat surfaces are incorporadeding grinding and
cutting, and subsequent insufficient cooking.
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Symptoms appear after four to nine days, and imchidody diarrhoea,
cramping pain and fever. Complications include isapimia, kidney
failure and brain damage.There is no cure foE. coli infection.
Patients recover once the infection has run itsssuwlthough digestive
and renal problems may persist. Prevention is byntaaing high
standards of food hygiene. This includes alwayshivey the hands
before handling food, scalding the utensils usegrEpare meat and
keeping raw meat separate from other foods andhéditcsurface areas
during preparation. Meat should be thoroughly embko 70° C (160°
F).

Vibrio Choleraelnfection

Vibrio choleraecause cholera, a severe infectious disease endemic
tropical countries and occasionally spreading toperate climates. The
major means of infection is through the use of aonbated water in
cold drinks and in the preparation of foods suclraiss and vegetables.
In addition, ready-to-eat foods may be contaminabgd storage in
contaminated containers or by sprinkling with comtzated water. The
symptoms of cholera are diarrhoea and the lossabémand salts in the
stool. In severe cholera, the patient developsewoldiarrhoea with
characteristic “rice-water stools”, vomiting, thirgnuscle cramps and
sometimes, circulatory collapse. Death can oesuquickly as a few
hours after the onset of symptoms. The mortaéitg is more than 50%
in untreated cases, but falls to less than 1% efféctive treatment.

Prevention of the disease is therefore a matteanitation. Treatment
consists mainly of intravenous or oral replacemantluids and salts
containing the correct mixture of sodium, potassiuchloride,
bicarbonate and glucose. A vaccine made frbead bacteria is
commercially available and offers partial protectior a period of three
to six months after immunization.

3.2.3 Organisms that Invade the Body, but: (a) Gemally
Remain in the Region of the Intestinal Tract (b) Case
Widespread Systemic Infection

Organisms like species dCampylobacter Salmonella Shigella and
Yersinia remain in the intestinal tract. The onset syimptoms is
relatively slow (up to several days after eating ttontaminated food)
and the infection may persist for week€®rganisms that invade and
cause systemic infections in the body includseteria monocytogenes,
Salmonella typhi(causing typhoid fever) an&almonella paratyphi
The onset of symptoms may occur many days afteswamg the
contaminated food and symptoms may persist for masks.
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Salmonella Food Borne Infection

Salmonella is a genus of infectious bacteria, naafegt the American
veterinarian Daniel Elmer Salmon, who first isothié in 1885. The
organism is transmitted through contaminated ppulggs and certain
other foods. Three species are recognisgdimonella typhi, S.
cholerasiusandS. enteritidiswhich have more than 1,400 antigenically
distinct serotypesS. typhicause typhoid fever.S. typhimurium,a
serotype ofS. enteritidis,causes salmonella gastroenteritis, a type of
food poisoning characterised by abdominal painefewnausea and
vomiting, and diarrhoea. The incubation period i® &8 hours, and an
attack may last from three to seven days. Milcesassually are treated
with anti-diarrhoeal remedies while more severe esagequire
antibiotics. S. enteritidis occurs in most flocks of hens, thus
undercooked chicken or eggs are the usual souraefetftion. Careful
cleaning and thorough cooking of food prevent saletia infections.

Typhoid Fever

Typhoid fever is an acute infectious disease causedhe typhoid
bacillus Salmonella typhi.The bacillus is transmitted by milk, water, or
solid food contaminated by faeces of typhoid vigtior of carriers
(healthy people who harbour typhoid bacilli withoyresenting
symptoms). The incubation period of typhoid fevast$ one to three
weeks. The bacteria collect in the small intestirem where they enter
the bloodstream.This induces the first symptoms, chills followed by
high fever and prostration. Victims may alegperience headache,
cough, vomiting and diarrhoeaThe disease spontaneously subsides
after several weeks in most instances, but in a6@& of untreated
cases the disease progresses to pneumonia, iatdséiemorrhage and
even death.

Compulsory inspection of milk and water suppliesnd athe
pasteurisation of milk in particular, have greatyluced the incidence
of the typhoid bacilli. Of equal importance in tkentrol of typhoid
fever has been the recognition of carriers (who tteam be prevented
from handling food), and improvement of seweragslifees. Another
important factor in the control of typhoid fevertighoid inoculation of
people exposed to the disease, such as hospitéyrep and travellers
to areas with poor sanitary facilities.
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3.2.4 Other Microbial Infection

Clostridium perfringensfound mainly in poultry products, cause mild
form of food poisoning. Symptoms include abdomipain, nausea,
diarrhoea and vomiting. Symptoms last only a day starts about 8 —
22 hours after ingestion.

In Shigellainfection, no specific food is dominant. It is hewer found
in chicken spread, fruit and fish salad. It is cuderised by sudden
appearance of abdominal pains, cramps, diarrhesar fand vomiting;
blood, pus and mucous may be found in stools ofialigof infected
patients.

3.3 Control of Food Poisoning

Around the world there are enormous variaion climate, eating
habits, cooking methods, food storage andsgumuation, and public
health advice. Recommended food hygiene practicest rtherefore

take these conditions into consideration. Food Elygirefers to the
totality of practices in food handling that helpekefood clean and safe
to eat in order to avoid food poisoning. ople's attitude to the
importance of food hygiene will depend upon themaeeness, education
and the standard of living they can afford. Foodjibge regulations
have been brought into force in many countries raalothe world to

protect the public and reduce the number ootbreaks of food

poisoning. These regulations must be followed byoae responsible
for handling food in the food business.

3.3.1 Food Hygiene at Home and the Catering Indust

Food hygiene advice falls into three main sectigrexsonal hygiene,
cleanliness of the food area and food hygiene jgeact

Personal Hygiene

Prevention of food poisoning starts with peea hygiene. Food
poisoning bacteria can be found on human skin, hanl clothes, and in
ears, noses, mouths and faeces. If people touectedf parts of their
bodies during the preparation of food, they cangfer the bacteria to
the food. This is why hands must always be wasbefdre working
with food, especially after visiting the toilet The bacterium
Staphylococcus aurets found in the human nose, infected wounds and
boils, so cuts and grazes must be covered to deod contamination.
Clean, protective clothing such as aprons or olgersthould also be
worn during food preparation.
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In food businesses, food handlers should not watk feod if they are

suffering from or are carriers of food-poisonindeictions as they can
accidentally contaminate foodstuffs. Many foodtdaies insist that

workers' hair and beards are covered with hatsnatsl Food handlers
should not smoke, chew tobacco, or spit in foogaration areas.

At home, be sure to wash your hands in $wapy water before
preparing each dish. Always wash after using théarbam, dealing
with a child’s hygienic needs (such as changingagpeat or wiping a
nose), or handling any animal (including househmdts). Wash fruits
and vegetables in lukewarm water to get rid of ctseand pesticide
residue. In many cases, skinning, peeling andngpdre the best ways
to cleanse foodstuff. With lettuce or cabbage,aesnand throw away
the outermost leaves.

Cleanliness of the Food Area

Areas where food is stored and prepared must be dtepn and free
from pests and pets. Dirt, soil and food residcas harbour bacteria
and pests. Detergents should be added to hot waterthe solution
used to wipe down and clean surfaces, equipmergrsland walls. In
addition, all utensils, cutting boards and couwniestshould be washed
with hot soapy water after preparing eackhd+ especially after
handling raw meat, poultry or seafood. Food wakteuld be regularly
removed from the food preparation area. Bactawavgapidly in warm
conditions, especially at the normal human bodypeenature of 37°C.

The danger zone is anywhere between 5°C and 63°@mpérature
control is important, so cold food must be storedectly then cooked
at a temperature high enough to kill bacteria. héligh the refrigerator
can inhibit the growth of dangerous bacteria, #ragerature should not
be greater than 4°C. The freezer should be —-17°C.

Food Hygiene Practice

The most serious cross contamination occurs betwaenfoods and
cooked foods, so they should not be stored togeihgrepared using
the same equipment. Keep raw meat, poultry oroselageparate from
other foodat all times (when shopping, storing and preparing). Do not
let the juices flow or drip onto each other or uatber food. Never put
cooked food unto a dish that formerly held raw méah or poultry,
unless that dish has been washed thoroughly witkdeapy water.

It is also important to cook all food items thorblyg If internal heat of
food exceeds 70°C, even briefly, almost ladicteria, viruses and
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parasites will be killed. Poultry should be cooleadn more than that,
up to 80°C. Reheated foods should be broughtiéonperature of 75°C
or it should be hot and steaming. Avoid eatinglipguhat is still pink
inside, eggs with runny yolks or whites, or fiskatthis not yet opaque
and that you cannot readily flake apart with a fork

When dining out, make sure the restaurant you sdisfies the health
standards required by law. Always order well-cabkeeat when eating
out. With take-away meals, make sure it is eatéhinv2 hours from
the time of purchase. If more time elapsedeat the food to a
temperature not less than 75°C.

If you are in doubt as to whether some food itemgpasd or spoiled, play
safe and throw it outThrow away any questionable food.Granted, it

is unwise to waste good food, still, getting sickni bad food may
prove even more costly.

3.3.2 Health Education

Health education programmes are concerned withngirknowledge to
action. The actions include:

Changing food habits to incorporate the hgiliof drinking
water, cooking all food and avoiding raw meat asH.f

Taking specific precautions including the adequadeking of
food and the avoidance of foods and food preparatethods
that have caused outbreaks in the past.

Avoiding long delays in consuming prepared food &itbwing
approved food sanitation methods and procedures.

Giving positive support to community activities hucas
improvement of water supply and the constructiod ase of
latrines

Accepting expert advice on food hygiene and condfoénteric
diseases.

Health education methods include both person-tsgrecontacts
and the use of mass information medidhe methods must be
carefully chosen to match the educationakllesf the target
group and effective use should be made of commueégters in
the educational effort. The educational programreukl be
designed specifically for the community. The taskdifficult
since a number of anti-health factors existhese include
ignorance, superstition, lethargy and povertydsw as
opposition from vested interests.
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4.0 CONCLUSION

Food poisoning may occur as a consequence of narirotoof
environmental temperature leading to growth oforgp from

microorganisms including Clostridium and staphylomgs species.
Mineral poisoning from heavy metals may also occfiom

contaminations and cross-contaminations.

50 SUMMARY
In this unit we have learnt that:

Food poisoning may result from poor environmental personal
hygiene, storage conditions and contaminations.

The most deadly and pathogenic microorganisms diecRitypes
of clostridium botulinum and staphylococcus aureus.

Mineral poisoning may occur from heavy metals sashead and
mercury from contaminations.

Other microorganisms that cause food poisoningiahel

- Escherichia colespecially in children and the elderly.

- Vibrio choleraewhich causes cholera.

- Salmonella transmitted through contaminated ppukggs and
certain foods.

- Salmonella typhwhich causes typhoid fever is transmitted by
milk, water or solid food contaminated by faecesarfiers.

The recommended control pressures against fooidoning
include:

- Good hygiene in the handling, processing andag®of foods.

- Application of low Temperature: Refrigerationlass than %
and deep-freezers at less thafCl7

- Application of proper Health Education bppés/ing methods
from contacts and information media.

SELF ASSESSMENT EXERCISE

Enumerate the pathogenic microorganisms involvi@gpstridium
botulinumandStaphylococcus aurespecies.

6.0 TUTOR-MARKED ASSIGNMENT

What are the major sources of food poisoning and ban they be
controlled?
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UNIT 1 DETERIORATION AND SPOILAGE OF FOODS
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1.0 INTRODUCTION

All foods (agricultural & aquatic products) undergarying degrees of
deterioration after harvest and during storagedifgn to losses in
nutritional value, safety, esthetic appeal (colaexture, flavour). Fruit,
vegetables and root crops are very perishable irdre is not taken
in their harvesting, handling and transport, theyt soon decay and
become unfit for human consumption. Estimates ofipction losses in
developing countries are hard to judge, but sontboaties put losses
of sweet potatoes, plantain, tomatoes, bananasiauod fruit as high as
50 percent of what is grown. Reduction in thesedss particularly if
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they can be avoided economically, would be of gmeghificance to
growers and consumers alike.

All fruits, vegetables and root crops are livinguu parts containing 65
to 95 percent water and they continue thide processes after
harvest. The post-harvest life of produce dependshe rate at which
stored food reserves are used up and the ratetef Vess. The changes
that occur not only lead to reduced quality but aso make the product
more susceptible to contamination with micgaomisms. Although
the microorganisms involved in produce deterioratioay be of public
health significance, their effects on human heaith often limited since
the physiological deterioration of the product oftemakes the product
unfit for consumption. However, the potential fbetgrowth of harmful
microorganisms along with the loss of product gyatake it important
to not only understand the factors involved in pciddeterioration, but
also the steps needed to maintain the best posgillgy for the life of
the product.

Food by nature is subject to deterioratieither by chemical or
microbial means. The shelf-life will be influencled factors such as:

I nature of the product (nutritional composition)
ii. packaging
iii.  temperature

In order to optimise the storage quality and extemelf-life of fresh and
value-added products, a clear understanding ofdieeof the following
factors in food spoilage is important:

I. chemical components in the food

i. environmental conditions

iii. initial microbial load

V. nature and types of micro-organisms present

Table 1 identifies some of the major causes of pastest losses and
poor quality for the various groups of fruits arebetables.
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Table 1: Causes of Post Harvest Losses and Pooud)ity for the
Various Groups of Fruits and Vegetables

Product Group Principle Causes Of
Postharvest Losses And Poor Quality
Root Vegetable +« Mechanical injuries

(carrots, beets, onions, garlic, potato, « Improper curing

sweet potato) Sprouting

Water Loss

Decay

Chilling injury

Water loss

Loss of green color

Leafy Vegetables
(lettuce, chard, spinach, cabbage, green

¢ o |e o & @

onions) « Mechanical injuries
Relatively high respiration rates
+ Decay
Flower Vegetables + Mechanical injuries
(artichokes, cauliflower, broccoli) « Discoloration
Water loss
+ Abscission of florets
Immature Fruit Vegetables +« Decay
(cucumbers, squash, eggplant, peppers, + Overmaturity at harvest
okra, snap beans) «  Water loss
+« Bruising and other mechanical
injuries
Chilling injury
Mature Fruit Produce « Decay
(tomatoes, melons, bananas, mangoes, « Bruising
apples, grapes, stone fruit) +« Overripeness at harvest
Water loss

+ Chilling injury
« Compositional changes

Deterioration, or undesirable quality changes, nh&y the result of
biological, microbiological, biochemical/physiolegi, or physical

changes in the product. Factors identified casses of deterioration
usually encourage the conditions that leadqtmlity losses. These
factors are usually the result of inadequate tngirof product handlers,
inadequate or non-existent storage structures,itab$el or inadequate
technologies for handling and storing produstffective quality

control, and adverse/extreme environmental tomd. In addition,

time is an important factor in the spoilage of proel
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Table 2: Factors Responsible for the Deterioratiorand Spoilage of

Foods

Deterioration Factor

Cause

Biological
+ Pests (insects, rodents, birds)

» Microbiological

« Physiological
Respiration
Ethylene production
Growth, development
Maturation, ripening, senescence
Transpiration and water loss
Disorders, injury

Chemical/Biochemical

« Enzymic

+ Oxidation

» Non-enzymic changes
+ Light oxidation

Physical
+ Bruising, crushing
« Wilting
+ Texture changes
« Moisture change

Time

Inadequate GMPs
Inadequate controls

Heat

Environment (temp, gas atm.)
Time, environment

Time, environment

Packaging, RH, air velocity
Chilling, heat, freezing, gas comp.

Environment, handling/bruising
Oxygen

Packaging, composition, heat
Packaging

Handling, packaging
Relative humidity, packaging
Environment, packaging
Relative humidity, packaging,
environment

2.0 OBJECTIVES

By the end of this unit you should be able to:

identify the major sources of food deterioration
discuss the role of temperature, packaging and ositpn of

food in food spoilage

explain the influence of initial microbial load atite nature and
types of micro-organisms present
discuss the extrinsic and intrinsic factors food that affect

deterioration

relate to other forms of deteriorati@rising from
infestation and rodent attacks.
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3.0 MAIN CONTENT
3.1 Causes of Deterioration and Spoilage

Foods are frequently classified on the basis oir th&bility as non-
perishable, semi-perishable and perishable.

1. Hermetically sealed and heat processed (e.gnecBnfoods are
generally regarded as non-perishable. However, thay become
perishable under certain circumstances when an rappty for
recontamination is afforded following processing. ucls an
opportunity may arise if the can seams are fawtyif there is
excessive corrosion resulting in internal gas fdromaand eventual
bursting of the can. Spoilage may also take plabermthe canned
food is stored at unusually high temperatures:ntioghilic spore-
forming bacteria may multiply, causing undesiratii@nges such as
flat sour spoilage.

2. Low moisture content foods such as dried famtl vegetables are
classified as semi-perishable. Frozen foods, thoumgsically
perishable, may be classified as semi-perishaligiged that they
are properly stored at freezer temperatures.

3. The majority of foods (e.g. meat and fish, méiggs and most fresh
fruits and vegetables) are classified as perishahless they have
been processed in some way. Often, the only fornprotessing
which such foods receive is to be packagedl kept under
controlled temperature conditions.

3.1.1 Chemical factors

Deterioration may result from chemical reacsiofvia endogenous
enzymes) or through interactions involving one oworen of the
macronutrients present in food and food produatgyEes are proteins
that occur naturally in plant tissues and catalyzsumber of important
biochemical reactions. Some enzyme-catalyzed wectare beneficial
while others result in quality deteriorationExamples of reactions
involving endogenous enzymes include:

I. the post-harvest senescence and spoilage oafndivegetables;

ii.  oxidation of phenolic substances in plant tsswy phenolase
(leading to browning);

lii. sugar - starch conversion in plant tissuesahbylases;

Iv.  post-harvest demethylation of pectic substar{ce. breakdown
of structural material) in plant tissues (leadingbftening of plant
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tissues during ripening, and firming of planssues during
processing).

v. development of off-flavors through the dtdown of lipid
components; and loss of color and undesirable birgyvn

vi. catalyze fermentation of sugars, breakdasinascorbic acid,
and many other deterioration reactions. Bruisifggning, cutting,
temperature, and presence of co-factors (e.g. Beéviy) increase
the rate of degradative enzyme activity.

3.2 Physical Factors

One major undesirable physical change in fqoalvders is the
absorption of moisture as a consequence of an duete barrier
provided by the package; this results in cakingalh occur either as a
result of a poor selection of packaging materialthe first place, or
failure of the package integrity during storage. deneral, moisture
absorption is associated with increased cohesigenes

Anti-caking agents are very fine powders of anticemical substance
that are added to powders with much larger partstie in order to

inhibit caking and improve flowability. Studiein onion powders
showed that at ambient temperature, caking doesoocur at water
activities of less than about 0.4.

At higher activities, however, (aw > 0.45) the alveel time to caking is
inversely proportional to water activity, and aésk levels anti-caking
agents are completely ineffective. It appears Wiale they reduce inter-
particle attraction and interfere with the conttguof liquid bridges,

they are unable to cover moisture sorption sites.

3.3 Biological Factors
3.3.1 Microbiological

The presence of pests and/or their droppings isecdor alarm. They
can result in product that is unsightly and cardpo® a significant food
safety hazard. Pests can spread disease-causiagisimg to produce.
They also cause damage to the surfaces of frudsvagetables Pests
such as insects, rodents and birds, aren dftentified as causes of
biological deterioration of produce. They also @auwmmage to the
surface of fruits and vegetables leading to greatesceptibility to
invasion by microorganisms that can cause prodpcilage and/or
disease to consumers. Proper sanitation in ralllyze handling and
storage areas is the most effective weapon aghiese pests.
Micro-organisms can make both desirable and ural@sirchanges to
the quality of foods depending on whether or neythre introduced as
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an essential part of the food preservation prooessise unintentionally
and subsequently grow to produce food spoilage.

The two major groups of micro-organisms found inde are bacteria
and fungi, the latter consisting of yeasts and uulBacteria are
generally the fastest growing, so that in condgidavourable to both,
bacteria will usually outgrow fungi. Spoilage miasoganisms including
bacteria, fungi, and viruses are major causesaif fteterioration. These
organisms may cause softening, off-colour, andflaffeur in produce.

Some micro-organisms, called pathogens, will resultiness of those
consuming the product if present in sufficient gugnin the foods.

In general, fruits and vegetables offer considerabdsistance to
microbial activity. However, the softening thasually accompanies
aging of products and mechanical injuries increhgesusceptibility of

produce to micro-organisms.

The species of micro-organisms which cause thelagpmiof particular
foods are influenced by two factors: a) the nawfréhe foods and b)
their surroundings. These factors are referredtmtainsic and extrinsic
parameters. The intrinsic parameters are an emftigrart of the food:
pH, a, nutrient content, antimicrobial constituents ahoblogical
structures. The extrinsic parameters of foods laose properties of the
storage environment that affect both the foodsthed microorganisms.
The growth rate of the micro-organisms responsifile spoilage
primarily depends on these extrinsic parameterspézature, relative
humidity and gas compositions of the surroundimgcaiphere.

3.3.2 Insect Pests

Warm humid environments promote insect growdfthough most
insects will not breed if the temperature excedasut 35 C° or falls

below 10 C°. Also many insects cannot reproducesfaatorily unless

the moisture content of their food is greater thhout 11%. The main
categories of foods subject to pest attack areat@mins and products
derived from cereal grains, other seeds uasdfood (especially
legumes), dairy products such as cheese and milkkig@s, dried fruits,

dried and smoked meats and nuts.

As well as their possible health significance, phesence of insects and
insect excrete in packaged foods may rem@@ducts unsaleable,
causing considerable economic loss, as well asctieduin nutritional

quality, production of off-flavours and acceleratiof decay processes
due to creation of higher temperatures and moidawels. Early stages
of infestation are often difficult to detect; hovesy infestation can

generally be spotted not only by the presence @firieects themselves
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but also by the products of their activities sushwebbing, clumped-
together food particles and holes in packaging riadse

Unless plastic films are laminated with foil or papinsects are able to
penetrate most of them quite easily, the rate agfration usually being

directly related to film thickness. In general,ctter films are more

resistant than thinner films, and oriented filmsde¢o be more effective
than cast films. The looseness of the film has hésn reported to be an
important factor, loose films being more easily geated than tightly

fitted films.

Generally, the penetration varies dependingtlmn basic resin from
which the film is made, on the combination of miailsy on the package
structure, and of the species and stage of insaetdved. The relative
resistance to insect penetration of some flexilalekpging materials is
as follows:

excellent resistancgaolycarbonate; poly-ethylene-terephthalate;
good resistance:cellulose acetate; polyamide; polyethylene
(0.254 mm); polypropylene (biaxially orientedjpoly-vinyl-
chloride (unplasticised);

fair  resistance: acrylonitrile;  poly-tetra-fluoro-ethylene;
polyethylene (0.123 mm);

poor resistanceregenerated cellulose; corrugated paper board,;

kraft paper; polyethylene (0.0254 - 0.100 mm);
paper/foil/polyethylene laminate pouchpoly-vinylchloride
(plasticised).

3.3.3 Rodents

Rats and mice carry disease-producing organisntlenfeet and/or in
their intestinal tracts and are known to harboumeaella of serotypes
frequently associated with food-borne infectiondhhumans. In addition
to the public health consequences of rodent padpuaktin close
proximity to humans, these animals also competensively with

humans for food.

Rats and mice gnaw to reach sources of food amé dnd to keep their
teeth short. Their incisor teeth are so strong st have been known to
gnaw through lead pipes and unhardened concreteyellsas sacks,
wood and flexible packaging materials.

Proper sanitation in food processing and storagmsais the most
effective weapon in the fight against rodents, siradl packaging
materials apart from metal and glass containersbeaattacked by rats
and mice.
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3.4 Effect of Deterioration on Food Quality

Chemical, physical and biological changes whichuoatring handling,
processing and storage of foods lead to deterwrain sensory and
nutritional quality of foods.

3.4.1 Sensory Quality
I Lipid Oxidation

Lipid oxidation rate and course of reaction is uefhced by light, local
oxygen concentration, high temperature, the preseot catalysts
(generally transition metals such as iron and copged water activity.
Control of these factors can significantly redube extent of lipid
oxidation in foods.

. Non-enzymatic browning

Non-enzymatic browning is one of the major causkslaierioration

which occurs during storage of dried and conceatrdbods. The non-
enzymatic browning, or Maillard reaction, can beidid into three
stages: a) early Maillard reactions which are clealty well-defined

steps without browning; b) advanced Maillard reawdi which lead to
the formation of volatile or soluble substancesg &y final Maillard

reactions leading to insoluble brown polymers.

ii. Colour changes

Chlorophylls. Almost any type of food processing or storage
causes some deterioration of the chlorophyll pigsen
Phenophytinisation (with consequent formation ofiudl olive-
brown phenophytin) is the major change; this reactis
accelerated by heat and is acid catalysed. Otletioms are also
possible. For example, dehydrated products suchresn peas
and beans packed in clear glass containers undphgo-
oxidation and loss of desirable colour.

AnthocyaninsThese are a group of more than 150 reddish water-
soluble pigments that are very widespread in tlaatpkingdom.
The rate of anthocyanin destruction is pHpeselent, being
greater at higher pH values. Of interest from a&pgimg point of
view is the ability of some anthocyanins to formmgdexes with
metals such as Al, Fe, Cu and Sn. These complearsrgly
result in a change in the colour of the pigment @wample, red
sour cherries react with tin to form a purple coempland are
therefore undesirable. Since metal packaging nag¢esuch as
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cans could be sources of these metals, they aralysioated
with special organic linings to avoid these unddde reactions.

Carotenoids.The carotenoids are a group of mainly lipid soluble
compounds responsible for many of the yellow anddo@ours of
plant and animal products. The main cause of caodde
degradation in foods is oxidation. The mechanisroxdlation in
processed foods is complex and depends on mangr$acthe
pigments may auto-oxidise by reaction with atmosijghexygen

at rates dependent on light, heat and the presehgeo- and
antioxidants.

V. Flavour changes

In fruit and vegetables, enzymatically gensttatompounds derived
from long-chain fatty acids play an extremeatyportant role in the
formation of characteristic flavours. In additidhese types of reactions
can lead to significant off-flavours. Enzyme-inddceoxidative
breakdown of unsaturated fatty acids occurs extehsin plant tissues
and this yield characteristic aromas associated some ripening fruits
and disrupted tissues. The permeability of paclgqgmaterials is of
importance in retaining desirable volatile compdseenithin packages,
or in permitting undesirable components tanpmmte through the
package from the ambient atmosphere.

3.4.2 Nutritional Quality

The four major factors which affect nutrient degoin to varying
extents are light, oxygen concentration, tempeeaturd water activity.
However, due to the diverse nature of the variousients, chemical
heterogeneity within each class of compounds amapéex interactions
of the above variables, generalizations about enttridegradation in
foods will inevitably be broad ones.

Ascorbic acid is the most sensitive vitamin in fepis stability varying
markedly as a function of environmental conditieugh as pH and the
concentration of trace metal ions and oxygen. Tlaure of the
packaging material can significantly affect thebgity of ascorbic acid
in foods. The effectiveness of the material as r@idrato moisture and
oxygen as well as the chemical nature of the seréaposed to the food
are important factors. For example, problenis ascorbic acid
instability in aseptically packaged fruit juicesvieabeen encountered
because of oxygen permeability of the package dmal dxygen
dependence of the ascorbic acid degradation reactio
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Also, because of the preferential oxidation of rtietain, citrus juices
packaged in cans with a tin contact surface exigletter stability of
ascorbic acid than those in enamelled cans or gtasgainers. The
aerobic and anaerobic degradation reactions ofrlaiscacid in reduced-
moisture foods have been shown to be highly seesiti water activity,
the reaction rate increasing in an exponential iteslover the water
activity range of 0.1-0.8.

4.0 CONCLUSION

Food deterioration can occur as a result of theviies of enzymes,
bacteria or fungi. The mixture of the food compiosi and packaging
materials also influence food deterioration. ldiidn, environmental,
temperature and storage conditions play major roles food
deterioration.

5.0 SUMMARY

Major causes of food deterioration include thedwihg:

growth and activities of micro-organisms, principabacteria,
yeasts and moulds

activities of natural food enzymes

insects, parasites and rodents

temperature, both heat and cold

moisture and dryness

air and in particular oxygen

light

time

Extrinsic factors controlling the rate of thoDETERIORATION
reactions are mainly:

Effect of temperature;
Effect of water activity (8;

Effect of gas atmosphere;
Effect of light.

SELF ASSESSMENT EXERCISE
Explain the biochemical phenomenon surroundingsdlabservations:
I Peeled yams turn brown on standing.

i. Bread that is toasted turned brown after toasting.
lii.  Green okra turns white on storage withoutigeration.
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6.0 TUTOR-MARKED ASSIGNMENT

Classify foods into perishable and non perishabled ashow
characteristics for each group.
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1.0 INTRODUCTION

Foods can become contaminated by micro-organisnastdba and
viruses) from many different sources during thedfqaeparation and
storage process. Cross contamination of foodcsnamon factor in the
cause of food borne iliness. Preventing cross coiniion is one step
to help eliminate food borne illness. It is impoittéao protect food from
risk of contamination to prevent food poisoning dne entry of foreign
objects.

Adulteration is the act of making any commodity umg by admixture
of other or baser ingredients deliberately. Thisnixtire may corrupt
the nature of the original to the extent of destigyits identity, or it
may merely lower the value or effectiveness of finesshed product.
Adulteration of foods and beverages has been peedwith the aim of
increasing profits for the manufacturer or merchéalulteration is also
designed to defraud consumers; however it canpase a health threat.
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2.0 OBJECTIVES
By the end of this unit you should be able to:

identify the major sources and types of food comtaton
differentiate between food contamination and adatien
identify causes and prevention of cross contanonatf foods
explain control of contamination in various agrtouhl produce.

3.0 MAIN CONTENT
3.1 Food Contamination
3.1.1 Causes of Food Contamination

There are three main ways in which food can becopm@aminated,
namely: bacterial, physical and chemical contanonat

3.1.1.1 Bacterial Contamination

If food is consumed that has been contaminated éstaio, harmful
bacteria (pathogenic bacteria) or their toxins §pos produced by some
of these bacteria), food poisoning may result. 8a&tare responsible
for most food poisoning cases. Symptoms abdfgpoisoning may
include vomiting, diarrhoea, fever and abdominahpd@he symptoms
may take some time to occur depending on the typeébamteria
(incubation period). In general, the bacteria mystw in the food to
produce sufficient numbers to infect the hadultiply within the
intestine and cause illness. Alternatively, toxmay be produced in
the foodstuff or within the intestine, to producgmptoms very soon
after ingestion. It is important to remember thaids contaminated with
pathogenic bacteria will look, taste and smell @eliffy normal. Steps
must therefore be taken to prevent pathogenic baajetting onto food
and multiplying to levels that will cause food pmisng.

Control of Bacterial Contamination
I. Prevent cross-contamination
Cross-contamination occurs when bacteria are twamsf onto food
either directly (e.g. when raw and cooked food came direct contact,

sheezing or coughing onto food) or indirectly (exi@ a vehicle such as
from dirty utensils, pests, hands etc.)
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ii. Separate raw and cooked foods

Prepared and cooked foods should be stored separedg/ foods and
unprepared vegetables to reduce the risk of crostgmination. If this
iIs not possible, raw food and unprepared vegetatilesild always be
stored at the base of the refrigerator.

li.  Keep stored foods covered.

\2 Prevent animals and insects entering the foodn.

V. Keep food preparation areas and utensils clean.

vi.  Wash hands frequently, particularly aftesing the toilet,
handling raw foods, handling refuse, blowing yoas&, combing
your hair and after smoking.

vi. Keep cuts, boils etc., covered with aat@rproof dressing
(preferably coloured).

viii. Do not handle food if suffering from symptonad diarrhoea or
vomiting and notify your supervisor immediately.

To multiply, bacteria require food, warmth, moigtuand time. By
removing one or more of these criteria the growttbacteria can be
slowed or even stopped. Therefore foods should

I be stored at safe temperatures (eithed dmlow 8°C or hot
above 63°C);

i. be cooked thoroughly;

iii.  not be prepared too far in advance;

\2 not be kept at room temperature for any lortgan necessary,

V. be heated thoroughly and stirred during heating;

Vi. be cooled food within 1% hours and refrigerate;

Foods that are dry should be kept dry and prevefrtad becoming
moist.

3.1.1.2 Physical Contamination

Physical contamination can occur at any stage efftod chain and
therefore all reasonable precautions must be takerevent this type of
contamination.

Examples of physical contamination include:

I Pieces of machinery which can fall into foodidgrmanufacture.
Most manufacturers protect against this type otaxmmation by
installing metal detectors on the production livesich reject
food if anything metallic is present.

il. Stones, pips, bones, twigs, pieces of shell.
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iii.  Foreign objects can enter food during handlsw care must be
taken to adhere to good food handling practices (B not wear
jewellery or smoke in a food room).

3.1.1.3 Chemical Contamination

Chemicals, including pesticides, bleach and otleaning materials can
contaminate food if not used carefully. Fetample, store cleaning
fluids separate to foods to prevent tainting angtamination if there is
a spillage.

Toxicity of Heavy Metals

The toxicity of heavy metals increases sharply e torder zinc,

cadmium, mercury. The toxicity of zinc is low. Imirking water zinc

can be detected by taste only when it reaches eeoatnation of 15 parts
per million (ppm); water containing 40 parts perlliom zinc has a

definite metallic taste. Vomiting is induced whenetzinc content

exceeds 800 parts per million. Cases of fatal paomgp have resulted
through the ingestion of zinc chloride or sulfitheit these are rare. Both
zinc and zinc salts are well tolerated by the hurskim. Excessive

inhalation of zinc compounds can cause such toxamifestations as
fever, excessive salivation, and a cough that nase& vomiting; but

the effects are not permanent.

Compared with those of zinc, the toxic hazards afngsium are quite
high. It is soluble in the organic acids found @od and forms salts that
are converted into cadmium chloride by the gagtrices. Even small
guantities can cause poisoning, with the symptomsingreased
salivation, persistent vomiting, abdominal paand diarrhoea. Fatal
cases have been reported. Cadmium has its mosiuseeiffect as a
respiratory poison: a number of fatalities haveultesl from breathing
the fumes or dusts that arise when cadmium is de&@gmptoms are
difficult or laboured breathing, a severe cough,d aniolent
gastrointestinal disturbance.

Mercury and its compounds are highly toxihey can be handled
safely, but stringent precautions must be takepréwent absorption by
inhalation, by ingestion, and through the skin. Tingin result of acute
poisoning is damage to kidneys.
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3.2 Cross — Contamination

Cross contamination is the contamination offoad product from
another source. There are three (3) main ways @ostamination can
occur:

Food to food
Equipment/Utensil to food
People to food

3.2.1 Food to Food

Food can become contaminated by bacteria from dtwoels. This type
of cross contamination is especially dangerousw foods come into
contact with cooked foods. Here are some examgidsan to food
Cross contamination:

In a refrigerator, meat drippings from raw meatetioon a top shelf
might drip onto cooked vegetables placed on a Isketf.
Raw chicken placed on a grill touching a steak ifhéeing cooked.

3.2.2 People to Food

People can also be a source of cross contamin&bicimods. Some
examples are:

Handling foods after using the toilet without prdgavashing your
hands.

Touching raw meats and then preparing vegetablgsuti washing
hands between tasks.

Using an apron to wipe your hands between handlifigrent foods,
or wiping a counter with a towel then using the @bto dry hands.

3.2.3 Equipment to Food

Contamination can also be passed from kitchen ewgmp and utensils
to food. This type of contamination occurs becatlse equipment or
utensils were not properly cleaned and sadtibetween each use.
Some examples are:

Using unclean equipment such as slicers, can opamel utensils to
prepare food.

Using cutting boards and the same knife when autifferent types
of foods, such as cutting raw chicken followed blad preparation.
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Storing a cooked product, such as a sauce, in aanitized container
that previously stored raw meat.

3.3 Preventing Cross Contamination

1. Wash your hands between handling different foaslswell as
before and after handling each food.

2. After cutting raw meats, wash hands, cuttingrédéoénife, and
counter tops with hot, soapy water.

3. Wash and sanitize all equipment and utensilsdiiae in contact
with food.

4. Marinate meat and poultry in a covered disthendooler.

5. Avoid touching your face, skin, and hair or wigiyour hands on

cleaning cloths.

6. Use a utensil (spoon or fork) only once to tdstal that is to be

sold or served.

Never store food or packages directly on therflo

Keep wiping cloth for food contact surfacasd tabletops in

sanitizer bucket when it is not being used for ngpi

9. Cloths used for wiping up raw animal ggscmust be kept
separate from cloths used for other purposes.

10.  Avoid bare hand contact with foods that arelyea-eat (ready-
to-eat: foods that require no further preparationamking before
serving; e.g. relish trays and birthday cakes.e Utensils, deli
tissue, spatulas, tongs, single-use gloves or dspe
equipment.

11. Store foods properly by separating wasbedrepared foods
from unwashed or raw foods.

12.  Try preparing each type of food at differemtes and then clean
and sanitize food contact surfaces between eakh tas

© N

79



AFS 202 PRINCIPLES OF FOOD SCIENCE AND TECHNOLOGY

3.4 Prevention of Contamination in Field Produce

Harvest and postharvest operations for cifrus fruits 3

@@

Harvest: hand-harvest for fresh consumption, = :
U -l
Placed in bags or padded buckets and dumped into bins .'* !
Y

mechanical harvest for juice extraction

Transport to the packinghouse
Drenching with approved fungicides
Color sorting before degreening (mandarins, sometimes lemons) L “
Degreening (5-20 ppm, 21.1-29.4°C, 90-96% relative humidity)
Pre-sizing to eliminate small fruit r“ ﬁ
Fungicide bath or f(j;lam wash (43-49°C) &
Hot imazalil %6-38"0), dry

Organic solvent wax, dry

Selection of defects by workers under regular ‘, H
or UV light, or by electronic optics L

Electronic sort (size, color, weight) “
J

Color adding (Florida)

[l il
Pack (cartons, reusable plastic containers, wooden boxes, or net) .'H i
]
Transport "'I"
J

Marketing or storage

Hazard Control Point

Wi Field worker * Equipment Temperature h‘ Truck

¢ \ hygiene sanitation l control sanitation

. o 5 Container &@ Water
‘_ Field sanitation l Sanitation sanitation
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Harvest and postharvest operations of culinary herbs
_-,I‘Tflr:"' ’ *A
Manual or machine-trim on beds ~ 1 ‘_
J

Collect into plastic totes & transfer to packing station

Sort, select, bunch A
U
Place into consumer bags or into bulk container %% ‘
(polyliner in carton box; waxed carton)

Cool: usually room cooling; some icing; some vacuum cooling after l e

water spray; some hydrocooling

Palletize for trailer transport; pack into large shipping cartons
with gel ice packs for air shipment

Expected shelf-life:
for all herbs except basil, about 3 weeks at 0°C, 2 weeks at 5°C; ‘
for basil, store at 10 —15°C and depending on water loss
can expect 1 to 2 weeks shelf-life

Hazard Control Point

Field worker hygiene

Field sanitation

Equipment sanitation

Container Sanitation

Temperature control

Water sanitation

Poom g

Truck sanitation
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Harvest and postharvest operations
of leafy vegetables:
leftuce, celery, and green onions

Harvest (manual) L U‘ ﬂ l ? .

Field Packing Packinghouse Handlin
4 i U /
Cut, trim, sort, and size mant :1{?’, Load into bulk bins or trailers H i
J

either by harvester or worker g -
mobile packing platform .*
Transport to packinghouse

U

Wrap individual units l Unload
U J

Pack into ﬁ i Trim ’ .H

shipping contalners

J 2
Palletlze“ Wash @8 ée
o,
Transport to coollng facility * “

Sort and grade

Y
p Pack H i
Palletlze ﬁ
| J
Cool
U
Temporary ﬁold Storage l

Load for transport and distribution {flwmgr
U
Top-ice (some products) g2
U

Transport to market

Hazard Control Point

Field worker a Equipment Temperature ."" Truck

hygiene sanitation * control sanitation

. Field 5 Container E Water sanitation
‘ sanitation l Sanitation

o
<’
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Harvest and postharvest operations of peas and beans

- o

Harvest by manual or mechanical means *

Transfer to a self-unloading truck i e
U

o

Transfer to the packinghouse, unloaded

o

Field debris removed and clusters separated by a series of machines

Sorted and graded manually % "

Packed into wirebound crates or waxed caﬁo‘
) o e

Shipped to the warehouse {wegr
U

Hydrocooled or forced-air cooled (peas are top-iced

Held at 3-6°C (peas held at 0°C) in warehouse, turnover 1-3 days L
J
Retail outlets: stored at 5°C, sold within 3-4 days ‘

Hazard Control Point

Field worker hygiene

LY
k. e
A oo

Field sanitation
Equipment sanitation
Container Sanitation
Temperature contral

Water sanitation

Te— = 3B

Truck sanitation
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Handling root vegetables

Prepare for harvest
(undercut, roll; remove tops)

y
Harvest £ '
(Mechanical for most; manual for =" ‘ *
bunched carrots, sweet potato)

Load into field bins, trailers _- i

U
Transport to packinghouse
U x J
Unload (@3 Cure and store
(water flume for potato and carrot) e (potato, sweet potato)
U

Unload from storage
U ‘. U
Wash @9 &eo
U [ |

Sortand grade 7' ﬂ

Se 71 0%

Hydrocool (carrots, radish) ﬁ &
U

Pack
consumer packages/shipping containers) /"4 g8 ‘
( P gU pping )Y O

Temporary cold storage L
U :

Load into transport vehicles ._'.-

Hazard Control Point
¥4 Field worker * Equipment Temperatwre  {Pammge Truck
& .15“: hygiene sanitation L control sanitation

Container s, Water

‘ Field sanitation ‘ Sanitation sanitation
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Harvest and postharvest operations
for mature-green tomatoes

.lif\._L . * =
Harvest at mature-green stage, into buckets ~ - | l

U ;
Dump into trailer-mounted gondola or bins ‘.‘*
U

Transport gondola or bins to packinghouse, hold temporarily (covered or uncovered)
U

Flume tomatoes into dump tank (chlorinated water, 100-150 ppm active chlorine, .H

pH 6.5-7.5, sometimes heated). Follow with clean wash water g2,
U

Presize and sort to remove very small fruits and defective fruits +*¢* *
Divert fruits with color by hand or color separator v

Fruits treated with wax emulsion (may contain fungicide) by sponge rollers “ &
U ;
Fruits classified by size with belt sizer .H

U U
Palletize, strap, store g % Palletize and move fo degreen room
(cool to 55°F) .* i],
U ) U
Transport {emgr Treat with ethylene gas
(100 ppm, 60-68°F, 3-4 days)
U U =
Degreen at distribution center Remove from degreening room, H
depalletize, and repack fruit for
U uniformity of final pack ‘
£ 45 y
Depalletize, empty cartons onto ™ ‘-}--' Palletize; may cool to 50-55°F ﬁ ‘
Repack line or pack directly from .
volume-filled cartons to final U

place-pack carton for final distribution \

J ‘ Transport to distribution 1 Foy
center (45-55°F) _
May cool to 50-55°F &

Hazard Conirol Point

¢t Field worker * Equ.ipn:lent Temp?rature
“ % hygiene sanitation L contro

‘. Field ‘ Container E: Water sanitation h Truck

. sanitation Sanitation sanitation

4.0 CONCLUSION
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Contamination in foods can be prevented by idemgfysources of
contamination, namely: (i) physical, (i) cheali or (iii) cross —
contamination.

50 SUMMARY
In this unit we have learnt that:

There are three major sources of food comaton: (a)
Physical contamination (b) and (c) cross contaronat

Field produce like citrus, peas and beans, peppeggtables and
tomatoes can be preserved from contamination byettteniques
applied during post harvest storage.

SELF ASSESSMENT EXERCISE

i How would you control bacteria contamination in dso
commonly eaten in your locality.
ii. What are sources of heavy metal contaminatiofoods?

6.0 TUTOR MARKED ASSIGNMENT

Choose 2 farm produce and explain the techniquethéprevention of
contamination during post harvest storage.
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UNIT 3 FOOD PROCESSING AND PRESERVATION
OPERATIONS |: TEMPERATURE BASED
PROCESSES

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Background to Food Preservation
3.1.1 Low Temperature Preservation
3.1.1.1 Refrigeration
3.1.1.2 Freezing
3.1.1.3 Quality of Frozen Foods
3.1.1.4 Benefits of Cold Temperature Handling of
Foods
3.1.1.5 Some Terms Used in Cold Storage of
Foods
3.2 Thermal Processing
3.2.1 Pasteurisation
3.2.2 Sterilisation
3.2.3 Tyndallisation
3.2.4 Aseptic Processing
3.2.5 Commercial Sterility
3.2.6 Canning
3.3 Cooking
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

Preservation of food is accomplished by controliamgl where possible,
destroying the agents of food spoilage. These agarg present in
abundance not only within food but also in the emwments where
foods are grown, harvested, processed, stored @amumed. Raw food
materials can be processed by blanching, freezinging, heating,
pasteurizing, sterilizing canning and cooking.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

define food preservation and processing

enumerate the different freezing methods usedesguvation of
foods

differentiate between pasteurization and sterilrat

discuss food processing by canning, blanching, qgick) and
cooking.

3.0 MAIN CONTENT

3.1 Background to Food Preservation

Mankind’s endeavour to ensure adequate supply adlegsbme food
continues today as it as been throughout déeturies. Effective
methods of food preservation have been the subjeasearch by man
since civilisation. Despite the endeavours, mikiamf people regularly
lack sufficient food for good health while othetdfsr the consequences
of food contamination by micro-organisms. The @mrihg crises in our
world food supply dictate that spoilage be reduasdnuch as possible.
The areas of the world with the greatest nutritiaeicit are those with
problems of inadequate food production, distributamd preservation.

Preservation processes offer benefits to the perduaice consumer and
the society. The producer is able to keep hisyrbdn the shelf longer,
thus minimising economic losses. The consumerkesmp the product
on his or her shelf longer, minimising economic andvenience losses.
Society benefits by wasting less food, and in s@ages, minimising
public health hazards like botulism.

The shelf life of many perishable foods such astpeggs, fish, poultry,
fruits, vegetable and baked products is limitedtle presence of
atmospheric oxygen, growth of aerobic spoilage oggganisms and
attack by insect pests. Each of these factors,eaonin conjunction
with one another, result in changes in colour,dlay odour and overall
deterioration in food quality.

Many kinds of agents are potentially destructivetlie agreeable and
healthy characteristics of fresh foods. Micrgamisms, such as
bacteria and fungi, rapidly spoil food. Enzymesjck are present in all
raw foods, are catalytic substances that promotgradation and
chemical changes affecting especially texture #nbtir. Atmospheric
oxygen may react with food constituents, causinugidity or colour

changes. Equally as harmful are infestations bydtssand rodents,
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which account for tremendous losses in food st@rid a wide variety
of other chemical, biochemical, or physical factorslost preservation
processes are therefore aimed at destroyingnlmbiting bacteria,
moulds, and yeasts.

There are six major methods commonly employed dal florocessing
and preservation. These methods are based on:

I.  Temperature
Low temperature — Freezing, Cooling and Chilling

High temperature — Pasteurisation, Canning, Cookimd)
Tyndallisation.

ii. Irradiation — Radiolysis

iii.  Moisture Reduction — Drying and Concentration

iv. Fermentation — Alcoholic, Acetic acid and Lactigdac
v. Chemical Additives — Benzoates, sulphites, teirietc.
vi.  Controlled /Modified Atmosphere

Schematic Representation Food Preservation Techn@es

emove Sterile filtration
> UHT Processing
(Ultra High Temperature)

/' Aseptic Filling
i - —p Kill—p Pasteurisation
Micro . Kill Before packing
organisms
After packing 1
\ Pasteurisation
Radiation
Canning
P Drying
Water Activity . Pouches
Unableyto Q(O\w Semi- Semi rigids
Preservative —»  Acid Hotfilling
Preservativ I
\ sterilization
Tempaature —J»{ Freezing

Modified atmospheres

These preservation operations are designedchee\e the following
goals, namely:

I. To change the form or characteristics of th@duct so as to
make it easier to market and more attractive tostoners.

ii.  Elimination of microbial concentration fmo the raw food
materials.
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iii.  Prevention of contamination from the procegsenvironment
during the processing operation.

Iv.  To pack, store and distribute the processed fosdigh a manner as
to minimise post-processing contamination.

3.1.1 Low Temperature Preservation

Storage at low temperatures prolongs the shelfdffenany foods. In
general, low temperatures reduce the growth ratewsicro-organisms
and slow many of the physical and chemical reastitmat occur in
foods. Low temperature preservation is based onat@ication of
Van't Hoff equation, which shows that a decreaseabbut 16C in
temperature of a food item halves the rate of #dations going on in
the food item. Low temperatures do not steriliseds, but they slow
down the growth of micro-organisms and decrease rdte of the
chemical reactions that deteriorate foods. Bec#usgrocess does not
kill all types of bacteria, those that survive b@eoactive in thawing
food and often grow more rapidly than before fregzi Enzymes in the
frozen state remain active, although at a redue¢el r Vegetables are
blanched or heated in preparation for fregziw ensure enzyme
inactivity and thus to avoid degradation of flavoun the freezing of
meats, various methods are used depending on pleeofymeat and the
cut. Pork is frozen soon after butchering, butf edung in a cooler for
several days first to tenderise the meat.

There are three methods of low temperature storagegly:
I.  Cooling

This involves the removal of a small amount of Heain a food item.
It is just a slight reduction in temperature.

ii.  Chilling

This involves a more pronounced reduction teémperature but it
remains above freezing temperature.

iii. Freezing

This is a sharp reduction in temperature of a fdgeth such that the
food, if in liquid form will change to a solid s&at This condition helps
to retard the growth of micro-organisms by the delchperature and by
the lack of water, which is unavailable to them whefreezes. This
process can be slow or fast as highlighted below:
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Slow Freezing

This is a condition in which ice formation is lakgextra fibular in meat

and extra cellular in plant tissues. Foods frozgnthis method are

characterised by large crystals. However, thisoisoften used because
it is not economical and can cause physical ruptume separation of
cells.

Fast Freezing

This is a condition in which ice formation is lahgentrafibular in meat
and intracellular in plant tissues. Foods érozby this method are
characterised by small crystals.

3.1.1.1 Refrigeration

Refrigeration is the process of lowering the terapee in a given space
and maintaining it for the purpose of chilling f@greserving certain
substances, or providing an atmosphere conducivieothly comfort.
Storing perishable foods or other items under gefation is commonly
known as cold storage. Such refrigeration chedth bacterial growth
and adverse chemical reactions that occur in thealcatmosphere.

The life of many foods may be increased by storagéemperatures
below 4°C (40°F). Commonly refrigerated foods im&ufresh fruits
and vegetables, eggs, dairy products and meats.e Soaus, such as
tropical fruits €.g., bananas), are damaged if exposed to low
temperatures. Although refrigeration retardsedetation, it cannot
improve the quality of decayed food.

In mechanical refrigeration, constant cooling ishiaged by the

circulation of a refrigerant in a closed systemwimch it evaporates to a
gas and then condenses back again to a liquidconinuous cycle. If

no leakage occurs, the refrigerant lasts indefiniieroughout the entire
life of the system. All that is required to maintgooling is a constant
supply of energy, or power and a method of dissigawvaste heat. The
two main types of mechanical refrigeration systemthe compression
system, used in domestic units for large cold-g@rapplications and
for most air conditioning; and the absorption systenow employed

largely for heat-operated air-conditioning.
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3.1.1.2 Freezing

Freezing and frozen storage provide an excellerdansief preserving
the nutritional quality of foods. At sub-fréeg temperatures, the
nutrient loss is extremely slow for the typical refge period used in
commercial trade.

The Freezing Process

The freezing of food involves lowering its temperat below 0°C,
resulting in the gradual conversion of water présernhe food into ice.
Freezing is a crystallisation process that begiitls & nucleus or a seed
derived from either a non-aqueous particle aorcluster of water
molecules (formed when the temperature is reduetawb0°C). This
seed must be of a certain size to provide an adedita for the crystal
to begin to grow. If physical conditions are cocige to the presence of
numerous seeds for crystallisation, then a largeb®r of small ice
crystals will form. However, if only a few seed® anitially available,
then a few ice crystals will form and each will grto a large size. The
size and the number of ice crystals influence thal fquality of many
frozen foods; for example, the smooth texture eféceam indicates the
presence of a large number of small ice crystals.

In pure water, the freezing process is initiated loyering the
temperature to slightly below 0° C, called supestcw. As ice crystals
begin to grow, the temperature returns to the fngepoint. During the
conversion of liquid water to ice, the temperatof¢he system does not
change. The heat removed during this step isctcdie latent heat of
fusion (equivalent to 333 joules per gram of watednce all the water
is converted to ice, any additional removal of healt result in a
decrease in the temperature below 0°C.

The freezing of foods exhibits a number of importdifferences from
the freezing of pure water. Foods do not freez@°@t Instead, owing
to the presence of different soluble particulassiutes) in the water
present in foods, most foods begin to freeze atgerature between 0°
and -5°C (32° and 23°F). In addition, the remamfdhtent heat in foods
during freezing does not occur at a fixed tempeeatuAs the water
present in the food freezes into ice, the remainvager becomes more
concentrated with solutes. As a result, the fregzpoint is further
depressed. Therefore, foods have a zone ofinman ice crystal
formation that typically extends from -1° td°C (30° to 25°F).
Damage to food quality during freezing can be mised if the
temperature of the product is brought below thraperature range as
quickly as possible.
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Industrial Freezers

The rate at which heat is removed from a food dufreezing depends
on how fast heat can travel within the food and lefficiently it can be
liberated from the surface of the food into thereunding atmosphere.
Industrial freezers remove heat from the surfaca @dod as rapidly as
possible. There are several types of industriadzees, including air-
blast tunnel freezers, belt freezers, fluidised-fredzers, plate freezers,
and cryogenic freezers.

In air-blast tunnel freezersand belt freezers precooled air at
approximately -40°C is blown over the food producackaged foods,
such as fruits, vegetables, bakery goods, pouitrgats and prepared
meals, are usually frozen in air-blast tunnels.e Pplackages are placed
on hand trucks and then rolled into the freezendéls In a belt freezer,
food is placed on a conveyor belt that moves thnoadreezing zone.
Bakery goods, chicken parts and meat patties (sftmllpieces) are
frozen using a belt freezer.

Fluidised-bed freezerare used to freeze particulate foods such as peas,
cut corn, diced carrots and strawberries. Thedaod placed on a mesh
conveyor belt and moved through a freezing zonwhich cold air is
directed upward through the mesh belt and the fotculates begin to
tumble and float. This tumbling exposes all sidethe food to the cold

air and minimises the resistance to heat trandfehe surface of the
food.

Plate freezersare used to freeze flat products, such as pastiss,
fillets, beef patties, as well as irregular-shapempetables that are
packaged in brick-shaped containers, such as agmara@auliflower,

spinach and broccoli. The food is firmly pressetieen metal plates
that are cooled to subfreezing temperatures bynally circulating

refrigerants.

Cryogenic freezings used to freeze food at an extremely fast rdtee
food is moved through a spray of liquid nitrogerdoectly immersed in
liquid nitrogen. The liquid nitrogen boils ared the food at a
temperature of -196°C (-321°F) and extracts a largeunt of heat.

3.1.1.3 Quality of Frozen Foods

Frozen foods have the advantage of resemblingrésd foroduct more
closely than the same food preserved by other tgaes. However,
improper freezing or storage of foods may result@trimental quality
changes. When foods with high amounts of watey. fesh) are frozen
slowly, they may experience a loss of fluid, caltetp, upon thawing.
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This fluid loss causes dehydration and nutriens las frozen food
products.

During frozen storage, the ice crystals preserfbods may enlarge in
size, producing undesirable changes in texture.eztng causes the
water in food to expand and tends to disrine cell structure by
forming ice crystals. In quick-freezing, the ice crystals are smaller,
producing less cell damage than in the slowly fropeoduct. This
phenomenon is commonly observed when the storapeet&ture is
allowed to fluctuate. For example, ice cream starec&n automatic
defrosting domestic freezer becomes sandy in texb@cause the ice
crystals increase in size as the temperature ofsylséem fluctuates.
Some liquid foods that are frozen slowly, such g wolk, may become
coagulated. Quick-frozen foods retain their nutisealmost intact, and
the characteristics of their flavour remainrtually undiminished.
Frozen foods must be stored and kept at 0°C (3@fMelow, because
even partial thawing and refreezing lowers the aNeguality of the
product.

Improperly packaged frozen foods lose smafioants of moisture
during storage, resulting in surface dehydraticommonly called
freezer buri. Frozen meats with freezer burn have the appeearaf

brown paper and quickly become rancid. Freekarn can be
minimised by the use of tightly wrapped packagesthe elimination of
fluctuating temperatures during storage. Becauséhefhigh cost of
refrigeration, frozen foods are comparatively exgpem to produce and
distribute.

3.1.1.4 Benefits of Cold Temperature Handling of Fads

I The storability of the food is extended.

ii. In production of carbonated beverages,, ®@comes more
soluble in water.

lii.  The organoleptic characteristics of wine argroved.

iv.  The slicing response of bread is improved

V. Post harvest metabolic activities of plamdsues and post
slaughter metabolism of animal tissues are reduced.

Vi. It helps in precipitating waxes from ediblesoil

vii. It also controls the rate of growth and metibo of desirable

food microorganisms e.g. cool ripening of cheese
3.1.1.5 Some Terms used in Cold Storage of Foods
I Super cooling: Cooling below the freezing point of a food item.

il Eutectic mixture: A solution from which water cannot be
crystallised.
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iii.  Freeze drying: This is a process in which frozen food is placed
in vacuum thereby causing rapid loss of water lpfiswuation.
\2 Lypholisation: Freeze drying

V. Freezer burn: The drying of the surface of poorly wrapped
foods due to sublimation of water (in solid stae). bread.
Vi. Cook freeze: Cooking, chilling and immediately freezing foods.

vii.  Regeneration: A process in which food is returned to its
original state for eating after chilling.

viii. ~ Chilling injury:  The result of freezing a food product under a
wrong storage temperature because every ft@ds has a
specific temperature range of preservation.

Although refrigeration and freezing bring down teenperature of food,
the two processes differ remarkably. The followisi@ brief outline of
their differences:

Temperature Refrigeration Freezing
range 28 - 60°F 0° F ot below
State Liquid is fresent All solid
Microbial activity | Some take plice None

Shelf life Days/weeks Montts/years

3.2 Thermal Processing

Thermal processing is defined as the combinatiotenfperature and
time to eliminate a desired number of micgamisms from a food
product. High temperature preservation is basedhenprinciple that
microorganisms and enzymes have optimum congdit which if
altered, inhibits their activities. It is also @dhat breaking the bonds in
different food substances (glycosidic bonds in chyllrates, peptide
bonds in proteins, pi and sigma bonds in lipidg) araking the nutrients
available to the body.

The objective and intensity of a heat treatmemteermined, to a large
extent, by the nature of the food, the microorgasishat proliferate on
it, the degree of contamination, the heat restgtanof the
microorganisms and their spores, heat transharacteristics of the
food, the condition of storage of the food as veallthe pH (degree of
acidity or alkalinity) of the food. Heat tte@ent to foods can be
achieved by the following methods:

3.2.1 Pasteurisation
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Pasteurisation is the application of heat to a fpoaduct to destroy
pathogenic microorganisms, inactivate spoilageiogugnzymes and
reduce/destroy spoilage microorganisms. Thetivelg mild heat
treatment used in the pasteurisation process camsesal changes in
the sensory and nutritional characteristics of foamdmpared to the
severe heat treatments used in the sterilisatiocess.

Pasteurisation is dependent on temperature and titnean be High
Temperature Short Time (HTST) or Low Temperaturend-olime
(LTLT). This involves either heating the food ahigh temperature for
a very short period or heating it at a low tempaeatfor a long period.
For sensitive foods (e.g. milk), flash pasteur@aiHTST) is used. The
temperature and time requirements of the pasteiomsgprocess are
influenced by the pH of the food. When the pH &dolw 4.5, spoilage
microorganisms and enzymes are the main targeiasiéurisation. For
example, the pasteurisation process for fruit mids aimed at
inactivating certain enzymes such as pectinesearaand
polygalacturonase. The typicaprocessing conditions for the
pasteurisation of fruit juices include heating 77°C (171°F) and
holding for 1 minute, followed by rapid cooling @&C (45°F). In
addition to inactivating enzymes, these conditidastroy any yeasts or
moulds that may lead to spoilage. Equivalent diors capable of
reducing spoilage microorganisms involve heatin36C (149°F) and
holding for 30 minutes or heating to 88°C (190°Ry a&nolding for 15
seconds.

When the pH of a food is greater than 4.5, the beattment must be
severe enough to destroy pathogenic bacteria. hdrpasteurisation of
milk, the time and temperature conditions target gathogenic bacteria
Mycobacterium tuberculosis, Coxiella burnettind Brucella abortus.
The typical heat treatment used for pasteurisiig mi72°C (162°F) for
15 seconds, followed by rapid cooling to 7°C. Otleguivalent heat
treatments include heating to 63°C (145°F) 89 minutes, 90°C
(194°F) for 0.5 second, and 94°C (201°F) for O.dosd. The HTST
treatments cause less damage to the nutrient caiiopoand sensory
characteristics of foods and therefore are prefewger the LTLT
treatments.

Since the heat treatment of pasteurisation is ea¢re enough to render
a product sterile, additional methods such asgefation, fermentation,
or the addition of chemicals are often used to redmhicrobial growth
and to extend the shelf life of a product. Forrepke, the pasteurisation
of milk does not kill thermoduric bacteria (thossistant to heat), such
asLactobacillusand Streptococcuspr thermophilic bacteria (those that
grow at high temperatures), such &sacillus and Clostridium
Therefore, pasteurised milk must be kept undeigerfated conditions.
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Liquid foods such as milk, fruit juices, beers, @snand liquid eggs are
pasteurised using plate-type heat exchangers. Whdefruit juices are
normally de-aerated prior to pasteurisation in prideremove oxygen
and minimise oxidative deterioration of the productPlate-type heat
exchangers consist of a large number of thin, e&rsteel plates that are
clamped together in a frame. Small gaskets thatvahe liquid to flow
between each successive plate separate the plaies.liquid product
and heating mediume(g., hot water) are pumped through alternate
channels and the gaskets ensure that the liquiduptcand heating or
cooling mediums are kept separate. Plate-typat exchangers are
effective in rapid heating and cooling applicationafter the
pasteurisation process is completed, the produgbaiskaged under
aseptic conditions to prevent recontamination efgroduct.

3.2.2 Sterilisation

This is total destruction of life in the food iterllowever, this cannot be
achieved without destruction of the nutrients ie fbod which makes
the food of no value. As such, sterilisation canm®used for food items
but can only be applied as commercial sterilisatwhich means the
same as pasteurisation. Heat and chemicals carsdé® to achieve
sterilisation.

Sterilisation is designed to destrail viable microorganisms in foods.
When foods are thermally processed, they are exfeto as being
commercially sterile.e. the food material is free of microorganism and
their spores under normal storage conditions. Thstrheat resistant
microorganism,Bacillus stearothermophilluss used as the indicator
organism in sterilisation operations. The preseamcetherwise of this
organism is a measure of the efficiency of the hesttment given to a
food item.

3.2.3 Tyndallisation

This is also pasteurisation but special attent®rpaid to the spores.
This involves heating the food item to about 8006°C to destroy the
vegetative pathogens, then allowing it to cool bowt 37C so that the
spores can gamete. This cycle (heating and cools\gg¢peated until
satisfactory level of microbial destructionshbeen achieved. This
method is more reliable than pasteurisation sipoees are taken into
consideration. However, this process is accomplaoyesevere nutrient
losses in the food item so processed.

3.2.4 Aseptic Processing
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The aseptic process involves placing a steriligeduyrct into a sterilised
package that is then sealed under sterile conditioh began in 1914
with the development of sterile filters for use the wine industry.
However, because of unreliable machinery, it reedicommercially

unsuccessful until 1948 when William McKinley Marthelped develop
the Martin system, which later became known as Dinde Aseptic

Canning System. This system involves the stetitisaof liquid foods

by rapidly heating them in tubular heat exchangeiltgwed by holding

and cooling steps. Cold sterile products are thkedfinto sterilised

cans (lids too) and sealed in an atmosphere ofrsapted steam. By
the 1980’s, the use of hydrogen peroxide becameulppdor the

sterilisation of polyethylene surfaces.

3.2.5 Commercial Sterility

In aseptic processing the thermal process is basedachieving
commercial sterilityi.e. no more than 1 non-sterile package for every
10,000 processed packages. The aseptic processhese TST method
in which foods are heated at a high temperatureafshort period of
time. The time and temperature conditions dependeveral factors,
such as size, shape and type of food. The HTST adetbsults in a
higher retention of quality characteristics, such \atamins, odour,
flavour and texture, while achieving the same leskekterility as the
traditional canning process in which food heated at a lower
temperature for a longer period of time.

The heating and cooling of liquid foods are carieed using metal plate
heat exchangers. These heat exchangers have lafgeesareas that
result in improved heating and cooling rate®©ther types of heat
exchangers involve surrounding the food with steamirectly injecting
steam into the food. The sterilised products aentphumped into a
vacuum chamber where they are cooled rapidly.

Liquid foods that contain large solid particles dreated in scraped-
surface heat exchangers. These heat exchangses blades to
continuously scrape the inside surface of the hgathamber. The
scraping action protects highly viscous foods frioeng burned on the
heating surface.

Another method often used for heating foods isecadihmic heating.
This process involves passing a low-frequency Btectirrent of 50 to
60 hertz directly through the food. Liquid foodmtaining solids (such
as diced fruit) is pumped through a pipe surrounoeélectrodes. The
product is heated as long as the electrical condtyciof the food is
uniform throughout the entire volume. This uniforate of heating
prevents the over-processing of any individoagion of the food.
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Ohmic heating yields a food product of higher gwyalihan those
processed using conventional systems.

Packaging Aseptically Processed Products

The packaging containers used in aseptic procesaneg sterilised
separately before they are used. The packagindimay is sterilised
using steam, sterile gases or hydrogen peéeoxi The sterilisation
process is generally monitored by culturingtest organism. For
example, the presence of the highly heat-residtacterium,Bacillus
subtilis globigii,can be used as a marker to measure the complet@ness
sterilisation. Packages must be sealed undetestmnditions, usually
using high-temperature sealing plates. Foodst thre aseptically
processed do not require refrigeration for storage.

3.2.6 Canning

Nicolas Appert, a Parisian confectioner by trade, credited with
establishing the heat processing of foods as anstng In 1810, he
received official recognition for his process otlasing food in bottles,
corking the bottles and placing the bottles in ibgilwater for various
periods of time. In the same yedeter Durandreceived a British
patent for the use of containers made of glasgempottin and other
metals for the heat preservation of foods. In 182a Daggettand
Thomas Kensethnnounced the availability of preserved foods m ti
cans in the United States. Tin-coated steel coatsj made from 98.5
percent sheet steel with a thin coating of tin,nsb@came common.
These cans had a double seamed top and bottonovwa@ran airtight
seal and could be manufactured at high speeds e$tablishment of
the canning process on a more scientific basisndtdoccur until 1896,
when Emile van Ermengerdiscovered the microorganis@lostridium
botulinum with its lethal toxin causing botulism.

Pre-Canning Procedures

Selected crop varieties are grown specially fomaam purposes. The
harvesting schedules of the crops are carefullycsedl to conform to the
cannery operations. A typical canning operatiodolves cleaning,
filling, exhausting, can sealing, heat processingpking, labelling,
casing, and storage. Most of these operationpenfermed using high-
speed, automatic machines. Cleaning involves skeeofi shakers, rotary
reel cleaners, air blasters, water sprayers or msioe washers. Any
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inedible or extraneous material is removed befoeshing, and only
potable water is used in the cleaning systems.

Automatic filling machines are used to place theankd food into cans
or other containers, such as glass jars or plastiches. When foods
containing trapped air, such as leafy vegetablescanned, the air must
be removed from the cans prior to closing and sgalhe lids by a
process called exhausting. Exhausting is actishga using steam
exhaust hoods or by creation of a vacuum. méaiately after
exhausting, the lids are placed on the cans andahg are sealed. An
airtight seal is achieved between the lid and tireaf the can using a
thin layer of gasket (sheet or ring of ruble#c shaped to seal the
junction of metal surfaces). The anaerobicmdiions prevent the
growth of oxygen-requiring microorganisms. In dabsh, many of the
spores of anaerobic microorganisms are less rasittaheat and are
easily destroyed during the heat treatment.

Sterilisation

The time and temperature required for the statibn of foods are
influenced by several factors, namely: type of macganisms found on
the food, size of the container, acidity (pH) ot tlood and the method
of heating. The thermal processes of canning anerglly designed to
destroy the spores of the bacteri@dnbotulinum. This microorganism
can easily grow under anaerobic conditions, produthe deadly toxin
that causes botulism. Sterilisation requiresiting to temperatures
greater than 100° C (212° F). HoweVer, botulinumis not viable in
acidic foods that have a pH less than 4.6. Thesdsf can be adequately
processed by immersion in water at temperatureédglew 100° C.

The sterilisation of low-acid foods (pH greater rth&.6) is generally
carried out in steam vessels called retorts at éeatpres ranging from
116 — 129°C (240 - 265°F). The retorts are cordtblby automatic
devices, and detailed records are kept ef time and temperature
treatments for each lot of processed cans. At tite & the heating
cycle, the cans are cooled under water spyin water baths to
approximately 38°C (100°F) and dried to prevent anoyface rusting.
The cans are then labelled, placed in fibreboasg<a&ither by hand or
machine and stored in cool, dry warehouses.

Quality of Canned Foods
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The sterilisation process is designed to provide tkquired heat
treatment to the slowest heating location inside d¢an, called theold
spot The areas of food farthest from the cold spdtagyenore severe
heat treatment that may result in over-processimjimpairment of the
overall quality of the product. The use of flaminated pouches reduce
heat damage caused by over-processing.

A significant loss of nutrients, especiallgal-labile vitamins, may
occur during the canning process. In general, canfias no major
effect on the carbohydrate, protein, or fat contdrfbods. Vitamins A,
D and beta-carotene are resistant to thecwsffof heat. However,
vitamin B, is sensitive to thermal treatment and the pH of fihed.
Although the anaerobic conditions of canned foodseha protective
effect on the stability of vitamin C, it is destex during long heat
treatments.

The ends of processed cans are slightly concaveubecof the internal
vacuum created during sealing\ny bulging of the ends of a can may
indicate deterioration in quality due to medical, chemical or
physical factors This bulging may lead to swelling and pholes
explosion of the can.

Blanching

Blanching refers to brief immersion of fruits, végaes, etc in boiling

water or steam. It is a thermal process used yntmtivegetable tissues
prior to freezing, drying, or canning. Blanchingnge several purposes,
namely: cleaning of the product, reducing the nb@abload, removing

any entrapped gases, and wilting the tissues &y kegetables so that
they can be easily put into the containers. Blamghalso inactivates
enzymes that cause deterioration of foods duriogein storage.

Blanching is carried out at temperatures closeO@°C (212°F) for two
to five minutes in either a water bath or a stedrantber. Because
steam blanchers use a minimal amount of wateraeséire must be
taken to ensure that the product is uniformly erposo the steam.
Steam blanching leafy vegetables is especiallyiadilff because they
tend to clump together. The effectiveness of tlaadhing treatment is
usually determined by measuring the residual dgtief an enzyme
called peroxidase and catalase responsible for rhemwning reactions
in many fruits and vegetables.

Although it is commonly used for plant materialé&arthing has been
proposed for fish in order to kill cold-adapted teai@a on their outer
surface. This brief heat treatment is desigtedaccomplish the
following:
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Inactivation of most of the plant enzymes whicheotfise might
cause toughness, change in colour, mustiness,ito$lavour,
softening and loss in nutritive value

Reduction (as large as 99 percent) in thenbers of micro
organisms on the food

Enhancement of the green colour of vegetables sscipeas,
broccoli, and spinach

Wilting of leafy vegetables such as spinach, makimgm pack
better

Displacement of air entrapped in the tissue.

Denaturation of enzymes present in the food.

3.3 Cooking

This is a process of heating in order to alter odflavour, and texture
and particularly to improve digestibility athe food components.
Cooking may take different forms of heating methadsich include:

Baking: Cooking in an oven with dry heat (100 — 232
Barbecuing Direct heating over glowing, smokeless wood fire
Boiling: Cooking in high temperature usually water (A0)0
Braising:  Short frying followed by stewing
Broasting: Pressure frying
Broiling: Cooking with direct rays of heat.
Frying: Cooking in heated fat or oil (160-2%D)
Grilling : Cooking with direct rays of heat.
Infrared Cooking Cooking by infrared rays
Microwave Cooking Cooking by microwaves (high frequency
power)
Poaching: Cooking in a minimum volume of liquid at slightly
below boiling temperature.
Roasting  Cooking in open or closed vessel with just a little
fat.
Sautéing  Tossing food in small quantity of oil (a kind of
semi-shallow frying).

Quick- fat-frying in small quantity of oil
Simmering Cooking in water with gentle heating.
Steaming Cooking in steam (at 160)
Stewing Simmering in a small amount of water in a closed
container.

4.0 CONCLUSION
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Food products can be processed and preserved ateloperature by
different methods of freezing, packaging and cagn{ther processing
methods include Pasteurization, Sterilization ahdrinal Processing.

50 SUMMARY
In this unit we have learnt that:

Low Temperature preservation involves the applicatiifferent
freezing methods.

Foods can be Thermal processed using the methods of
Pasteurization, Sterilization Drying and Dehydnatio

Foods can also be processed by canning, packagemically

and blanching.

In the homes foods can be processed and preseyvambking.

SELF ASSESSMENT EXERCISE

1. Describe the process of food preservation ltwering the
freezing temperatures.
2. Examine the advantages of low temperature storage.

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between Pasteurization and Statibn.
2. Enumerate the type of foods usually subjecte@ach method of
Pasteurization and Sterilization.

7.0 REFERENCES/FURTHER READINGS

A. F. Walker. (1990). Applied Human Nutrition. Aspé&ublishers.
300 pages.

Bubel M, Bubel N and Art P. (1991)Root Cellaring: Natural Cold
Storage of Fruits and Vegetablénd ed. Storey. How to Build a
Cellar and Store Foods, and How Long Foods Keep.

Satin, Morton.The Food Alert: The Ultimate Sourcebook for Food

Safety.Facts on File, (1999). The Safety Guide to PropmvdF
Preservation and Handling.

FDA. (2001). FDA Publishes Final Rule to Increasdée$/ of Fruit and
Vegetable Juices. Food and Drug Administration N&etease,

10t



AFS 202

PRINCIPLES OF FOOD SCIENCE AND TECHNOLOGY

U.S. Food and Drug Administration. Available via timternet at
http://www.fda.gov/bbs/topics/INEWS/2001/NEWO0074&nht

Food Science Australia. (2000). Packaged MinimBHgeessed Fresh-
Cut Vegetables. In Food Safety and Hygiene- A Bulléor the
Australian Food Industry, Food Science Australia.ayM
Available via the Internet at http://www.dfst.csaa/fshbull/
fshbull21.htm.

FSIS. (1996). FSIS Pre-HACCP Standard Sanitatiopergling
Procedures Reference Guide. Food Safety and Inepegervice,
U.S. Department of Agriculture.

Gardner, S. (1993). Consumers and Food Safety: AdHadustry
Perspective. In Food, Nutrition, and Agriculture Gensumer
Participation in Food Control.

Improving the Safety and Quality of Fresh Fruitsdaviegetables: A
Training Manual for Trainery/-26.

J.L. Albert, ed. FAO, Rome. Available via the Imetr at
http://www.fao.org/docrep/v2890t/v2890t00.htm

Gould, W.A. and Gould, R.W. (1993). Total Qualitgsurance for the
Food Industries. 2nd ed. CTI Publications, BaltiydviD, USA.

IAFIS. (1999). Food Standards Library. Availableathe Internet at
www.iafis.org/fiic/stan/stanl.htm.

IFT. (2001). Introduction to the Food Industry -sken 1. Food Quality
and Safety Assurance. Edited by Claus, L., Montegal., and
Pappas, A. Available via the Internet at
http://www.ift.org/education/food_industry/lessosiitml.

10¢



AFS 202 PRINCIPLES OF FOOD SCIENCE AND TECHNOLOGY

UNIT 4 FOOD PROCESSING AND PRESERVATION
OPERATIONS II: USE OF IRRADIATION AND
MOISTURE REDUCTION

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Food Irradiation and Moisture Reduction
3.1.1 Biological Effects of Irradiation
3.1.1.1 Positive Effects
3.1.1.2 Negative effects
3.2 Safety Concerns
3.2.1 Advantages
3.2.2 Disadvantages
3.3 Preservation by Moisture Reduction
3.3.1 Controlling Water Activity
3.3.2 Drying and Dehydration
3.3.3 Concentration of Moist Foods
4.0 Summary
5.0 Conclusion
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION

Food irradiation involves the use of either higlee electron beams or
high-energy radiation with wavelengths smaller tB@0 nanometres, or
2000 angstromse(g. X rays, gamma rays and corpuscular radiations
capable of producing ions directly or indirectlyf-hese rays contain
sufficient energy to break chemical bonds and mmlecules that lie

in their path. The two most common sources of t@ghrgy radiation
used in the food industry are cobalt-68C6) and caesium-1373(Cs).
For the same level of energy, gamma rays have ategrpenetrating
power into foods than high-speed electrons.

Treatment of food with ionising radiation is a udebol for control of
the presence of food borne non-spore-forming pahiegbacteria and
micro-organisms such a€ampylobacter, Escherichia cob157:H7,
Listeria monocytogenes, Salmonella, Staphylococeuwseus and
parasitic organisms such as trichina. These osgaicause diarrhoeal
diseases and in some cases, death.

The unit of absorbed dose of radiation by a mdtésiaenoted as the
gray (Gy), one gray being equal to the absorptioone joule of energy
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by one kilogram of food. The energy possessednbglectron is called
an electron volt (eV). One eV is the amount okkin energy gained by
an electron as it accelerates through an electotienpial difference of
one volt. It is usually more convenient to usargér unit such as mega
electron volt (MeV), which is equal to one millietectron volts.

Irradiation employs the use of radiolysis — theitspy of water
molecules into irreversible form — thereby pressgvihe food because
the water is unavailable for microbial and enzymatitivities.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

define food irradiation

enumerate the positive and negative effects of foadiation
discuss the preservation of foods by moisture reéaiic

discuss the methods employed in achievingceoination of
moist foods.

3.0 MAIN CONTENT
3.1 Food Irradiation and Moisture Reduction
3.1.1 Biological Effects of Irradiation

Irradiation has both direct and indirect effects malogical materials.

The direct effects are due to the collision of atidn with atoms,

resulting in an ejection of electrons from the asonThe indirect effects
are due to the formation of free radicals (unstabtdecules carrying an
extra electron) during the radiolysis (radiatinduced splitting) of

water molecules. The radiolysis of water molecylesduces hydroxyl

radicals, highly reactive species that interachutiite organic molecules
present in foods. The products of these interasticause many of the
characteristics associated with the spoilage oflfeoich as off-flavours
and off-odours.

3.1.1.1 Positive Effects

The bactericidal (bacteria-killing) effect of ioimg radiation is due to
damage of the bio-molecules of bacterial scellThe free radicals
produced during irradiation may destroy or chanfge structure of
cellular membranes. In addition, radiation caugesersible changes to
the nucleic acid molecules.€., DNA and RNA) of bacterial cells,
inhibiting their ability to grow. Pathogenic baggethat are unable to
produce resistant endospores in foods suclpaastry, meats, and
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seafood can be eliminated by radiation doses of IDtkilograys. If the
dose of radiation is too low, then specalisenzymes repair the
damaged DNA and life continues for them. If oxygepresent during
irradiation, the bacteria are more readily damagBases in the range
of 0.2 to 0.36 kilograys are required to stop tleproduction of
Trichinella spiralis(the parasitic worm that causes trichinosis) inkpor
although much higher doses are necessary to elienintom the meat.

The dose of radiation used on food products isdéwiinto three levels,
namely:

I. Radurisation The use of low doses of ionising radiation
adequate for reducing the numbers of spoilage sgen It is a
dose of 1 to 10 kilograys that, like pasteurigatis useful for
targeting specific pathogens.

ii. Radicidation The use of doses sufficient to reduce the
numbers of specified viable non-sporing pathogereovio
detectable levels. It involves doses of less thadldgray for
extending shelf life and inhibiting sprouting.

iii. Radappertisation Treatment with doses of ionising radiation
sufficiently high for reducing the number of orgams below
detectable levels (also called commercial stejility is a dose in
the range of 20 to 30 kilograys, necessary to Istera food
product.

3.1.3 Negative Effects

In the absence of oxygen, radiolysis of lipids k&d cleavage of the
inter-atomic bonds in the fat molecules, produatognpounds such as
carbon dioxide, alkanes, alkenes and aldehydesaddiition, lipids are
highly vulnerable to oxidation by free radicals,peocess that yields
peroxides, carbonyl compounds, alcohols and lastoriéhe consequent
rancidity, resulting from the irradiation of hightf foods, is highly
destructive to their sensory quality. To minimgeh harmful effects,
fatty foods must be vacuum-packaged and held atfresaiing
temperatures during irradiation.

Proteins are not significantly degraded at the keges of radiation
employed in the food industry. For this reasondiation does not
inactivate enzymes involved in food spoilage, astnemzymes survive
doses of up to 10 kilograys. On the other hanel,léinge carbohydrate
molecules that provide structure to foods are dgrperised (broken
down) by irradiation. This de-polymerisation redsc¢he gelling power
of the long chains of structural carbohydrates.weher, in most foods
other food constituents provide some protectionregahese deleterious
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effects. Vitamins A, E and ;B(thiamine) are also sensitive to
irradiation. The nutritional losses of a food potare high if air is not
excluded during irradiation.

3.2 Safety Concerns

Based on the beneficial effects of irradiation @mnta@in foods, several
countries have permitted its use for specific pagso These include the
inhibition of sprouting of potatoes, onions andligarthe extension of
shelf life of strawberries, mangoes, pears, grapestries, red currants,
and cod and haddock fillets; as well as in the dhsks-infestation of
pulses, peanuts, dried fruits, papayas, wheat eouhd-wheat products.

The processing room used for irradiation of foasléined with lead or
thick concrete walls to prevent radiation from ¢seg. The energy
source, such as a radioactive element or a macounee of electrons,
is located inside the room (radioactive elementshsas ®°Co are

contained in stainless steel tubes. Becauseisatope cannot be
switched on or off, when not in use, it is loweratb a large reservoir
of water) Prior to the irradiation treatment, pensel vacate the room.
The food to be irradiated is then conveyed by remmkans into the
room and exposed to the radiation source for agbeechined time. The
time of exposure and the distance between thetradiaource and the
food material determines the irradiation treatmeAfter treatment, the
irradiated food is conveyed out of the room, arerddioactive element
is again lowered into the water reservoir.

Large-scale studies conducted around the world laveluded that
irradiation generally does not cause harmful reastiin foods. In 1980,
a joint committee of the Food and Agriculture Orgation (FAO), the
International Atomic Energy Agency (IAEA), and ttWorld Health

Organization (WHO) declared that:

An overall average dose of radiation of 10 kilograyas safe for
food products.

The maximum energy emitted 9Co and**'Cs is too low to
induce radioactivity in food.

When the energy output of electron-beam generagocarefully

regulated, the energy outputs are too low to caadi®activity in

foods.

Some 20 countries, including the United Stateolland and South
Africa have approved irradiation for use on a leditgroup of foods:
fresh fish, shellfish, spices, potatoes and trdpiaats. In 1990, the
U.S. Food and Drug Administration approved the ofsaradiation for

poultry, in order to reduce the threat of salmanel bacterium that
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causes food poisoning. By 1995, irradiation hasnb&pproved for use
in 25 countries. In 1996, a symposium on Irradratechnology was
held in Nigeria to examine its suitability for Idgaoducts. The impact
of irradiation on preservation of foods amdricultural produce,
mutation in plants for production of high-yieldirgnd disease resistant
varieties, sterile insect techniques, sterilisatioih medical devices,
pharmaceutical products and packages, improvemémneaexhanical,
thermal and electrical properties of plastics amduced cross-linking
and vulcanisation of rubber latex were evaluated. th® end of the
symposium, the participants observed that thereimmense benefits
derivable from the application of irradiation teckogy. It was also
noted that although some research work is bein@ domNigeria on the
application of irradiation technology in agricukrmealth and industry,
there is need for more research work on some Nigdioodstuffs that
have not been fully investigated. Considerihg newness of this
technology in the country, the participants sugegsthat a public
awareness program should be embarked upon to edtieaipeople on
the merits of introducing irradiation technology Nigeria, particularly
to preserve food safe for human consumption, redosges, enhance
food security and price stability and thus faciétéhe acceptance of the
technology.

Irradiation delays ripening of fruits and vegetablhibits sprouting in
bulbs and tubers; disinfests grain, cereal proddnigs and vegetables
(fresh and dried) and destroys bacteria in freshtsneHowever, public
concern over the safety of irradiation has limitesdfull-scale use. See
appendix 3 for recommended dose levels for diffefeod items.

3.2.1 Advantages

I Any food can be irradiated at correct doses ldsbquid, gases
or liquids in frozen state.

il. Shapes and sizes of the food item are no lyarrie

ii. Materials other than food can be steriliseditgdiation

V. It destroys parasites and enhances odour ehéssoils.

V. It can be used to improve microbiologicaliality without
significantly affecting the physical state and sepsqualities of
the products.

Vi. It avoids the risk of recontamination

vi.  Most of the psychotropic microorganismg$ mnportance to
microbiological safety or keeping quality of chdldoods are
relatively sensitive to radiation

viii. The incidence and contamination levels of hmafenic bacteria
are usually low.

IX. It saves energy in production, distribution amdrketing under
ambient conditions.
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a. Irradiated foods last longer and can be addest a greater number
of people at lower cost.

b. It enhances rural incomes since producers lale ta sell a higher
proportion of their product while it remains whalese.

c. The ability to store products without risk ofogpge evens out
fluctuations in food availability and pricenca so improves food
security, especially for low income earners.

3.2.2 Disadvantages

If it is not used in the correct dose, it can leadff-flavour

It can deposit carcinogenic matter in foduhtt can cause
malignant growth in the body.

It is dangerous and expensive to run.

3.3 Preservation by Moisture Reduction
Water that is present in a food item is expressdte following terms:

1. Bound water This is the water, which forms part of the stunetof
the food. It cannot be removed.

2. Water activity(a,): This is the water in excess of the water which
forms part of the structure of the food and is k¢ for microbial
and enzymatic activities. It can be removed.

3. Water content This is the total amount of water present iroadf
item.

4. Moisture content: This is the scientific measure of water present in
a food item. It can be measured on wet weight basisn dry
weight basis.

5. Interstitial water. This is the water present in between the cdlis o
food items.

Processing and preservation operations based ostureireduction
employ the principle of lowering the water activityeither by adding
solutes such as sugar, glycerol and salt or by vergowater through
dehydration.

3.3.1 Controlling Water Activity

Foods containing high concentrations of water amegally more
susceptible to deterioration by microbial contarhoraand enzymatic
activity. The water content of foods can be comgbby removing
water through dehydration or by adding solutefiéofood. In both
cases, the concentration of solutes in the fooctase and the
concentration of water decrease.
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3.3.2 Drying and Dehydration

Although both these terms are applied to the remotavater from
food, in Food Technology, drying refersratural desiccationsuch as
spreading fruit on racks in the sun, and dehydnatiesignatedrying by
artificial means such as a blast of hot air. Dehydration of fi®dn
effective weapon against microbial attack, sinaeftee water in food is
essential for the proliferation of bacteria. Altgh the preservation of
food by drying is an ancient practice, advancesaod Science and
Technology have created wholly new forms, hsuas compressed,
freeze-dried foods that resume their original shapeshydration.

Foodstuffs may be dried in air, superheated ste@acyum, or inert gas
or by direct application of heat. Air is the mgsnerally used drying
medium, because it is plentiful and convenient gedmits gradual
drying, allowing sufficient control to avoid ovewditeng that might result
in scorching and discoloration. Air may be usethlkio transport heat
to the food being dried and to carry away liberatedisture vapour.
The use of other gases requires special moistaoeeey systems.

Loss of moisture content produced by drying resuftsincreased
concentration of nutrients in the remaining foodssaThe proteins, fats
and carbohydrates in dried foods are present getaamounts per unit
weight than in their fresh counterparts, and th&ient value of most
reconstituted or rehydrated foods is comparabléhéd of fresh items.
The biological value of dried protein is dependdmbwever, on the
method of drying. Prolonged exposure to high temajpees can render
the protein less useful in the diet. Low-tempemttreatment, on the
other hand, may increase the digestibility of proteSome vitamins are
sensitive to the dehydration process. For etamin dried meats
significant amounts of vitamin C and the B vitamirsriboflavin,
thiamine, and niacin — are lost during dehydration.

Dried eggs, meat, milk and vegetables are ordynaalckaged in tin or
aluminium containers. Fibreboard or other typesnwdterial may be
employed but are less satisfactory than metal, ioiers protection
against insects and moisture loss or gain and whémits packaging
with an inert gas.

In freeze-drying, a high vacuum is maintained irs@ecial cabinet
containing frozen food untii most of the mstare has sublimed.
Removal of water offers excellent protection agathe most common
causes of food spoilage. Microorganisms cannoivgroa water-free
environment, enzyme activity is absent, and mostrgbal reactions are
greatly slowed down. This last characteristtakes dehydration
preferable to canning if the product is to be stata high temperature.
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In order to achieve such protection, practicallythé water must be
removed. The food must then be packaged imasture-proof
container to prevent it from absorbing water frone tair. For this
reason a hermetically sealed can is frequently tsestiore dried foods.
Such a can offers the further advantage of beingermous to external
destructive agents such as oxygen, light, insewdsadents.

Vegetables, fruits, meat, fish, and some other Innglisture foods may
be dried to one-fifth of the original weight andoab one-half of the
original volume. The disadvantages of this hodt of preservation
include the time and labour involved in rehydratithge food before
eating. Further, reconstituting the dried pridunmay be difficult,
because it absorbs only about two-thirds of itginal water content;
this phenomenon tends to make the texture tougltlaendy.

Present-day dehydration techniques include theicgtign of a stream
of warm air to vegetables. Protein foods such astnage of good
quality only if freeze-dried. Liquid food issually dehydrated by
spraying it as fine droplets into a chamber of awt(spray drier), or
occasionally by pouring it over a drum internalaked by steam (drum
drier).

In-package desiccants (drying agents) improve géoratability of

dehydrated white potatoes, sweet potatoes, cabltagmts, beets and
onions and give substantial protection against biogt Retention of
ascorbic acid (vitamin C) is markedly improved bwckaging at

temperatures up to 49°C (120°F); the packaging mayg be either
nitrogen or air.

Advantages

I Low water activity, which aids food preservation

ii. There is reduced weight compared to the initiadight of the
food item, which eases packaging, storage anddoataion.

ii. It allows for the production of certain convence foods e.g. tea,
coffee.

Disadvantages

I Cooked flavour might result.
ii. It can also cause darkening of the food item.
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3.3.3 Concentration of Moist Foods

This is the partial removal of water from a foodnit, giving rise to a
syrup-like product. Food items such as syrupspenated milk, tomato
ketchup and condensed soups are examples of coaeehfood item.
Sun drying cannot be said to be concentration Isscauconcentration,
the water is removed partially whereas the amotimtater that is being
removed cannot be controlled in sun drying. Foodth wubstantial
acidity, when concentrated to 65 percent or moheld® solids, may be
preserved by mild heat treatments. High acwmhtent is not a
requirement for preserving foods concentrated & @@ percent solids.

Fruit jelly and preserve manufacture, an importémit by-product
industry, is based on the high-solids-high-acidngple, with its
moderate heat-treatment requirements. Fruit$ fussess excellent
qualities but are visually unattractive may be presd and utilised in
the form of concentrates, which have a pleasintgtasd substantial
nutritive value. Jellies and other fruit preseraes prepared from fruit
by adding sugar and concentrating by evapmrato a point where
microbial spoilage cannot occur. The prepared prbdan be stored
without hermetic sealing, although such proteci®mseful to control
mould growth, moisture loss and oxidation. In nrodgractice, vacuum
sealing has replaced the use of a paraffin cover.

The jelly-forming characteristics of fruits and ithextracts are due to
pectin, a substance present in varying ansoumtall fruits. The
essential ingredients in a fruit gel are pectindasugar and water.
Flavouring, colouring agents as well as pectin acid may be added to
overcome any deficiencies in the fruit.

Candied and glazed fruits are made by slow impriggmaf the fruit

with syrup until the concentration of sugar in tissue is sufficiently
high to prevent growth of spoilage microongars. The candying
process is conducted by treating fruits with syrubsprogressively
increasing sugar concentrations, so that the diagts not soften into jam
or become tough and leathery. After sugar impragnathe fruit is

washed and dried. The resulting candied fruit mayphckaged and
marketed in this condition or may be dippetb syrup, becoming
coated with a thin glazing of sugar and again dried

The methods employed in achieving concentratioraar®llows:
I. The kettle method This involves the use of open kettles or

pans. It is of benefit in foods where caramel@atis desirable
e.g. malt drink, stout, ale etc.
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ii. Flash method This involves the application of superheated
steam to the food items in steam jackets.e Tgrocess is
commonly used for purees.

iii.  Film method: This involves pumping the food into a heated
vertical cylinder. A film of the food, which getsrydfast, is
produced.

iv.  Vacuum method This is applied to heat sensitive foods.

V. Freeze concentration method:This involves the removal of
frozen water from food items via sublimation). kihe removal
of water, a concentrated food item is got.

Vi. Ultra-filtration and reversed osmosis This process involves
the use of a selectively permeable membrane, wfiitdrs
micromolecules  (water molecules) and leaves the
macromolecules.

4.0 CONCLUSION

Food irradiation is safer than fumigation of Fodus nonetheless Food
irradiation carries advantages and disadvantagesso AFood
Preservation can be achieved either by reductidMarsture contents or
concentration of Moist foods.

50 SUMMARY
In this Unit we have learnt that:

Irradiation of Foods is a useful tool for contrdltbe presence of
food borne non-spore-forming pathogenic bacterid amcro-
organisms;

There are however, serious Biological Effects of odro
Irradiation, some of which are advantageous, wbileers are
undesirable;

Preservation of foods is achieved by Moisture Redog
Alternatively preservation may be achieved by cotreation of
Moist foods.

SELF ASSESSMENT EXERCISE

1. Discuss the advantages and disadvantages ofrfaddation.
2. Discuss (i) Drying (ii) Freeze drying and (iii) Dgdration.
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6.0TUTOR-MARKED ASSIGNMENT

1. List the advantages and disadvantages of Foadidtion.
2. Discuss methods employed in achieving eotration of Moist
Foods.
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1.0 INTRODUCTION

Food Additives are compounds that are added tosfaxl an aid to
processing, improving the keeping qualities, dlay colour, texture,
appearance and stability of the food. Vitaminsnerals and other
nutrients added to fortify or enrich the food aemerally excluded from
the definition of additives, as are herbs, spisaft, and yeast or protein
hydrolysates commonly used to enhance flavowhere laboratory
testing has shown that high intakes of an additaee adverse effects
(on experimental animals), the amount that maydas us controlled by
law to ensure that the total intake from all foads daily diet is within
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a safe range. Thig\cceptable Daily Intake (ADI)s usually one-
hundredth of the highest dose that has no deteztaibct in laboratory
tests Compounds for which no adverse effects candiected, even
using extremely high levels of intake, are classifias “ADI not
determined”, and may be used without any limitatiafthough the
intensity of colour and flavour will usually limihe amount that is used.
Additives are classified by their function. Thdldaving is a review of
the major types.

2.0 OBJECTIVES
By the end of this unit you should be able to:

define “ additive”

classify the additives according to functions

discuss the use of modified technology to improvealijes of
foods

enumerate the types of fermentation of foods.

3.0 MAIN CONTENT
3.1 Types of Additives

3.1.1 Colourants

These refer to a range of organic compounds, sgmbetic chemicals,
and naturally occurring plant pigments, namely: oobphyill,
carotenoids and anthocyanins, that may be add&sbtis to enhance the
colour. When a desirable food process leads ta®0df colour from the
food, or a new product looks unduly insipid, thegassor wisely takes
steps to make it more attractive through the ustod grade colours.
Some mineral salts are also used as colours digj.of&alcium and iron
which enhance the nutritional value of the foodvadl as its colour.

3.2 Preservatives

The Food and Drug Administration defines a chempralservative as
“any chemical that when added to food, tends to gmiewr retard
deterioration, but does not include commorit, ssugars, vinegars,
spices or oils extracted from spices, substancele@do food by direct
exposure thereof to wood smoke or chemiagglied for their
respective insecticidal or herbicidal properties

The ideal chemical preservative must be able tdbinkhe growth of
moulds, yeasts and bacteria. It must be non-taxitest animals and
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ultimately to humans. It should be capable of geiretabolised by the
body and not subject to further detoxification mdare in the liver.
There should not be a residue build-up in fattgués Ideally, it would
be water-soluble; if it is fat-soluble it might benavailable for
antimicrobial action, since micro-organisms growthe aqueous phase.
It should be stable in the food product and nottreath other additives
or natural components of food. It should exhibit taste, odour or
colour. It should be cheap and be able to pay t&elfi by reducing
spoilage and minimising food borne illness.

Preservatives are used to protect foods againsgtbeth of micro-
organisms that might cause spoilage or food pomgprand so increase
the safe storage life of the product. Such compsundude sorbic and
benzoic acids and their salts, sulphur dioxide @asdsalts, as well as
nitrites and nitrates used in pickling salts. Tokowing is a review of
commonly used preservatives.

3.2.1 Benzoates

These are the preservatives with the longest lyistbuse in foods. The
optimum pH range for antimicrobial activity by beates is 2.5 — 4.0,
which is lower than that for sorbate or propionafEhe reason for this
lower range is that the antimicrobial activity isinparily due to the
undissociated acid molecule. Sodium benzoate &divity against
yeast, mould and bacteria but is not usually recented for bacterial
control because of its decreased activity above4@ where bacteria
are the greatest problem. The lower pH range makezoates well
suited for preservation of foods that are acidiceadily acidified, such
as carbonated beverages, fruit juices andklgic Under FDA
regulations, benzoates are generally recogniseshf@s(GRAS) for use
in foods, but a maximum level of 0.1% is set. Beigse have an
advantage of low cost compared to other antimieiadmlditives.

3.2.2 Parabens

Parabens is the name given to the alky esters rahpdroxy benzoic
acid which are used as food preservatives andtaretwally related to

benzoic acid. The parabens are very versatileahthey are not weak
acid compounds; because of its esterified carbgnglp, the active
undissociated molecule can be retained over a wlderange. The

antimicrobial property of parabens is directly ppdpnal to the chain
length, however, solubility decreases as thain length increases.
Very often, a combination of methyl and propesters is often
employed. In general, the parabens are mosteaagainst gram-
negative bacteria. The parabens are more ycdbthn the other
preservatives and are not water-soluble (sdjpds 0.25% for the
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methyl ester). The methyl and propyl ester aresictamred GRAS with a

maximum total use level (methyl + propyl) of 0.1%hey are used in
cakes and fillings, soft drinks, fruit juices andlagls, and artificially

sweetened jams and jellies. The heptyl eseused in beer at a
maximum level of 12 ppm.

3.2.3 Propionates

Propionates were among the first monocarboxylity fatids to be used
as an antimicrobial agent in foods. Propionate® lggpod antimicrobial

activity against moulds but little against yeasts dacteria. They are
considered as GRAS for use in foods and have nerdppits except in

products such as bread, rolls and cheese — thts lare 0.32% of flour
in white bread and rolls, 0.38% in correspondingeathproducts and
0.3% in cheese products. Calcium and sodium prape are equally
effective, but the calcium salt is used in breaus @lls because of the
enrichment contribution of calcium. The sodiusalt is used in

chemically leavened products because the calciuminterferes with

the leavening action.

3.2.4 Sorbates

Sorbic acid is another monocarboxylic fatty acidttis used to preserve
our food. Sorbic acid and potassium sorbate aartbst popular forms
used. Sorbic acid is only slightly soluble water whereas the
potassium salt is very water-soluble, up to 139gil0at 25°C. The
optimum pH range of effectiveness extends up t®&@ higher than the
upper range of benzoates and propionates but b#latvof parabens.
The traditional applications for sorbates are chepsoducts, baked
goods, beverages, syrups, fruit juices, winedlies, jams, salads,
pickles, margarine and dried sausages. Sorbatestraditionally been
used as antifungal agent in foods and food wrappers to control
yeasts and moulds. Sorbates are considered as GR&fg a fatty
acid, sorbates are metabolised by the body to oadbmxide and water.
The principal disadvantage of sorbates is theit.cd$owever, they are
usually used in lower quantities than the cheapenzbates and
propionates in the higher-pH products to achieeedisired effect.

3.2.5 Acetates

Derivatives of acetic acid e.g. monochloroaceticd,aperacetic acid,
dehydroacetic acid and sodium diacetate have beeonmmended as
preservatives, but not all are approved by the Faodl Drug
Administration. Dehydroacetic acid has beenduse impregnate
wrappers for cheese to inhibit growth of moulds amdemporary
preservative for squash. Acetic acid in the foritviaegar is used in
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mayonnaise pickles, catsup and pickled sausageseticAacid is more

effective against yeast and bacteria than againstlds, and its

effectiveness increases with a decrease in pH,hmwviguld favour the

presence of the undissociated acid. Sodium dimcéts been used in
cheese spreads and malt syrups and as treatmewtrdppers used on
butter.

3.2.6 Sulphites

In aqueous solutions, sulphur dioxide, sulphit¢ss@lisulphate salts and
metabisulphite salts form sulphurous acid, the vactantimicrobial
compound. The effectiveness of sulphurous ace&hisanced at low pH
values. The fumes of burning sulphur are used é¢attmost light-
coloured dehydrated fruits, while dehydrated velgletare exposed to a
spray of neutral bisulphite and sulphites beforgerdy. Sulphur dioxide
has also been used in syrups and fruit juices anéd waking. Some
countries permit the use of sulphites on meat aind f

In addition to the antimicrobial action of sulplsitehey are also used to
prevent enzymatic and non-enzymatic changes ooldigation in some
foods. They are most effective against yeasts, dsoahd bacteria.
However, current levels are limited because at ab60 ppm the taste
becomes noticeable. $@nd several sulphite salts are considered
GRAS, but they may not be used in foods which haubstantial
amounts of thiamine. In addition to its antimidadkactivity, bisuphites
have been shown to degrade aflatoxjmid G.

3.2.7 Nitrites and Nitrates

Combinations of these salts have been used in gwaiutions and
curing mixtures for meats. Nitrites decompose ttimiacid, which

forms nitrosomyoglobin when it reacts with the hepiggments in meats
and thereby forms a stable red colour. Nitratedb@bly only act as a
reservoir for nitrite, and their use is being res#d. Nitrites can react
with secondary and tertiary amines to form si&nmines, which are
known to be carcinogenic. The problem of giade carcinogenic
nitrosamines appears to be greatest in bacon (cuead from the back
or sides of pig). The extended future for the abaitrites in foods is
therefore questionable and at least controversial.

They are currently added in the form of sodiumiteifrpotassium nitrite,
sodium nitrate, or potassium nitrate. Recent wwak emphasised the
inhibitory property of nitrites towardClostridium botulinumin meat
products, particularly in bacon and canned or eed hams. Nitrates
have a limited effect on a limited number of orgams and would not be
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considered a good chemical preservative. See appdnanaximum
allowable limits of approved preservatives.

3.3 Smoke

The smoking of foods usually has two main purposekling desired
flavours and preserving. Other desirable effecty mesult, however,
e.g. improvement in the colour of the inside of tregad in the finish, or
“gloss” of the outside and a tenderising actionnogats. Commonly,
smoke is obtained from burning wood, preferably eaadhwood like
hickory, but is may be generated from burning coobs or other
materials. Other woods used are apple, oak, mapégh, birch, walnut
and mahogany.

Preservative action is provided by bactericidalncizals in the smoke
such as formaldehyde, guaiacol (2-methoxyphenal), @eosote, which
has limited bactericidal and antioxidant action dydthe dehydration
that occurs in the smokehouse.

Woodsmoke contains a large number of volatile caimps that differ

in their bacteriostatic and bactericidal effecWoodsmoke is more
effective against vegetative cells than againstdrat spores, and the
rate of germicidal action of the smoke increasehviti$ concentration
and the temperature and varies with the kind of dvemployed. The
residual effect of the smoke in the food has beponted to be greater
against bacteria than against moulds. The coratgnir of mycostatic

material from woodsmoke necessary to prevent mgubavth increase

with a rise in the humidity of the atmosphere ofage.

The application of “liquid smoke”, a solution of erhicals similar to
those in woodsmoke, to the outside fobds has little or no
preservatives effect although it contributes todlar.

3.4 Sugar and Salt

These compounds tend to tie up moisture and thus &ia adverse
effect on micro-organisms. Salt have the followaftgcts on food
items:

I. It causes high osmotic pressure and hence plgsismf cells;
however, the percentage of salt necessary to ingimwth or
harm the cell varies with the micro-organism.

i. It dehydrates foods by drawing out and tying mpisture as it
dehydrates microbial cells.

lii.  Itionises to yield the chlorine ion, which @rmful to organisms

\2 It reduces the solubility of oxygen in the noie
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V. It sensitises the cell against carbon dioxide
Vi. It interferes with the action of proteolyticames.

Sugars such as glucose or sucrose, owe their igdaess as
preservatives to their ability to make water unk@e to organisms and
to their osmotic effect. Examples of foods preseériy high sugar
concentrations are sweetened condensed milk, fmitsyrups, jellies
and candies

3.5 Formaldehyde

The addition of formaldehyde to foods is not peradf except, as a
minor constituent of wood smoke, however this coumabis effective

against moulds, bacteria and viruses and banused where its
poisonous nature and irritating properties areampectionable. Thus, it
is useful in the treatment of walls, shelvésors, etc to eliminate
moulds and their spores. Paraformaldehyde lwanused to control
bacterial and fungal growth in tapholes of mapées: Formaldehyde
probably combines with free amino groups of thetgns of cell

protoplasm, injures the nuclei, and coagulateseprst

3.6 Antioxidants

These are used to prevent rancidity in fatty foadd to protect the fat-
soluble vitamins (A, D, E and K) against damageokigation. As far

as food is concerned, protection must be givernéounsaturated fat it
contains, not only because of the noxious tairas tould develop, but
also because of the loss of valuable esdefdity acid that would
follow. Synthetic antioxidants include esterk gallic acid, tertiary
butylhnydroquinone (TBHQ), butylated hydroxytoluen®HT) and

butylated hydroxyanisole (BHA). BHA and BHT aretmermitted in

baby foods while L-Ascorbic acid is preferred fowist foods, e.g.
meat, bakery products and beer. Vitamins C (a®sc acid, sodium

Mechanism of lipid oxidation

Metalc—pp 0
Unsaturated fat C Free radicals_*_> Peroxides
u, Fe ~

Aldehydes + Ketones 4—Hydroperoxides < New free radicals produced

Responsible for taints
and off flavour

L- and calcium ascorbate) and d&=tocopherol) are also commonly used
as antioxidants; they obviously enhance the natrdi value of the food
to which they are added; indeed, there is someeecrl that synthetic
antioxidants used in food manufacture alswehaseful antioxidant
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action in the body. Some spices have value asatints, but their
primary function is flavour enhancement, as is tise of the additive
monosodium glutamate.

3.7 Acidity Regulators (Acidulants)

Acidulants act to reduce the pH, minimise microlbgabwth and to
enhance the effect of the weak acid preservativél&alis, including
sodium, potassium, calcium, and magnesium hydrexidey be used
to neutralise excess acidity (sourness) in foollsids and their salts are
used as flavourings and also to control gt¢ of foods. Some,
including acetic acid (vinegar), lactic ac{formed in soured or
fermented milk), propionic, malic and fumaric acidéso have valuable
antimicrobial action, and may, in addition, be sltied as preservatives.
Others, including ascorbic (vitamin C), citric, teic, phosphoric,
hydrochloric, sulphuric acids and their salts, adlvas carbon dioxide
and carbonates or bicarbonates may be used eithéuféers or for
special purposes, including acting as emulsifyiggrds, raising agents
or anticaking agents.

3.8 Emulsifiers and Stabilizers

An emulsifier is a substance which aids tbemation of a stable
mixture of two otherwise immiscible substances &g.and water. A
stabilizer, on the other hand, helps to maintaireamnlsion when it is
formed. The stabilizer may have the same basicackeristic with an
emulsifier, or it may serve to thicken one or mgaaticipant in the
emulsion, or make it more viscous and hence l&s$ylito separate into
its components. Additives in this group are use@ériable oils and fats
to mix with water and to form smooth emois (for example
margarine and mayonnaise), to give a smooth creaxiyre to foods,
and to slow the staling of baked goods. Many as® aised to form
jellies. A variety of plant gums, including algieat agar, guar gum,
and carob gum, may make a useful contribution ®ititake of non-
starch polysaccharide (dietary fibre), as may psectnd the various
cellulose derivatives that are widely used. Othewlsifying agents
include lecithin and a variety of salts and estéifatty acids.

3.9 Anticaking Agents

These are anhydrous substances that can pick uptureiwithout
themselves becoming wet. In other words, they imhsebmoisture
coming in contact with a food material. They adeled to particulate
products, such as dry mixes, to prevent the pasgiédtom clumping
together and so keeps the product free flowing.ticAking agents are
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used to ensure that powders such as flour or eaitin free flowing;
compounds that are used include bone meal (whichlss used for
enrichment of flour with calcium), polyphosphategicates (including
Aluminium, magnesium, and calcium salts of sili@cid), stearates,
gluconates, salts of long chain fatty acids (e.gristic, palmitic and
stearic).

3.10 Humectants

They are required to keep certain food productsstmas in bread and
cakes. Humectants pass any incoming moisture iméo product to
compensate for losses due to natural dryimlyl humectants are
hygroscopic in nature. Common humectants inclugieegol, sorbitol

and propan-1, 2-diol

3.11 Sequestrants

Certain metals, especially copper and iron caraagiro-oxidant catalyst
and therefore need to be immobilised. Sequestrarés compounds
added to do just that. Commonly used sequestrantiside EDTA,
phosphates, tribasic citric acid, tartaric acid asdalts.

3.12 Flavouring Agents

These include sweeteners, some fruit acids, nagxtehcts of fruits and
herbs, and synthetic compounds designed to mintralaflavours. In
addition, a number of compounds are used to enhdredlavour of
foods, without giving any particular flavour of theown; such
compounds include glutamic acid and its salts @sfig monosodium
glutamate), and nucleic acid derivatives.

3.13 Use of Modified Atmospheres

The normal composition of air is 20% oxygenX('9% nitrogen (I
and 1% carbon dioxide (GD A modified atmosphere (MA) is one in
which the normal composition of air around a foodtenial is changed
or “modified” at the point of packing. This modiéition usually results
in a reduction of the Ocontent of air while increasing the level of €O
and N. A controlled atmosphere (CA) is a process whetbhb gaseous
environment is modified to a desired level and aalgd at that level,
with strict limits, throughout storage and usualfyplied to bulk storage
products. A modified atmosphere applies to foodkpged in small
convenient retail units in which the gaseous atrmesp is modified or
changed at the point of packing.
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However, unlike CA storage, the gaseous atmosphelk&A packaged

products changes continuously throughout the stogagyiod. Thus,

while both CA and MA mean that the gaseous atmagphsound the

product differs from air, CA has more precise gaspgositional control

than MA. The various methods by which thesegais atmosphere
within a packaged product can be modified are weedtbelow.

3.13.1 Vacuum Packaging

This is the most common method of modifying thesiinal package
environment and is used extensively by the meaistmg to extend the
shelf life and keeping quality of fresh meat. Tgreduct is placed in a
film of low oxygen permeability, air is evacuateddathe package is
sealed. Under conditions of a good vacuum, heags@ais reduced to
<1% while CQ, produced form tissue and microbial respragt
eventually increases to 10-20% within the packagadbpace. These
conditions, i.e. low @and elevated CQevels, help extend the shelf life
of meat by inhibiting growth of normal aerobic meapoilage
microorganisms particularlyseudomonaandAltermonasspecies.

However the shelf life of a vacuum packaged mepedds on a number
of inter-related factors, specifically the micrdbigical quality and pH

of meat at time of packing, packaging film perméghi package

integrity and storage temperature. The main disatdege of vacuum
packaging from a commercial viewpoint is that tlepldtion of oxygen,

coupled with the low oxygen permeability of the keging film, results

in a change of meat colour from red to brown. Imdigoin, vacuum

packaging cannot be used on soft products sucleas, pasta or baked
products.

3.13.2 Gas Packaging

This technique involves packaging the product uradeatmosphere of
various gases such as £CO,, O, and sometimes CO. The most
commonly used, and perhaps the most effective b€i@g with or
without other gases. For example, with meati©Onecessary for the
bright red colour or “bloom” which is associatedtliwigood quality
meat. However, ©also promotes microbial growth. Carbon dioxide is
a bacteriostatic agent, i.e. it inhibits microbgdowth, but it will
discolour fresh meat. The problem of balancings¢héwo separate
effects can be overcome by using a gas mixturerpracating CQ, O,
and N. The N is needed to prevent the packaging film collapsing
around the product as G@issolves the meat.

The major advantages of gas packaging are: inateabelf life,
increased market area, reduction in producteomd storage costs,
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reduction in use of inhibitors, improved presemtatifresh appearance,
clear view of product and easy separationsiides. Some of its
disadvantages include high initial cost of packggeyuipment, films,
etc; discolouration of meat pigments, leakage, étation (by CQ
resistant microorganisms), swelling and potentimwgh of organisms
of public health significance

3.13.3 Oxygen Absorbants

Oxygen absorbants consist of iron oxide packagezimall sachets like
a desiccant (sold under the trade namgetes® and come in a variety
of sizes that absorb 20 — 2000 cc of oxygen. Wisad in conjunction
with a film of low oxygen permeability, the headspa( is reduced to
less than 0.05% within hours in the packaged prodad remains at
this level for the duration of the storage perio@xygen absorbants
have been widely used in Japan to extend the nfoegdshelf life of
bread, pizza crusts and cakes as well as prevadatma of fats in
potato chips, dried fish, beef jerky, semi-moisbkies and chocolates.
A recent technology in atmosphere modification fréepan is the use of
CO, generators. These substances not only absorb lesdspygen
from the packaged product but also generate equlames of carbon
dioxide into the package headspace.

3.13.4 Ethanol Vapour Generators

Despite the widespread use of ethanol as a gerahiagknt, few studies
have evaluated ethanol as a food preservative. Henwe novel and
innovative method of generating ethanol vapour, irageecently
developed in Japan, is through the use if ethaapbur generators, sold
under the trade nameethicag. Ethicap comprises of a paper/ethyl
vinyl acetate sachet containing food grade ethadsbrbed onto a fine
silicon dioxide powder. When a food is packed with a sachet of
Ethicap, moisture is absorbed from the food andaresh vapour is
released from encapsulation and permeates the gackaadspace.
However, both the initial and final level @thanol vapour in the
package headspace is a function of saclmet and water activity.
Ethanol vapours are extensively used in Japantendxhe shelf life of
high moisture baked products.

3.14 Fermentation and Pickling

Although microorganisms are usually thought of asising spoilage,
they are capable under certain conditions of primdudesirable effects,
including oxidative and alcoholic fermentation. Tmaicroorganisms
that grow in a food product and the changlesy produce, are
determined by acidity, available carbohydratesgexyand temperature.
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Fermentation may be defined #se process of anaerobic or partial
anaerobic oxidation during which enzymes from nocganisms or the
food material break down carbohydrates or carbolayelike material
into simpler substanceslt may also be defined am ATP generating
metabolic process in which organic compounds séoth as electron
donors and as electron acceptor®y these definitions, fermentation
may be separated into that caused by microorganiang those
influenced by enzymes. However, only those produaeslving the
deliberate fermentative growth of microorgamssiare described as
being fermented. Products whose manufacture piynarvolves the
activity of indigenous or added enzynage better referred to as being
enzyme hydrolysed. In cases where the hydrolysipuiely due to
indigenous enzymethis will be properly described as autolysis.

Generally, fermentation results in the breakdowncoimplex organic
substances into simpler ones through catalysis. @xample, by the
action of diastase, zymase, and invertase, stasclbroken down
(hydrolysed) into complex sugars, then simglegars and finally
alcohol. Fermentation is employed in the processinsome food items
like burukutu, bread, milk products, matured palmeuvo mention but a
few.

It seems quite contradictory that microorganismd anzymes, which
are known to be responsible for food spoilage astdribration, are also
used for food preservation. Microorganisms and ereg/ are able to
achieve this due to the following reasons:

The environment of the food item istusated with the
fermenting organisms. These organisms lower phe and
prevent entry of other microorganisms. As the pHaduced,
preservation is ensured.

Macromolecules in the food would have been brokewrdinto
micromolecules which can no longer be attacked by
microorganisms

They produce alcohols, acids etc which are capafbpgeserving
the food. In fact, the keeping quality of alcohobeverages
depends on the percentage of ethanol produced. higher the
percentage produced, the longer the shelf life.

The action of certain bacteria on undigested carthaies causes
fermentation in the human intestine. As a regaes such as hydrogen
sulphide and carbon dioxide may form in amountgdanough to cause
distension and pain. Acids such as lactic acid (tu¢he action of
lactase on milk) and ethanoic acid may also fornhia intestines of
infants, causing diarrhoea.
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Pickling deals with preservation of foodmaterials, esgbci
vegetables, in brine, vinegar (sour liquid got framalt, wine, cider, etc
by fermentation) and mustard. The process resulibsorption of salts,
which in turn, result in removal of water from tHesh to a level that
impedes microbial growth and enzyme activitieBresh fruits and
vegetables soften after 24 hours in a watery soiuéind begin a slow,
mixed fermentation-putrefaction process. The adhlit of salt
suppresses undesirable microbialactivity, cngatn favourable
environment for the desired fermentation. Picklimgy therefore be
used to preserve most green vegetables and fruit.

When the pickling process is applied to cucumbgs, fermentable
carbohydrate reserve is turned into acid, its aolthanges from bright
green to olive or yellow-green, and its tissue Ipees translucent. The
salt concentration is maintained at 8 to 10% dutivegfirst week and is
increased 1% a week thereafter until the soluteaches 16%. Under
properly controlled conditions, the salted, fernegntucumber, called
salt stock may be held for several years. Salt stock isanobnsumer
commodity. It must be freshened and prepareddatsumer items. In
cucumbers, this is accomplished by leaching the fsaim the cured
cucumber with warm water (43° - 54°C) for 10 to Adurs. This
process is repeated at least twice, and, in tha firash, alum may be
added to firm the tissue and turmeric to improvedblour.

Meat may be preserved by dry curing or with a pigkisolution. The

ingredients used in curing and pickling aedium nitrate, sodium
nitrite, sodium chloride, sugar, and citricidaor vinegar. Various

methods are used: the meat may be mixed with dysedients; it may

be soaked in pickling solution; pickling solutionaynbe pumped or
injected into the flesh; or a combination of thesethods may be used.
Curing may also be combined with smoking. bencacts as a
dehydrating agent and coats the meat surfaceswuaiibus chemicals,
including small amounts of formaldehyde.

Fermented foods and pickled products requiretection against
moulds, which metabolise the acid developed aravathe advance of
other microorganisms. Fermented and pickled fomdlycts placed in
cool storage remain stable for several months. georstorage periods
demand more complete protection (as in canning)tridht retention in
fermented and pickled products is about equal tenten for products
preserved by other methods. In some instancasgjent levels are
increased because of the presence of yeasts.
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3.14.1 Types of Fermentation

A very important type of fermentation is @iolic fermentation, in
which the action of zymase secreted by yeast ctsnample sugars,
such as glucose and fructose, into ethyl alcohal earbon dioxide.
Many other kinds of fermentation occur naturally,ia the formation of
butanoic acid when butter becomes rancid and aneils (acetic) acid
when wine turns to vinegar.

Alcoholic Fermentation

Alcoholic fermentation involves the use of yeastbteakdown glucose
into alcohol and carbon dioxide. This step is imed in the alcoholic
fermentation of starchy materialsby species of Saccharomyces
(carlsbergensior cerevisiag. It has found application in the brewing
industry where beer andsimilar cereal beveragest tundergo
fermentation are produced.

Acetic Acid Fermentation

This involves the conversion of ethanol into acetiad byAcetobacter
(acetic acid bacteria). This step is involvedha souring of wine

Lactic Acid Fermentation

Lactic acid is usually prepared by fermentationamftose, starch, cane
sugar or whey. This acid, generated in milk byrentation of lactose,
causes the souring of milk. The lactic abdcteria, as presently
constituted, consists of the followingurfo generalLactobacillus,
Leuconostoc, Pediococcusnd Streptococcus They all share the
property of producing lactic acid from hexose ssgakactic acid is
used in preparing cheese, sauerkraut, sdftksgjr and other food
products. In this type of fermentation, glucoseasaverted to lactic acid
by Lactobacillus (lactic acid bacteria). Lactic acid fermentatias
employed in dairy for the production of sour milogucts.

4.0 CONCLUSION

The food industries employ many methods to imprthes qualities of
their products including:

(@) The use of additives to improve colour, flavour ahélf life.

(b)  The use of modified atmosphere to create camdwenvironment
for the non-growth of microorganisms

(c)  The use of various preservatives to preveniap®
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50 SUMMARY
In this unit we have learnt that:

Additives are used extensively in the food indugstryimprove
colour, flavour and preservation.

Modern biotechnology can be applied in (a) fermioma (b)
vacuum packaging and (c) gas packaging to improgeshelf life
and qualities of meat and beverages.

SELF ASSESSMENT EXERCISE

1. List the common additives that are used in kayenindustries to
improve colour.
2. Enumerate the common additives that are usaddustries to

improve flavour.
6.0 TUTOR-MARKED ASSIGNMENT
What are the advantages of?

1. Vacuum packaging.
2. Gas packaging commonly used in the beverage inds@tr
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MODULE 3

Unit 1 Composition and Structures of Nigerian an@stVAfrican
Foods

Unit 2 Processing of Specific Food Commoditiesdpk, Tubers,
Cereals and Legumes

Unit 3 Processing of Specific Good Commoditles Fruits,

Vegetables, Milk, Meat and Fish

UNIT 1 COMPOSITION AND STRUCTURES OF
NIGERIA AND WEST AFRICAN FOODS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Nutrient Composition of Some Nigeria Foods
3.1.1 Moisture Content
3.1.2 Food Energy
3.1.3 Protein
3.1.4 Vitamins
3.1.5 The Minerals
3.2  Proximate Composition of Cereals
3.3  Proximate Composition of Roots and Tubers
3.4 Proximate Composition of Legumes and Legumeirits
3.5 Proximate Composition of Nuts and Seeds
3.6  Proximate Composition of Fruits
3.7 Proximate Compositions of Meals
3.8 Minerals and Vitamin Contents of Fruits and ®tdples
3.9 Amino Acid Contents of Meat, Poultry and Eggs
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings

1.0 INTRODUCTION
The fundamental purpose of Food Technology is &sgnve food from

deterioration and to present it to the consumeraimigestible and
nutritious form to the ultimate consumer. A secagdaterest of the
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Food Technologist, is that of modifying the qualifyfood stuffs so that
they may become acceptable and attractive to tbpl@dor whom they
are intended. However, the extent to which this lmamone depends, to
a large extent, on the nature of the commoditiesiy tcomposition and
technologies available for processing it.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

discuss the nutrient composition of some NigeridmcAn foods
classify the foods according to their composi e.g. energy
foods, proteinous foods and fatty foods

relate the composition of foods to the use of theudic diets.

3.0 MAIN CONTENT
3.1 Nutrient Composition of Some Nigerian Foods

3.1.1 Moisture Content

The Moisture content of Nigerian/African foods meyctuate greatly

with season, length of storage, etc. In calculagéngrgy values of food,
moisture contents must be accurately determinedsadracted from

whole to estimate total dry matter. Water in itsdes not provide either
nutrients or energy.

3.1.2 Food Energy

The energy values of the foods represent the dlailenergy calculated
by the specific Atwater factors for protein, fatdatotal carbohydrate by
difference, which is obtained by subtracting thensof the figures for

moisture, protein, fat, and ash from 100. Theséofachave taken into
account the losses in digestion and metabolism.

3.1.3 Protein

The values for protein were computed from the g#m content as
determined by the Kjeldahl method, multiplied bga@version factor.
From the fact that most proteins contain agipnately 16 per cent
nitrogen, protein contents were calculated with filagtor 6.25 for the
conversion of nitrogen to protein.
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For those foods in which the protein is known tffedifrom this figure,
the specific factors for converting nitrogess suggested by Breese
Jones and listed below:

Foods Factors for Converting Nitrogen to Protein
Milk 6.38

Groundnut 5.46

Soybeans 5.71

Nuts and Seeds 5.30

Rice 5.95

3.1.4 Vitamins

Apart from the macro nutries of Carbohydrate, Rnstend Fats Foods
supply micronutrients in form of Vitamins and Miaés.

The Vitamins are divided into two major groups: T SOLUBLE
and (b) WATER SOLUBLE, Ascorbic acid or Vitamin (lbngs to
both groups.

The FAT SOLUBLE VITAMINS

Vitamin A,
Vitamin D,
Vitamin E
And Vitamin K

THE WATER SOLUBLE VITAMINS Thiamine (B1), Riboflavin
(B2), Pyridoxal Phosphate (B6), Niacin, Pantothehad, Folic Acid,
and Vitamin B, Vitamin C is both water soluble and fdluble
because it is retained in the blood plasma wheselavel can be
estimated.

3.1.5 The Minerals

The micronutrients known as minerals also occufoods in minute
amounts but are very essential for body metabolidihey act as
catalysts and coenzymes to facilitate body reastian
intermediary metabolisms. Examples of mineralsudel Sodium
(Na); present in abundance in common salt (Naélgtassium
(K); Calcium (Ca); Iron (Fe); Phosphorus (P); Magjoen (MQ).;
lodine (L); Zinc (Zn); Cobalt (§); and Sulphur (S).
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3.2 Proximate Composition of Cereal Products

Waste | Moisture | KJ Keal | Protein Alcohol | Ash

g % g 9 9 g g
Fat Carbohydrates
Total | Chol | Total Mono Poly Fibre
g g g g g

1. Maize, white whole, dried 10 1722 | 412 | 10.7 4.1- - 88 - - 0.4 0 2.7
2. Maize, fresh boiled 59 1170 | 280 | 5.0 2.1 - 60 - - - - -
3. Maize Eko/Agidi 79 585 140 | 1.9 1.2 - 30 - - - - -
4. Cornflakes 8 1313 | 314 | 8.9 1.2 - 67 32 63.5 11 0 -
5. Maize, Egbo 60 1484 | 355 | 6.0 30.7 - 14 - - - - -
6. Maize, ‘Guguru’, roasted 5 1756 | 420 | 8.1 5.0 - 86 - - - - -
7. Maize, yellow, dried 10 1714 | 410 | 10.7 4.0 - 83 - - 1.3 0 3.7
8. Maize while toasted/ roasted 16 1605 | 384 | 11.0 3.1 - 76 - - 1.7 - 15
9. Maize roasted paste (kokoro) 2 2115 | 506 | 8.8 23.4 - 65 - - - - 2.8
10. | Maize Pap, fermented gruel “Ogi” 41 1731 | 414 | 115 39.0 - 83 - - 1.1 - 0.4
11. | Rice, polished 10 - - 9.1 0.1 - - - - 0.3 - 0.6
12. | Rice, boiled 70 522 123 | 2.2 0.3 - 30 0 30.0 0.8 - -
13. | Bread White Bread 39 991 233 | 7.8 17 - 50 1.8 48.0 2.7 - -
14. | Spaghetti 72 499 117 | 4.2 0.3 - 26 0.8 25.2 - - -
Source: Oguntona and Akinyede, 1995
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Cereal products refer to grains from plant soured include Acha grain, maize, white, whole, drikthize freshly
boiled, maize prepared into Eko/Agidi; maize rodst&uguru”, maize yellow, dried; maize white roaktenaize
roasted and made into paste “Kokoro”, maize papanénted gruel “OGI’.
grain; and Millet pap, gruel. Rice is also a ckr&ace, brown raw, Rice polished, and rice boil&td or oil mixed
“Jollof”. Others are sorghum grain and sorghum/gajel. The most popular cereal is wheat graimfeehich bread is
produced. “Give us this day our daily bread”. Wihgain can be boiled; wheat flour can be produedteat bread
white or brown; and assorted wheat confectionarasbe produced. Spaghetti is a cereal produathntan be boiled
and eaten as such. Mane breakfast cereals are kso@nas cornflakes, Granuola and Rice cripies. t nady
complementary foods or weaning foods are prepaxad tereals mixed with milk e.g. Cerelac and Bebenaixed

with vegetable proteins e.g Nutrend.

3.3 Proximate Composition of Roots and Tubers

Others are Millet finger, It bulrush

Waste | Moisture KJ Keal | Protein Alcohol | Ash
g % g g g g g
Fat Carbohydrates
Total | Chol | Total Mono Poly Fibre
g g g g g
1. Cassava bitter, peeled, raw 26 72 1634 | 391 2.6 0.5 94 6.7 81.4 1.4 1.3
2. Cassava grated 14 1605 | 384 | 1.2 0.4 94 6.2 98.6 2.3 2.1
3. Cassava Flour 13 1618 | 387 | 2.2 0.9 93 1.4 2.9
4, Cassava sweet, peeled, raw 72 1572 | 376 1.7 0.7 91 1.6 5.2
5. Cocoyam 68 1618 | 387 | 5.4 0.4 90 1.8 2.0
6. Cocoyam
7. Cocoyam 67 1626 | 389 | 5.1 0.5 91 1.6 0 1.8
8. Potato Irish, peeled, raw 14 78 315 75 1.7 0.1 18 1.0 17.0 0.6 1.6
9. Potatc Irish, boilec 4 79 31¢€ 7€ 1.6 0.1 18 0.7 17.6 2.0
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10. | Potato, sweet, white, peeled cooked 71 1635 | 391 | 5.2 0.5 92 0.1 2.7
11. | Yam, water, peeled raw 76 1559 | 373 | 7.3 0.6 86 2.3 4.0
12. | Yam, water, peeled grated (Ojojo)| -

13. | Yam, water, peeled raw 70 1593 | 381 5.3 0.3 90 1.5 2.7
14. | Potato, sweet, white, peeled cooked 64 1613 | 386 | 5.0 0.4 91 0.6 3.4
Source: Oguntona and Akinyede, 1995

The composition of roots and tubers include the&eas species, cassava bitter, peeled, raw' cagsateal, fermented,
dried "Gaari"; Cassava meal, fermented and cookEta"; cassava flour; "Lafun”; cassava sweet, mketaw;
Cocoyam (Tania), peeled cooked, cocoyam (Taro)epeetooked; potato irish, peeled boiled; potatshirboiled;
potato, sweet, white peeled and cooked; yam, waésled, raw; yam water, peeled, grated "Ojojo".

3.4 Proximate Composition of Legumes and Legume Pdocts

Waste | Moist KJ Keal | Protein Alcohol | Ash
9 ure g ¢ ¢ ¢ ¢
% Fat Carbohydrates
Total | Chol | Total Mono Poly Fibre
¢ ¢ g g ¢
1. Cowpea, blackedeyed pea, dried 11 1430 | 342 | 23.1 14 61 4.8 3.3
2. Cowpea, blackedeyed pea, cooked 68 598 143 | 6.2 5.7 18 1.2 2.0
3. Cowpea, Vigna Spp, young green pods - 89 163 39 3.7 0.6 5 1.2 0.8
4. Cowpea, Vigna Spp, mature pods, drigd- 11 1413 | 338 | 225 14 61 7.0 50.0 54 3.7
5. Cowpea, Vigna Spp, whole meal 12 1584 | 379 | 24.9 1.6 66 3.0 4.2
6. Cowpea, Vigna Spp, whole bean boiled - 51 2475 | 592 | 24.6 2.1 66 3.0 3.2
(Ewa)
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7. Cowpea, Vigna Spp, bean cake (Akard) - 36 2533 | 606 | 26.3 27.3 - 38 - - 29 0 5.1
8. Cowpea, Vigna Spp, steamed cake - 39 2558 | 612 | 24.0 12.0 - 57 - - 2.4 - 2.9
(moinmoin)
9. Cowpea, Vigna Spp, Steam paste - 69 2508 | 600 | 22.6
(Ekuru)
10. | Cowpea, Vigna Spp, Soup (Gbegiri) - 73 2671 | 639 | 26.8 21.2 - 43 - - 2.4 - 5.1
11. | Lima bean, raw 0 11 1446 | 346 | 91.8 1.3 - 65 - - - - 3.0
12. | Pigeon Pea, whole - 10 1442 | 345 | 19.5 1.3 0 65 7.0 51.0 7.3 0 3.8
13. | Pigeon Pea, flour 0 5 1467 | 351 | 22.4 2.6 - 59 - - 3.8 - 5.8
14. | Soyabean seed, dried - 10 1693 | 405 | 33.7 17.9 0 34 0 29.0 4.7 0 5.0

Source: Oguntona and Akinyede, 1995

Legumes include cowpea, blackeyed pea dried; cowpaekeyed pea cooked; cowpea vignha spp, matuits goed,;
cowpea, vigna spp, whole meal; cowpea vigna spfegeeowpea vigna spp, whole boiled "Ewa"; cowpama spp
bean cake "Akara"; cowpea vigna spp. steamed ckla@nimoin” and cowpea vigna spp. steamed paste ‘Ekur
Others include lima beans raw; mesquite africadseghole dried; pigeon pea whole; pigeon pea fland soya bean
seed dried.
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3.5 Proximate Composition of Nuts and Seeds

Waste | Moist KJ Keal | Protein Alcohol | Ash
g ure g g g g g
% Fat Carbohydrates
Total | Chol | Total Mono Poly Fibre
g g g g g
1. “Amusa’-nut, seed, dried - 8 1751 | 419 | 28.7 18.3 - 41 - - 2.8 - 4.0
2. Bambara groundnut, fresh, raw 25 8 1442 | 358 21.1 6.5 - 53 - - 5.1 - 3.8
3. Benniseed, dried, raw - 5 2432 | 595 17.9 48.4 - 22 - - 4.5 - 6.2
4, Benniseed, dehuled, roasted - 3 2592 | 573 | 17.6 46.5 - 21 - - 8.9 - 3.4
5. Cashew nut, dried, raw - 8 2265 | 542 17.4 43.4 - 29 - - 1.4 - 2.4
6. Cashew nut, roasted - 6 2299 | 550 18.6 43.7 - 29 - - 2.4 - 2.5
7. Coconut, mature kernel, fresh 30 42 1622 | 351 | 3.2 36.0 - 4 3.7 - 13.6 0 1.0
8. Groundnut, fresh, raw 31 5 2364 | 570 | 24.3 49.0 - 9 3.1 5.5 8.1 - 2.5
9. Groundnut, cooked - 45 982 235 16.8 8.3 - 26 - - 6.1 - 4.8
10. | Groundnut, dried, roasted - 2 2487 | 595 | 23.2 50.9 - 22 - - 3.2 - 2.4
11. | Groundnut, roasted, ground, fried - 5 - - 48.6 22.9 - 19 - - - - 4.8
“Kulikuki”

12. | Kolanut K. nitida, fresh, raw - - - - - 18.8 2.0 - - - 5.1 - 5.8
13. | Melon seed, dried, without shell 25 5 2370 | 567 28.4 52 - 8 - - 2.7 - 3.6
14. | Melon seed, roasted - 5 2429 | 581 27.1 50.3 - 16 - - 2.3 - 2.7

Source: Oguntona and Akinyede, 1995
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Nuts and seed include walnut “Awusa”; bambara gdowm, fresh, raw: beeniseed dehulled, roasted;ibee, dried,
raw; cashew nut dried, raw; cashew nut roasted;prast, mature kernel, fresh; groundnut fresh, rgrgundnut

cooked, groundnut d ried and roasted; groundnasteal, ground , fried “Kulikuli”; Kolanut Kinitiddresh, raw;
melon seed dried without shell; and melon seededaend fried “robo”.
3.6 Proximate Composition of Fruits

Waste | Moistu KJ Keal | Protein Alcohol | Ash

g re % g g g Fat Carbohydrates g g
Total | Chol | Total Mono Poly Fibre
g g g g g

1. Banana, ripe, peeled 37 70 1605 | 384 | 4.2 0.5 0 91 - - 0.1 0 4.5
2. Banana, unripe, peeled - 75 1639 | 392 3.6 1.6 - 91 86 34.0 0.8 - 3.4
3. Bush mango (African) pulp ripe - 81 255 61 0.9 0.2 - 16 - 0.2 0.4 - 1.6
4, Cashew, fruit, pulp - 86 222 53 1.0 0.7 - 12 - - 0.6 - 0.4
5. Citrus, orange/tangerine, ripe 25 88 185 44 0.6 0.4 - 10 9.0 1.0 0.6 0 0.5
6. Citrus, grapes fruit/shaddock 49 90 142 34 0.8 0.1 0.1 9 7.0 1.0 0.6 0 0.5
7. Citrus, lemon/lime fruit 41 90 165 40 0.6 0.8 0 8 5.0 3.0 0.7 0 0.4
8. Dates, dried 31 17 1225 | 293 2.7 0.6 0 78 7.0 4.0 3.9 0 1.9
9. Guava, ripe whole 19 82 675 64 1.1 0.4 - 16 - - 5.3 0 0.6
10. | Mango, ripe, peeled 34 83 253 59 0.5 0.0 0 15 15.3 0 15 - 0.5
11. | Pawpaw, ripe, fruit 46 85 134 32 4.1 0.6 - 9 6.4 1.0 6.0 - 3.9
12. | Pineapple peeled, pulp 47 84 194 46 0.5 0.0 - 12 11.6 - 1.2 - -
13. Tamarind fruit, driec - 19 135¢ 32t 8.8 2.5 - 67 41.2 0.6 2.2 - 2.9
14. | Water melon 45 94 92 22 0.5 0.1 - 5 - - 0.4 - 0.3
Source: Oguntona and Akinyede, 1995
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Among fruits are banana, ripe, peeled; Banana arpgeled; bush mango (African) pulp, ripe, cashent pulp; citrus
orange/tangerine, ripe; citrus lemon/Lime fruit;t€adried; Guava, ripe whole; Mango ripe peeledyg2av ripe, fruit:
Pineapple, pulp; and Water melon.

3.7 Proximate Composition of Meals

Waste | Moist KJ Keal | Protein Alcohol | Ash

g ure % g g g Fat Carbohydrates g g
Total | Chol | Total Mono Poly Fibre
9 9 g g 9

1. Amala + Ewedu - 70 1722 | 412 | 17.6 4.4 - 76 - 1.5 - 1.1
2. Beans and Bread - - 2738 | 655 | 18.4 4.8 - - - 2.8 - 25
3. Eba and Okoro Soup - 75 1977 | 437 | 9.9 10.0 - 72.0 - 3.5 - 4.6
4. Foodoo + Okro SOup - - 2876 | 688 | 85 4.7 - - - 1.9 - 13
5. Jollof Rice - 41 1985 | 475 | 46.5 20.5 - 26 - 2.8 - 3.9
6. Lafun + Ewedu + Meat Stew - - 2504 | 599 | 85 6.7 - - - 21 - 2.2
7. Maize + Beans (Adalu) - - 2738 | 655 | 18.6 9.1 - - - 3.9 - 3.4
8. Pounded yam + Afia Efere (Plain Soup) - 75 1630 | 390 | 11.3 6.6 - 77 - - - 5.0
9. Rice and Beans - 63 2211 | 529 | 12.3 13.2 - 68 - 2.7 - 3.9
10. | Rice and Stew - - 2847 | 681 | 11.6 8.4 - - - 0.4 - 3.0
11. | Tuwo and Dawa - 76 1747 | 418 | 20.8 4.2 - 74 - - - 0.4
12. | Yam + Bean + Stew - - 2220 | 531 | 13.6 41 - - - 2.0 - 3.2
13. | Yam Pudding - 73 2232 | 334 | 44 23.6 - 62 - 7.0 - 3.3
14. | Yam + Stew - - 2546 | 609 | 4.9 5.4 - - - 0.8 - 1.2
Source: Oguntona and Akinyede, 1995
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African meals common to West Africa especially Niganclude “Amala” (yam or plantain flour) madetonmeals
eaten with stew, okro or “ewedu”; Beans and Br&ssjas in stew, “Eba” (Cassava fermented into “garéde into
meals) with Stew “Ewedu”; Foofoo (fufu) with stewkro or “ewedu”, Jollof Rice; fried rice plus steplus
meat/fish/chicken; pounded yam plus meat/fish spded meat.

3.8 Mineral and Vitamin Content of Fruits and Vegetbles

Waste | Moist KJ Keal | Protein Alcohol | Ash

g ure % g g g Fat Carbohydrates g g
Total | Chol | Total Mono Poly Fibre
9 g g g 9

1. Banana, ripe, peeled 37 70 1605 | 384 | 4.2 0.5 0 91 - - 0.1 0 4.5
2. Banana, unripe, peeled - 75 1639 | 392 3.6 1.6 - 91 8.6 34.0 0.8 - 3.4
3. Bush mango (African) pulp ripe - 81 255 61 0.9 0.2 - 16 - 0.2 0.4 - 1.6
4, Cashew nut, fruit, pulp - 86 222 53 1.0 0.7 - 12 - - 0.6 - 0.4
5. Citrus, orange/tangerine, ripe 25 88 285 44 0.6 0.4 0.1 10 9.0 1.0 0.6 0 0.5
6. Guava, ripe, whole 19 82 675 64 1.1 0.4 0 16 - - 5.3 0 0.6
7. Pawpaw, ripe, fruit 46 85 134 32 4.1 0.6 - 9 6.4 1.0 0.6 - 3.9
8. Pineapple, peeled, pulp 47 84 194 46 0.5 0.0 - 12 11.6 0 1.2 - -
9. Tamarind, fruit, dried - 19 1359 | 325 | 8.8 25 - 67 41.2 0.6 2.2 - 2.9
10. | Water Melon 45 94 92 22 0.5 0.1 - 5 - - 0.4 - 0.3
11. | Amaranth leaves, cooked 506 1.7 62 - - 0 1700 | 60 - - - - 34
12. | Bitter leaf, dried 15 5.5 536 - - - - - - - - - 20
13. | Carrdt, frest 35 0.7 38 25C | 49 - 548( | 0.04 0.25 0 0.6 8 8.0
14. | Mushroom 20 15 1000 | 470 | 9 0 0 0.1 0.4 0.1 0 4.0 2.3
Source: Oguntona and Akinyede, 1995
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This group includes Banana ripe, peeled; Bananapeinpeeled, Bush mango Cashew, fruit pulp; Citrasl a

Orange/Tangerine ripe. Others are Guava, rip@leylPawpaw, ripe fruit; Pineapple, peeled pulpmasand, fruit,
dried and Water melon. Among the vegetables aterBeaf, dried; Carrot fresh; and mushroom.
3.9 Amino Acid Contents of Meat Poultry and Eggs
Escential Amino Acids

N Total | Total | Cys | lle Leu | Lys Met | Phe | Thr | Tyr | Trp Val Ala Arg Asp | Glu Cly His | Pro Ser

g mg mg mg | mg mg mg mg | mg [ mg | mg [ mg mg mg mg mg mg mg mg | mg mg
1. Beef, moderate fat - 6150 2680 | 80 300 | 460 530 160 | 270 | 220 | 270 | 70 320 380 400 560 1020 | 330 200 | 320 160
2. Egg, Chicken, raw 2.0 12320 | 5590 | 220 | 690 | 1020 | 770 630 | 630 | 490 | 220 | 670 750 1320 | 1480 | 370 300 390 470 | 970 930
3. Egg, Guinea fowl, - 6245 3057 143 | 314 | 578 431 252 [ 294 | 279 | 225 | 121 420 339 387 671 752 184 129 | 281 445
4, mﬁon’ moderate fat | 2.7 16205 | 7475 307 | 933 | 1395 | 1580 | 598 | 764 | 375 | 212 | 1028 | 1300 | 1446 | 2320 | 794 454 441 598 [ 770 870
5. Offals, heart - 6260 2900 | 100 | 330 | 570 540 140 | 290 | 290 | 210 | 80 650 390 400 530 950 380 160 | 220 330
6. Offals, intestine cattle| - - - 121 | 959 | 1007 | 1411 | 611 | 529 | 626 | 492 | - 701 - 1232 | - - - 369 -
7. Offals, liver - 5850 2740 90 270 | 490 530 150 | 310 | 270 | 190 | 80 360 330 540 760 310 230 330 | 320 290
8. Offals, tongue boiled | - 6050 2640 90 290 | 440 660 110 | 220 | 260 | 190 | 80 300 330 370 540 980 350 250 | 330 260
9. Offals, tripe dressed | - 6450 2480 | 80 250 | 420 500 150 | 240 | 270 | 180 | 80 310 420 440 530 940 950 150 | 530 310
10. | Pork, moderate fat 1.90 | 11496 | 5203 | 133 | 608 | 897 961 496 | 583 | 426 | 162 | 654 756 1060 | 1718 | 696 391 321 542 | 496 616
11. | Poultry chicken 3.2 19800 | 8780 260 | 590 | 1540 | 1840 | 920 | 550 | 720 | 230 | 1180 | 1280 | 1870 | 3380 | 1020 | 620 490 850 | 820 980
12. | Rabbit, stewed with - 6240 2770 80 310 | 480 550 170 | 290 | 270 | 230 | 70 320 380 4000 | 600 1030 | 320 160 | 320 240
13. tSj?:jsleil, dried - - - - 384 | 742 725 104 | 314 | 410 | 216 | 240 474 771 387 1202 | 2154 | 1227 1843 | 502
14. | Termites, dried - - - 187 | 511 | 783 542 75 438 | 275 | 302 | 143 744 900 694 1045 | 885 393 514 119

Source: Oguntona and Akinyede, 1995

Beef with moderate fat; Chicken eggs; Guinea foygs Mutton; Offals; Pork with moderate fat; Chink&abbit;
Snail and Termites.
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4.0 CONCLUSION

The Composition of Nigerian and African foods very rich and
adequate in terms of macro nutrients (Carbohydrétesteins and Fats)
and micro nutrients vitamins and Minerals.

50 SUMMARY
In this unit we have learnt that:

Nigerian and African foods are very rich in the glypof energy
rich foods mainly as Roots and Tubers.

The micro nutrients of Vitamins and Minerals araiabant in
fruits and vegetables.

Protein for body growth and repairs are suppliecabynals and
fish products.

Vegetables oils in form of palm oil, groundnut aid corn oll
supply the fat and the fatty acids.

SELF ASSESSMENT EXERCISE
List the common foods in the Nigerian diet thatl walour:

1. High Energy
2. High Protein
3. High Fats

6.0 TUTOR-MARKED ASSIGNMENT

1. List nutrient composition of some Nigerian food.
2. Discuss two of the above listed.

7.0 REFERENCES/FURTHER READINGS
Aiyeleye F.B. and Eleyinmi A.F. (1997). Improved aditional

Processing Techniques for Selected Tropical Fooahr@odities.
FADCOL Educational Press, Akure, Ondo State, Nayeri
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UNIT 2 PROCESSING OF SPECIFIC FOOD
COMMODITIES I
ROOTS, TUBERS, CEREALS AND LEGUMES
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1.0 INTRODUCTION

In a developing country like ours, the need for iayed preparation,
processing, preservation and storage techniquesvesy of enhancing
demand for indigenous, locally consumed foods, Emhpvith increased
application of food science and technology not oty boost our

dwindling agricultural production, but also to eresuhat the seasonal
foods harvested are adequately preserved raridfpt under good
storage conditions, cannot be over-emphasizddis practice has
brought wealth and prosperity to many nations arab Igreatly

contributed to the raising of the standard of kyvim the industrialized

countries of the world.
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2.0 OBJECTIVES
By the end of this unit, you should be able to déscthe examples of:

tubers (yam, cassava) that are processed by de¢ioydta make
flours

cereals and legumes that are also dehydrated dieti o flour
to produce new food

the fermentation of maize and African locust beamiake new
flavoured foods.

3.0 MAIN CONTENT
3.1 Processing of Specific Food Commodities in Nige
3.1.1 Root and Tuber Crops

Roots and tuber crops are agricultural productcwigrow beneath the
soil. These include YanDfoscorea sjp CassavaManihot sp) Sweet
potato (pomoea batatgsand Cocoyam. They represent the most
important source of energy in the diet of the tcapiman. They have
very high amounts of carbohydrates and trace amofiintiny) of the
other major food groups. Thus, they are often takéh other food
materials that will provide fats, proteins and otlessential nutrients.
Sweet potato and cocoyam are often consuwmigitbut processing.
Major traditional food products of importance argtadned from yam
and cassava.

3.1.1.1 Yam

Yams make up the genuBioscoreaof the family Dioscoreaceae. The
water yam is classified d3ioscorea alatathe Chinese yam, or Chinese
potato, adDioscorea batatasthe air potato a®ioscorea bulbiferathe
elephant’s foot aPioscorea elephantipesnd cush cush, or yampi, as
Dioscorea trifida. Yams are good sources of the chemical diosgenin, a
precursor of progesterone, cortisone, and otherigakyl important
steroids. Yam is the common name for any of severamnbers of a
genus of perennial herbs. Many varieties occur iwithese species,
and the resulting yams may grow up to 2.4 m (&ftjy and weigh up to
45 kg (100 Ib) with brown or black skin and flestat is white, purple,
or red. Yams have been domesticated independenthyany different
parts of the world for their edible tubers.

Yams are a valuable source of carbohydrates tqp&ople of Nigeria
and indeed of West Africa. The most economicaihpartant species
grown in Nigeria are white yanb{oscorea rotundatdoir.), water yam
(Dioscorea alatal) and yellow yam [Dioscorea cayenensis Lam
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Yams are grown in fairly high rainfall areas witldigtinct dry season of
not more than five months and a rainy season ofles¢ than five
months grown mostly in middle belt areas to thetlseun parts of
Nigeria.

The usual method of propagation is to use ¢howns of the large
tuberous root or to plant whole small tubers. Thelang vines are

supported on stakes or on a trellis. The plargsspaced 30 to 60 cm
(12 to 24 in) apart in rows. The roots are haegsfter they reach a
suitable size and can be stored for several maittesmperatures of 12
-15° C (54 - 58 °F).

Traditionally yams are processed into several prtgddior immediate
consumption in Nigeria. They are often eaten akthqam, roasted or
fried yam Dunduy, grated and fried ballg0jojo) pounded yamlyan)
and yam flour (Elubo). The only traditional methiod processing yam
for storage is to process it into yam flour caltédubo” in Nigeria and
“Kokonte” in Ghana.

3.1.1.2 Yam Flour (Elubo)

“Elubo” is a dehydrated milled product obtained nfroyam of the

Dioscorea species. It is a smooth brown powder, laidg a wholly

yam based product, it is a rich sourcecafbohydrates. Elubo is
common among the Yoruba speaking people of NigeE&ibo is now

gradually increasing in popularity among groupsereh“amala’ has
never been a staple food. This may be due thé@sase of production,
its shelf stability and a convenient way of addinglue to tubers
mechanically injured (i.e. cut, bruised or damagetiers) during

harvesting. These damaged tubers generallye hstvwort keeping
qualities. Elubo is prepared by reconstituting milihg water with

continuous stirring until a stiff gel of the deslreonsistency (called
Amala)is obtained. It is commonly served for lunch ahdner with

stew and vegetables. Elubo is commonly producddrge quantities in
Oyo, Oshun, parts of Kwara and Kogi States. Apeosinfit being a

good food, it is an economic item whose appeal aatsss all strata of
social and economic class. Production of Elubonow gradually
increasing in popularity among ethnic groups whaneala has never
been a staple food.

Traditional Production of Elubo

Raw yams are peeled manually (usually from latenieng, sliced
(optional), washed and heated over a wood fireb@Br The fire under
the vessel is removed when the water is uncomfiyrtadt and left for
about 8 — 13 hours after which they are removedsgmdad outside in
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the sun for drying. The dried pieces are thenhedsmilled and sieved
to obtain the characteristic smooth brown powd#deddluba
Problems Associated with the Traditional Process

I Low level of hygiene.

ii. During parboiling, some of the yam pieces beeoavercooked
and such pieces are usually discarded.

iii.  Drying time depends on the prevailing atlger conditions.
Under the best conditions, it takes 2 — 5 days.

\2 Since they are usually spread orrebdloor, chances of
contamination by extraneous matter and infestabignrodents
and pests is quite high.

V. The operations involved vary from one placeht® other, leading
to inconsistencies in the products obtained fronffedint
locations.

vi.  The finished product often contains pebblegcéd matter, dead
insects and their eggs among others.

3.1.1.3 Ojojo

“Ojojo” is a fried food product obtained from grdtewater yam
(Dioscorea alata It is a popular food product in the southern pafrt
Nigeria, especially among the Yorubas where it samve as a snack or
main meal with “eko” (corn meal) as accompanimeqif the various
species of yam available, only water yam is sugatdr use in its
preparation.

Traditional Production of Ojojo

Water yam is peeled, cut into large pieces and algngrated yam is
the mixed with chopped peppers, onions, tomatodssati after which
it is made into small balls and fried in groundrat for about 5-8
minutes. The resulting product is Ojojo. It kedps about three days
(maximum) and is often refried as means of presenva

Problems Associated with the Traditional ProductionProcess

Grating: The manual grating operation is time consuming,oulsb
intensive, and with a high risk of injury.

Browning: Water yam undergoes browning right fromewhit is
peeled. It undergoes further browning duringd aafter grating
especially when it is not fried immediately.

Hygiene The traditional processors generally have a lewel of

hygiene. This is probably a contributory factorthe short shelf-life of
the commodity.
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3.1.2 Cassava

Cassava is the common name for any of severakrkejalants native to
tropical regions in the Americas. It forms the $&tagiet of over 500
million people in the tropics. Cassava is the Wedian name; manigc
or mandiog is the Brazilian name; and jycar yucca is used in other
parts of South America. The plant grows in a busiign, up to 2.4 m (8
ft) tall, with greenish-yellow flowers. The rootseaup to 8 cm (3 in)
thick and 91 cm (36 in) long. Manioc, or cassasayidely cultivated

as an important source of starch and staple fooongnmany tropical

peoples. It is one of the most important ldvofood crops. Many
varieties and closely related species conth& poison hydrocyanic
acid, which can be removed only by cooking the.rdotelated species,
M. dulcis is sometimes grown as fodder for livestock.

There are two major species of cassava in Nigefiaese are the sweet
cassava Nlanihot palmatq and bitter cassavaM@nihot utilissima
respectively. The bitter variety contains aispoous bitter juice
(hydrocyanic acid) which must be extracted befareisi safe for
consumption. Because the bitter species predonsinateNigeria, it
undergoes rigorous processing to ensure that tlamidy content is
reduced to harmless levelsBecause the volatile poison can be
destroyed by heat in the process of preparatioth barieties yield
wholesome foods. Human consumption of fresh urggeed roots has
been linked with a number of chronic disorders,hh@ecurrence of
endemic goitre and various neurological degeneratsyndromes
(particularly in malnourished populations) suchatexic neuropathy and
cretinism and occasionally, death due tt® presence of toxic
cyanogens.

The cyanogenic glycosides produce hydrocyanic @ddN) when the

action of an endogenous enzyme, linamarase, iatgit by crushing or
otherwise damaging the cellular structure of trenpl The cyanide in
cassava exists as bound glucosides, cyanohydridsfra® cyanide

(HCN). The utilisation of cassava roots for bothman and animal

nutrition appears to be limited by the pregemnd these cyanogenic
glycosides. As a result, the roots have to begqesed by a wide range
of traditional methods in order to reduce theiri¢dy and improve

palatability.

Large tuberous cassava roots are processied cessava flour, or
tapioca, or they may be fermented into an alcohoéicerage. Cassava
products are also used as laundry starches ang fabings and in the
manufacture of explosives and glues. The rootowder form is used

to preparefarinha, a meal used to make thin cakes sometimes called
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cassava bread. The starch of cassava yields aqirodlled Brazilian
arrowroot. In Florida, where sweet cassava is grdiva roots are eaten
as food, fed to stock, or used in the manufactéistasch and glucose.

In Nigeria, about 70% of cassava produced is cHadneto gari
production.  Other products commonly obtained fromassava
processing artufu andlafun.

3.1.2.1 Garri

“Garri” is a fermented, gelatinous granular flobtained from cassava
Manihot spp). It is one of Nigeria’s most popular stapledaand is
reputed to contribute as much as 60% of the tahirie intake of the
population. Being a source of cheap carbohyd@tenfany Nigerians it
is consumed sometimes twice a day, either it'scinteom with sugar,
groundnut or salt or further transformed into gangal (eba) and eaten
with vegetable or any mucilaginous soups. Becd#usea ready-to-eat
and easy to prepare food item, its acceptabilitg eeross all economic
and social strata. The popularity of garri a majaple food is at a peak
among the Yoruba and Ibo tribes of Nigeria wehéris commonly
served for lunch or dinner.

Traditional Production of Garri

Cassava is peeled, washed, rated into a watery palped into sacks,
and allowed to ferment for about 2-4 days. Theltesg pulp is sieved,
roasted and spread out in an open area to cooli i$Génen bagged in
sacks of various sizes till it is needed for congresr consumption.

Problems Associated with Traditional Production

Nature of Cassava No emphasis is placed on the use of fyesh
harvested cassava tubers. The result is thatabsacga often used have
been harvested for 2-3 days before processingstart

Peeling and Washing Cassava is peeled manually — a process which
takes considerable time. Rather than continuegsing immediately,
the peeled cassava is often left overnight regulimbrowning of the
tubers. Washing of the tubers is usually carriedvath water obtained
from streams. To the traditional processors, theireathe type and
source of water is not a critical factor.

Grating: The grating operation is carried out using outstred,

perforated tin cans the efficiency of which is adtion of the degree of
perforation and applied pressure. This processt &men being crude,
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increases the chances of accidental bruising ofdhaspecially the
fingers.

Roasting More often than not, the gari is not aka to dry
completely, rather it is half dried and spreadhe sun thus sacrificing
quality in the name of profit maximisation.

Dewatering: This is done by placing heavy stones on theegratash
packaged in jute bags and sackcloths. Thiscgss is not only
unhygienic, it also result in accumulation of sgratticles inside the
final product.

3.1.2.2 Fufu

“Fufu” is wholly carbohydrate based food materidbtaoned from

cassava. It is commonly eaten in the core EastSmdhwest parts of
the country. The type of soup that goes with petels on the locality
in question. It has a generally wide acceptanceefiscted in the fact
that it can serve either as a breakfast, lunchirored meal in fufu-eating
areas of the country.

Traditional Production of Fufu

Raw cassava tubers are manually peeled (mostlydmem) and soaked
in a big clay pot for about 3-4 days. During theriod, fermentation
takes place. The fermented tubers are then crusiedd and allowed
to settle (sedimentation). The sediment (wet futuYhen packed in
sacks and de-watered under heavy stones. The deedaproduct is
stored in sacks until it is needed for commerceomsumption.

Problems Associated with Traditional Production

The major shortcomings of the traditional process its irritating and
undesirable odour as well as its low shelf lifeurtRermore, the basic
tenets of hygiene are not observed.

3.1.2.3 Lafun

“Lafun” is wholly carbohydrate-based food materiabtained from
cassava. Itis commonly eaten in the Westerngdaxigeria as a lunch
or dinner meal usually with vegetable in uUstj soup. Its appeal
however, cuts across all strata of economic life.

Traditional production of Lafun

Freshly harvested cassava tuber is peeled anddaaketer either in a

pot or big container. After about three days, sbaked tubers is hand-
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crushed after which it is spread on the floor oplatform for solar

drying. The drying process takes three or mores dgpending on the
environmental conditions. When it is sufficiendyy, it is then milled

and sieved to obtain lafun. It is then storedaoks of jute bags till it is
needed. In addition lafun may be stored or padkeuylon containers
or baskets.

Problems of Traditional Production

Drying Process: The sun-drying process is inefficient, time consugni
and erratic. This becomes significant whereativer conditions
fluctuate. When improperly dried, the flour cakesl is susceptible to
yeast and mould attack.

Hygiene: Very little consideration is given to hygiene. $lg evidence
in the grooming of the processors and the dirtimégke floor where the
crushed tubers are spread.

Process Time: The process is time consuming. So much time is los
during the manual peeling process as well as dutivey sun-drying
operation.

3.1.3 Sweet Potato

The sweet potato belongs to the fan@gnvolvulaceae It is classified
as Ipomoea batatas The species called wild sweet-potato vine,
manroot, or man-of-the-earth is classifiedlpgmoea pandurata The
plant, which is native to tropical America, is cwdtted on sandy or
loamy soils throughout many warm regions of theldjoand exists as
an important food staple in a number of countries planted primarily
for its thick, edible roots, called sweet potato€ao main types are
commonly cultivated: a dry, mealy type, aadsoft, light-to-deep-
yellow, moist-fleshed type. The species often chilgld sweet-potato
vine, manroot, or man-of-the-earth is not ediblat is cultivated as an
ornamental vine.

The sweet potato yields an important starch, wisalsed commercially
for sizing textiles and papers, for the manufactfr@dhesives, and in
laundries. The pink and yellow varieties are righ garotene, the
precursor of vitamin A.

3.2 Cereal and Legumes
In the topics, the common cereals are maize, songhige, and millet.

They are good sources of carbohydrates, vitamidsnainerals. Apart
from being articles of commerce, they can be preeg@dnto a wide
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range of food items and snacks. This charatte feature makes
cereals indispensable in the diet of the tropicahm

Legumes refer to the group of edible plant proteuhsch belong to the
family leguminosae. They are major type of plaht supply the body
with proteins. In this category are pigeon p€ajanus canjaj lima
bean Phaseolus lunatys cowpea Yigne unguiculata and groundnut
(Arachis hypogen Legumes play very important roles in the diet of
people in the tropics. Apart from being good sesrof proteins, they
supply important minerals and vitamins essentiat fbe normal
functioning of metabolic activities.

3.2.1 Kokoro

“Kokoro” is a snack common among the Egbas of Yalabd. It is
often taken as light refreshment and can be useshti@rtaining guests
with soft drinks. There are two main types of kako The white and
the brown type for the purpose of the text, thewlrdkokoro will be
studied, being the most popular form in which kakisrconsumed.

Traditional Production of Kokoro

Maize is washed, dried and milled to obtain maipeirf The flour is
pregelatinized during which sugar and salt ardeddto taste. The
resulting dough is cooled, sprinkled with maizeufland molded into
desired shapes and sizes. It is then fried in tedde oil, drained and
cooled to obtain the ready-to-eat snack, kokorte product is usually
covered with leaves and packaged in thin polyetig/laylons. The
main method of preservation is by refrying in olil.

Problems of Traditional Production

Shelf life: Freshly prepared kokoro keeps for 4 — 5 dayey afhich it is
no longer suitable for consumption.

Preservation technique The method of preservation often employed
predisposed the commodity to oxidative rancidityl alevelopment of
burnt flavours.

Raw materials quality: No consideration is given to the quality of
maize, sugar and oil used.

Hygiene The level of hygiene of the processors vedl as the
processing environment is generally low.

3.2.2 “Ogi” or Pap
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“Ogi” (also called “Akamu”) is fermented producttained from maize
or guinea corn. It is a staple cereal meal of\tbeubas in Nigeria and
Is the first major food given to babies at weanirgis commonly eaten
with “Akara” (Bean cake) or “Moin-moin” (Bean meal)Ogi can also
be consumed in the form of “Agidi” or “Eko” (a sdlicooked form of
Ogi). Itis a wholly carbohydrate based food aad heen implicated in
the incidence of kwashiorkor in children fed solelih it. The wet ogi
is normally reconstituted with hot water to formpaste which is the
form in which it is consumed.

Traditional Production of Ogi

Raw maize grains are steeped in warm or cold wWate2-3 days. It is
the wet-milled and sieved. The filtrate is allowedsettle and the water
drained off. The resulting product is Ogi. Iltusually packed in leaves
or stored under water until it is needed.

Problems of Traditional Processing

The product is susceptible to microbial spoilage tits high moisture
content and low hygiene ratings. The shelf lifecansiderably low.
Storage under water encourages post-processingeriéation which
leads to sources over a period of time. It is obrpoutritional status
being a wholly carbohydrate based meal.

3.2.3 “Tuwo”

“Tuwo” is a corn-based meal made from milled corn.is produced
either from white or yellow corn although yellowrnas preferred. It is
a wholly carbohydrate-based meal, commonly eatemlasch or dinner
with “Gbegiri” (bean stew). Tuwo can also be proed from rice- a
delicacy popular among the Hausas and the Fulawwken produced
from rice, it is referred to as Tuwo-shinkafi. Tleern cased Tuwo
would be the focus of this treatise.

Traditional Production of “Tuwo”

The epidermal covering of freshly harvestedizm cob is manually
removed. The grains are then removed manuallysanedried for 2-4
weeks (duration depends largely on the prevailintyirenmental
conditions). When it is sufficiently dry, it is wmowed, milled and
bagged till it is needed for consumption.

Problems of Traditional Processing

The sun-dried grains are susceptible to attack fraents, birds
and other corn eating animals. This greatly redute quality
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and quantity of the grains and by extension, thaliuof the
flour.

Heavy stony particles are usually not removed durin
winnowing. When milled with the grains, the flouedomes
grainy the result is low quality product.

Its shelf life is considerably short. This coulel &ktributed to the
high moisture content of the commodity (a direatsexuence of
inefficient drying) and the oxidation of the oil @ent of the
germ.

The flour is subject to infestation by mi@manisms like
bacillus aureus, Clostridium welchi, Salmonella;.eThey could
be transferred from animals to the grains during trying
process, birds, dusts and soil. These micgasusms are of
public health significance.

3.2.4 “Donkwa”

“Donkwa” is a corn and groundnut based snack commamong the
Hausa of Nigeria. It is referred to as “Tanfin” @mg the Yoruba; it is
often used as light refreshment with or without tsdfinks as
accompaniment. The wide acceptance the snackives is not
unconnected with its sweet taste and pleasant aroma

Traditional Production of Donkwa

Groundnuts and corn are roasted dry and milledbtaio a fine powder.
Ingredients referred to among the Yoruba as “atagetre” “conofuru”
“eso oganwo” and dry pepper are milled and ohixeith the corn-
groundnut flour. Sugar and salt are added, mix@ddgeneously, and
then pounded in a mortar. The mixture is then medildthto desired
shapes and sizes to obtain donkwa in the readgitéeam.

Problems of Traditional Production

Nature of raw materials: No emphasis is placed on the use of good
quality corn and groundnut. In addition, the irdjemts added are not
obtained under sanitary conditions. This ik thk more important
because the commodity is in the ready-to-eat state.

Oxidation: Oil is released during the pounding operatidrhis oil is
susceptible to oxidation leading to rancidity arevelopment of off-
flavours

Packaging and Storage The commodity has no packaging material.
They are simply displayed in glass shelves, alwmmnpans and bowls.
The implication of this is their increased susdapty to pest and rodent
attack.
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Hygiene Traditional processors give little or no regéwdhe tenets of
hygiene. Thus, the prospect of cross-contaminasiajuite high. The
unhygienic conditions employed can equally be sewt food borne
infection and intoxications.

3.2.5 “Robo”

“Robo” is a locally prepared snack common amdmg Yorubas is
Nigeria. It is liked for its sweet and delicioussten Its main raw
materials “Egusi” (Melon -Citrullis vulgaris) and pepperGapsicum
spp). It comes in a wide range of shapes anddgyurlt is commonly
eaten as a snack or as a main meal in conjunctisbr'@gi” or “Gari”.

Traditional Production of Robo

Raw melon seed is harvested and sun dried tillhtek is sufficiently
strong to be removed. It is then shelled manuatlg ground on a
millstone to obtain a thick paste. At this stageoon(Allum cepa is
ground and homogeneously mashed with the melom paste resulting
slurry is hand squeezed, mixed with wet milled mrpnd salt and then
moulded to the desired shapes and sizes. Afterirglathe resulting
product is fried in melon oil (previously extractaehtil it turns brown.
It is then cooled and packaged in small nylon packs

Problems of Traditional Processing

The sun-drying process is time consuming (it depeod the
prevailing weather conditions) and exposes the deedttack
from pests and rodent.

The shelling process is done manually, usually loynan. This
process, apart from being slow, leaves little roton proper
hygiene.

Grinding on a millstone is time-consuming and cleant cross-
contamination is quite high.

Manual mixing, mashing, and moulding expose thedpcbd to
contamination from the processors. Where persoggiehe is
given very little consideration, it could pose ai@as health risk
to consumers.

Packaging is done in thin transparent nylon packBis exposes

the commodity to both oxidative and hydrolytic rality, which
in turn, reduces its appeal and shelf life.
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Storage is by re-frying in melon oil after two bree days. This
makes the commodity more susceptible to rancidity keads to
the development of burnt flavours.

3.2.6 Ekuru

The traditional name of bean meal is “Ekuru”. Bpawholly cowpea-
based food item it is quite rich in essential amawods. Locally, it is
consumed as a lunch or dinner meal with “eko” (femted maize gruel)
as accompaniment. It is one; of the popular forms which beans is
processed among the Yoruba’s of Nigeria.

Traditional Production

Beans are soaked in water for 2-3 hours. It is ghemulled and milled
using small quantities of water to obtain slurry of the right
consistency. The resulting slurry is stirred, tahe wrapped in leaves,
and steamed for about 45 minutes. The resultiogymt — ekuru — is
ready to be eaten. Traditional storage is by steguat regular intervals,
usually, every other day.

Problems Associated with the Traditional Methd of Preparing
Ekuru

Some of problem associated with the traditionadpobion process are
enumerated below:

It is time consuming. So much time is spent dursogking,
decoating and milling (on a milling-stone).

It cannot last for a very long time after prepamati

Significant deleterious organoleptic and nutritibichanges do
take place after a couple of days. Thisdig, in part, to
interaction (chemical or otherwise) between thevdsaand the
food item and the activities of micro-organisms.

3.2.7 Groundnut Cake

This is a wholly groundnut based snack commonlerrefl to as
“kulikuli”’, among the Yoruba’s of Nigeria. It isitber eaten alone, or
more commonly with “gari”. Its appeal cuts acrase country. The
wide acceptance it receives is due largely tovitset taste.

Traditional Production of Kulikuli
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Freshly harvested groundnut is sundried, sortedharsed in brine for
few minutes, drained and sundried. The dried atgsthen roasted in a
heated sandfilled slay or iron pot and etirrcontinuously with a
wooden spoon until a golden brown colour is obtindhe roasted
grains are then cooled, dehulled winnowed, and g@ednuntil it is
sufficiently smooth. The resulting paste isekded and pressed
(squeezed) to extract it oil. At this point, somgredients like ground
pepper and salt are added to taste. The groundeat is the shaped
and fried in the previously extracted oil (groundoi) until the golden
brown colour characteristic of the ready-to-eailuli is obtained. The
resulting cakes are cooled, and packed in operebmask

Problems Associated with Traditional Production

Hygiene As with most other traditional products, verytldt
attention is given to hygiene (both personal andrenmental)
by the processors.

Raw materials: No attempt is made to sort out unwholesome
and defective grains.

Winnowing: The method employed is grossly inefficieag
chaff, dirts and other extraneous matter still reman the
commaodity.

Pounding: The pounding process is energy, labour and time
consuming.

Packaging There is no standard packaging material (or o@th
for kulikuli. They are simply poured in sacks amgen baskets
until they are needed for commerce or consumption.

3.2.81ru

“Iru” is fermented African locust bearPérkia biglobosa It is one of

the most important food condiment in the entireasenah region of
West and Central Africa. Apart from its flavowg attribute, it

contributes significantly to the intake of prote@gssential fatty acids and
B Vitamins, particularly riboflavin. It is also kmm as Dawadawa
(Hausa land) and Ogiri — Igala (Ibo land).heT popularity of the
fermented beans as a major condiment necessitareview of the

traditional process with a view to enhancing itag®, especially among
the ever increasing urban populace who place masmipm on

hygienically produced food items.

Traditional Production of Iru
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Locust beans are boiled for about an hour to sdfterseed for removal.
The hulls are removed, followed by washing andibgifor additional

ten to twelve hours to soften the cotyledon. Toiyledons are allowed
to undergo wild fermentation for about two to thidseys. During this
period, the characteristics colour (brown) and od@mmoniated) are
developed. Iru is prepared in the solid non-mgateous form (woro)
or in the marshy mucilaginous state (pete) for saleonsumption.

4.0 CONCLUSION

Food processing technology is widely applied toigsdin foods to make
convenient snacks and meals. For example, tubberdehydrated into
flours. Cereals are also treated in similar fastioAlso the process of
fermentation is applied to African locust beansiake condiments.

50 SUMMARY
In this unit we have learnt that:

Tubers like yam are boiled, dried and turned irtteeo products
e.g. pounded yam and elubo.

Similarly, cassava is grated after peeling, pressed dried to
make gari and other snacks

Cereals can be fermented and dried to ogi and eddupts

Legumes are also processed. For example, dnois are
toasted and ground to make kulikuli

SELF ASSESSMENT EXERCISE

Enumerate some of the difficulties of processingA@ican (i) tubers

(ii) Cereals (iii) Legumes and Oilseeds into congahfoods.

6.0TUTOR-MARKED ASSIGNMENT

1. How would you improve the shelf life of (a) Etulfb) Fufu (c)
Kokoro and (d) Robo?

2. Discuss the possible process line for the prioaluof gari.

7.0 REFERENCES/FURTHER READINGS
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UNIT 3 PROCESSING OF SPECIFIC FOOD
COMMODITIES II: FRUITS, VEGETABLES,
MILK, MEAT AND FISH
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1.0 INTRODUCTION

In a developing country like ours, the need for iayed preparation,
processing, preservation and storage techniquesvesy of enhancing
demand for indigenous, locally consumed foods, Emhwith increased
application of food science and technology not otdy boost our

dwindling agricultural production, but also to eresuhat the seasonal
foods harvested are adequately preserved raridpt under good
storage conditions, cannot be over-emphasizddis practice has
brought wealth and prosperity to many nations arab lyreatly

contributed to the raising of the standard of kyim the industrialized

countries of the world.
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2.0 OBJECTIVES
By the end of this unit, you should be able to déscthe processing of:

fruits and vegetables locally

alcoholic and non-alcoholic beverages from cereals
milk products from milk

meat and fish products.

3.0 MAIN CONTENT

3.1 Processing of Various Traditional Produce
3.1.1 Fruits and Vegetables

3.1.1.1 Tomatoes

Tomatoes I{ycopersicon esculentynmare a circular red pigment fruit
(vegetable belonging to the family of plants calwmlanacae. It is rich
in vitamins. A.B,C and minerals like Iron. SodiuPptassium as well
as trace amounts of carbohydrates and proteins. aftes are
commonly used in sauce, salad and they enhanaedheolour of stew.
Its major defect lies in its short shelflife duegely to its tender nature
and high moisture content.

Traditional Processing of Tomatoes
Tomatoes have no traditional processing methodhdRahey are stored

in jute bags, baskets and leaves till they are egddr consumption or
commerce.

Problems of Traditional Handling

Mechanical Damage

Storage in basket leads to bruises which, in teads$ to microbial
proliferation, deterioration and spoilage. Sggrain sacks leads to
pressure build-up such that produce at the botteta grushed. The
product is also subject to injury from improper &@img during
harvesting.

Shelf Life

The shelf life of mature ripe tomatoes is about @a§s. The result of

this is a drop in its commercial value. The matureipe fruits can
hardly keep for 10-12 days in the absence of any faf preservation.
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3.1.1.2 Green Leafy Vegetables

Green leafy vegetables grow abundantly during #ieyrseason in most
parts of Nigeria. The availability of these vegdétabduring this period
makes them an important inclusion in the diet ofstmeople. During
the dry season, however, these vegetables becarmesand expensive.
The principles discussed below for bitter leaf &pto all edible green
leafy vegetables. Debittering operation appliesydol vegetables with
bittering principles.

Traditional Processing of Bitter Leaf

The leaves are removed from the stalk for washirifp wubsequent
shredding (optional). The leaves are rubbed betvieerpalms in cold
water (containing table salt, NaCl). Shredding vally with knives and
wooden table — is to reduce the leaves srnwll fragments. The
shredded produce is either sun-dried or moulded)(wo ball-like
structures and kept till it is needed for consuomti Sun-drying —
probably the oldest method of food preservatiodameloping countries
for the drying of fruits and vegetables — involgggeading the products
of the ground in an area that has been cleanedavks$, stones, grass
and dirt or they can be spread on mats.

The disadvantages of open-air sun drying are numseithey are:

(1) The intermittent nature of solar energy throoghthe day and at
different times of the year.

(i)  The possible contamination of the foodaterial by dirt and
rodents.

(i)  The infestation of the food by insects.

(iv) The exposure to weather elements — such as aad wind —
which cause spoilage and losses.

(v) It is inefficient and will generally not lowemoisture content
below about 15%, which is too high for storage itglof many
products.

To better utilize solar radiation as a source adrgy for drying foods

and foodstuffs, effective system have to be deesldpased on specific
produce needs.
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3.1.1.3 Palm Qil
Palm oil is a deep orange, viscous liquid obtaifieth the fruits of the
palm tree. The palm tree is widely cultivatedhe Western and Easter
part of Nigeria due largely to the favourable weattonditions for their
survival in these areas. It is an indispensabteqgiahe Nigerian diet as
it serves as a base material for a wide range wbssagravies and other
delicacies. It is also a good source of energy fahdoluble vitamins
(A, D, E and K).

Local Extraction Process

Although the process involved vary from one logatd the other, the
following unit operations show the major stemvolved in the
traditional extraction process.
Fruit Bunches

Separation of Fruits from Bunch
Separation from Calyx

Boiling

Separation of fruit from Nut

Boiling

4+

Palm

Palm fruits (together with the calyx) is separatesn the stalk. It is

then packed in heaps covered with banana leaveke#ridr about three
days before the fruit is separated from the calibhe separated fruits
are poured into a big drum and boiled for about foaurs to soften the
pericarp. It is then transferred into a woodentaroor a cemented pit
where it is crushed gently with pestle and pegs trhixture of nuts and
crushed pulp of even consistency is obtained. tigaoil is collected

from the pit, transferred into a drum 1/3 full withater and heated
continuously until the crude oil is sufficientlytexcted. The crude oil -
in its ready-to-use form. The oil is stored inteanware pots, metallic
drums an plastic kegs till it is needed for use.
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Problems Associated with Local Extraction Process

1. Oxidation

The fruit is exposed and subjected to microbe-iedulipoxidation if
left for about 3-4 days after harvest without pssieg. The process
(lipoxidation) leads to hydrolyses of the oil witthe subsequent
production of undesirable free fatty acids.

2. Inconsistency in the Maturity and Degree foRipeness of
Fruits

When unripe fruits are used, oil of low quality ammlume is obtained.
On the other hand when over ripe fruits are uskd, dil produced

deteriorates rapidly and has high level of fregyfatids.

3. Hygiene

The level of hygiene on the part of the processams processing
environment is generally low. This increasesances of cross
contamination.

4. Risk of Injury

The leg crushing exercise is generally unsafe. ¥Afram the risk of

injury on a slippery floor, chances of microbialdastation are quite high
especially if the state of health and hygiene efl#bourers is poor.

5. Labour and Time requirement

The entire process is labour intensive and timesgonng.

6. Storage

The Storage system employed is grossly inefficiehe packaging
material used range from earthenware pots to nefadstic kegs.

Earthenware pots predispose the oil to hydrolyk@ation which
leads to development of flavours and rancidity.

Metallic can rust and become patrticles in the @the rust could also
lead to rancidity.

Plastic kegs might impart their characteristic adon the oil when
stored for a considerable period of time.
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3.1.1.4 Dried Okra (Orunla)

“Orunla” is a product of the dehydration of okradpoHibiscus

esculentus The varieties mainly grown in Nigeria include lopgd,

green velvet pod, long green and lady finger. Tiaevest is done
manually by snapping then off the stem when theirate still tender
and break with a snap. Orunla is very popular agrtbe Yorubas. Itis
commonly made into soup with or without palrh-dish and other
condiments and served with “Fufu”, “Lafun”, “Amalat “Eba” where

its mucilaginous property aids bolus movement ia tesophagus. At
times, it is boiled fresh and served with rice.

Traditional Production of Orunla

Freshly harvested pods are sliced and spread gs draflat surface for
solar drying for about 3-5days (depending on atresp conditions).
The dried okro is packed in that state or milletb ipowdery form
before packaging (wrapping) in paper or thin nydachets.

Problems “of Traditional Processing

1. Apart from the many problems associated viltle sun-drying
process, there are major defects in the commodi¢ylargely to the
drying method employed? These include:

(1) Loss of Colour: The colour of the dried protliscbrown. In the
fresh state it is green.

(i)  Loss of mucilaginous property.

(i)  Loss of nutrients, especially vitamin C.

(iv) The risk of microbial infection e. g. Baasl cereus can be
contacted from the soil or dust.

2. There is increased chance of skin irritatiordicel by the spines
on the skin of okra pods when large quantitiegpaneessed.

3.2 Alcoholic and Non-Alcoholic Beverages
3.2.1 “Sekete”

“Sekete” is a local wine obtained by the fermeotatdf plantain fusa
paradisiakg. Plantain is very common in the southern parNaeria
and its colour ranges from complete green (unripegomplete yellow
(ripe) Being a wholly carbohydrate based crop makasyood substrate
for fermentation. Sekete is commonly served foregainment and
during certain traditional ceremonies and feswgti It is preferred for
its taste and alcoholic content.
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Traditional Production or Sekete

Mature ripe plantain is peeled cut into small sizesl soaked for
fermentation to take place. Often times, this pssc(fermentation) is
catalysed by the addition of palm wine sedimentsni@ning the
Saccharomycegeast). After about five days the resulting liq&akete
is filtered, filled into bottles and is ready tark.

Problems of Traditional Processing
1. Hygiene

The level of hygiene among the traditional procesgmostly women
and nursing mothers) is generally low. The poaygiéiye and low level
of cleanliness of the processing environment aggesvthe low level of
hygiene.

2. Water

The water often used for soaking is usually nopatiable grade. It is
obtained from streams and stagnant pools. Thre&ses the chances of
water borne infections and contaminations.

3. Fermentation

The fermentation process is wild. This result iwiae with different
types of alcohols — many of which are not food gradrhe only food
grade alcohol is ethanol.

4. Shell life

The shelf life of the product is about two to thosgs. This is because
the fermentation process still continues afterlimgfta situation which
results in the depletion of the sugar base and ldenent of an
undesirable sour taste. Since there is really fecéfe method of
storage, the over-fermented liquor is distilledotiain “Ogogoro Local

gin”)
3.2.2 “Ogogoro”

The most widely accepted and cherished traditiaiebholic drink,
especially in the southern part of Nigeria is theal gin, fondly referred
to as “ogogoro”. It is a product obtaineg the fermentation of
palmwine — a whitish sap obtained from the oil palee. Ogogoro finds
use during ceremonies and festivities. Industrjatlys used as organic
solvent and in the manufacture of certain drugsceanicals.
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Traditional Production of Ogogoro

Freshly tapped palmwine is collected, filled intbig container covered
with a piece of cloth, and allowed to undergo femtagon for about 3 to
4 days. The fermented liquor is then distilled agwgoro is collected
through delivery tubes connected to the distillatapparatus. It is then
filtered and filled into kegs and bottles.

Problems Associated with Traditional Production
1. Area of Fermentation

(1) Places where palm wine is kept for fermentatawa filthy most
times. This is unhygienic and leads to contamimatibthe wine.

(i)  Local producers rely wholly on the natural gea palm wine for
fermentation. This makes the process time consuramg) less
profitable.

2. Area of Distillation

The heating of the fermented wine is done with dakame and the
smoke from the flame can contaminate the wine.

3. Area of Condensation

Locally, the method used in condensing the wineouaps neither
effective nor efficient and a reasonable amourthefwine is lost in the
process.

4. Hygiene

The level of hygiene is generally low.

3.2.3 Burukutu

“Burukutu” originated from the Northern part of Miga, from the
Hausas from where it spreads to other parts of dbentry, most
especially the Southern and Western parts. It iedywed from
fermentation of cereals like maize, sorghum, miliginea corn, etc.
This makes it rich in carbohydrates and dfee, it is a satisfying
energy giving drink. It is creamy and dirty white colour and highly
alcoholic (28-40%). Non-alcoholic “Burukutu” is mhoced by skipping
the fermentation operation. The cereal of choicthéssorghum specie.
It is used to entertain visitors and during trawhial festivals. Apart from
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being a ceremonial product, it is also producedefmynomic purposes.
Itis, infact, one of the best and popular locates in Nigeria.

Traditional Production of Burukutu

“Burukutu” is produced in different ways, dependimg the locality and
the type of cereal used for the production. Théowahg is one of the
commonest methods frequently employed in the i@uit production
process. Guinea corn is washed, steeped for 24stemd pitched into
baskets to drain-off the water present. It is takowed to germinate for
about 4 to 5 days after which it is washed, milled a grinding stone)
and mashed with starchy powder (from cassava tubers

The mash is then filtered with pure whitetle. (Non alcoholic
Burukutu is derived here by adding sugar to thteati¢). The filtrate is
then allowed to ferment in a sack called “Apo-ldbtior about 2-3
days. Wild yeast are often used to hasten the fa@atien process.

The fermented liquor is then boiled for ab@u hours and allowed
mature for a day. The wine is then ready-to-driftramaturation.

3.2.4 Kunnu

“Kunnu” is a millet based non-alcoholic beveragev/@iured with spices.
It is very popular among the Hausa'’s of Nigeriaybwer, its popularity

in other parts of the country is fast on the inseeakunnu is taken as
refreshment and for its purported sedative (laxatigffect especially

when served chilled.

Traditional Production of Kunnu

The major raw materials used are millet, guinea,cgmger, spices and
chillies. These materials are washed, soaked atlddmirhe resulting
slurry is sieved and the filtrate allowed to seditnehile the water atop
Is decanted off. 75% of the thick residue obtaiiseooiled with periodic
addition of calculated amounts of water. The remgir25% is then
mixed with the cooled residue and sieved to obth& ready-to-drink
Kunnu. Sugar, if desired, is added to taste. Kuhas no traditional
method of storage.
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Problems of Traditional Production
1. Shelf life

Its shell life is short. It can hardly stay for mahan 2 days. After this
period, it gets soured up. This can be attributedutcontrolled
fermentation taking place in the commodity.

2. Hygiene

The level of hygiene of the processors and proogssnvironment is
generally low. Chances of contamination and cotitrgcfood borne
infection are higher. This is because kunnu is mgdef 25% uncooked
portion. Local processors are nursing mothers vemalg babies during
production.

3. Texture

The drink produced is often grainy. This may beilaited to improper
or inadequate sieving.

4. Over Boiling

Oftentimes, the drink is over boiled. The resulthe development of a
flat, burnt flavour.

5. Addition of Ingredients

If other ingredients used are not properly selectidinfluences
negatively the taste and quality of the final pradurhe critical ones
being ginger and chillies.

6. Quality Control

The quantities of ingredients vary with the difi@r@roduction centres.
This is left entirely to the judgement of the preser, thus, kunnu tastes
differently depending on the point of production.

3.2.5 “Pito”

“Pito” is a light-brown, sweet-sour beverage withify flavour obtained
from malted maize and/or sorghum. It is a highlyritious drink that
has found place after meals, during ceremoniesy&snd other social
gatherings. Pito is reputed to be rich in mineaadd certain B-Vitamins.
Two types of pito are common, the alcoholic and-amoholic pito.
The difference lies in the incorporation tdrmentation step for
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alcoholic pito. This review will focus more attemt on the alcoholic
pito, being the more complex of the two.

Traditional Production of Pito

Maize or sorghum is steeped in water for 3-4 daysshed, milled and
sieved to obtain a filtrate. The filtrate is alladveo sediment while the
liquid atop is poured into a container where it engbes fermentation
for 2 — 3 days. Sugar is dehydrated, added intdetheenting liquor and
boiled for several hours. The liquor is cooled andar is added to taste.
The resulting product is the alcoholic pito. Fornradcoholic pito,
fermentation step is omitted. Storage is Iaycpots and large
calabashes.

Problems of Traditional Production

1. Hygiene

The level of hygiene is generally low. Local pra@s (usually women)
give little or no regard to personal hygiene notention hygienic food
processing practices and environment.

2. Quality of grains

No attempt is made to ensure that the grins usedvable and
wholesome.

3. Fermentation

The fermentation process is wild and uncdigto The result is a
product with off-flavour and high levels of aceécid.

4. Heating process

Heating is by firewood. This leaves no room for pemature regulation
during mashing and dehydration of sugar. Wood sniiialy interferes

with the food system and this could alter (affébf taste and colour of
pito negatively.

3.3 Traditional Milk Product

3.3.1 “Wara”

Warankasi (commonly abbreviated as wara) is a MNigesoft, white,

unripened cheese which derives its origin from leaEulanis from
Northern Nigeria, who refer to the liquid from catdlk as “Wara” and
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the curd texture of the cheese as “Kashi”. Warpogular among the
Hausas, Fulanis and the Yorubas of Nigeria. Muchthef raw milks

produced by the cattle Fulani of Nigeria would hdee=n wasted save
for the possibility of wara production. “Wara”, & product of lactic

acid fermentation of cow’s milk. Being a milk-bas@doduct, wara
contains appreciable amounts of essential amindsacninerals and
salts of sodium and potassium. It provides a gamacg of milk for

lactose-intolerant people.

Traditional Production of Wara

Fresh cow milk is mixed with Sodom apple leaf esttrand heated for
about 15-20 minutes. The milk coagulates, the sarfscum removed
and heating is intensified to boiling (cooking).€eltlbose curd pieces
obtained are drained and cut into various sizeofovard transmission
to the ultimate consumers. The traditional methbgreservation is to
hold the fresh product in its whey (the fluid portiof milk drained from
the curd) or water, a procedure which keeps warshfifor 2-3 days in
the absence of refrigeration.

Problems Associated with Traditional Production
1. Quality Control

The traditional method has no quality control measuAs a result, the
finished product lacked the consistency and finesseported cheeses.

2. Hygiene

Traditional processors give little or no regard hggiene. This is
evidenced in the grooming of the processors as aslihe processing
environment. The implication of this is cross-contaation and
microbial infestation which is capable of givingseito food borne
infections and intoxications.

3. Health of Cows

The health of the cows is of paramount imgmoce because it is a
function of the quality of milk produced. Littletantion is given by the

processors to the health of the cows. This couldlues in part, to the

absence of veterinary doctors in nomadic areaseassvthe high cost of
veterinary drugs.
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4. Shelf Life

Its maximum shelf life is about 2-3 days if stoteaditionally. Wara is
prone to microbial spoilage because it is highl¥ritiqus.

3.4 Meat Products
3.4.1 “Suya”

“Suya” is a roasted meat product (berbecue) obtafnem beef, pork,
mutton, chicken and other desirable animals. Algioi is peculiar to
cattle rearing areas of the country, its acceptgliihs made it a national
product that can be found in all nooks and cranofabe country. It is
a common entertainment commodity with drinks (batboholic and
non-alcoholic) and spices as accompaniments. Thmlg@aty of this
product underscores the importance of a review tef tiaditional
production.

Traditional Production of Suya

Meat is cut into small flat pieces, rinsed andeshlt The salted pieces of
meat are then inserted in a pit and sprinkled wépper and groundnut
oil such that its (meats) external surface is cedecompletely. The
resulting product is sundried for about 30-60 masuafter which it is
roasted with direct heat from hot coal for about heurs. The roasted
meat (suya) is ready-to-eat when the meat turnerb®uya has no local
storage or packaging device, hence, it is regulaaheated to improve
its appeal.

Problems of Traditional Processing

1. Intensity of heat: Hot flames from coal, which is in direct contact
with the meat, can lead to burning and destmcof valuable
nutrients of the meat.

2. Time Consuming

The process is time consuming as it can take sef@aurs to prepare.

Considerable time is spent during the manual gicaf meat and

preparation of red-hot coals.

3. Ease of Contamination

Suya is commonly displayed uncovered in aemments that are

anything but clean. This makes the produghlyi susceptible to
microbial attack. In addition, the smoke, whicltons good doses of
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harmful gases like carbon monoxide and hydrogéphg&de, can be
source of deleterious chemical changes.

4. Hygiene

The level of hygiene on the part of the processogenerally low. The
processing environments and water used in washithdpélow expected
standards. These conditions predispose the contyntmdspoilage and
reduces its shelf life.

5. Packaging and Storage

Presently, Suya has no packaging or storage devibe. implication of
this are:

(1) Only small amounts of meat can be processeshpgiven time

(i)  Remnants have to be discarded as it canngtratae than 2 days
before deterioration sets in.

(i)  The production process is made highly labouensive.

0. State of Animal

The processors give no thought to the state otlheélanimals. In some
localities, diseased animals are favourites. Irelotreas too, the use of
carmel meat, which is reputed to have high amoohtsiercury, is in
vogue. And yet others do not wink an eye at tleeafsdead animals for
suya.

3.4.2 “Tinko”

“Tinko” is a fibrous hard and dried meat punot peculiar to cattle
rearing areas of the country. It is a delicacy agntime Hausas and
Yoruba’s of the country where it is commonly usedsoup preparation
and gravies. It is a common form into which rawamis processed to
extend its shelf life locally. Compared to boile@an tinko is reputed to
have a higher aroma, flavour and protein ratinganilpeople equally
believe that it is more palatable than ordinarityiéd meat.

Traditional Production of Tinko

Live animals, usually camels, donkeys and horsesskughtered, cut
into pieces, washed and parboiled until it is cabWéhout being soft or
tended. Salt and ashes are added and the pradsandried until the
meat develops a deep brown colouration. The reagulgroducts in
tinko
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Problems of Traditional Processing
1. Nature of the product

The product has a dirty brown colour and is usuathny, a situation
which could predispose consumers to health riglesdppendicitis.

2. State of Animals

The use of unhealthy and dead animals is a Commactige. This
practice is common in localities where the ownegsséhe illness or
death of his animal as an economic loss. To megidais perceived
losses, the sick animals or its carcass is prodegs#e tinko. This
practice is of public health significance in vieWtloe recent scare of the
mad-cow disease.

3. Drying Method

The drying method employed (sundrying) is sgtp Inefficient and
gives very little consideration to hygiene.

4. Storage Method

The storage method (packing in sacks and baslets)ually inefficient
and inadequate. This gives room for microbial ipgchtion as well as
light and oxygen induced deterioration.

3.5 Fish Products
3.5.1 Smoked Fish

Although the supply of fresh fish is ample onlyriverside area of the
country, fish processing is not the exclusive pgative of the fish
producing communities. This is due to the availgbibf frozen fish in

non-fish producing communities.

In many developing countries, fish processed bdliticnal smoking

methods are extremely popular. This popularitgue to the chemical
changes that occur during the smoking process fact it is the

chemicals produced during the smoking processishegsponsible for
the characteristic flavour of smoked fish. Rew fish has a wide
appeal among the general populace. It is a commoompaniment in
soups, sauces and other food preparations. Thefaeproper smoking
operation cannot therefore be over emphasized.
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Traditional Production of Smoked Fish

Frozen fish is thawed salted and smoked by placemerwire gauze
placed atop a smoke source. Where fresh Bshavailable, it is
sometimes folded and kept in place by a broom stittkis then salted
before smoking. In all the cases, the visceraaratare left intact as
this is believed to make the final product bulkidihe final product has
a fairly shiny gloss with considerable amount oftava Packaging is
non-existent and storage is in open baskets.

Problems Traditional Processing
(1) Hygiene

Very little consideration is to given to hygien&he process is a cottage
industry in Nigeria, hence production is usuallyrigal out by women
who give very little or no regard to cleanlinesthe processing area is
also filled with flies while no provision is maderfwashing prior to the
smoking operation. Smoking is done in the open withprovisions
made to protect the fish from dusts, pebbles, stamel other extraneous
matter.

(i)  Splitting/Evisceration

The guts, gills and kidneys are usually not remové&de high microbial
load of these intestinal organs predisposes thalljosmoked fish to
spoilage.

(i)  Salting

Since traditionally smoked fish are seldom saltib@, final gloss and
taste is significantly affected.

(iv)  Smoking

This is commonly done over open fires from driedodo However,

because it is done in the open, chances of con&immfrom external
sources are quite high.

(v)  Storage

There is no particular method of storage. The sddish are usually

re-smoked at periodic intervals to keep warm. ldetine shelf life of
traditionally smoked fish is very low (about 3-5ydn
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3.5.2 Dried Fish

Another very popular form to which fresh fish ipessed is dried fish.
Species commonly used are referred to in Yorubalspg areas as
“agbodo” and “ebolo”. Since a large proportion adhf are locally
subjected to the drying operation, a review of tteglitional process
ensures that appropriate recommendations are madagrovement.

Traditional Production of Dried Fish

Raw fish is salted and exposed to direct sunligihtabout 8-14 days
until it is sufficiently dry. On the alternativehe salted fish is place on a
wire mesh with red-hot charcoal beneath. Thisoistioued till the fish
is sufficiently dry. The dried fishes are thenrsetbin baskets and jute
bags till it is needed for consumption or sales

Problems of Traditional Processing
1. Sun-drying

Where sun-drying is involved, the product is expbse hazards of

weather and there is virtually no form of protectagainst insects, pests
or rodents attack. Furthermore, sand, stones, lfaeatiers and other
extraneous matters become ingrained in the prodocaddition, the

drying process is inefficient and grossly dequate. This can be
attributed to the unpredictable nature of weathad antermittent

sunshine. This certain level of deterioration may & before fish

finally dries.

2. Handling

The fishes are usually not washed before dryincheM this is done, it
iIs with water of poor drinking quality. In additi, very little regards
given to the quality of the raw fish as the primaonsideration is purely
economic. This in turn imperils the quality of tieal product.

It is a very time consuming process especially wheun-drying is
involved.

4.0 CONCLUSION

Food processing techniques are used exclusivelpenproduction of
alcoholic and non-alcoholic drinks as sekete, ogogburukutu and
pito. Also milk products are turned into cheeseshygymes from leaves.
Meat is smoked into suya, while whole fish is snbketo dried fish.

Meat is sometimes parboiled and dried into tinko.
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5.0 SUMMARY

In this unit we have learnt that:
Fruits (e.g. tomatoes) are not usually processe¢draunketed in
basket in the fresh state. Vegetables are sdldeifiresh or dried

form.

Both alcoholic and non-alcoholic beverages amade from
cereals and palm juices.

Milk is processed into cheese; meat into suya amai fish is
popularly smoked.

SELF ASSESSMENT EXERCISE

Describe the traditional production of: (i) Sekdii) Ogogoro (iii)
Burukutu (iv) Kunnu and (v) Pito.

6.0 TUTOR-MARKED ASSIGNMENT

Why are the following products acceptable to Nigesi?

1. Suya

2. Tinko

3. Smoked fish
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