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ABSTRACT

Inportance of quality control through chemcal analysis
has | ong been established in nost devel oped countries. Qality
control of aninal feedstuffs have been given little attention
in Ngeria. Based on this, nethods for carrying out effective
quality control of aninmal feedstuffs have been outlined using
sone feed stuffs as exanples. National Aninal Production
Research Institute broiler starter rations showed a good
scientific fornulation even though there were sone high and | ow
results obtained especially for the mneral contents. Variations
of the proxinmate and toxic factor results of the Pfizer poultry
products from established standards proved better than the
mneral content results. For the National Aninal Production
Research Institute dairy cattle rations and | anb concentrate
feed, the results for the proxinate factor were in order while
there appeared short-comngs in the mneral nutrients and

t hi ogl ucosi de contents.
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1.7

CHAPTER 1

INTRODUCTION

QUALITY CONTROL OF ANIMAL FEEDING STUPFSIN GENERAL

The economic production of animal products is
dependent upon meeting total nutritional requirements of
the animal (1). To do this, it is necessary to know the
nutritional value of the feeds as well as the nutritional
requirenents of animals, The knowledge of these is
achieved by quality control through chemical analysis of

the animal feeds.

Quality control of manufactured and formulated
ani@al feeding stuffs is desirable in order to know that
a feed possesses the required nutritional values which
have been designed into the formula, There are two main

ways of achieving this, and they are as given below:

(a) One way is to monitor the nutritional values of
the raw materials and the operation of weighing at the
proportionating stage to see that the finished product
will have the designed nutritional values within a defined

and calculable variance.

(b) The second method is to sample the finished

product and compare the results of the assay with those



stated on the Control Chart zﬁbntrol Chart is a method
of stating what values are desired and what variations
above and below this are permitted and this normally
tallies with the legislative formula or apecificationg7 to
see if the nutritional values are within acceptable limits

previously calculated (2).

(¢) A third factor that is important in quality
control is the physical quality. Tor a particular feed,
it is necessary to state the physical specification in
terms of particle size range with permissive tolerance.
Control is exercised in choice of raw materials and degree
of particle size reduction in the grinder. TFor formed
feced the spefication will outline the physical dimensions
together with a permissive tolerance and also a measure of

durability of the formed feed.

In the industry the first two procedures provide
information for the day to day running of feed mills.
Analysis and visual inspection of raw materials and
products help in assessing trends in production efficiency
and rav material quality. Quality control data (through
chemical analysis) allows a check to be made on the value
of purchased raw materials and to know whether they meet
contract specifications in terms of nutrient levels if
laid down. This is particularly important for the pur~
chasing cdepartment and such records should show price,

composition by analyses and comments on other factors (3).

The first method outline above is preferred to the

second because the analysis here does not help in



reforpuletion of tihe already formed feed. Dut an the other
hend, it may be useful for a check iu nev formulations.
Again, if the consumer has an enalytical laboratory, this
stage oi analys:s will help in demand of the stendard
specificatigns frowm the manufacturer. Likewise, if feecde
cre iaported, anelysis of ieeds Ly consumer country will
help check that the cverseas naaufacturers peet contract
specifications. Apart Trom the nutritional values, quality
control is necessary in determining the level of toxic
substances wormally prescnt in raw materials - for exanmple
aflatoxin in groundnut cske, thioglucosides in all feed-
stui{fs znd gossypol in cotton seed cake (4). Anelycis of
raw materials (feeding stuffs) will ecnable the manufacturer
prepare mixed feeds of the required nutritive value. Raw
material or feeding siuffs chemical analysis by the con-
sumer or farmer (ot least the governament farmer) will help
in fornulation of standard rations for particular type,
breed eand age of animal - Zrom the knowledge of the
compuunds, vitaming, mineral and toxic compoeitions of
such feeding stufis. Lgually if the consumer nerforms it
on commercially purchascd feeds, will help to safeguard
against the mortality o his animals Ly linowing which feed

contains high quantity of taxic substance,

Analysis for toxic substances in feed raw naterials
will enable the manufacturer to estimete the length of time
materials can be stored without risk of spoilage. TFrom
the foregoing discussion, one may say that quality control
increases cost of production but on the other hand it

saves the manufaciurer, the wastage of raw materials in



terus oi determination of length oi storage.

QUALITY_ CONTROL IN LAVELOPED AND DEVELOPING COUNPRIZS

Feed enterprises in developed countries in zeneral
onerate on a much larger scale than their counter parts in
the developing world. “hey normally maiutain snall
laboratories at individual feed wills to carry out simpler
routine tests, while the wore difficult analysis and
formulation work are undertaken by a larger central lab-
oratory which also controls the technical performance of
the mill laboratories (5). Swall mills in developed
countiries depend on their operation by relying on obtain-
ing their raw materisls from suppliers of good repute,
They eslso make use of the qualicy control of their
suppliers of prenix materials to investigate =pecific

problens which may arise.

“hrough anzlyticel deta for quality control,
developed couniries have come out with a gualitative
description of the animal leed product as (o its (a)
origir or parent material, (b) species, variety, or kind,
(¢) the part actually eaten, (d) the process and trecat-
Jentt to which it has been subjected, (e) stage of
maturity, (f) cutting or crop, (g) grade or quality
designations and classiiication (5) a2lso conplete chemical
composition, 'the scheme for such a description was
proposed by Harris (1963) (6). This is the National
Research Council assighed nomenclaiure snd is found in the

Joiut United States and Canadian table of fesds. In like



manner, United Kingdom Ministry of Agriculture, Fisheries
and Food have come out with Standard tables of composition
and nutritive value of feeding stuffs (7), also there are
tables of numeral composition. Equally, composition of
concentrate By-product Feeding stuffs have been Compiled

by Committee on Feed Composition Agricultural Board of
National Research Council (1956) (8). This gives the class
of feeding stuff, proximate, mineral, vitamin amino acid,
energy and carbohydrate compositions. A specific table

of feed composition for sheep has been publighed by
National Research Council (1968) (9), (10a,b). This

table, contains data on proximate, mineral, vitamin and
amino acid contents of energy feeds, protein supplements,
dry and succulent roughages and miscellaneous additives.,
Also, compesition of feeds commonly used in poultry rations
have been published by National Research Council (10), (11).
Similarly, a table of composition of feeds and nutrient
requirements of dairy cattle have been compiled through

enalytical data by National Research Council (1978) (12).

For the developing countries, quality control

facility is needed for all feed manufacturing companies

or enterprises, no matter how small, in order to operate
efficiently. In the ebsence of quality control analytical
laboratories, there is need for such enterprises to use
the Government or University advisory service/analytical
laboratories. So far, it is only few developed countries
that have come out with standard tables and quality con-
trol methods for their feed manufacture and formulation.

One of such countries is India (13).



One jet back in most developing countries is the
absence ol legislation on feed description and quality.
Whereas most developed countries have comprehensive
legislation controlling the composition, description and
marketing of animal feeds, only few developing countries
have enacted legislative laws on animal fecding stuffs,
Some of the developed countries having such legislation on
manufacture and sale of aniual feeds are United Kingdom (14),
Switzerland (15), etcetera. The developing countries that
have regulations for panufacture and marketing of animal
feeds are India, Jamaica, Cyprus, llalta, Peru, Republic of

South Africa (16, 17, 18, 19, 20, 21, 22).

It is obvious that compliance with regulations on
feed composition or efiective participation in standard-
isation schemes cannot be achieved unless proper quolity
control is carried out through analytical methods.
Cockerell, et al (1975) (23),h:ve outlined how legisl atious

may be enacted.

A RUVIEW OF WORK DONZ ON CH.MICAL COMPOSITION AND

- mew e

gLﬁLITY COFTROL pF LIGERIAN nNIHAL FFLUSIUFFS

- . m—————

8o far, much work has not been done on the chemical
compesition and quality control of Nigerian feeding stuffs,
both compounded and tke raw materials. 'The importance of
chenical analysis to quality control and in helping the
ferner who formulates his own feeds cannot be over-
emphasized. Ema (1977) (24) has worked on sheecp and cotlon
seed supplement and came out with the conclusion that sheep

diet consisting of 37.5% groundnut cake and 2.5% cotton



secd provided adequate nutrients for sheep and that feeding
of cofton seed to sheep was not related to the so-called
spontaneous fracture as observed in sheep (i.e. the free
gossypol was not dangercus to sheep). He also came out with
the required percentage protein, calcium, phosphorus and
free gossypol. But work by Smith and Clawson (19€5) (25),
Wilde (1944) (26), have shown that monogastric asimals are
readily inloxicated by gossypol while Gallup (1927) (27),
Reiser and Fu, (1962) (28) have shown that ruminante are
nore tolerant. Again work by Sherrod and Tilman, 1064 (29),
Dankae et al (1965) (30), Nelson and Watkins, (1968) (31),
Pargons, (1974) (32) and ilogers et al (1975) (33), show

that sheep can exhibit toxic symptoms due to goasypol.

Oyenuge (1958) (34), has carried out the proximate
analysis of some possible browse trees and shrubs in the
Middle Belt. Oyenuga (1952) (35) has also found the
rroximate composition of some feeding stuffs available in
the middle belt. But so far there is no analysis covering
the miaeral composition or vitamin composition of azuch
feeding stuffs. Bello (197?7) (%6) worked on feeding
trials and chemical analysis of some commercial poultry
ieeds in Zaria, lle came to the conclusion that nortalities,
poer grouih and performanhe occurred among cihicks vlaced
on feeds from one of the manulacturing industries, and that
the quality of poultry feeds in Wigeria leaves much fto be

desired because of the lack of any establishied standards.

Vlayiwvole (19€8) (37) has outlined the proximate

composition of concentrate mixture for dairy cous,



8
digitaria grass, maize silage and elephant grass silage,

Niike (19738) (38), has worked on the proximate, mineral
and vitamin composition of cotlon secd meal while Dafwang |
et nl, (1979) (29) have given the proximate composition of
blood meal, Proximate analysis of palm kernel meal,
soya bean meal, cofton seed meal and rap sced meal have
been carried out by Nwokolo et al (1966) (40). HMuwokolo
et al (1976) (1) aleo analysed the amino acid and mineral

composition ol palm kernel and soya bean nmeals,

Ademosun and Bikovich (19?1) (42} worked on the
proximate analysis of local Yellow meize, Opaceue naize
&nd'guineﬁ.corn. So far, the analysis done in Nigeria has
rested on the rat materials and most have ﬁeén incemplete.
Olomu (1979} (43) has outlined that the tracc elements
contents of ithese ingredients for commercial and Tormulated
feeds have not been analysed due to lack of facility to
determine them. Gven though the trace elements play less
inportant role in ihe formulation of animal feeds, 17 is
necessary to kunow their level to safeguard against the
outbreal; of disease of the animals due to deficiency of
such elements, In other words, there is need to know iT
the specified level of trace elements is incorporated in
the commercianl or formulated feeds, 1t is in pursuit of
gquality of poultry feedstuff that Iederal CGovernment of
HNigeria did set up an expert panei on fered standarde in
1979 (4i). '"he panel reviewed rescarch work on nutrient
requirements of clickens in Nigeria and have come out with

recommendations for proximate and mineral compesitions of



Tob

the Broiler starter, finisher and layers rations. These
recommendations are similar to those of National Research

Council (1971).

FACJORS NORMALLY ANALYSED IN FELDSTUFFS

In quality control through chemical analysis, VWende's
proximate analysis is often carried out which comparises
(a) moisture, (b) crude protein, (c¢) crude fibre, (d) total
ash (mineral matter), (e) nitrogen extract (NFE), (f)
insoluble ash and (g) crude fat determinations. Reason for
these determinations is that they indicate possible con-
straints on usage due to the presence of excessive content
of cellulosic material, oil or mineral matter. Also, the
insoluble ash is determined to know the amount of sand and
or other dirt which may be present. The major mineral
contents of formulated mixed feeds such as calcium,
potassium, sodium, magnesium and phosphorus are usually
tested to know if they satisfy the level required for a.

particular group or age of animal.

The toxic factors, thioglucoside content and Urease
activity of samples of the commercial and formulated feed-
stuffs are also determined. Urease test is carried out
on soya bean feedstuffs because they usually contain
proteins which may adversely affect feed conversion
efficiency. The analysis for toxic factors is important
80 as to cbtain some idea of the normal levels of toxicity
which may be expected. It is also noteworthy that toxic

factors test is most important when feeds concerned are
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those of the poultry, calf, pig and lamb feeds. DBecause of
the importance of some microelements in mixed or manufac-
tured feeds in terms of growth, maintenance and disease in
the animals, the level of the microelements zinc, manganese,

copper, iron, cobalt, selenium and iodine are often analysed.

1.5 IMPORTANT NOTES ON FACTORS BEING DETERMINED

- —

1.51 Protein: Protein contains carbon, hydrogen,
oxygen and nitrogen snd sometimes it contains iromn, phos-
phorus and sulphur. Protein is the only macronutrient which
contains nitrogen except for smell amounts in lignin.
Feedstuff proteins on the average contain 169 nitrogen.
Various proteins exist. They are formed by different
combinations of amino acids of which there are over 25 to

be found in proteins (45).

1ts functions to the animal are Very essential.
protein forms the basic structural material from which all
body tissues are formed. It is essential for growth,
developuent of the animal as well as the faetal develop-
ment. Apart from these it is useful for maintenance and
milk production. Protein is not replaceable by any other
feed nutrient, for this reason there is a certain minimum
level of dietary protein recommended for each class of
animals. This level varies for animals of different
classes depending on the physiological age and type of

production.

The dietary protein is determined as crude protein

by Kjeldahl procedure. This determination is based on
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the fact that most nitrogen containing macromaterials in
most feedstuifs are proteins and proteins on the average
contain approximately 16% nitrogen. This means that result
obtained in nitrogen deterwination ia multiplied by 6,25,

since 6.25 x 16% gives 100% protein in the sample.

1.52 Crude Tibre: Crude fibre is the fraction of
the nutrient decigned to include those materials in a
feedstuff which are of low digestibility. Crude fibre
precludes cellulosepcertain hemicelluloses and some of
the lignin - these are essential for energy requirements

of the livestock.

1.53 Crude Fat: 7This includes all of that portion
of a feedstuff soluble in ether. Hence, crude fat is
conmonly referred to as ether extract. Vlhile the crude
fat in most feedstuffs is usually mostly true fags, it
may also include varying amounts of other ether-scluble
waterials such as the fat-soluble vitamines, carotene,
and sterols. But this part of other ether-soluble materials
constitute a very small percentage of the overell feedstuff,
therefore no sizeable error is made in cssuming that the

ether-soluble fraction is mostly true fat,

Fats (lipids) combined with structural protein form
the membranes essential to life in all cells. irobilization
of body fat during prolonged under fceding is & well known

phenoxenon. lipid metabolism chanpes with and partially
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controls, the various productive functions such as lactation,
fattening, work and growth (as outlined by Hafez and Dyer,
1969).

1.5% Nitrogen Free Extract: This is the carbohydrate
part of the feedstuff. It includes mostly sugars, starches,
hemicelluloses and some more soluble lighin. Nitrogen free
extract is the primary source of energy in livestock feed-

stuffs.

1.55 Moisture Content: If feedstuffs are to be
stored safely, it is very necessary that they be at a
"'safe” moisture content level and free from pests infest-
ation., The term ''safe' is the moisture content at which
it is not possible for moulds to grow. The relationship
of moisture content to pest activity is best expressed in
terma of the atmospheric relative humidity with which the
moisture in the feedstuff is in equilibrium and with 10°
rise in temperature decreases by 0.6-0.7% for oil free

naterials.

The relationship between moisture content and

possible biological activity for an oil-free feedstuff at
temperatures of 20-30°C has been outlined by Cockerell et

al (1975) as given below.

1. Up to 8% moisture (30% relative humidity):
no significant biological activity.

2. B8-14% moisture (30-70% relative humidity):
ingect infestation possible.

3., 14-20% moisture (70-90% relative humidity):
insect infestation and mould growth possible.

4, 20-25% moisture (90-95% relative humidity):
insect infestation, mould and bacterial
growth possible.
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1f one allows a safely margin, woisture content of
1%% for oil=-free feedstuffs is appropriate. This figure

is reduced by 1% for a feedstuff containing up to 5% 0il.

1,56 yg_npy‘a}._};q_t‘gg‘g_p_r“hg_}l: is fraction of the
animsl feedstuff nutricnt includes for the most part the
inorganic or wineral components. fThere are 16 mineral
elemenis which function in animal nutrition. 0f these
eleuments, seven arc macro and nine are micro. ‘"he micro-
elements include calcium phosphorus, notassium, sodium,
sulphur, chlorine and napgnesiuvm. The trace elements ale
iron, iodine, copjer, cobalt, fluorine, mangancse, zZinc,

molybdenun and seleniun.

he role of the nost essential mineral elementis in

the apnimal body arc as outlined below.

(a) §293P?EPE§L9?}2£EPPF These two minerals are
considered together due to their biochemical relationship
and are provided as sodium chleoride. They are necessary
for fornation of digestive joices, control of body fluid
concentration, control of body pH and nerve and muscle
activity. Deficiency of calciun is slow in developinge

xcess of sodium causes hypertension.

(b) Fhosphorue: Tt is essential for bone and teeth
fornatioun; as & component of nroteir in the soft tissues;
nilk and egg production and in various metabolic processS.
Deficiency causes rickets, osteomatacia, osteoporosis,

poor apetite, lowered milk production and peneral
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unthriftiness.

(c) Magnesium: It is necessary for many enzyme
systems; helps in carbohydrate metabolism and is necessary
for the function of nervous system. Magnesium deficiency
results to hypo-magnesia associated with toxic symptoms
and frequently death. Excess of it causes depression of

cardio vascular system and the central nervous sycten.

(d) Potassium: Potassium is required by livestock
for a variety of body functions such as osmotic regulation,
acid~base balance and digestion. Symptoms of a potassium
deficiency ere rather non-specific such as decreased feed
consumption, lowered feed efficiency, slow growth, stiff-

ness and emaciation. Excess leads to hyperkalemia,

(e) Iron: Iron is necessary for hemoglobin
formation. 1Its deficiency brings about anemia, fatigue,

depressed growth and reduced resistance to infection.

(f) Iodine: Iodine is important for the production
of thyroxin by the thyroid gland. Its deficiency leads

to goiter and reduced rate of cellular oxidation.

(g) Cobalt: Cobalt functions as a component of
vitamin 812 molecule and is necessary in the rumen
synthesis of vitamin 512. Cobalt deficiency leads to
loss of appetite, emaciaticn, liaflesanesa, macrocytic

amenia and inco-ordination.

(h) Copper: Copper is necessary in iron absorption,

in hemoglobin formation, in various enzyme systems and in
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synthesis of Keratin for hair and wool growth. Copper
deficiency leads to anemia, depressed growth of hair and
wool depigmentation and.reduced reproductive efficiency.

Excess of it causes jaundice, haemclysis and death,

(i) Manganese: langanese is essential in enzyme
systems influencing estrus, ovulation, fetal development,
udder development, milk production, growth and skeletal
development, Its deficiency causes defective ovulation,
testicular degereration, congenital deformity, perosis in
birds, abortions, resorptions, poor growth, lowered serum

alkaline phosphatase and 'knuckling' over in calves.

(j) Selenium: Seleniuw is useful in vitamin E
absorption and utilization, and is an esséntial component
of the enzyme glutathione peroxidase. Deficiency of
selenium leads to nutritional muscular dystrophy (white
muscle disease) in lambs and calves; retained placenta in
cows; heart failure; paralysis; low fertility; poor growth;
liver necrosis and pancreatic fibrosis in chicks. Excess
of selenium results to loss of hair; sorencss of feet and
sloughing of hoofs; incordination; atrophy of heart;

cirrhesis of liver and excess salivation.

(k) 2Zinc: Zinc prevents parakeratosis, promotes
general thriftiness and growth of body and hair. Its
deficiency causes parakeratosis, unthriftiness and poor

general growth.



1.6 AIM Oy THE PROJECT

The aims of this project are

i, 'To explain why gquality control is essential for

feed manufacturing, formulating and marketing enterprises.

and ii. To describe the method by which quality control

is achieved through chemical analysis.
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CHAFTER 2

EXPERIMENTALS

SAMPLING OF THU FEEDING STUFFS

SAMPLING

Samples of manufactured and formulated aniwal feed-
stuffs were collected by scooping a small portion of the
feedstuff from about 10-20% of the bags supplied to
consumer as a consignment (45). The samples of formulated
feeds vere collected from Nutional Animal Production
lesearch Institute, Shika, Zaria, while Pfizer poultry
feeds were collected from School of Agriculture, Ahmadu
Bello University, Zaria. All samples were stored in

covered plastic buckets at room temperature.

The samples that were collected are some Pfizer
product - broiler starter, chick starter, broiler finisher
and growers mashes. Also National Animal Production
Research Institute broiler starter formulated rations 1,

3, 7, 9 and 13 were collected., Other samples collected
included 0-3% calf concentrate for cattle, milking cow
concentrate ration and lamb concentrate - all from National

Animal Production Research Institute.
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SAMPLE PREPARATION

Prior to analysis of samples, the samples were ground
to pass sieve with circular openings of 1mm diameter and
vere mixed thoroughly (46). Pestle and motar were used for
grinding hard samples while an electric grinder was used

for the easier samples.

PROXIMATE ANALYSIS OF THL FEEDING STUFFS

MOISTURE DETERMINATION (47)

For moisture determination of each sample, a metallic
dish was dried in an oven at 80°C for about 20 minutes,
then was cooled in a desiccator and weighed as H1. Then,
few grams of the sample, say 5.0g was poured into the dish
and the weight H2 waaiuoted. Now, the dish with the sanple
was dried in an oven at 105°C for 24 hours or more. After
24 hours, the dish was transferred to adesiccator and was
allowed to cool. It was then weighed gquickly with minimum
exposure to atmosphere as HB. The loss in weight of the
sample during drying is the moisture content. The moisture

content percentage was calculated as

x 100

Or Moisture Wt of fresh sample - Wt of dry Sample x 100
Content (%) = Wt of fresh sample
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2,22 CRUDE P.:OX3IN DETURMINATION

The total nitrogen was determined by & modified
Kjeldahl wmethod (48) and the result was multiplied by 6.25

to give crude protein.
Reagents

Sulphuric acid 98, Nitrogen sree, Potassium Sulphatey
reagent zrade. lercuric Uxide, reagent grade. laraffin '.ax.
Sodiwi Sulphide, 40% solutions Sodium Sulphide, 455 solution
Pumice Chips. Eoric acid/indicator golution. This is made
by adding 5cm3 of indicator solution (0.1% methyl red end
0.2% bromocresol green in alcohol) to 1dm3 seturated boric

pcid solution. liydrochloric acid stendard solution (0.11).

ipparatus

Mecro Ljeldahl digestion and distillation units
(make shift type). Kjeldahl flask (10001:13 capacity)

Conical flasks, 2500m3. Hesting mantle.
liethod

(ne gramme of each sample was weighed into ijeldahl
digestion flask and 10g of potassium sulphate, 0.78 mercuric
oxide and EOcm3 aulphuric acid (98%) are added. vhe flasck
was heated gently at an jnclined angle until frothing
subsided end was boiled until tihe solution cleared. The
boiling was continued for a further half hour. Tixcessive
frothing was checked by addition of a small amount of

paraffin wax. he digested sample was allowed to cool and
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9Ocm3 of distilled water was added. It was then recooled
and zscm3 of 4% sodium sulphide solution was added with
mixing. After this, a small piece of pumice chips was
added to prevent bumping, followed by addition of 80co of
40% sodium hydroxide solution with the flask at an inclined
position so that two layers are visible. The flask was
connected rapidly to the make shift steam distillation
system. It was then heated by steam and the distillate
Ammonia was collected in 500m3 boric acid/indicator solution.
Excatly SOcmj distillate was collected. At the end of
distillation, the condenser tip was washed and the distil-

late was titrated against standard acid solution (0.1M HC1l).
calculation
The calculation was done as given below.
percentage nitrogen content of sample is given by

o acid x Molarity of Standard heid x 0.014 x 100
Wt of Sample (g) 1

Therefore crude protein content (%) is
Nitrogen content % x 6.25

CRUDE FAT DETERMINATION (49a)

Reagents and Equipment

petroleum ether (b.p 40-60°C) or in place of it
anhydrous diethyl ether. Extraction thimbles, Round bottow

flask, soxhlet extraction apparatus and regulated water bath.



21
Method

About 5.0g of each moisture free sample was put into
a thimble of known weight w1. Its weight "2 vas neasured.
The thiwble with the sample was placed inside a2 soxhlet
extractor. About SOOcm3 of diethyl ether was poured into
a 5OOcm3 round bottom ground joint flask, The soxhlet
extractor with the thimble plus sample was fixed into the
round bottom flask, which was already fitted in an
electricically heated and vepgulated water bath. The top of
the soxhlet extractor was then connected to a coudenser.
The water hath was then switched on and the heating rate
was adjusted to give & condensation rate of four to five
drops per second. The extraction was done for 24 hours.
At the end of 24 hours the thimble was removed and the ether
was reclaimed by connecting the round bottom flask to a
condenser and a recciver apparatus. The remaining ether
was remnoved by immersion on & boiling water bath and the
flask was dried at 105°C for 30 minutes. The flask vas
cooled in a desiccator and weighed to get the weipht of the
lipid content. From the weighing of the thimble (Hj)
and its contents after extraction and drying in oven for
2l hours at 80°C or by Inowing the weight of the lipid

extracted, the percentage fal content was obtained.

Calculation

- —— .

crude fat (% Dry Mater) is given by

100

Weight of fat =
eight of Sample 1
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100 (W, = W)
Or Percentage Fat = ” e W 14
27"

For the purpcse of accuracy, the Ministry of Agriculture,
Fisheries and Food's (1973) method (49b), first alter=-

nativé calculation above was used.

DETERMINATION OF TOTAL ASH (49c¢)

Apparatus

Desiccator, Bunsen burner, Crucibles, Muffle furnace.
Method

For each of the samples, a clean crucible was dried
in an oven at 100°C for about an hour. Then it was
transferred to a desiccatorand was allowed to cool. After
cooling, the weight w{ was noted. Exactly 2.0g of the
feeding stuff was then weighed into the crucible giving the
weight of crucible and feeding stuff as Ua. This meant
that the weight of the sample was (Ha - H1). The crucible
containing the sample was heated gently on a bunsen
burner in fume cupboard until swmoking ceesed. It was then
transferred to a muffle furnace heated at 600°C. The
heating was continued until all the carbon has been burnt
away (within a period of 10 - 48 hours). The furnace was
switched off, the crucible was taken out and placed inside
a desiccator. It was allowed to cool and the weight of the

ash and crucible (HB) was nmeasured,
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Calculation

The Ash % was given as

Weight of Ash _ . 100 . ¥y = ¥y _ 300
Veight of Sample 1 W, - v, 1

2.25 ACID SOLUBLE AND INSOLUBLE ASE (49c)

Reagents_And Apparatus

Hydrochloric acid (1 to 2.5 V/V). Filter paper

(ashless)Crucible dishes.
Method

The residue obtained from ash determination above was
used. The ash was boiled with 25cm3 hydrochloric acid,
taking care to avoid spattering. The golution with its
residue was filtered through asheless filter paper and
washed with hot water until acid free. Then, the filter
paper with residue was placed into a dry, tared crucible
dish and was placed in a muffled furnace at 600°C for up-

wards of two hours or until carbon free.
Calcu&gﬁlgg

Ueiggt of acid treated Ash 100

—— - —— x ._—1-—

Weight of Sample

2.26 CRUDE FIBRE DETERMINATION

The crude fibre was determined as that fraction
remaining after digestion with standard solutions of

sulphuric acid and sodium hydroxide under carefully controlled
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conditions as specified by Association of Official Analytical

Chemists, (1970) (50a,b,c).
Reagents

Sulphuric acid solution (0.1275M) Sodium hydroxide
solution (0.313M). Antifoam reagent (Octyl alcohol).

Ethyl Alcohol., Hydrochloric acid 1% V/V.

Apparatus

Beakers, 600cm3 tall-sided. Round-bottom flask-
Condenser unit. Buchner flask 1dm3. Buchner funnels,
Crucibles. /shless filter papers (dried at 100°C). Heating

Mantle, Oven, Muffled furnace.

Method

2.0g of the dried, fat-free sample was weighed into a
600ml beaker. (The residue from fat determination was used).
To this, 200cm3 of hot 0,1275M sulphuric acid was added.

The contents were carefully transferred to a round bottom .
flask which was later placed quickly under condenser, and
brought to boil within 1 minute. The solution was boiled
gently for exactly 30 minutes, using distilled water to
maintain volume and to wash down particles adhering to the
sides. Execessive foaming was checked with antifoam where
necessary. The contents of the flask were then filtered
through Whatman No. 541 paper in Buchner funnel using suction.
The residue was washed vell with boiling water. The residue
was transferred back to the round-bottom flask and to it was
added EOOcm3 hot 0,313l sodium hydroxide. The flask was

replaced under the condenser and again brought to boil within
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one minute. After it had been boiled for exactly 30 minutes,

it was filtered through ashless filter paper Whatman No. 541

placed in a funnel. The residue was washed first with boiling

water, 1% hydrochloric acid and then with boiling water.
Finally it was washed twice with alcohol, dried overnight

at 100°C in an oven, cooled and weighed. The weighed sample
and filter paper were then placed in a tared crucible and
was ashed in a muffled furnace at 500°C for 3 hours or till
carbon free. After switching off the furnace, the crucible
with the ash was quickly transferred to a desiccator, cooled

and was weighed.

Calculation

The crude fibre (%)of fat-free dry matter was given as

-—

Wt of Crucible + dried residue - Wt Crucible + ashed residuc
Vit of Sample

NITROGEN-FREE EXTRACT (50d)

The Nitrogen~free extract is a calculated proximate

factor based on dry matter (DM). It is calculated as

100% = % Crude protein - % Crude fat - % Ash.

TOXIC/ENDOGENOUS FACTORS

UREASE ACTIVITY IN SOYABEAN MEALS

This was determined by method of Schram and Aines .

(1959) (51).

x100C
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Reaggnta

Dimethylaminobenzaldehyde solutioi (DMAB) 216,05 of
DMAB was dissolved in 1dm3 of 95% ethanol and to this was
added 100cw” concentrated hydrochloric acid. (“his solution

ieg stable for one month).

Pyrophosphate buffer: 23.08 Na4P20710H20 was dis-
solved in approximately 98001113 distilled water. To this was
added chj of concentrated HCl and then dropuise further
HCl was added until pH of the bufier came between 7.7 to 7.0
7he solution was then diluted to 1dm3. puffered urea
solution: O.k%g urea vas dissolved in 1dm3 pyrophosphate

bufier. (This solution is stable for one week).

vinc acetate solution: 22,0z zinc acetate dihydrate
was dissolved in distilled water, to it was added 3em” of
3

glacial acetic acid and the volume was nade up to 100cm” in

a 100cm3 volunetric flask.

Potassiun ferrocyanide solution: 10.6g KhFe(GN)63H20
3

was dissolved in & distilled water and made up to 100¢n” in A

‘lODcmj volumetric flask.

Apparatus

vater bath at 40°c, capable of maintaining temperature
3

within & 100, with a shaking device. Conical flasks, 125cm™.

Volumetric [lasks, 25cm3. Spectrophotometer (Spectronic 20).

Method

——

10z of each National Animal Production lesearch

Institute broiler sauple was weished accurately into a
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conical flask and to it was added 5Ocm3 of the buffered urea
solution. The flask and its contents were incubated in
witer bath for 30 minutes exactly at 40°c with shaking. It
wee then removed frow the water bath with quici. addition

of 0.5cm3 each of concentrated HCl, ferrocyanide solution,
zinc acetate solution and 0.1g of charcoal. This vas

shaken for 15 minutes and then filtered. Filterate was
discarded if coloured and the procedurc was repeated using
more charcoal. 10cm3'aliquots of a clear filteratc and

10cm3 of DMAB Solution were pipetted into a 25cm3 yolumetric
flask znd was made up to 25cm3 with distilled water. Also

a recazent blank (1Ocm3 DMAB made up to 25cm3 with water)

and a urea blank (1Ocm3 buffered urea solution and 10c:13
DMAR made ub to 25cm3 with water) were made up. L standard
curve (sce Migure 2.7 on page 28) was prepared by
pipetting aliquots of puffercd urea solution from 2 to
19c> into 25cm’ volumetric flasks with addition of 10cu”
of DMAB and making up to the mark. The flasks v:rowell
nixed, stood in water bath at 25°C for 10 minutes and the

absorbance was read at 430mp.

Calculation

The urezse activity was calculated as mgfde urea in
urea dlank minus mg/dm3 urea in sample. This was further
caleulated in percentage, taking into consideration

gramwes of faed used.
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THIOGLUCOSIDE DETERMINATION

vhe method described below will give the approximate
thioglucoside content. The method is that of McChee et al

(1965) (52).

Rteagents And App:

- s - -

Bariunm Chloride (5% solution). Volumetric flaclks,
5000m5. Steam bath. Round~bottom flasks. Ashless filter

pa pe Ts
tietiod

To o measured 5-10.0g of each of the Samples
previously defatted by soxhlet extraction, 2§Ocm3 of
distilled water was added in a round bottom flask. %The
flaslc was then fitted with a condenser and the content
was hydrolysed at 5#00 for one hour. After this, it was
voiled for two hours keeping volume constant by the
eddition of distilled water. The content of the flask
was filtered, retaining filterate while the residue vas
washed three times with SOcm} hot water. ‘the washiags
were added to the initial filterate and the volume was

made un to 500cm3 in a volumetric flaske.

parium sulphate was precipitated by heating the
filterate and adding excess bariue chloride solution. The
precipitate was digested and aped on the steanm bath for
a few hours and vas then filtered using an ashless filter

paper. "he residue was put into 2 tared crucible and vas
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ashed in a muffled furnace at 500°C until carbon free. The
weizht of the barium sulphate was taken after coooling in a

degiccator.
Calculation

ipproximate thioglucoside content is calculated as

’ : . él-fass of thioglucoside ? S”ﬂ.BB of I}a.:Oﬂz
& t io0 “]Ilcos] de — e — - - N T 0()
b & Mass of BaSOI ( Sample HMass ) x 1

DETERMINATION OF ESSENTIAL MINERALS

ED TACE 1 THLE

SODIVI CHLORIDE DETERMINATION (53a,b)

- -

Reapents And Apperatus

Volumetric flasks, Pipettes. Conical flasks.
Burcttes, Standard 0.1l silver nitrate solution. Standard
0,1M ammonium thiocyznate solution. Ierric indicztor =
Saturated agueous solution of ferric alum. DPotassium
pernanganate solution ~ 65 ''//N. Urea solution - 5% W/V

Acetone (Analytical Reagent pgrade).
Hethod

3

For each sample, 2.0g was veighed into a 250cm

>

Conical flask, The sauple was moistened with lOcm”™ of
distilled water and 15cm3 of 0.1M silver nitrate solution
was added by way of pipette. <The content of the flask was

5

well nmixed and then ".Ocm3 concentrated nitric acid and 10cm
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potassium permanganate sclution were added with wixing.

The mixture was continuously heated until liquid was cleared
and nitrous fumes were evolved. The mixture was cooled.
After which 10cm3 of urea solution vas added and allowed

3

to stind for 10 minutes. “Then 10cm” acebtone was added
followed by addition of ferric¢ indicator., The excess
gilver nitrate in the solution was then back titrated with

the 0,11 thiocyanate solution to a red brown end noint,

N e -

The Sodium Chloride &% is given as

(1_5.00cm3-cm3 of O¢1M NH)CHNS) x 0.505
}nse of (g) Sample taken

% NaCl =

DETERMINATION OF PHOLPLORUS

Yhe nethod used is that of AOAC (1970), (1980)

(54a,b,c)e

Reagents

tlolybdovanadate reagent: 40z Ammonium molybdate
4H20 was dissolved in lvOOcm5 hot water and cooled. Then 2.03
4
ammonium metavanadate wns dissolved in 250cm” hot

3 of 70% perchloric acid

distilled water, cooled and 450cn
vas added. "he molybdate solution vas then added gradually
to tihe vanadete solution with stirring - after which the

solution vas diluted to 2.0dm3.

Phosphorous Standards: A 1000ppm stocl: sclution of
phosphorus was prepared by dissolving 8.7838g potassium

dihydrogen orthophosphate in deionised distilled water and
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the solution was made up to one dm3 in a 1dm3 voluuetric

flask., ‘The working solution was prepared by diluting the
stock solution 1 in 20 to give a working solution of

y
0.1mgP/dm’ concentration.

hEEaratgg

Spectrophotometer (Spectronic 20) to read at 40Omu.

Graduatedflaska,100cm3. crucibles. luffle furnace.

2.,0g of each finely ground sample \.as weizhed into a
crucible and was ashed as described under ash determination.
o the ash was added 400m; HC1 2cid and a few drops of
nitric acid, this was cooled and transferred to a 2500m3
voluuetric flask. this was diluted to the mark and nixed.
tlicuots oi the sanple solution ranging fron 100:113 to E’.Scm3
were pipetted into 100cm® flask with addition of 20cm° of
the molybdovandate rearent and were made up to the nari.
“hey were thexn sixed and allowed to stand for 10 minutes,
after wnich their absorbance vere read at 400mu. In like
nanner aliquots of the working standard contoiniug 0.5, 0e0,
1,0 and 1.5mg phosphorus were ¢transferred to 100cm3
flasls and were treated as above. "he standard and samples
were read at 4OOmu, setting the 0.5mp standard at 10045
transmission. The amount of phospnrorus in each sample

aliquot was deternined from & standard curve (see

Figure 2.& on pape %5)e
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245 FLAME PHUTOMETRIC DETERMINATION OF
SODIUN AND® POTASSIUM

2051  DETTRMINATION OF POTASSIUM

Reagents and Equipment

Potassium Standard: stock standard potassium was
prepared by drying analar potassium chloride and from this
1.912¢ was weighed out - this was dissolved in deionised
distilled vater in a 1dm3 volunetric flask. 'Then the
volume was made up to 1dm3 with deionised distilled water.
This solution contained 1000ppmK. I"lame photometer=-

Corning-liclL lModel. Muffled furnace.
Method

2.0z of each moisture free sample was put in a
crucible and was treated as in ash deternination. "o the
ash was added 20m3 concentrated hydrochloric acid to
dissolve it. The solution was made up to 100cm3 in
1000m§ volunetric flask. Froa this stock sample solution
aliguots were taken and diluted further to 10{Jcm3 in
volunetric flasks. The working potassium standard solutions
for calibration curve were made by diluting 0.2cm3, 0.4cm3,
0.6cm5, 0.8¢n” and 1.Ocm5 of the stock standard potassium

solution to get concentrations of 2ppm, 4ppm, 6ppm, Sppm

and 10ppm respectively.
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70 measure the potassium standard solutions for a
calibration curve and to measurc the concentration of the
sample solutions, photometrically, the instrument vas

alloved to stabilize for at leagt five minutes bvefore use.

After this, a beaker of deionionized distilled water
was inserted into the sample recess and the gas knob was
adjusted to produce a flame with one large central blue
cone. ''ith the deionised distilled water sample still in
position the gas control was slowly closed until ten
geparate blue cones had formed. The galvanometer vas then
set at wero by using the zero control against the reapgent
blank (deionised distilled water). After the reagent
blank was replaced by a standard potassium solution of the
highest concentration (10ppn). The sensitivity recading
of the direct reading fleme photometer was set at 100%
transuittance with the 10ppm standzrd solution. ‘he zero
wag again reset against the blank and then each standard
and working sauple solutions were aspiratcd in turn,
fluching with deionised distilled water after eacl: ucasure=
aent. "he intensity of emission was read from the

gelvanometer rezd out of the photometer in each case€.

Qg}culatiqg

the emission intensity of the standard potassium
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solutions (KCl) were plotted against their concentrations
to obtain a calibration curve. Irom the calibration curve
(see Figure 2.3 on page 37), the concentrations of the
samples were read out and the exact concentration of the
sample solution was obtained by multiplying the dilution

factor.

2.52 DEYERMINALION OF SODIUM

Reagents And Jquipment

Concentrated hydrochloric acid. Sodiun standard: stock
standard sodium chloride of 1000ppm was prepared by drying
some analar sodium chloride at 120°C for one hour and
cooled for %0 minutes. Frow this, 2.54g was taken out and
weighed, The weighed salt was dissolved in 1dm3 flesik and
made up to the marlk with deionised distilled water. This
solution vas stored in & plastic bottle. Flauwe photometer
- Corninge-lieel Mcdel. Iluffle furnace. 100cm3 volumetric

flasks.
lMethod

The sample asl and solutions were prepared o5
specified under potassium determinetion above. Irom the
stocl: sample solvtions, aliquots were taken and dJdiluted
further to 100cm” (with deionised distilled water) in a
100cm” volumetric flasks. "he working standard sodium
solutions for calibration curve were made by diluting
3

0.1cm3, 0.2cm3, 0.30m3, O.dcm” and Ch..5cm‘5 of tlie stock

standard sodiuim solution to obtain concentiratiocns of
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1, 2, 3, 4 and Sppm respectively.

The procedure for taking photometric readings of the
Standard Solutions and Sample Solutions is the same as
described under potassium determination. The flame photo-
meter was set to give a reading of 100% intensity with the
Sppm standard. After this, other Standard solutions and
Sample Solutions were aspirated in turn, flushing with
deionised distilled water after reading the intensity of

emissicn of each on the photometer galvanometer,

The emission intensity was then plotted for the
standard readings against their concentrations (see page 39
for Figure 2,4, From the calibration curve obtained, the
concentration of the sample solutions were extrapolated,
finding the actual concentration of the sample solution by

multipying by the dilution factor,

DETERMINATION OF CALCIUM AND OTHER MINERAL

-

LLEMENTS BY AWOMIC ABSGRPTION SPECTROMETRY (55, 56)
Apparatus

Atomic Absorption spectrophotometer Model Pye Unicam

SP1900,

Reagents

Air: produced by a Compressor. Acetylene - standard

commercial grade.
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Calcium Solution: 630mg of calecium carbonate, CaCOz
(anzlar grade) vas dissolved in 1Ocn3 concentrated 1Cl. To
this was added 200cm3 of deionised distilled weter and vas
heated to obtain & complete solution. The solution vas
ooled anc diluted to 1000cm’ with deionised distilled
water in a 1dm3 volumetric flask. Deionized distilled
water was used for the preparation of all reazenis cali-

bration standards and 2s dilution water.
Hydrochloric Acid (0.1 HC1l).

Lanthanum Solution: 105 of lanthanum nitrate vas
dissolved in deionized distilled water and was diluted to

1000cm3 in a dm3 volumetric flaslk.
Concentrated HH03.

standard Metal Solutions: i series of standard netal
solutions containing 0.1 to Sppn were prepared by cppropriate
dilution of tlec following stock metal solutions with

0.1 HC1 solution.

2.531 Calciuu: e 2.4972g calciun carbonate
(Annlytical nearent grade) , CaCO3 deionized distilled
water vwas added, followed LY dropwise addition of &
ninimum volume of concentrated lCl (about 10cm3} to effect
connletc dissolution. The solution was diluted to 1(}00cm3
3

in a 1dm volumetric flask with deionized distilled vater.

This sclution was of 1000ppuCa concentration.

2,532 Cobalt: I,7630g of cobalt sulphate 7H,0 w&s

dissolved with deionized distilled water and made up to
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to 1000cm3 in a dm3 volumetric flask -~ giving a concentration

of 1000ppn Co.

2.533 Copper: 3.7980g of copper nitrate trihydrate
(Analytical Reagent Grade) was dissolved with deionized water

3 in a 1dm3 volumetric flask. The

and was made up to 1000cm
solution was standardized with O.1M sodium thiosulphate
using starch solution as indicator. The Solution was of

1000ppmCu.

2.534 Iron: 27.801g of ferrous sulphate heptahydrate
FeSOh.?Bao (Analytical Reagent Grade) was dissolved in
>

deionized distilled water containing 50cm™ of concentrated
sulphuric acid to give a solution of 5585ppn after making
up to 1dm5. The solution was standardized with 0,01M
potassium dichromate solution using N-phenylanthranilic
acid as indicator. Then 0.1M solution of ferrous salt was

diluted to 1dm3 with deionised distilled water to get a

1000ppm solution.

2.535 Magnesium: 10.0135g magnesium Sulphate hepta-
hydrate, M3504.7H20 was dissolved in ZOOcm3 deionised
distilled water., To this was added 1.5cm3 concentrated
nitric acid and the solution was made up to 1OOOcm3 with
deionized distilled water. The solution was then stand-
ardized with O.1M EDTA sclution using erichrome black-T as

indicator. The solution obtained was found to contain a

concentration of 1000ppmlMg.
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2,536 Mangenese: 3,076% manpancus sulphate mono-
hydrate, Mn80,.I',0 (Analytical leagent Grade) vas dissolved
in EOOcm3 deionized distilled water, To the solution was
added 1.5cm3 concentrated nitric acid, and was made up to
1000cm’ with deionized distilled water in a 1am° volumetric
flask. The solution was standardised with 0.1M EDTA
solution usingerichrome black-T as indicator. The con-

centration was found to be 1000ppnin.

2.537 %inc: 4,3980g zinc sulphate heptahydrate,
2050, . 7H0 (Analytical Teegent Grade) was dissolved in
deionized distilled water and was made up to 1000cm3. The
solution was standardized with 0.1 LDTA using erichrome
black-9 as indicator. The solution was of 1000ppm con=

centration.

2,538 Selenium: 1.00g of seleniunm powder (inalyticel
Desjent Crade) was dissoved in 15cm3 concertrated hydro-
chloric acid plus 5cm3 concentrated nitric acid. This was
wade up to 1dm3 in a 1000cm3 volumetric flask. The solution
was later stored in a polyethylene bottle. [he concentra-

tion of the solution was 1000ppm.
Method

(a) Preparation of sample/sample solutions: 2.00g
of each moisture free sample was ashed in glazed crucible
after pre~burning over a burnsen flame in a fume chamber.
‘the ashing was done at 550°C in a muffled furnace.
apfter cooling in a desiccator, 1Ocm3 3M ¢l was added and

the solution was covered with watch glass and boiled
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gently for 10 minutes. The solution was then cooled,
filtered into 100cm3 volumetric flask and was diluted to
the mark with deionized distilled water. Subsequent
dilutions of the sample solutions to bring them into

analytical range was done with 0.1M KCl.

(b) Instrument Operation: The hollow cathode lamp

of the desired metal was installed in the instrument. The
wavelength dial was set according to the Table 2.1 below.
The lamp was then aligned in accordance with the manu-

facturer's instructions.

Table 2.1

Wavelengths For Metals Analysis

- D e L R . . S — %

Metal Vavelength in nm
Calcium ke2.7
Cobalt 240.7
Copper 224.7
Iron 248.3
Magnesium 285.2
Manganese 279.5
Zine 213.9
Selenium 196,03

—— — e S S ———— . e B Se P S S B R e S

The slit width was then set according to the
manufacturers suggested setting for the element being
measured, The instrument was turned on and the amount of

current suggested by the manufacturer was applied to the
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hollow cathod lamp. The instrument was allowed to warm up
until the energy source stabilized, this process usually
requires 10 to 20 minutes. '‘'he current was readjusted as
necessary aiter warm up. The burner heads were fthen
installed, The air (compressor) was turned on and the
flow rate was adjusted to suit the specified maximum
sensitivity for the metal being measured. The acetylene
gas was then turned on, its flow rate was adjusted to the

specified value ~ the flame was then ignited.

Deionized distilled water was atomized and the
aspiration rate over one minute was checked. <The rate if
necessary, was adjusted between 3 and 5cm3[minute, and the
instrument was zeroed., A standard solution was now
atomized and the burner was adjusted both up and down and
sideways until a maximum response was obtained. The
instrument was now ready for analysis of both samples and

standards.

(¢) Standardization: At least five concentration
of each stock standard metal solution was prepared by
diluting aliquots of stock solution with 0.1} HCl so as
to bracket the expected metal concentration of the samples.
Each SBtandard was aspirated in turn into the flame and the
absorbance was recorded. TFor each standard four to six
absorbance readings were laken and their average reading

was made use of.
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For calcium end magnesium calibration, 100cm3 of

3

standard was nixed with 25cm™ of lanthanum soluticon (see

lanthanun solution above) before aspirating,

For iron and manganese calibration, ‘IOOcm3 of standard
3

was mixed with 25¢cm” of calcium solution (see calcium

solution above) before aspirating.

L calibration curve for each metal being determined
was obtained by plotting on linear graph paper, the absorbance
of standerds versus their concentrations in ppm. Calibration
curves for iron and mangenese were plotted based on the
original concentrations of standards before dilution with
calciun solution (see ligures 2.8 and 2.10 respectively).
In like manner, calibration curves for calciuu and magnesiun
were plotied, based on the oriyginal concentration of
standards before dilution witlh lanthanum solution (see
Figures <.5 and 2,9 respectively). The calibration curve
vas rechecked by aspirating at least one standard after
the completion of the anzlysie of o group of samples, The
calibration curve for cobalt is given in Figure 2,.6; copper
calibration curve is found in Figure 2,73 zinc curve is
depicted in Figure 2.11 vhile selenium curve ig shown in

rFigure 2.12,

(d) Analysis of Samples: 'The atomizer was rinsed
by aspirating deionized distilled water and the instrument
was zeroed. Dach sample was atomized and tlc absorbance
was read, Jour to six readings were taken and the average
was talen as the sample obsorbance., for calcium and magnesium

deteruination, 100cm3 of samnle solution was diluted and
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Fig 2.6
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mixed with 250m3 calcium solution before atomizetion.
Celculation

The concentration of each metal ion in ppm, was
calculated by referring to the appropriate calibration
curve (see Figures 2.5 to 2.12 on pages 46-53. Further
calculation to obtain percentage or ng/kg of metal ion in

sample was carried out.

DEPSAHINALION OF_TODINE

In this determination, part of ¥lmslie-Caldwell
Method (57) for determination of iodine in mineral wixed
fceds was combined with photometric determination of iodine

in water (58, 5%a,bj.

Appargtus

Nickel dishes. Yater bath, capable of temperature
coutrol to 30 + 0.5°C. Colorimetric equipment - Spectro-

photoneter ELL hModel, for use at wavelengths of 525 nm and

providing a lightining path of Tcu. 10.00cm3

100cm3 volumetric flasks. Stop watch. Furnace (muffled).

pipettes.

600cm” beakers.

Rearzents

e, e . e

Sodium carbonate (solid). 1:1 sodium hydroxide

solution (50¢W/V). 96% Alcohol.

The following stock solutions were stored in tightly

stoppered containers in a dark locker.

(a) Deionized distilled water, containing less than
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0.}pgﬁmu3 iodine.

(b) Sodium Chloride Solution: 200g NaCl was dissolved

in deionized distilled water and diluted to 1dm3.

(c) Arsenious Acid: 0.1M : 4.946g A3203 was dissolved
in deionized distilled water. To this solution was added
4,946 of potassium hydroxide and the solution was made up

to 1000cm5 in a 1dm5 volumetric flask.
(d) Sulphuric Acid, HZSOQ, concentrated.

{e) Ceric Ammonium mlphate,(0.0219?3-385 CE(NHh)h
(504),+ 48,0 was dissolved in deionized distilled water and
4&cm§ concentrated sulphuric acid and this solution was

nade up to 1dm3.

(£f) Ferrous Ammonium Sulphate Reagent: 1,50g
Fe(NH,),(50,),.61,0 vas dissolved in 100cm deionized
distilled water containing 0.6cuf of concentrated sul phuric

acid, This solution was prepared daily.

(g) Potassium Thiocyanate Solution: L,00g potassiuam
thiocyanate, [LSCN was dissolved in 100cm3 of deionized

distilled water.

(h) Stock Iodide Solution: 0,2616g anhydrous
potassium iodide was dissolved in deionized distilled

water and was diluted to 1000cm3 in 1dm3 volumetric flask.
3 3

lcm” of this solution was equivalent to 200ug/dm” .

3

(i) Intermediate Jodide Solution: 20cu” stock

iodide solution was diluted to-ﬂOOQcm3 with deionized
.,-"' =3 Sa
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distilled water. The concentration of this solution gave

1cm3 E *&.00}13/6.1113.

(j) sStandard Iodide Solution: 25cm3 of internedicte
3

iodide sclution was diluted to 1000cm” in = 1dm3 volunetric
flagk with deionized distilled water. The conccutration

of this solution gave 1cm3 = 0.100ug/dm3.
e thod

5.00g of each sample (moisture free) wac placed in a
nickel dish. 7To this was added about 5,0g sodium
carbonate (solid), Scm3 sodium hydroxide solution (121
solution) and 10¢m3 of 96% alcohol, taking care Lhat the
entire sample was roist, The contents were then dried at
about 100°C to prevent spattering upon subsequent Leating,
The nickel dish with its content was preburned over a
bunsen flame in fume cupboard until smoling ceased. Then,
the dish was heated in muffled furnace at 500°C for 15
minutes. The dish was brought out and cooled in a

5

desiccator. After which 25%cnn” deionized distilled water
was added, the dish was covered with a watch glase and
boiled for 10 minutes. "The contents of dish were then
filtered through 18cm filter paper intc a 600cm” beaker and
was washed several times with boiling deionized distilled

3

wvater till about 230cm” of <ilterate was collected. ''he

solution was allowed to cool and wos made up to 250cm5 in

a 250cm3 volumetric flask.

Photometric Method: Yor the photometric neasurement,
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1Ocm30f the above sample solution or aliquots of it made

up to 100m3 with iodine free deionized distilled water was

3

pipetted into a 100cm”™ volumetric flask. Reagents were

added to sample solution in the following order: 1_.00cm3
3

sodium chloride solution, 0.50cm
>

arsenous acid solution,

and 0.50cm” concentrated sulphuric acid.

The reaction mixture and ceric ammonium sulphate
solution were placed in the 30°C water bath and allowed to
come to temperature equilibrium., Then, 100m3 of ceric
ammonium sulphate was added to the mixture and the contents
were mixed by inversion of the flask and the stop watch
was started to time the reaction. After 15 + 0.7 minutes,
the sample was removed from the water bath and 1.00cm3
ferrous ammonium sulphate reagent was added immediately
with mixing, where ufon the yellow ceric ion colour dis-
appeared, Then, 1.00cm3 potassium thiocyanate sclution was
added with mixing. The sample was now replaced in the
water bath, \lithin 1 hour after the thiocyanate addition,

the red colour was read as percentage transmittence in

the Spectrophotometer.

Calibration Standards: Standards coataining O, 0.1,
0.2, 0.3, 0.k, 0.5, 0.6, 0.7 and 0.8 ug/dm’/10cm’ of
solution were treated as in sample solutions above. Then,
a calibration curve was obtained by plotting the absorbance

of standards against their concentrations (see Figures 2.13

on page 59)..



58
Calculation

i'rom the celibration curve, the sample concentrations
in pg/dm3 were read. Then the concentration was converted
te mg/kg by further conversion taking into consideration tle

original sample weight taken.
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RESULTS aND DISCUSSION ON 0-3 CALF CONCENTRATE

AND 702 TLLKING COV CONCEMERATE

e

PROXIMATE AND TOXIC FACTORS

Progein

From the Tables 3.1 and 3,2 on pages 69 and 70, the
protein results 17.806 and 18.06L% of 0-3 calf and milking
cow concentrates respectively arc sdequate when compared
with National Research Council (1978) (60) standard. The
National llesearch Council Table is consistent with many
studies on milk production (61, 62, 63, 64, 65, 66, 67),

On practical basis 16% protein in the dry matter is adequate
for most lact' ting cows; high-~producing cows in early
lactation need a higher percentage of protein - say about

20% (68, 69, 70).

for the growing calves, usually 16{, crude protein is
adequate and under some circumstances levels as low as 12’
seem satisfactory. These values have been confirmed by

investigators (71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81).
Crude l'ibre

‘"he values 15,363 and 21,4257 shown in Tables 3.1 and

3.2 for 0=3 calf concentrate and milking cow
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concentrate feeds respectively, are approximately in the
range of 17% crude fibre recommended by National .lesearch
Council (1978). According to National Research Council
Report, 17 crude fibre, ou dry basis, in most situations
is enocugh to r»revent adverse effects of deficiency for
lactating cows. ZLxccpi for lack of energy or other
rutrients, there are no kiown metabolic abnormalities

associated with cxcessive fibre consunption.
Crude Fat

Typical dairy cattle rations will contain around
2=k per cent fat. The addition of 2-5 per cent, depending
on the smount already present, may be utilized quite
efficiently. However, niore than this may have adverse
effccts including interferences with rumen microbial action
such ag reducing fibre digestion and nitrogen metabolism
(82). ‘this goes to supgest that the result 5.655% obtained
for milling cow as shcewn in Table 3.2 is only slightly
above standard even though the National Pesearch Council
Table (1978) stipulates 2.0, fat. On the other hand,
5.280% for the 0-3 cclf concentrate shown in Table 3.1 is
within the range of maximum fat requirement, since the
young calf is able to effcctively utilizea very high level

of dietary fat.

. ' Znetluble ish

A8 pointed out in Chapter 1, page 9, gquantity of
insoluble ash gives insight to the amount of dirt iu the

feedstuff. The results 0.555 and 0.303% respectively for
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the 0-3 calf concentrate and the milking cow concentrate

are permissible and norual.

lioisture Content

the 7.390% moisture for milking cow concentrate feed-
stuff shown in Table 3.2 is adequate when compared with the
stendards for moisture outlined by Cockerell et al (1975)
(see page 12, Chapter 1). ‘he 10,352% moisture given in
fable .1 for the 0-3 calf concentrate feedstuff{ is adequate,
as letsushima (1979) (83) writes that in order to keep the
fced from moulding or spoiling, the moisture content should
be less then 159 under most normal conditions. Butl this
result fails below the standard set by Coclkerell et al
(1975) vhich indicates insect infestation may be possible

at 0-14¢% moisture content for a feedstuff.

Toble lgﬂl

Ash shown in Tables 3.1 and 3.2, the total ash per-
centage for 0=3 calf and milking cow concentrates are low

and are adequate.

Nitrogen Free Fxtract

it

since the fibre results are in order, the nitrogen
free oxtract results for both fecdstuffs given in Tables 3.1

and 5.2 are ﬂ.].rishto

“hioglucoside Content

As riven in Tables 3.1 and 3.2, the thioglucoside
percentage for 0=3 calf concentrate and the nmilking cow

conceutrate are very high vhen the percentage of the total
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Co

ration is considered.

Mineral Composition

fnalyzis of the animal feedstuffs for the mineral
content and a comparison of intake values with established
requiremnents islﬁrobably the most useful way of determining

mineral status of dairy cattle in practical situatioms. Tor

-this reason, the results of analyses of milking cow and 0-3%

calf cencentrate rations are compared.here with the National
Research Council wineral requirements (1978) es given in
Tables 3.3 and 3.4, pages 71 and 72. The requirements of
National Research Council compares well with Agricultural

Research Council requirements (1965) (8ha),

Calciun

R

Fromwthe Téble 3.3,?the.feau1t of 0.90%) obtained for
milking cow concentrate feedstuff is a bit higher than the
0.6% established requirements of the National Research
Council (1978) for dairy caﬁtle; Trom Table 3.4 of O~3
calf concentrate feedstuff, 0,065 obtained is much below
the 0.60~0,7 standard of the Naticnal Research Council
(1978) Table. Ve note that when dietary calcium is low,
cattle absorb a higher percentage of that ingested and in
excess dietary calcium, the percentage absorbed declines

(8hb, 853,

Information on the naximuit safe levels of dietary
caleiwm is much less adeguate than for the minimum require-

ments (National Research Council 1678). Over a relatively

- wide range, cattle are able to aveid toxic¢ity from hish
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dietary calcium by excreting the excess in the faeces - this
supports the result for milking cow concentrate feedstuff.
Nevertheless, it is believed that calcium levels above those
presonted in the National Research Council (1978) Table

should be avoided.

Some studies indicate that calves absorb 90% of the
calcium in milk. That is, calecium in milk fed to young
calves is more efficiently absorbed and retained than that
in rations consisting of forages and concentrates
(Miller41979). This goece to support the low result

recorded for the 0-3 calf concentrate.
3.1111 Phosphorus

As shown on Table 3.3, the result of 0.22% obtained
for the milking cow concentrate does not tally with the
National llesearch Council (1978) range of phosphorus
requirements (0.31-0.38%) for lactating cows. ' The 0-3
calf concentrate feedstuff value of 0.176% shown in Table
3,4 fell below the Netional Research Council (1978) value

Of 0. 42"00 50%l

But, Wise ot al (1958) (86) has demonstrated that
0.22% of phosphorus in air dry ration was sufficient for
maximum growth rate in young dairy animals. If this is
the case, it means that the percentage for the lactating
cow is also low, confirming the lower result obtained,

since the digestibility of pliosphorus for young calves is
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about 90% while that of lactating or older dairy cattle

is about 50 to 64%.

Magnesiu

-

Peeding a moderate excess of magnesium is more
desirable than too little, because of the ability to
eliminate via urine some excess nagnesium and less effect-
ive homeostatic control with low intakes (i1iller, 1979)
(87, 88). Thereiore, the resultsc of 1750mg/kg, 2350mg/kg
given in Tables 3.4 and .3 respectively for 0=3 calf and
milking cow concentrates respectively are adequate even
though the National “esearch Council (1978) Table gives
the minimum recuirements as 700umg/kg and 2000mgz/kg for
the calves and lactating cows respectively. Under
conditions conducive to grass tetany for high producing
lactating cows, 2500mg/kg or more is recommended, This
means that the resulte obtained take care of such con-

ditions as above.
Sodium And Sodium Chloride

ts given in ‘Yable 3.3, the result of sodium 0.115%
for the milking cow conceatrate feedstuff is a bit below
the sodium requirement for lactating cows 0.18% of the
National Research Council (1978). The sodium result
0.175% shown in Table 3.4 for 0-3 calf concentrate feed~
stuff is a bit above the 0.1% standard of the Naticnal

Research Council (1978).

The values 0,18 and 0,1% for the milking cow and

0-3 calf rations respectively correspond to 0.46 and 0.25%
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sodium chloride. Unfortunately, the results of sodium
chloride 0.0585 and 0.039% given in Tables 3.3 and 3.4
respectively for the milking cow concentrate feed and the
0-3 calf concentratz feed are at variance with the HNational

NMesearch Council values.

Potassium

——

From the Tables, 3.3 and 3.4, the results 1,10 and
0.70% obtained for milkinz cow concentrate and 0-3 calf
concentrate are approximately adequate as supported by
National Research Council (1978) and some workers (89, 90,

91).
Iron

The result of 75.00mg/kg given in Table 3.4 for 0-3
calf feed is below the required National Research Council
(1978) stipulations of 100mg/kg for the calf. For the
milking cow concentrate ration, the result 125.00mg/kg on
Table 3.3 is adequate even though the National Research
Council standard is 50.0mg/kg. This is true because under
most conditions, cattle can tolerate 1000mg/kg dietary Iron

(National lescarch Council, 1978).
Zinc

The results for zinc in tables 3.3 and 3.4 for milking
cow concentratc and the 0-3 calf concentrate are respectively
consistent with National Research Council 1978 standards.

The estimated zinc requiremcnts of dairy cattle is LOug/kg
in the dry matter of the diet. The maximum safe level of

zinc for cdairy cattle is far higher than its minimum
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requirewent. 'ith lactating dairy cattle, 1279mg kg zinc,
dry matter basis did not reduce performance (¥iller et al,
1965) (92). Also, in groving cattle, 500mg/kg zin: did

not adversely affect performance.
Cobalt

Results of cobalt given in Tables 3.3 and 3.4 for
milking cow concentrate (17.50mg/kg) and 0=-3 calf concen-
trate (20.00mg/kg are fairly above the minimum and the safe
standards of National lesearch Council (1978) of 0.10mg/kg
and 10.0mg/kg respectively. The cobalt levels are not
commendable, although, Kaenér et al, (1943) (93) experiment
confirmed that 30mg/kg in the diet was not detrimental to
deiry calves. Toxic effects of higher concentrations have

been outlined by workers (94, 95).
Iodine

The results of 0.24mg/kg of iodine shown on Taeble 3.3
for milking cow concentrate is below the National llesearch
Council (1978) standard of 0.5mg/kg for lactating cows.
0.22mg/kg value obtained for 0-3 calf concentrate feed
shown on lable 3.4 is slightly below the recomnended

National Research Council (1978)nutrient requirement of

0.25mg/kg for growing. dairy cattle.

Selenium

- —

Selenium results of 0.155mg/kg and C.145mg/kg given
in Tables 3.3 and 3.4 for milking cow concentrate and
0-3 calf concentrate rations respectively are adequate.

This is true because the minipum and maximum safe levels
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of seleniun for dairy cattles are O.1mg/kg and 5.0mg/kg
(National Research Council, 1978), Ammerman and Miller
(1975) (96) suggests 3-5.0mg/kg as a maximum safe ievel
under influence of interacting factors such as lipids,

protein and amino acids.
Manganese

As given in Tables 3.3, and 3.4, the manganese values
13.5mg/kg and 12.5mg/kg for milking cow and 0-3 calf feeds
respectively are below the minimum dietary manganese of
4Omg/kg for deiry cattle (MNational .esearch Council, 1978)

and should be stepped up.

Copper

The results of copper for milking cow concentrate
and 0-3 calf concentrate feeds shown in Tables 3.3 and 3.4
are consistont. The ninimum requirement for copper is
10mg/kg but the dairy cattle safely tolerates about
70-100mg/kg copper for long periods and even higher levels
for short periods (Notional Rescarch Council 1978). The
process of copper intake by calf is a very complex one and
it is recommended that higher values will be more useful

than lower values.
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Table 3.1

Proximate Composition Including Thiojlucoside Content of

National Animal Production Research Institute Cattle Feed

Ta —

- - — - — — i - - . B ———— ——— ——_

0-3 Calf National Re-
Concentrage Feed search Council
Data (1978) Data

For Comparison

o o i ————— e W i SR PRpRpenmsa————_—————— S -

Moisture (%) 10.352 a
Dry ratter (%) £9.648 a
Crude Fibre (%) 15.363 17.0
Crude Protein (%) 17.806 16.0
Crude Fat (%) 5.280 2.0
Potal Ash (%) 3.233 a
Insoluble Ash (%) 0.555 a
Nitrogen Free Lxtract (%) 58.319 a
Thioglucoside (%) 2.589 a

- e — i —— ——— ———— —— . — — e ——— - - ——

a = No comparable data.

b = Average of six determinations.
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Table 3.2

Proximate Composition Including Thioglucoside Content Of
National Animal Production Research Institute Cattle Feed

. &

e — —" — ] —— —— . S . - O S e e B O O S A —— . S—— . A Sl S

Milking Cow Ton= National Re-

centrate Feed searcn Council

pata?® (1978) Data
For Comparison

— . W ¢ W Gl . e ————— . Sl A W b —— - — -

Moisture (%) 7.390 _ b
Dry Matter (%) 92.610 b
Crude Fibre (%) 21.425 17.0
Crude Protein (%) 18.068 13-16,0
Crude Fat (%) 5.655 2.0
Total Ash (%) L.,522 b
Insoluble Ash (%) 0.303 b
Nitrogen Free Extract (%) 50.330 b
Thioglucoside (%) 2.50 b

[+
]

Average of Six determinations.

o
1]

No comparable data.
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Table 3.3

Mineral Composition of Mational Animal

e A

P@gﬂypgigy esearch Institute Cattle jecd

(In Percentage or Amount Yer lg OI Feed)
Nocional National Milking
Hesearch Research Cow
Council  Council Concen-
lHineral (1978) (1978) trate
Maximum Standard [eed-
For A1l For Com~ stuff
Classes parison Data®
Sodiun (1)) b 0.18C 0.115%
Potaassium (7)) b 0.800 1,100
Sodium Chloride ({J) 500 0. 460 0.0585
Manpgonese (mg/Kg) 1000, 00 40,00 14500
Magnesium (mg/Kg) b 2000,00 2350,000
Iron (ng/ig) 1000.00 50,00 125,000
Copper (mg/Kg) 80.00 10,00 6.000
Zine (mg/lg) 500,00 40,00 62,500
Cobalt (mg/Kg) 10,00 0,10 17500
Caleium (%) b 0.43-0,60 0,900
Phosphorus (s) b 0.31=0.38 0.220
lodine (mg/Xg) 50,00 0.50 0.240
Selenium (mg/Kg) 5.00 0.10 0.155

e Al i, B e, B [ —————— A SRR 4

a = fverape of 5ix determinations.

b = Mo comparable Data.
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Table 3. ‘l’

Mineral Composition of National Animal
Production ikesearch Institute Cattle I'eed
{in Percentage or Amount Per kg of Feed)

Nntional National 0=%

nesearch Research Calf
Council Council Concen=-
Mineral (1978) (1978) trate

Maximum Standard reed

For All For Coum- Data®

Claases parison
Sodium (9)) b 0.10 0.175
Potassium (%) b 0.80 0.700
Sodium Chloride (%) 5.0 0.25 0.039
Manganeze (mg/Kg) 1000,0 40,00 12,500
Magnesiun (mg/Kg) b 700,00 1750,000
Iron (mg/Kg) 1000,0 100,00 75.000
Copper (mg/Kg) 80,0 10.00 25,000
Cobalt (mg/Kg) 10,0 0,10 20,000
Calcium (%) b 0,60~0,70 0,065
Phosphorus (%) b 0.,42-0,50 0,176
Jodine (mg/Kg) 50,0 0.25 0.220
Seleniun (mg/Kg) 5.0 0,10 0,145

- - — -

a = Average of six determinations.

b = No comparable data.
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3.2 RESULTS AND DISCUSSION ON
NﬁTIONAL ﬁNIHAL PRODUCTION IESEARCH
INSTITUTE BROILLR STARTER RATIONS

3,21  PROXIMATE AND TOXIC ¥ACTORS
3.211 Moisture Content

The moisture results 10,155, 11,060, 10,929, 10,994
and 11.562% for rations 1, 3, 7, 9 and 13 respectively
shown in Table 3.5 are within tolerance limit reported for
all layers rations in standardization of analytical
methodology for feed (1979) (97). But the values are
within the limit of insect infestation as given in Chapter

1, page 12, The lower limit of moisture is more advisable.

3.212 Crude Ffibre

The crude fibre results 3,50, 3.88% for rations 1 and
2 respectively given in Table 3.5 are within the safe
level recommended by the Nigerian panel on feed standard
1979 (98). On the other hand the results 6.75, 6.51, and
9.86% for rations 7, 9, and 13 respectively (Table 3.5) are
above the standards of the Nigerian Panel on poultry feed
standards. !¢ note that the Nigerian Panel on poultry
feed standards is in line with tke National Research Council
(1971) (99) standard requirements for breoiler starter chicks.
The results for rations 7, 9 and 13 suggested that the
composition of such feeds need reformulation to bring the

fibre content low.
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Crude Protein

Table 3,5 page 81, gives the crude protein results
23.056, 23,537, 22.325, 25.318 and 24.719% for broiler
starter rations 1, 3, 7, 9 and 13 respectively. Theae
results are approximately within the standard range of
protein requirement recommended by the Nigerian Panel on

poultry feed standard.
Crude Fat

The results of crude fat (maximum) 9.550, 9.235,
8.775, 9.981 and 12,045% for the broiler ratiomns 1, 3, 7,
9 and 13 taken in order as shown on Table 3.5 page 81,
are above the recommended maximum requirements for fats
as given by the Nigerian Panel on poultry feed standards
(1979). Vell, the results are so because of addition of
raw palm oil to the feeds to make up for tocopherol for

the broilers (100),

Total Ash

As seen in Table 3.5 the total ash results 7.253,
7.121, ?.146, 8,068 and 8.136% are high and denotes

excessive mineral matter content.

Insoluble Ash

— ——

The inesoluble ash result 0.330% for ration 1 shown
in Table 3.5 is quite minimal. The results 1.455, 1.355,
1.805 and 1.105% for rations 3,17, 9 and 13 respectively
are very high and needs reduction. "heir values show

thet more than one part out of hundred of each ration is






