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The Vice-Chancellor, Deputy Vice-Chancellor (Administra-
tion), Deputy Vice-Chancellor (Academic), Provost of the
College of Medicine, Dean of the Faculty of Agriculture and
Forestry, Dean of the Postgraduate School, Deans of other
Faculties and of the Students, Distinguished Ladies and
Gentlemen.

Preamble

It is with great humility and gratitude to God that I stand
before you, representing the Faculty of Agriculture and
Forestry, to present the second of the two inaugural lectures
on behalf of the Faculty in the 2011/2012 inaugural lecture
series. | give glory, honour and thanks to the Almighty God,
my Lord and Saviour, for His enduring mercies over my life
right from the moment He formed me in my mother’s womb
till this day which He has made to glorify His Holy Name.
This lecture is dedicated to God and my parents who did
everything to see me through life but-are of blessed memory
and to the entire academic moulders and builders of my life.
It is not of my strength or ability but-of the Lord who has
been so merciful and gracious.-May His Name be praised
forever.

Mr. Vice-Chancellor Sir, I would like to inform you that
this is the 37" inaugural lecture from the Faculty of
Agriculture and Forestry and the sixth from the Department of
Animal Science since its inception in 1967. The first
inaugural lecture from the Department was by Professor G.M.
Babatunde in 1975, entitled “The tottering Nigeria Livestock
Sector” and the last one was by Professor Grace O. Longe in
2006 titled “Poultry: Treasure in the Chest”. Between 2006
and 2011, a period of five years, no lecturer came from the
Department though many professors have retired without
opportunity to deliver inaugural lectures. I thank God that six
years later, the mandate has fallen on me to deliver an
inaugural lecture on the 6" day of September, 2012, on behalf
of the Faculty of Agriculture and Forestry. Six is the number
of man because God created man on the sixth day and it is
also the number of unexpected blessings. To God be the,
glory, honour, praises and adoration in Jesus Name (Amen).



Why Animal Science?

Mr. Vice-Chancellor Sir, sometime ago, a friend of mine
called from the United States of America and in the course of
our conversation, he said, “Prof, you know you are blessed.
God loves you”. And I replied, “Sure, I am blessed. Why not?
After all I am an animal scientist”. And he asked, “What do
you mean by that?” “God has special liking for animal
scientists”, I replied. He got confused but I am proud to
declare that I was divinely inspired to study Animal Science.
Proof? The very first sacrifice that God accepted from man
was the one offered by an animal scientist. “And the Lord
looked with favour on Abel and his offering ...” (Genesis 4:
3-5). The men God called to carry out great assignments for
him were all shepherds. Moses, David, Elisha and Amos were
tendering their sheep and oxen when they received the call of
God. The birth of our Lord Jesus Christ in a manger under-
scores the importance of shepherds in the scheme of human
history.

Again, when our Lord, Jesus Christ was born, the first
people to receive the news of the great event were a group of
local animal scientists, the shepherds looking after their sheep
in the night. “You have nothing to fear”, the angel said, “I
come to proclaim good news to you — tidings of great joy to
be shared by the whole people” (Luke 2:8-10). Our
profession # therefore a unique one, divinely recognized as a
special means of livelihood. I cherish it and I am proud to be
an educated shepherd of modern age.

Mr. Vice-Chancellor Sir, when I contemplated the theme
for this lecture, I didn’t have to search far before settling for
the title: Feed Bio-Hazards: Life Destroyers and Life
Enhancers. The findings from my research works and
experience convinced me of the truth of the statement in the
concrete. My numerous researches in Animal Nutrition and
Feed Toxicology have been aimed at one goal—to reduce
toxic residues in animal feeds and feedstuffs for improved
utilization of nutrients and increased yield of milk, meat and
eggs. My quest for new feed resources led to the screening of
myriads of alternative energy and protein sources capable of
boosting livestock productivity in Nigeria. However, these
vast assortments of indigenous feed resources have been
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implicated in patho-physiological anomalies in animals
consuming them. Animal feeds derived from ingredients of
plant origin were found to contain toxic and anti-nutritional
substances which adversely influenced the utilization of feed
nutrients and exerted effects contrary to optimum nutrition.
The uses of these substances to plants were obscure for a long
time, however research now shows that they are products of
secondary metabolism used by plants to protect themselves
against microorganisms (bacteria, fungi, and viruses), and
herbivores. This means that plants use more than thorns, hairy
surfaces and tough skins to discourage predators from taking
a bite, rather they wield an arsenal of chemicals (secondary
metabolites) to deter enemies, fend off pathogens, and protect
themselves against cold and other environmental hazards.
These secondary by-products have been put to use in the
control of weeds, diseases or insects with little or no
application of synthetic agrochemicals and have become one
of the technologies for organic and ecosystem-friendly
agriculture. Thus, animal feeds of plant origin whether
processed, semi processed or raw, when consumed, furnish
nutrients to meet the dietary requirements of animals for
growth and development (life enhancing), and also produce
anu-nutritional or toxic factors, which reduce animal
performance and cause metabolic disorders leading to death
(life destroying). Therefore, animal feeds which contain
thousands of compounds, can have beneficial or deleterious
effects in animals consuming them depending upon the
circumstances.

The Nigerian Livestock Industry

The Nigerian livestock industry plays an important role in
national food security, providing animal protein for a growing
population of 160 million people, employment for over 70
percent of the adult labour force and raw materials for agro-
industrial development. The total livestock population in
Nigeria has been estimated to be four hundred and thirty
million, nine hundred and one thousand and one hundred
(430,901,100) with cattle accounting for 17 million, goats 41
million, sheep 23 million, pigs 3 million and chicken 85
million. Products derived from these animals constitute a



significant portion of the Nigerian animal protein diet. They
cover the spectrum from herbivores, the plant eaters
(ruminants, horses and small animals such as rabbits and
guinea pigs); omnivores, which eat all types of foods (pigs
and poultry); to carnivores, which eat chiefly meat for
example, dogs and cats (McDonald 2002). The specific
feedstuffs these animals are able to utilize are dependent on
the type of digestive system they possess. In simple terms,
the digestive system is a portal for nutrients to gain access to
the circulatory system. There are three basic types of
digestive systems: monogastric (simple stomach), ruminant
(multi-compartment stomach) and hind gut fermentor (simple
stomach but very large and complex large intestine)
(Coffey 2008) (figure 1).
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Fig. 1: Diagrammatic representation of the digestive tracts in the pig, fowl
and cow.

An = Anus; Ab = Abomasum; Ca = Caecum; Cl = Cloaca; Co = Colon; Cr = Crop;
D =Duodenum; G =Gizzard; I = lleum; Oe = Oesophagus; Om = Omasum; P =
Proventriculus; Re = Rectum; Rt = Reticulum; Ru = Rumen; S = Stomach

Source: McDonald et al. 1995.



Feed Bio-hazards affecting Animal Production

Feed is the material which, after ingestion by animals, is
capable of being digested, absorbed and utilized. In a more
general sense, it is edible material. components capable of
being utilized by animals for nutrients to meet their basic
needs (McDonald 2002). These nutrients could be categorized
as either macronutrients (needed in relatively large amounts;
carbohydrates, proteins, fats, fibre and water) or micro-
nutrients (needed in smaller quantities; minerals and
vitamins). The main components of feeds are illustrated in the
figure 2." ,
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Fig. 2: The main components of feeds.

With the high rates of food production required to meet
the needs of the ever increasing population, changes have had
to be made to existing animal production systems. In recent
years, industrial livestock production has grown at twice the
rate of traditional mixed farming systems and at more than six
times the rate of production based on grazing. Animals are
raised in confinement and fed defined feeds formulated to
increase  growth rates and feed conversion efficiencies.
Intensive poultry production especially, has increased
considerably with poultry population in some commercial
farms exceeding one million birds in a single facility
(Obasanjo Farm Reports 2008). This has led to the increasing
reliance on a wide range of manufactured products as feed for
animals cstined for human consumption. These animal
feeds contain mixtures of plant-based products as well as
other ingredients ranging from rendered animals and animal
waste to antibiotics and organoarsenicals (table 1).



Table 1: Animal Feed Ingredients used in the Production of

Animal Feeds

Origin, Raw Material Examples

Plant

Forage Alfalfa meal and hay, Bemuda coastal grass hay. com plant, and soybean hay »

Grains Barlcy, com {organic and genctically modified), oats. rice, sorghum, and wheat

Plant protcin products Canola meal, cottonseed cakes and meals, peanut meal, st Rower meal and sovbean (organic and
genctically modificd) feed and meal

| Processed grain by-products

Molasses

Miscellaneous

Animal

Rendered animal protem from Meat meal, meat meal tanksge, meat and bone meal, pouliry meal, animal bj-product meal, dncd

the slaughter of food production | unimal blood, bloodmeal, feather meal, ege-shell meal, hydrolyzed whole pouliry, hydrolyzed hair,

animeels and other animals mmmw‘mdmwﬁmﬁundtﬁ.mdiumimdnhwnws&mmg&wmddk.

Animal wastes . llriadn.mt'mantum.dﬂedmﬁncmu.dﬁedpouhyiiult,mdud:ﬂmmmduhmlm
products.

Marine by-products Fish meal, fish residue meal, crab meal, shrimp meal, fish oil, fish liver and glandular meal, and fish by-
products

Dairy products Dried cow milk. casein. wye products, and dried cheese.

Mixed

Fais and oils Animal fat, vegetable fat or oil and hydrolyzed fals

Restaurant food waste L:dible food waste from restaurants, bakeries, and cafeterias

Contaminated/adulierated food | Food adulterated with rodent, ruach, or bird excrets tht has been heat treated to destroy pathogenic
organisms

Others

Antibiotics Tetracyelines, macrolides, fluoroqainoloncs, and streptogramins

By-products of drug Spent mycelium and fermentation products

manufacture

Arsenicals Roxarsone and arsanilic acid

Other metal compounds Copper compounds and metal aming acid complexes

Non-protein nitrogen Urca, ammonium charcoal, calcium carbonate, chalk rock. iron salts, magnesiom salts. and oyster shell

Minerals Tour

Vitamins Vitamins A, D. By, . niacin, and betaine

Direct-fed organisms Aspergillus niger, Bacillus subnllis. Bifidobacterium animalis. Enterocuccus faecium, nd veast

Flavours Aloe vera pel concentrate, ginger, capsicum, and fennel

Enzymes Phytase, cellulase, lactase, lipasc, pepsin, and catalase .

Additives generally reparded as | Acgtic acid, sulfuric acid, aluminum silts, dextrans, glycerin. beeswax, sorbitol, and riboflavin

safc (GRAS) Bulylated hydroxyanisole (BHA) and sodium bisullile

Preservatives Herhal and botanical pmducts

Nutraccuticals Palyethylene roughage replacement

Plastics

* Data adapted from AAFCO (2004)




Although, these ingredients are generally regarded as
safe, many contain noxious compounds of biological,
chemical and etiological origin which may render them
unsafe for both humans and animals. These could be in the
form of natural secondary metabolites found in crops used as
feed ingredients, products of plant-associated microorganisms
and bioactive proteins or chemicals used in storage oOr
contaminants either directly admixed into feedstuffs or
applied as feed additives which may not guarantee a level of
safety. Residues of many chemicals such as fungicides,
insecticides, rodenticides and herbicides or their metabolites
remain in the plant crops or animal foods that may be
‘hazardous to the consumers. The insecticides find«their way
into the food chain during storage of foods and feedstuffs and
levels of infestation may vary from acute to chronic. Humans
and animals are occasionally exposed to lethal and sub-lethal
doses of pesticides and in case of regular applications lead to
bioaccumulation, resulting .in consumer-toxicity (Milz et al.
2002).

In considering natural toxicants; Coon (2010) distingui-
shed the toxicity of a substanee ‘as/its intrinsic capacity to
cause injury to tissues when tested by itself, and the hazard
associated with ingestion of the feed containing it. The hazard
of a substance is its capacity to cause injury under the
circumstances of exposure. It refers to a biological, chemical,
or physical agent in a feed which has the potential to cause
adverse effects in farm animals. The agent may be introduced
with resource materials or via carryover or contamination of
products during handling, storage or transportation. Products
of [bio-] transformation of the hazard present in edible
products which affect human health could also be regarded as
hazardous: Organic chemicals comprise the largest group and
include plant toxins, mycotoxins, antibiotics, prion proteins
and pesticides. Inorganic compounds include heavy metals
and radionuclides.

Wide differences in susceptibility to these toxins exist
between species of livestock, but the major differences occur



between ruminants (figure 4) and non-ruminants, as ruminal
microorganisms may enhance, destroy or markedly modify
the pharmacological properties of various toxins or even
convert non-toxic substances in the diets to toxins (Hegarty
1986). The following list of health hazards associated with
animal feed and feed ingredients and factors affecting their
occurrence (tables 2 and 3), is intended to describe.the major
categories of hazards, which may be present in feeds=The list
is not exhaustive.
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Fig. 4: Schematic diagram showing the compartments of the stomach of a
ruminant.



Table 2: Factors affecting Occurrence of Hazards in Feeds and

Feed Ingredients
T Feed or Feed Ingredient | Risk Factor | Hazard
Plant origin
| Forages {pasture. hay,  Botanical contamination, environment. field | Bacteria, endo-parasites. mycoloxins. plant
| silage) conditions. plant species toxins, hewvy mctals, diovin. organic chermicals.
L ) radionuclides
Plant feed ot feed Crop ansd harvest (environment, field Residucs. envizanment criemicals. heavy metal,
mgredient conditions, plant species) plent taxins, mycotoxins. radionuslides,
" (pathogenic bacteria)
Manufactaring (carry-over, cross- Residues of velerinary drugs. residues of feed
contamination), by-products from industrial | additives and processing aids
food-praduction, processed feed ingredients.
mixed feed
Treatment 10 climinate toxins o for Plant toxins or hacteria
cofservation (heat/scid/pressure eic. |
Condition of storage, transp i Puthogenic bacieria, mycoloxins, toxie glements
temperalurc), menufacturing (cross-
contaminmtion} 1
Fateil Origin. purity, blending Diosins, organochionne :
Algac Environment, species Plant toxins, heavy metals. dioxin. residues,
rdionuclides)
Termestrial enimal origin
Land animel and mik | Livestock condifions (emimal, cnvironment) | Bacteria, viruses. eadoparasites, prions
products
| Tnedequate Licatment (heablacidipressure etc ) | Baciena, vinisys, codoparasites or priogs
[ Candition of storage, transport [moisture, Bacweria. Toxic elements
\emperature), manufacturing (cross-
imtion)
Aguatic animial origin
Fish, other marine Aguatic environment “Heavy metal, organic chemicals, bacteri
nimils viruses, radionuclides
Inadeguate treatment (neatiacid‘pressuré eic )~ | Baciena
Condition of storage, transport fmoisture. ‘Bmaiu.mxicdumm
WL munufaciuring {cross- y
| contamination) |
Mineral origin 4
Minerals, including | Onigin. purity. authonzation {igace clements) | Heavy metal, dioxins
additives {trace
clements and binders)
Fermentation by-products
Protein concentrate Processing. storage. transport Bacteriw, anlibiotics
from bactena mnd
yeasts

Source: Codex Alimentarius Commission: Proposed draft of prioritized list of

hazards in feed CX/AF12/6/5Add.2




Table 3: Factors affecting Occurrence of Hazards in Edible Products

[ Hazrd ] Fecd Sources and WAk Faciars [ Edible Products

Hinlogacal
Bacteria e g Solmonells, Bracella, Contaminated pasture. forages and feed (cspecially Epps. meat and meat producis
| Ltsteriv monocytagenes) Salmunelia), animal and vegetable protein meals Sick arimals (Salmoneils), milk and milk
clase 10 feed production or storage. Discased snimal cadavers products ( Brucells, Lisieria
m storage. Poor hygiene durme fecd production, staughtcr and | monocpwopenes) -
S ing of edible (ssues
Endoparmiites (¢ g T oxopiasma wandis Contamsmnated pasture. forages, compound feed. Inadequate Various tissues contmining
Cysticeraus. Trichineflaj enviroamental mocioring of not ireated in feed or animal. infective cysts
Prinns _ Contaminated animal [ruminant] protein (containing misfolded | Nervows sysiem tssie
prion protem). Cross- ion of fecds for with
| T .
Viruses: hepatit's E. rotavinus Feed mwb“ by body Nuids of infected animal  Sick Vanous tissues contamimated
| rnimals chose to feed production or storage  Poor fygiene during preperation by virus-
| during feed production (slaughter and p _dhc%ihk nm:m‘body_&-ldu
Listies )
Chemcals
Radionuclides ™Sr. "L ™0y, 0y Contaminated feed and forages. Tnadeq Mk [rad .
monitoring. rdiocesium), bone
(radiostrontum |, meat
(radiocesium)
“Heavy metels”™ Poxe qualiny munenals, madeq | monitornng.
Arsenic [inorganic) Sea plants, fish products and minerals Fish
Cadmium i Mincrals (such as phosphate. zinc sources) Forageigrams Higher concentrations in
{depending an iphical area). Soil ination by shellfish, oysters, satmon, alsn
mamire, sownge, sludge or phosphate fertilizers kidney and liver. Lower
Cumcenirations in dmry products.
— - meal. .
Lead Contasmmated soil. lead paines and batterics, water fiom Hone, bram and kidney
plumbing systems thal contain lead. Minerals (&g copper
_| sulphate, zinc sul zing oxide). |
Mercuryimethyd mereury _|_Anihi i€ contamination, fish. Liver, k fish
Mycotonins Produced by carbohydrale ing fungi m cereals | Meat (deepoxy-deanynivalenal,
{especially wheat, sorghum and maize), in pilseed meals zearalencl. ochratoyns), liver
cakes, and silage (c.g. aflztoxing from Aspergitfur flava, milk. cxgs (aflatoxing)
b from A. o . . fumanisi
trichathecenes such s deoynivalenol). High hurdity durmg
and harvest. non-adherence 1o good agnicubursd
practices. High bumsdity post-harvest. Hull, tip cap and outer
€1 not before milin
Plant toxins Mon-adnerence 1a good agricultural practices. masequate visual
| mspection or chemucal analysis.
Tremelone Contammated fc Milk
Pymuolidme 2lkaioids, ferpencs. Botanical contaminiion in rages (¢ g Senecio jacabaea), Milk, ment
veosites enday o 5 {e.3. in
(ther alkakoids (¢ ¢ aropine, cafleinc, 1£al contamination in forages Milk. meat
cacaine, ephedrine. morphine, nicotine,
solanine)
Orgamic chemicals
Diaxins (polychl dibenadionins, | Sodl nation (¢ g clay mincrals). From combusti Fat {in meat, milk, egp yolk)
debenzofurany and divsin-like sourtesic g fossil fucl power stations, waste incincration
potychlonnated hiphemis) plants, exhaust gases), from tiocide-treated wond used during
feed di i & d mineral sourees. (vl
in tish meal Non-adherenee 1o good agricultural praciices
Non-certified source of oilifat feed comp
Organochlonne pesticides Nan-adh 1o good agricultural practices Fnvi | Fat
COTEmInation
Veterinary drug. pesticide. processing aid | Milk of antibiotic-irealed cows. neclar of antibioiic dreated fruit | Meat. milk. cggs, honey
residucs 1S, Cross- ination of T feed with inary
drugs, meal from medicated fish and shrimps, fodder, graim and
by-products (e g grape pomace] from crops treated with
des. Mon-adhs 10 good egri | practices. Non
adherence ( recommended dose and drug withdrawal periods
Non-adherence to masul i 1663

Source: Codex Alimentarius Commission: Proposed draft of prioritized list of
hazards in feed CX/AF12/6/5 Add.2
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Biological Hazards

Bacteria

Microbial contamination of animal feed is a significant
potential pathway for entry of pathogens into the human food
chain, and at present, there is no comprehensive program that
addresses it. The primary microbiological hazards in feeds
that transfer to edible products of animals are zoonotic
microorganisms which contaminate animal and plant protein
meals fed to animals. They may be introduced into. feed
crops, forages and water from contaminated pastures, may be
present in animal materials which are used for feed, and may
be introduced to feed by cross-contamination or.carry-over
during processing, transport, and storage.

Brucella

In regions where Brucella is endemie, pastures may be
contaminated by ruminants which deliver or abort offspring
there, because the placentas of infected-animals contain high
levels of these microorganisms. Milk-producing animals may
become infected by eating forage from contaminated pastures
and excrete the microorganisms in their milk. This milk may
be a risk to human health  if not pasteurized prior to
consumption. Spore-forming bacteria present in raw milk
may survive during processing and subsequently grow in the
milk, thereby producing a potential risk to human health.

Endoparasites

Some animal endoparasites, such as Trichinella, Toxoplasma
gondii, and Cysticercus, are animal health hazards. Various
life stages of these organisms may contaminate pasture and
forages and the derived feed. Ingestion of contaminated feed
by food-producing animals can result in the presence of
infective.cysts in edible products (e.g. meat), which may pose
a risk to human health, particularly if not adequately heat-
treated prior to consumption.



Viruses

Some viruses such as hepatitis E are pathogenic to both
livestock and humans. Viral contamination of feed is possible
via body fluids of infected animals. The most likely route of
contamination of edible products of animals is probably
external, by contamination with virus-containing faeces:

Prions

Prions are infectious agents composed of protéin in a
misfolded form which induce existing, properly-folded prion
protein (a constituent of normal mammalian.cells) to convert
into the disease-associated prion form. Prions are responsible
for the transmissible spongiform encephalopathies in a
variety of mammals, including bovine spongiform encepha-
lopathy in cattle (mad cow disease). Prions are extremely
resistant to denaturation by chemical-and physical agents
including heat. Animals should not be given feed and feed
ingredients that are recognized as likely to introduce zoonotic
agents to the slaughter population.

Terrestrial Plant Toxins

Terrestrial plant toxins or anti-nutritional factors (ANFs) may
be defined as those substances generated in natural feedstuffs
by the normal metabolism of species and by different
mechanisms, such as' inactivation of some nutrients and
inhibition of digestive' enzymes which exert effects contrary
to optimum nutrition. Anti-nutritional factors in feed can be
grouped into:

1. Endogenous Substances

These are secondary metabolites present in the feedstuff by
the natural’ metabolic activity of the plant. Being an anti-
nutritional factor is not an intrinsic characteristic of a
compound but depends upon the digestive process of the
ingesting animal. Trypsin inhibitors, which are ANFs for
monogastric animals, do not exert adverse effects in rumi-
nants because they are degraded in the rumen (Cheeke and
Shull 1985). Anti-nutritional factors which have been
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implicated in limiting the digestion of feeds and feedstuffs
and utilization of nutrients in both ruminants and non-
ruminants, include non-protein amino acids, glycosides.
phytohemagglutinins, polyphenols, phytins, alkaloids, triter-
penes and oxalic acid (tables 4 and 5). They also cause
toxicity during periods of scarcity or confinement when feeds
rich in these substances are consumed by animals in large
quantities. Transfer of some of these toxins to edible products
such as milk and meat has been demonstrated.

Table 4: Minerals, their Sources and Bioaccumulation in
Animal Tissues

Mineral Sources Bioaccumulation in Animal Tissues
Arsenic (Inorganic) | Sea plants, fish products and Fish
| supplemental minerals
Cadmium Mineral supplements (such as Kidney and liver
phosphate, zinc sources) Shellfish, oyster; salmon and fungi, have the
Forage/grains (depending on highest concentrations
geographical area) There arc low concentrations in fruits, dairy

Manure, sewage, sludge or phosphate | products, legumes, meat, eggs and poultry
fentilizers can enrich soil

Lead Contaminated soil, lead paints, water | Bone, brain and kidney
from plumbing systems that contain

! lead, batteries

Mineral supplements (copper sulphate,
zinc sulphate, zinc oxide)

Lead is also a natural contaminant of
calcium carbonate (limestone) in some
regions

Mercury/methyl Anthropogenic contamination, fish Liver, kidney

mercury meal Fish, marine mammals
| -

Source: NRC 2005..Mineral tolerance of animals. Washington DC, National
Research Council
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Table 5: Anti-nutritional Factors present in Plant Foodstuffs and
Their Adverse Effects in Farm Animals

Dhntamh

| Common Occurrence

Hu-nulritfo?lhcwr
f Protease inhibitors

| Soybean, navy beans, lima bean,
kidney bear, chick pea, cow pea, lentil,
peanu beet, polato, rice, wheat, com

| Nutritional or Biological Effects |
Decreased prolein digestibility,
pancreatic hypertrophy; increased
requirement for S-amind acids

e
Hemagglutinins

peanuts, eic)
Cotton

I'Seeds belonging to Leguminosae (i,
[ Soybeans, Kidney bans, navy beans,

Interference with absorption of
nutrients from intestines

Gossypol seed Increased requirement for protein
and iron
Osteolathyrogens Lathyrus odoratus (sweet peas) Defect in collagen formation
| Nearolathyrogens Latiyrus sativus (chick-Ting vetch), | Neurotoxic effects
Vicia sativa (€ommon vetch) |
| Cycasin Cycads Inierference with synthesis of RNA_|
Goitrogens "'| Cabbage, wrnips, rutabaga, mustard Interference with utilization of
seed, rape seed, sovbean dictary lodine

Phytic zcid

Seeds of mono-and dicotyledons (i.c.
Wheat, com, rice. soybean. navy bean,
peantt, cic.

Inietference with absorption of
calcium, zine, magnesium:
increased requirement for vitamin D

 Oralic aci

| Rhubard, spinach, tea, cocoa
|

Increased requirement for calcium
and vitamin D

!_amylase inhibitor Wheat, rye, barley. navy beans Interference with digestion of
! = carbohydrate
] Ascorbic acid oxidase | Cabbage, cucumbers, pumpkin, Destruction of vitamin C
[ l lettuce, spinach, tomatoes, beets,
potatoes, carrols, peaches
| Antivitamin D Soybeans W, increased requirement for vitamin D
Antivitamin E Kidney beans, alfalfa, peas | Increased requirement for vitamin E
| Antinyricoxine Lirseed | Increased requirement for vitamin B |
| Anti-nutritional factor Comman occurrence Nutritional or biological effects
_Antwvitamin B Soybeans Increased requirement for vitamin B |
Choline esterase inhibitor Potatoes. broceoll, asparagis, Interference with transmission of
cgaplant; tunip, radish, celery, carmot, | nerve impulse
orange, apple ol
Metal-binding constituents Soybeans, sesame meal, peas Increased requirement for zinc, —!
X L manganese, copper, and iron !
Lipoxidase Soybeans | Increased requirement for vitamin A |
Factors causing favism | ¥icia faba (broad beans) Hemolytic anaemia g
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Table 6: Anti-nutritional Factors in the Leaves of Trees and Shrubs
Documented as being Used in Livestock Feeding

Anti-nutritional Substances Species

12 Non-protein amino acids
Mimosine Leucaena leucocephala
Indospecine Indigofera spicta

2 Glycosides
(A) Cyanogens Acacia giraffae
A. cunning hamii
A. sieberiana

Bambusa bambos
Barteria fistulosa

(B) Saponins Manihot esculenta

Albizia stipulate
Bassia latifolia

Seshania sesban

3. Phytohemagglutinins Bauhinia purpurea
Ricin Ricinus commiunis
Robin Robinia pseudoacacia
4. Polyphenolic compounds
(A) Tannins All vascular plants
(B) Lignins All vascular plants
9 Alkaloids
N-methyl-B-phenethylamine Acacia berlandieri
Sesbanine

Sesbania vesicaria
S. drummondii

8. punicea
6.  Triterpenes
Azadirachtin Azadirachta indica
Limonin Azadirachta indica
7. Oxalate Acacia aneura

Cyanogenic Glycosides

Cyanogens are glycosides of a sugar or sugars, and cyanide
containing aglycone. Table 6 provides a few examples of
fodder trees and shrubs containing cyanogens. Cyanogens can
be hydrolyzed by enzymes to release HCN which is volatile
gas. However, the glycosides occur in vacuoles in plant cell,
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while enzymes are found in the cytosol. Damage to the plant
results in the enzymes and glycosides coming together and
producing HCN. The hydrolytic reaction can take place in the
rumen by microbial activity. Hence, ruminants are more
susceptible to CN toxicity than non-ruminants. The HCN is
absorbed and rapidly detoxified in the liver by the énzyme,
rhodanese, which converts CN to thiocyanate (SCN)..Excess
cyanide ion inhibits the cytochrome oxidase. This. stops ATP
formation; tissues suffer energy deprivation and death-follows
rapidly.

The lethal dose of HCN for cattle and sheep is 2.0-4.0mg
per kg body weight. The lethal dose for cyanegens would be
10-20 times greater because the HCN comprises 5-10% of
their molecular weight (Conn 1979). For poisoning, forage
containing this amount of cyanogens. would have to be
consumed within a few minutes and. simultaneous HCN
production would have to be rapid. Recorded accounts of
livestock poisoning by cyanogenic plants show that such
situations do arise (figure 5). Amygdalin occurs in almonds
(among others), dhurrin in sorghum, linamarin in cassava,
lotaustralin in cassava and lima beans, prunasin in stone
fruits, and taxiphyllin in bamboo shoots.

Dharrin (CAS No. 499-20-7) Linamarin (CAS No. §54-35.8)
CHa0H
CrpCH ] ?13
W —o—L@—m P o—¢—at
y | O+ H
W\ Yk o v e b
Moot Hooon
Amypgdalin (CAS No. 20883-15.6) Lotaustralin (CAS No. 534-67-8)
Dk
Wh —o—on
B £ .-_ : U
&y e Y
H O
Prunasin (CAS Ne. 99-15.3)
CH20H
W .—o—m—@
N L

OH

Fig. 5: Cyanogenic glycosides in major edible plants (JECFA, 1993).
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Hydrolysable Tannins

Hydrolysable tannins (HTs) are esters of polyol (most often
B-D-glucose) or hexahydrooxydiphenic acid (ellagitannins).
In plant cells, hydrolysable tannins are located separately
from the proteins and the enzymes of cytoplasm, but when
tissue is damaged. for example when animals feed, tannins
may react with proteins making them less accessible to the
gastric juices of the animals. Hydrolysable tannins. can
intervene by binding to either digestive enzymes (e.g. trypsin)
or the substrate (e.g. dietary proteins) or to both (Mole and
Waterman 1987), rendering them unavailable to the host
(figure 6).
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Fig. 6: Hydrolysable tannins: (a) punicalagin; (b) casuarictin, an
ellagitannin.

Condensed Tannins

Condensed tannins (CTs) or proanthocyanidins are polymers
of flavonol units. Condensed tannins (CTs) have adverse
effects which include inhibition of nutritionally and
therapeutically relevant gastro-intestinal microflora of the
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host through various mechanisms. CTs reduce the
digestibility of proteins and carbohydrates in the rumen as the
tannin-protein complex (T-PC) formed is stable over the pH
range of 3.5-7.0 but dissociates at pH <3.0 and >8.0 (Mangan
1988). Tannins may possibly be beneficial to the host if they
inhibit plant enzymes such as B-glucosidases and estefases
that potentiate the toxic activity of plant phenolic compounds.
CTs prevent bloat formation in ruminants (Jones et al. 1973)
and protect dietary protein in the rumen, enhancing amino
acid absorption and utilization by ruminants (Waghorn et al.
1994). It seems also plausible that CTs may prove an
alternative to chemoprophylaxis in order to reduce or even
exclude the use of antihelmintic drugs in“the control of
parasites (figure 7).
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Fig. 7: Catechins and proanthocyanidins (R = H. procyanidins; R = OH,
prodelphinidins).
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Saponins

Saponins are glycosidic compounds of steroid (Cy;) or
triterpenoids (Csp) sapogenin nucleus with one or more side
chains of carbohydrates. Many forage legumes grown in
tropical areas contain various saponins and have varieties Of
biological effects with both positive and negative implica-
tions. As a consequence of their ampiphilic nature and surface
active properties, saponins are excellent foaming agents,
forming stable foam. Saponins inhibit productive
performance of non-ruminant animals. Prolonged intake of
saponin-enriched forage by animals reduced . ruminal
protozoal number, reduced degradation of feed protein,
decreased amounts of the microbial proteins. flowing to the
intestine, hence reducing apparent digestibility. Saponins
present on various pastures and range weeds have also been
implicated in various toxicological . problems. At high
concentrations, saponins can cause cell damage by disrupting
cell membranes and inducing apoptosis, and are known to
react with membrane sterols, disrupt membrane function and,
consequently arrest cell growth (figure 8).

(@) b { Pratopenaxadiof}
CH 8
COf2
Rl ]
R2

¢ ( Protopenaxatriol) d (Oleanolic acid)

Fig. 8: (a) Typical structure of a steroidal saponin (R = sugars), sapogenin
(R = H), and ginseng saponins (b-d).
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Mimosine

Mimosine [B-[N-(3-hydroxy-4-oxypyridyl)]-a amino-propionic
acid] is found in the plants of Mimosaceae, which include
Leucaena leucocephala, L. glauca, and other legumes.
Mimosine and 3, 4-DPH have been shown to reduce feed
intake and cause alopecia, renal and liver dysfunction; general
inefficiency and in extreme cases, death. In. addition.
mimosine has been reported to influence various serum
enzyme activities and to possibly interfere with the
metabolism of some amino acids, notably glycine (figure 9).
Mimosine is a structural analogue of the amino acid tyrosine.
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H
Hhydroxy-4(1H}- 2 3dihydroxy-
pyridone (3,4-DHP) pyridine (2,3-0HP)

Fig. 9: Mimosine and its metabolites produced by intestinal bacteria or
autolysis.

Phytic Acid (PA)

Phyticaacid (PA), myo-inosito 1,2,3.4,5,6- hexakis dihydrogen
phosphate (IP6), is an essential microconstituent of plant
cells./TIP6 is localized in cotyledons of legumes and oilseeds,
where/it is found as crystalline globoids immersed in protein
bodies. It is regarded as an ANF due to its ablilty to complcx
with pf:(.,lll‘i and divalent cations such as Ca®*, Fe**; Zn**, and
Mg to generate insoluble complexes in the digestive tract
and hinder mineral metabolism in man and other monogastric
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animals. Its interaction with protein qualifies it to be called an
enzyme inhibitor, especially a-amylase inhibitor, which limits
starch digestion and lowers blood glucose (figure 10).

Pl
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QOPO3H2 OPO3HZ HO OH
OPO3H2 OH
- 8H20
o + 8H3FO4
OFOaH Phy lase HO
OPOSHz OH
Phytic acid inositol

Fig. 10: Phytic acid, phytic acid chelate and enzymatic hydrolysis of
phytic acid.

2. Exogenous Substances

These result from external contaminations of feeds through
improper storage and less than optimal conditions during
transportation, marketing and processing. Examples include
mycotoxins. '

Mycotoxins ‘are secondary metabolites produced by fungi
which catabolize carbohydrates, and are therefore found most
commonly in cereals (especially wheat, sorghum and maize),
but also in oilseed meals and cakes, and silage. They are
considered to be some of the most toxic chemicals occurring
as natural contaminants of animal feed and human food.
Human exposure to mycotoxins may arise, therefore, either
direetly from plant products or indirectly through meat and
milk- from animals given feed containing high levels of
mycotoxins. Some of the most important mycotoxins are the
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aflatoxins B. G, G1, (and the derivative aflatoxin M in milk).
ochratoxin A, and citrinin. A recent survey of animal feed
ingredients identified aflatoxin B, as the most common
contaminant in rice bran, maize products, palm kernels and
cottonseed, and ochratoxin A and citrinin as the ~most
common contaminants in wheat and millet (Scudamore et al.
1997). Of particular interest as contaminants in foods " of
animal origin are aflatoxin M in milk and dairy products and
ochratoxin A in pork.

Tropical conditions such as high temperatures and
moisture, unseasonal rains during harvest and flash floods,
lead to fungal proliferation and production of mycotoxins
(Bhat and Vasanthi 2003). Poor harvesting practices also
contribute to fungal growth and increased risk of mycotoxins
production. Six groups of mycotoxins are produced by the
three principal genera of fungi Aspergillus, Penicillium and
Fusarium which display a diversity of chemical structures,
accounting for their different biological effects which may be
carcinogenic, mutagenic, tetraogenic, oestrogenic, neurotoxic
or immunotoxic. From the Nigerian perspective, two classes
of mycotoxins—aflatoxins ~and fumonisins, have been
estimated to be widespread in major staple foods. The
exposure to mycotoxins is greater in Nigeria where cereal
grains and legumes form the staple diets and the intake of
animal products, including meat, is low.

Chemical Hazards

Chemical hazards to animals result from external
contamination.of feeds from chemical residues and excess
feed additives. These include radionuclides and elements
commonly referred to as "heavy metals", such as arsenic,
cadmium, lead and mercury. Arsenic is found in minerals and
(mainly in“the less toxic organic form) in marine plants, fish
and shellfish. Cadmium is a contaminant in many feeds and
feed ingredients, in particular in minerals such as phosphate
and. zinc sources, and in forages and grains grown near
smelting and mining areas, or where the soil has been treated
with contaminated manure, sewage, sludge or phosphate
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fertilizers. Lead may occur in grain or forage grown on con-
taminated soil, water from lead-containing plumbing systems,
and also as a contaminant in minerals. Levels of methyl
mercury in terrestrial animals and plants used for feed are
usually very low, but the use of fish meal as animal feed can
result in relevant mercury levels in edible products (table 5).

Organic Chemicals

Dioxins in feed may arise by contamination, for example
from dioxin-containing preservatives in wcod, or from
combustion sources (e.g. waste incineration plants, fossil fuel
power stations, bush fires, exhaust gases). Dioxins may be
present as contaminants in mineral sources, such as clays,
recuperated copper sulphate, zinc oxide, and in food by-
products, including fish by-products such as fish meal and
fish oils.

Life enhancing Effects of Feeds

Mr. Vice-Chancellor Sir, I mentioned at the beginning of this
lecture that animal feeds of plant origin, whether processed,
semi-processed or raw, contain toxic, potentially toxic and
anti-nutritional constituents which produce deleterious effects
in animals. The same constituents have also been shown to
enhance animal performance and wellbeing. Public outcry
against the potential health risks and environmental problems
associated with excessive use of feed antimicrobials, growth
hormones and synthetic pharmaceuticals, has led to agitation
for safe natural alternatives to antimicrobial growth pro-
moters. Dietary inclusion of extracts of tannins in botanicals
has the potential to increase the antioxidant capacity of
chicken meat (Lopez-Bote et al. 2008; Tang et al. 2000). The
phenolic OH groups present in tannins act as hydrogen
donors to the free radicals (peroxy) produced during the first
step of lipid oxidation, thus retarding the hydroxy peroxide
formation that characterizes spoilage of foods (Farag et al.
2009). There is also great interest in saponins as phyto-
nutrients because of their pharmaceutical action. Using a
variety of approaches, Saponins have been shown to have
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anti-cancer, anti-inflammatory, anti-virus, anti-ulcer and
various other activities. They are found in greatest
concentrations in legumes especially soyabeans which are the
richest source of plant protein in animal feed formulations.
Most of the soyabeans available in Nigeria contain both
isoflavones and saponins and it is quite likely that some of the
biological actions attributed to isoflavones are actually due to
saponins. These benefits have led to the widespread con-
sumption of phytonutrients in the form of diet supplements
(e.g., vitamins, minerals, feed additives  and other
phytochemicals) and the emphasis on increased intake of
fruits, vegetables and grains in human diets. Thus, animal
feeds which contain thousands of compounds, have both life
enhancing and life destroying effects “ifi animal production
thereby behaving as two sides of the same coin. Some
beneficial botanicals indigenous to Nigeria which are gaining
importance for their therapeutic and biotechnological
applications are listed in table 7,

Table 7: Botanicals Indigenous to Nigeria

Common Name Local Name Botanical Name Plant Parts Used

Calabash nutmes Ariwo (Yoriha) Morodora myristica seed

Black pepper/Ashant: pepper  Uzza (igho) Piper gumeense Seed. leaves
Iyeré (Yoruba)

Cloves Kaanafioru (Yoruba) Syzypium aromaticus Seeds

Aromatic gngerRed gmger  (Ata ile (Yoruba) Kaempjeria galanga Rhizpome

Garlc Aayw (Yoruba) Allium sativam Bulb
Ayo-ishi (Igho)

Alhgator pepperrczrdamom . Ataare (Yoruba) Aframomum melegueta Seed

Winged pod Aidar (Y oruba) Tetraplewra tetrapiera Fruit

Leman grass Koriko-oba (Yoruba) Cymbopogon citraius Leaves

Pepper Aiat wewe (Yoruba) Capsicum annum Fruit




Figures listed 11 to 18 show the beneficial effects of feeds
as can be seen in the animals’ performance, development and
health.

Fig. 11: Single yolk in eggs.

Fig. 12: Double yolk from M. oleifera based diet.



Fig. 13: Double yolk from M. oleifera based diet.
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Fig. 14: Birds are healthy and productive when adequate nutrients are
available to them.
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Fig. 16: Appetite is enhanced and animals feed well when feeds are
devoid of antinutritional factors.
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Fig. 18: The animals are healthy looking.



Life-destroying effects due to toxic and anti-nutritional
factors in feeds result in poor animal performance, metabolic
disorder and death (see figures 19 to 21).

Fig. 19: A sick cattle due to the effect of antibiotics in feed.
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Fig. 20: Chemical residues in feeds can be lethal and result in total
mortality of birds.
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Fig. 21: This is an economic loss to the animal producer as dead birds are
thrown away.

Contributions to Scholarship

Mr. Vice-Chancellor, ladies and gentlemen, my areas of
specialization are Animal Nutrition and Feed Toxicology,
with a focus on the effects of toxic, potentially toxic and anti-
nutritional factors in feeds—on livestock productivity. There
are some 195 publications arising from my research,
conducted singly or in groups with students and partners,
covering the fields listed above in relation to yields of meat,
egg and reproduction. Each of these investigations elucidated
and resolved one problem or the other within the complex
systems of feed resource utilization in livestock, with the
objective of providing sufficient animal protein for human
consumption. My contributions centre on ten principal areas,
namely:

1. Chemical characterization of tropical feedstuffs,

2. Effects of toxic, potentially toxic and anti-nutritional
factors in feeds and feedstuffs in animals,

3. Improving the nutritional value of feedstuffs through
processing treatments,

4. Residual toxic factors in feeds,

5. Solid State Fermentation (SSF) technique for pro-
cessing plant residues,
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6. Feed quality and stress,

7. Reducing nutrient loss in feaces of farm animals using
microbial phytase in feeds,

8. Use of prebiotics as alternatives to antibiotics in feeds,

9. Feed resource utilization: formulating least-cost diets
from indigenous resources, and

10. Non target effects of pesticides on farm animals.

(1) Chemical Characterization of Tropical Feedstuffs

My first hands-on involvement with animal nutrition and feed
toxicology started with the characterization of tropical feed-
stuffs with promise as livestock feeds. Extensive breeding
studies in Nigeria have resulted in the availability of
improved varieties of seeds which are resistant to insect pests
and inicrobial infection, and combine desirable characteristics
such as early maturity, high harvest index and good yield
potentials. Some of these improved seeds were being used as
feedstuffs in formulating animal feeds without information
about their chemical composition and nutritional value and
there was no screening of genetic stock for protein content
and quality. They had to be tested chemically, then biologi-
cally for their overall nutritional characteristics for which
they were selected. My research works characterized several
varieties and accessions of soyabean (Glycine max)
(Ologhobo and Fetuga 1982, 1983, 1984); Cowpea (Vigna
unguiculata) (Ologhobo and Fetuga 1983b; Oke Tewe and
Ologhobo 1999); kidney bean (Phaseolus vulgaris) (Ologhobo
and Fetuga 1983c, 1984; Emiola er al. 2006); pigeon pea
(Cajanus cajan) (Ologhobo and Fetuga 1983a, 1984, 1984b);
bambara groundnut (Vigna subterranean) (Ologhobo and
Fetuga 1987; Ologhobo 2000; Ologhobo and Fetuga 1986,
1987): lima beans (Phaseolus lunatus) (Ologhobo, Fetuga and
Kasali 1982; Ologhobo, Fetuga and Tewe 1984, 1987); Jack
bean (Canavalia ensiformis) (Ologhobo et al. 1997, 2001,
2004) and sesame seed (Sesmum indicum) (Ologhobo and
Mosenthin 2002, 2003, 2005); Mucuna (Mucuna utilis) (Emiola
et al. 2003, 2005, 2006). These publications provide
information on the levels of nutrients and toxic factors in
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different varieties of tropical legumes and their nutritional
potentials as food for man and feed for livestock. Our results
are constantly used by plant breeders in breeding objectives
to provide seed varieties with improved nutrient and anti-
nutrient constituents in their overall chemical profile. The
International Foundation for Science, Sweden, provided funds
for this research which lasted ten years and resulted in 28
publications in international journals.

(2) Effects of Toxic, potentially Toxic and Anti-nutritional
Factors in Feeds and Feedstuffs in Animals

The occurrence of bioactive substances in feed ingredients
prompted interest in this research, aimed at determining the
levels of nutrients and anti-nutrients in different varieties of
tropical feedstuffs. Feed ingredients of plant origin contain a
variety of constituents which interfere with animal growth,
nuunient utilization and produce other physiological and
biochemical anomalies. The effeets of these substances on the
utilization of nutrients by livestock and the role of the type,
quantity and quality of other nutrients on their detoxification
or conferment of protective effects, were investigated.
Protease inhibitors, tannins and phytic acid were found to be
present in most tropical feeds and feedstuffs and were
responsible for growth inhibition in all types of poultry,
reduced protein digestion, increased endogenous loss of
sulphur amino acids and resulted in pancreatic hypertrophy
(figures 22, 23 and 24). Phyto-hemaglutinins (lectins) were
less common ‘except in jack beans where they resulted in
enlargement-of .the small intestine and mortality of birds.
Pathological lesions in the organs of animals injected with
lima bean hemaglutinins showed fatty degeneration of the
liver and focal necrosis (figures 25, 26, 27, 28, 29 and 30).
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Fig. 22: Trypsin inhibitor activities in raw legumes.
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Fig. 23: Body weight gain by broilers fed different legume-based diets.

Jb = Jack beans; Kb = Kidney beans; Lb = Lima beans; Pp = Pigeon pea; Bb =
Bambara groundnut; Yb = African yam beans.
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Fig. 24: Pancreas weight as influenced by different raw legumes (% body
weight).

Jh = Jack beans; Kb = Kidney beans; Lb = Lima beans; Pp = Pigeon pea: Bb =
Bambara groundnut; Yb = African yam beans
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Fig. 26: Section of Pancreas from chicks fed 500g Kg ' jackbean showing
acinar hypertrophy (HE x 400).

Fig. 27: Liver from chick fed 500g kg' Limabean showing multiple foci
of necrosis and periportal mononuclear cell infiltration (HE x 250).
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Fig. 28: Pancreatic section of chick fed 500g kg' Limabean showing
severe hypertrophy and hyperplasia (HE x 400).

Fig. 29: Kidney section from chick fed control diet (HE %x250).
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Fig. 30: Section of Kidney from 500g kg-1 Jackbean showing glome-
rulary congestion (HE x 400).

(3) Improving the Nutritional Value of Feedstuffs through
Processing Treatments

Several feedstuffs in the natural state are rejected by animals
due to offensive odour and bitter taste. The physical structure
of a feedstuff may be too coarse and fibrous due to high
structural fiber and lignin contents. Even if animals
succeeded in eating the feed, they would not be able to digest
it due to natural constituents which are toxic and bind the
animal’s digestive enzymes, making them ineffective. My
research works in this category used various processing
treatments—physical, chemical, thermal and micro-
biological—to detoxify and reduce undesirable components
in feedstuffs to acceptable levels (Fetuga and Ologhobo 1988,
1990, 1991) and improve feed palatability and digestibility
(Fetuga and Ologhobo 1989; Adebiyi et al. 2009). The
processing methods developed in these studies have been
adopted in many livestock farms for routine screening and
processing of feedstuffs before they are used as animal
ingredients (figures 31, 32, 33, 34).
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Fig. 31: Differences in weight gain of farm animals fed grains soaked in
water improved gain compared to the raw bean.
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Fig. 32: Effect of heat treatment on feed intake of animals fed legume-
based diets. BN = Bambara nut.
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Fig. 33: Weight of the pancreas in animals fed raw and processed
legumes. BN = Bambara nut.
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Fig. 34: Effect of raw and sprouted legume-based diets on chick
mortality. LB = Limabean; JB = Jackbean; BB = Bambara bean.

(4) Residual Toxic Factors in Feeds

My various studies have shown that feeding processed
groundnut cake to laying birds over a period of 52 weceks,
produced sudden mortalities in the birds due to the eftect of
residual aflatoxin while post mortem examination of the dead
birds revealed morphological changes in the liver and
pancreas (Ologhobo et al. 2008). The toxic effects of residual
gossypol in processed cotton seed cake, residual hydrogen
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cyanide in lima beans and residual canavanine in Jack beans
were similarly reported in poultry after prolonged feeding
(Ologhobo and Fetuga 1988; Ologhobo and Tewe 1990:
Ologhobo, Mosenthin and Alaka 2006). These observations
indicate that some residual toxic substances are not
completely removed or detoxified when feed ingredients are
processed, but still exert negative influences in animals
consuming them.

(5) Solid State Fermentation Technique

Solid State Fermentation (SSF) or aerobic microbial
transformation of solid materials is the application of living
organisms and their components to industrial by-products and
agricultural wastes to improve their nutritional value. It is a
process by which solid substrates are decomposed by known
mono or mixed cultures of microorganisms under controlled
environmental conditions, with the aim of producing high
quality products. Using microbial biodegradation technique, it
was possible to enhance the nutritive value of lignocelluloses
as potential feed for monogastric -animals (Adebiyi and
Ologhobo 2009; Adebiyi et al. 2010).

(6) Feed Quality and Stress

Within the framework of defined research programmes, I
investigated the utilization of poor quality straw with two
breeds of sheep which varied widely in size, climatic and
nutrient density. Rumen fistulated sheep of an autochotonous
low yielding breed (Heidschnucken), a modern high performing
meat breed (Deutches Schwarzkopfscharf) and the West
African dwarf sheep (each kept in metabolic cages in climatic
chambers) were used. The studies ascertained how animals with
different genetic potentials reacted to various combinations of
forage quality and stress, and to what extent differences in
adaptive mechanisms of animals could be exploited to make
better use of low quality feed during inclement weather
conditions.



(7) Use of Microbial Phytase in Animal Feeds

One of the current approaches to reducing the excretion of
environmentally sensitive nutrients by livestock is through
improved feeding practices, including optimizing energy,
protein and mineral intakes by using feed additives such as
microbial phytase. The use of microbial phytase could
provide a method for reducing nitrogen and phosphorus
excretion in monogastric farm animals which lack intestinal
phytase to hydrolyze phytate phosphorus and protein-phytate
complex. Ologhobo and Mosenthin carried out joint research
investigations over a period of six years at Hohenheim
University in Stuttgart, Germany, funded by the Alexander
von Humboldt Foundation. Our joint research showed that
preparations of microbial phytase from Aspergillus ficuum,
added to corn-soybean meal diets effectively hydrolyzed
phytate phosphorus in the alimentary tract of poultry. Phytase
supplementation yielded significant improvements in the
apparent retention of dry matter, nitrogen, phosphorus and
calcium (Ologhobo and Mosenthin 2002, 2003; Ologhobo,
Mosenthin and Adeyemo 2007). The ability of phytase to
liberate phytate-bound phosphorus-and improve protein and
amino acid utilization allow for a reduction in the excretion of
phosphorus and nitrogen by farm animals.

(8) Use of Prebiotics as Alternatives to Antibiotics in Feeds
Antibiotics are chemical compounds that kill or inhibit the
growth of organisms. They are produced naturally by
microorganisms such as fungi (e.g. penicillin) and bacteria
(e.g. tetracycline), or can be produced synthetically or semi-
synthetically (e.g. fluoroguinolone and amoxicillin
respectively).

A 66-year-old woman was recovering from a heart bypass
in a hospital near Detroit when she suddenly developed
respiratory failure and a serious infection. Doctors quickly
gave her an antibiotic that usually works. This time, however,
it didn’t. The bacteria causing the woman’s infection were
resistant to the drug. The woman’s doctors immediately
turned to a more potent new generation antibiotic, a powerful
one designed specifically to attack the kind of dangerous
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antibiotic-resistant microbes that had infected her. But her
physicians were dismayed to find that the drug didn’t work
either—the bacteria in her body were resistant to it as well.
The woman died soon after. What caused this woman's
problems?

The problem of this woman arose because she ate beef or
pork obtained from an animal given antibiotics in its feed of
water. Many farmers feed livestock a low-level diét of
antibiotics, not because the animals are sick but to make them
grow more quickly and utilize feed more efficiently: But this
practice has increasingly become the focus of \concern.
Giving animals antibiotics in their feed has been found to
cause microbes in the livestock to become resistant to drugs.

In Europe, following recommendations from the World
Health Organization the use of growth-promoting antibiotics
in feeds and water has been banned. Legislation to impose a
similar ban in the United States was introduced in Congress
last year by Rep. Sherrod Brown (D-Ohio).

My quest for alternatives to antibiotics in animal feed has
resulted in the discovery of prebiotics, which are defined as
“selectively fermentable ingredients that allow  specific
changes, both in the composition and activity in the gastro-
intestinal microflora and confer benefits upon host wellbeing
and health. They are resistant to gastric acidity, to hydrolysis
by mammalian enzymes, and to gastrointestinal absorption.
Prebiotics are a safer, easier to handle, non-allergenic
alternative to antibiotics and probiotics and they do not leave
residues in animal products.

I carried out research studies to screen locally available
feedstuffs as prebiotics. These studies were carried out in
vitro, using a 2-sheep enzymatic model simulating foregut
digestibility in monogastric animals.
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This cow was sick and drugs given to it were not effective
because its feed contained low levels of antibiotics and the
animal became resistant to drugs.

A patient suffering from anaphylactic reaction
(Anaphylactic reactions have been reported to result from
consumption of beef or pork containing penicillin).
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(9) Feed Resource Utilization: Formulating Least-cost Diets
Jrom Indigenous Resources

Feed formulation involves the judicious use of feed
ingredients to supply adequate amounts and proportions of
nutrients required by animals. Feedstuffs vary in composition.
From a nutritional point of view, there is no "best" diet
formula in terms of ingredients that are used. Ingredients
should therefore, be selected on the basis of availability and
quality of the nutrients they contain.

A fellowship awarded by CIDA/NSERC of Canada gave
me the opportanity to study the biological availabilities of
proteins and amino acids in pigs fed with different feedstuffs,
measured by the ileal and faecal methods of analysis. |
mastered the technique for surgical insertion of ‘¢anula across
the ileocecal juncture which allowed digesta to be collected at
i terminal ileum for amino acid analysis.. With all humility
and Glory to God, my visits to Canada in 1991, 1992 and 1993
brought recognition to the Universityof Ibadan as God used me
to take three first class graduates from this University along
with me to start their PhD programmies in the University of
Alberta on full scholarship awarded by the University. Today,
Dr. Olasunkanmi Adegoke, ‘a First Class graduate of
Agricultural Biochemistry and Nutrition, Dr. John Olaniyi
Moibi, First Class in Animal Science and Dr. Adewale Eniade,
First Class in Chemistry, have completed their PhD
orogrammes in flying colours and are currently professors in
lifferent universities . in Canada and the United States of
America.

10) Non-target Effects of Pesticides on Farm Animals

dumags. aad, animals s ssoosbonily Wb “anmientomdity
exposed to lethal and sub-lethal doses of pesticides resulting
in consumer toxicity. The rate at which Nigerians have been
dying from insecticide-treated foodstuffs is alarming. Post-
haryest treatment of grains and tubers with chemicals such as
fungicides, insecticides, rodenticides and herbicides are only
meant for storage but greedy Nigerians sell chemical-treated
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grains as feed ingredients. These undesirable substances
present in feeds are ingested by food producing animals and
carried over to edible products and pose risk to human health.
Several cases of food poisoning due to residues of harmful
chemical substances in stored grains have been reported by
the Consumer Protection Council of Nigeria. The alert came
on the heels of reported cases of death after suspected
poisoned food intakes. The Guardian Newspaper of
September 18, 2010, reported cases of food poison in a family
of five in Abuja and, another family of six including a
pregnant woman in Port-Harcourt, after eating treated maize
they obtained from grain storage reserves. Similarly, The
‘Punch Newspaper of 5 August, 2008, reported the death of
three persons of the same household in Maugi, in Niger State,
after consuming dambu, a local delicacy made from guinea
corn. Investigations revealed that the guinea corn was treated
with chemicals for planting but the remaining after planting
was taken home for consumption. THISDAY Newspaper of 13
July, 2008, also reported that four persons were admitted in a
private hospital in Ilorin, Kwara State, after eating beans
suspected to be “poisonous”. After eating the beans, they
complained of stomach ache, which later resulted to blood
gushing out of their mouths. These tragic stories point to the
fact that many chemicals used traditionally in food storage,
though regarded as safe, actually contain noxious compounds
which make them unsafe for humans and animals.

I'studied the effect of insecticide-treated grains (figure 35)
on the performance of meat-type chickens, focusing on serum
biochemical parameters and histopathology of organs which
are indicators of toxicity in animals. I found that the
performances of the experimental animals were significantly
reduced and most of them died as a result of non-separating
entirities in the small intestine (figure 36), focal necrosis in
the pancreas, while the kidneys showed distended capillary
vessels with numerous thrombi and myocardium (Ologhobo
et al. 2004; Ologhobo 2011).



Fig. 35: Grains treated with various pesticides should be planted but are
eaten by humans and animals with devastating effects.

Fig. 36: Effect of insecticide-treated grains on the liver (systematic
destruction of the liver). A = control diet with untreated grains; B =
grains treated with sub-lethal dose of insecticide; C = grains treated
with lethal dose of insecticide showing parenchymatic and fatty
degeneration of the liver.



Conclusions and Recommendations

Mr. Vice-Chancellor Sir, in 1952, here in the city of Ibadan,
Chief Obafemi Awolowo spoke to the Western House of
Assembly, that:

Poverty in Nigeria is caused by abject state of
peasant class; their inertia through want of health;
their enslavement by ignorance and superstition;
their antediluvian methods of bad animal
husbandry, and also their hopelessly unorganized
system of marketing their livestock products.

May I say that the words of the Sage are as true today as they
were five decades ago. Today, 65% of Nigerians are very
poor; these families wear a look of pity and defeat showing
the symptoms of food insecurity.

Food security exists when all people, at all times, have
access to sufficient, safe and nutritious food to meet their
dietary needs for an active and healthy life. Nigeria has the
potential, not only to meet its growing food needs, but also to
become one of the leading food exporting countries in the
sub-region and the world at large. Nigeria is blessed with
over 160 million people, with about 70 per cent engaged in
peasant or commercial farming. Nigeria has about 79 million
hectares of arable land (less than half of which is under
cultivation); and is blessed with highly diversified ecological
conditions suitable for the production of a wide range of
agricultural products. Yet, we cannot feed ourselves. The
state of nutrition in Nigeria is still characterized by
inadequate consumption of animal protein.

I make bold to say, that there is no shortage of animal
protein in Nigeria; the major problem is that of distribution,
cost and affordability. Surveys have shown that meat and
meat products are available in every Nigerian market even in
the most remote village. Everywhere in Nigeria, it is common
sight to find chickens, goats and sheep roaming, yet their
owners, instead of eating them, prefer to sell them (figure 37).
This is due to low per-capita buying power, unvarnished
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poverty and preference for monetary considerations to meet
other pressing needs. Only 5.5g of animal protein is consu-
med in Nigeria, while in some advanced countries at least 60g
of animal protein is consumed per caput per day. Also, data
from the FAO (2012) show that the daily average protein
intake in developed countries is 96.7g per caput per day out
of which 65.4g is derived from animal sources, while for
Nigeria; it is 52.7g of which only 9.2g or 15.6% of total
protein is of animal origin. The frequent reports of protein-
calorie malnutrition such as kwashiorkor and marasmus are
evidence of the poor state of nutrition in the country.

~
- BN B

Fig. 37: Meat and meat products are available in Nigeria but expensive.

Mr. Vice-Chancellor, ladies and gentlemen, I have tried in
this lecture to give a holistic picture of animal feed hazards
and remedies that can minimize their effects on animal
production and productivity. Considering that the quality of
animal produets is directly related to animal feeding, animal
feeds and feed ingredients can be said to be a critical
component of the food-chain that has a direct impact on
animal health and welfare, food safety and public health.
Proper animal feeding should therefore ensure the supply of a
diet balanced in all nutrients and free from deleterious
components and generate animal products that are safe for
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human consumption. Improving feed safety is an essential
element of food security. Thus, it is necessary that feed safety
forms an essential component of health based nutrition
policies and nutrition education. Consequently, the following
recommendations are made for consideration in formulating
national feed safety policy for Nigeria.

1. Development of Feed Safety Standards

Safety standards for undesirable substances in feeds produced
for different species and categories of animals should be
developed based on the “tolerable daily intake” (TDI)
approach. Many feed ingredients are produced as by-products
from other production and industrial processes, including but
not limited to distillers grains from the production of biofuel,
agriculture and food processing, etc. Since these products are
sold to animal producers they should be properly stored to
prevent fungal contaminations. They should provide rapid
and semi-quantitative screening metheds for detection of
aflatoxin Bl in the brewer’s grains.cThe methods should be
simple enough for use by non-technical personnel and
inexpensive so that livestock producers can adopt them.

2. Surveillance Testing of susceptible Feedstuffs

Toxic levels of naturally oceurring toxins are often produced
only under certain environmental conditions. Identification
and prevention of these enyironmental conditions will play an
important role in minimizing the adverse effects of these
toxins. However, because many environmental conditions
cannot be controlled, surveillance of animal feed for
microbial contamination is necessary. This measure will
monitor and improve our understanding of the flow of feed
contaminants through the food chain.

3. Develop Integrated Feed Management Systems

Public health concerns are resulting in greater attempts to
evolve effective feed control systems in several countries of
the world. The use of various integrated feed management
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systems like the Hazard Analysis Critical Control Points
(HACCP) for the prevention, monitoring and control of feed
hazards is being emphasized by international organizations
such as FAO, WHO and the Codex Alimentarius Commission
and they are gaining increased acceptance worldwide.
HACCP is an approach that applies seven principles to
identify, rectify, and prevent problems in animal- feed
production that could result in food borne illness. Microbial
contamination of animal feed is a significant” potential
pathway for entry of pathogens into the human foed supply,
and at present, there is no comprehensive programme that
addresses it in Nigeria. Ensuring that animal feed is free of
bacterial pathogens should help reduce human food borne
illnesses.

4. Develop Dietary Strategies for Optimizing Nutrient
Utilization

While agronomists and plant breeders are making great
strides in developing varieties of crops as a way to improve
food security, an integrated approach is needed to develop
dietary strategies for optimizing their utilization as animal
feed resources and reduce excretion of nutrients in faeces.
Establishing feeding strategies and developing feed products
for improved animal nutrition, would result in increased
productivity of local and exotic animal breeds, provide
ecological balance and increase the level of animal protein
intake by Nigerians.

5. Public Enlightenment

With increasing awareness of global warming, environmental
issues continue to be among the biggest challenges faced by
livestock producers. Government should embark on public
enlightenment campaigns to educate people on the hazards of
global warming associated with animal production. Global
warming is here with us and its devastating effects are seen
everywhere. It is now realized that development that does not
take into consideration the environment is self-defeating.
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6. Increased Investment in Research for Sustainable Animal
Productivity

Although animal agriculture is strategic to alleviating the
suffering of the poor and guaranteeing food security, paying
particular attention to research and enacting enabling policies
that are animal-agriculture-friendly, is the only way to assure
accelerated progress in this achievement. Supportive players
who are critical to the integration of the attributes of research,
education. .nd information include government. universities,
research institutes and the private sector among others. Policy
makers should make adequate funds available for feed safety-
oriented researches that promote environmental sustainability.
In other words, there is a need to increase resources allocated
lo research and development on improved animal feeds and
new eco-friendly technologies. With government’s support
and willingness to act, there are sufficient mechanisms to
keep the adverse effects of livestock production within
tolerable limits and enact policies regarding feced safety.

The Nigerian Institute of Animal Secience has a coordi-
nating role to play by working closely with relevant
professional associations, govermment agencies, and the
private sector. It is also their duty to review current standards
of practice in the production,. transportation, storage,
processing and marketing of animal products.

The states and local governments need to collaborate
with the private sector to develop standard abattoirs and sale
outlets for animal products. They should also legislate against
open and unwholesome transportation, preparation and sales
of livestock products. The livestock producers should accept
new technologies instead of sticking to outdated methods of
animal production, especially in terms of animal welfare,
feeding practice and prevention of environmental hazards.

7. Diversification from Oil-dependent Economy

Nigeria’s economy today remains monocultural and heavily
dependent on the oil sector, which accounts for around 80%
of government revenues, 90-95% of export revenues and over
90% of foreign exchange earnings. Policies adopted globally
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to mitigate climate change (global warming) will have
negative implications for specific sectors, such as the coal, oil
and gas industries. Nigeria stands to suffer income losses
when the global community begins to substitute renewable
energy alternatives for fossil fuels. Diversification of the
economy from oil producing and channelling resources to
manufacturing and service sectors including animal
agriculture, provides the key to Nigeria’s economic stability.
This will ensure that the global shift away from fossil fuel
energy sources will not create any significant negative impact
on the economy in the future. Nigeria needs to act fast in this
regard.

Mr. Vice-Chancellor, ladies and gentlemen, past inaugu-
ral lecturers from the Faculty of Agriculture had always
mentioned the state of the Teaching and Research Farm
which was neglected almost to extinction. I'am delighted that
my inaugural lecture has come up at a time the Teaching and
Research Farm is no longer a festering sore but a beautiful
sight to behold. The glorious days are gradually coming back
when the farm can be regarded as a credible unit of training
and research. On behalf of the Faculty of Agriculture, I want
to express our profound appreciation to the current admini-
stration for its efforts in giving us a farm that befits the status
and calibre of the University of Ibadan. I pray that the
development is sustained so that the farm will continue to
serve as a vital component in technology transfer.
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1991, he has published 146 artickes m imtermavonal journals
most of which are quoted worldwide in Standard Science
Literature for Tropical Animal Feeds.

Professor Ologhobo was a recipient of Senate Research
Grants (four times), three times winner of the Alexander von
Humbolt (AvH) Fellowship, three times winner of the Canadian
CIDA/NSERC Research fellowship, two times winner of the
German- Academic Exchange (DAAD) Fellowship; Leventis
Foundation Fellowship; Royal Society of London Research
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Fellowship; The Netherlands CTA Fellowship; Japanese
Science and Technology Agency (STA) Fellowship and the
American Senior Fulbright Fellowship. He was the founding
Editor-in-Chief of the Tropical Journal of Animal Production
(TJAS). The TJAS currently has one of the highest citation
indexes among all African journals. Professor Ologhobo is a
reviewer to 10 international journals and a technical consultant
to many international agencies including the International
Atomic Energy Agency. He is a Fellow of the Animal Science
Association of Nigeria (FASAN).

Professor Ologhobo facilitated the release of ten million
naira grant from the Nigerian Deposit Insurance Corporation
(NDIC) for the construction of the new General Studies
Programme (GSP) building. He attracted a grant of $50,000.0*
(fifty thousand United States Dollars) from the International
Atomic Energy Agency (IAEA), Vienna, Austria, for
Postgraduate Training of Academic Staff from Njala
University, Sierra Leone and another grant of $10,000.0 (US
Dollars) from Novus International Inc., USA, to the University
for Collaborative Research.

Professor Ologhobo has served his Department, Faculty and
University in many capacities. He was Sub Dean, (Post
Graduate), Faculty of Agriculture and Forestry (1986-1988);
Chairman, Faculty Committee on Restructuring of the Teaching
and Research Farm (1994-1995); Chairman, Faculty of
Agriculture Committee on Internationalization and Linkage
Development (2006-2008); Member of Senate (1986 till date);
Director, General Studies Programme (1999- 2005 - Renewed
for two terms); Member, Senior Staff Disciplinary Committee
(2001-2004), Member, University of Ibadan Governing Council
Committee on “Vision and Mission for the University of Ibadan
in the 21% Century” (2000-2002). He was also Hall Master,
Nnamdi Azikiwe Hall (1993-1999) and General Abdulsalam
Abubakar Post Graduate Hall (2006 -2009).

Outside the University, Professor Ologhobo has contribu-
ted immensely to other Universities and the Nation in general.
He has served as external examiner to Federal University of
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Agriculture, Abeokuta; Federal University of Technology,
Akure; University of Ilorin; Obafemi Awolowo University;
Ambrose Alli University, Babcock University, Ilisan; Delta
State University, Asaba, Bowen University and University of
Abuja. He served as a member of selection panel for the
American Senior Fulbright Fellowship and member < of
interview panel for Academic Staff, in Igbinadion University.
He was a member of NUC Accreditation Team to some
Universities in the South South and Chairman of an
accreditation team to the North. He was a Visiting Professor to
Hohenheim University, Stuttgart, Germany, Pennsylvania
State University, USA, University of Alberta, Canada,
University of Edinburgh, Njala University, Sierra Leone and
Usman Dan Fodiyo University, Sokoto.

Professor Ologhobo is the current Head, Department of
Animal Science and Director, Animal Production Venture. He
is happily married to Mrs. Veronica Funmilayo Ologhobo and
blessed with four children.
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