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INTRODUCTION

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

define experimental error
name and explain the types of experimental error
determine error precision and accuracy.
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3.0 MAIN CONTENT

3.1 Experimental Error

Experimental error or uncertainty is defined as diféerence between a
measured or estimated value for a quantity andrits value, and it is
inherent in all measurements as seen in our inttimu Scientific
experiment has errors that may occur, therefoee ktftowledge of the type
and degree of error likely to be present is esskiftdata are to be used
wisely. Error analysis is when a person is comgaanmeasured valued
gotten from an experiment to a predetermined valugue value. These
variations are inherent in all measurements as geeur introduction.
Scientific experiments have variations or erromt thay occur during the
course of their experiment. It is therefore impottto know the type and
degree of error likely to be present if the dae t@arbe used wisely. Error
analysis therefore is the study of difference betwa single measurement
the range of possible values that a measuremenessalt might reasonably
expected to have.

3.2 Types of Experimental Error
There are two common types of error: viz are syatenand random errors.
3.2.1 Systematic Error

These are errors that arise from a flaw in the onessent scheme which is
repeated each time a measurement is taken. Theyaaetions due to an
imperfection in the equipment or techniques tha ased to make a
measurement. Systematic errors are also calledndetge errors because
they can be determined and corrected by the use adrrect measuring
calibration or by adjusting the measuring technsque

Common Sources of Systematic errors are:

Lack of uniformity in conducting an experiment

Lack of correct calibration of measuring instrungent

Poorly maintained instruments

Faulty reading of instrument by the user

Taking reading on unbalanced instrument which valult to too
high or too low values

Unaccounted environmental effects.

ahowpE

o



AGR 305 MODULE 1

3.2.2 Random Error

These are errors that occur due to random, ungaddécphenomena. They
are also known as indeterminate errors. These tygesrrors are
directionless because they cause variations ieedinection. It gives result
that fluctuates below or above the accepted valbmce they are
uncontrollable, a good replication of experimentymaduce the magnitude
of this type of error even though it will not eredatie it totally.

Common sources of random error are problems imasiig a quantity that
lies between the graduations of instruments andibility to read an
instrument because of fluctuations during the mesasants.

3.3 Accuracy and Precision

Accuracy measures how close a measured valuetigttrue or accepted
value. it is sometimes not possible to determinev haccurate a
measurement is because sometimes the true valwee gorsical quantity
may not be known. Precision on the other hand meeasww closely two
or more measurements agree with one another. Isunes the closeness
that exists between two or more measurements takera replicated
analysis. Precision is sometimes refers to a ‘righddy’ or
'reproducibility’ because its measure is highly negucible and tend to
give values which are very close to each other. differences between
accuracy and precision can be best described hyichee below:

High accuracy
High precision

a) Low precision
High accuracy
b)
High precision
Low accuracy
C) Low precision

Low accuracy
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3.4 Calculating Experimental Error

When reporting the result of an experiment, theilteshould describe the
accuracy and precision of the experimental measemeénCommon ways of
reporting accuracy and precision are given below.

1. Percent Error: This measures the accuracy of auneagnt by the
difference between a measured value (E) and avalue (A) and is
denoted by the formular

% Error = E-A
A Where E= Experim@Enfalue or measured value. A=
Accepted or true value.

2. Percent Difference: This is applied when comparitgo
experimental quantities, ;Eand E2neither of which can be
considered the correct value. It is expressed eslisolute value of
the difference over the mean times 100

% Differencq;( = E}+EX100
2 BB /

40 CONCLUSION

As much as possible reducing experimental errorresearches or
experiments is paramount to having a less erraoun experiments and
calculations of percent error and percent diffeeehelps one estimate the
accuracy of experiment.

5.0 SUMMARY

In this unit you learnt what experimental errortlse two major types of
experimental errors which are the systematic amdlam experimental
error, you also learnt the difference between greciand accuracy of a
measurement as well as how to calculate experithentar. It is obvious
from this unit that there is no perfectly done axpent; errors in every
experiment occur due to some causes that are beynendontrol of the
experimenter. Therefore before starting an experimeareful observation
of experimental materials and instruments are ree@mrereduction of error.
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6.0 TUTOR- MARKED ASSIGNMENT

1 What is experimental Error?

2 List and explain the types of experimental error

3. Differentiate between accuracy and precision oeexpental error.
4 State how to measure experimental error

7.0 REFERENCES/ FURTHER READING

John, R. T. (1997)An Introduction to Error Analysis, The Sudy of
Uncertainties inPhysical Measurements. (2nd ed.). University
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Hill Book Company In
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1.0

Sampling is the backbone of analysis. Since ibispossible to analyse the
whole population, sampling in the population pr@dgda glimpse of what a
population look like. Sampling is a procedure whangortion of a data is
taken from a large set of data. The result gottemfa sample can be used
to make an inference into the population. Inappatersampling will give a
wrong and unmeaningful result that will lead to aomg conclusion or
decision making. This unit therefore will teach ybaw to take a good
sample and how to process it as well as give yeudifferent types and
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INTRODUCTION

techniques of sampling.
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2.0 OBJECTIVES

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

) give characteristics of a good sample
. state and explain the types of sampling
J explain the various methods of sampling.

3.0 MAIN CONTENT
3.1 Characteristics of a Good Sample

Since sampling involves the proper collection othgang of a laboratory
size material which is a true representative ofwhele analytical material,
sampling remains vital to the success of the wiamlalytical exercise. A
good sample should possess the following charattesi

1. It must possess the features of it population frehrere it was
sampled or collected

2. Sample collected from the population must maintaenature of its
population throughout the analysis.

3. For readability to be ascertained, the number ofpda must be
large.

3.2 Developing a Good Sampling Plan
To develop a good sampling plan, one should congiigefollowing:

1. The objective of the analysis or the experiment

2. The consequences of wrong decision

3 The accuracy and precision required to obtain db# make a
correct and reliable decision

4. The level of homogeneity of the data

5. The sampling size: the number of sample to be ciitt must be
large enough to be a true representative of thelptpn

6. How the sample will be collected or gathered

7. The storage condition of the sample must be favder#or it to

maintain its original nature

8. The choice of appropriate separation method to bed ufor
processing the sample and

9. The size of the final sample required for the asialy
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All these plans listed above depend on the knovdeoigexpertise of the
sampler the nature of the population or site frohiclv the sample is taken
and level of precision and sensitivity of the regdioutcome.

3.3 Various Sampling Techniques
The various sampling techniques employed in anays3:
3.3.1 Representative Sampling

This is a subset of population that accuratelyertd the members of the
entrance population of interest. A representatin@e should be
unbiased, indication of what the population is like

3.3.2 Probability Sampling

Is any form of sampling that utilises some formrahdom selection of
analytical materials. In other to have a randorec&n method. One must
set up some process or procedures that ensuré¢hthdifferent units in a
population have equal probabilities of being chosErere are some table
of random sampling that are used for random sampgbnensure that each
member of the population have the same chancei Iselected.

The most recent use of random numbers is doneghrsame coded forms
of number in the computer to form the bases fodoamsation.

3.3.3 Sample Frame

Sampling frame lists all the elements of the poputathat are of interest,
for example if we want analyses a particular elemeithe population, we
will need to know the identity of all the elemethsat are of interest to us to
be able to draw our element of interest.

3.3.4 Random Number Sampling

This is a number determined totally by chance wmih predictable
relationship to any other number. A random numhbeétetis used for such
sampling. A random number table is a list of numbsymposed of digits
that are arranged in such a way that each digit taspredictable
relationship to the digits that preceded it oriie digit that follows it.
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3.3.5 Simple Random Sampling
The simple random numbers has the following pragesrt

1. The entire population consist of N number

2. The sample consist of n number

3 All possible samples with n number have equal [igyi of being
chosen.

Simple random sampling is simple to explain as cana to others; this is
because it is the best way to select a sample. leasonable enough to
generalize the result of the sampling back to titeeepopulation

3.3.6 Systematic Random Sampling

Systematic sampling is a form of one stage clusdenpling that is used in
place of simple random sampling. To achieve thatftllowing steps are
important:

(1) The number of the units in the population must toenfone to ten
(1-10)

(i)  Decide on the sample size that you need

(i)  Give consideration to the interval size K=N/m

(iv) Randomly select an integer between 1-K

(v) Then take every X unit. Let assume we want to select from a
population that has 100 samples and that we walakta sample of
n=20.

To use systematic sampling, the population mustidied in a random
order. The sampling fraction would be f=20/100 =20%

3.3.7 Stratified Sampling

Stratified sampling involves the division of hetgemeous population into
varying smaller groups known as strata. The stegaformed on the bases
of their homogeneity. A random sample from eachtsin is taken in a

number proportional to the stratums size when coetpto the population.

These forms of strata are then pooled to form daansample.

Advantages of Stratified sampling

1. It can provide greater precision than a simple camdample.
2. It often requires a smaller sample which savesagast.
3. It can guard against an ‘unrepresentative’ sample.
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3.4 Types of Sample

Here are some of the samples that are collecteahfalysis.

3.4.1 Composite Sample

Composite sample give a representative samplifiget&#rogeneous trays in
which the composition of the analytic of interestynvary over a period of
time and space. These kinds of samples can be rsgjuer flow
proportional. Sequential samples are collected gusan continues and
unchanged equipment while flow. Proportional conigosamples are
collected at a rate proportional to flow.

3.4.2 Integrated Samples
These are samples that are collected at diffeneet but in a simultaneous

form. The result desired from these samples carbds provided by
analysing matures of such samples collected aréifit points.

3.4.3 Grap Samples

These are discrete samples that are collectedspedific spot in a place
over a limited period of time. Grap sample are lbefiected when it known
that their source are affected by time.

4.0 CONCLUSION

Sampling still remains the backbone of any reaslenabalysis, because if
the sampling is not done the right way, no mattew hgood your

instruments are you may not get a concrete rebalt will be used for

drawing a meaningful conclusion. Good sampling gigeod result while
bad sampling always leads to bad and results il errors

5.0 SUMMARY

In this unit, we have learnt about

J Definition of sampling
. Characteristics of a good sample
) The various sampling techniques
) The types of samples.

10
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6.0 TUTOR- MARKED ASSIGNMENT

Justify the statement; sampling is the backborenalfysis
List out the characteristics of a good sample

Mention and explain the various sampling techniques
List the types of samples

PN PE
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1.0 INTRODUCTION

Experiment is defined as a systematic enquiry antubject matter with a
view of discovering new facts or refuting resultstaoned from previous
researches. The various step involved in experiationt are referred to as
scientific methods which include

Hypotheses formulation

Planning an experiment to test the hypotheses
Data collection

Data analysis and result interpretation

PwONPE

2.0 OBJECTIVES

At the end of this unit, students should be abje to

. define an experiment
. give the various ways/steps involved in experimeorta
J define experimental design

12



AGR 305 MODULE 1

J give steps taken in the design of an experiment
. give and explain the types of experimental desigramimal science
. give examples of types of experiments designs imalnscience.

3.0 MAIN CONTENT

3.1 Experimental Design

Refers to all preliminary steps taken to ensure@pyate data collection,
data analysis, interpretation and valid inferencetamed from an
experiment. These steps include;

Problems definition

Statement of objectives

Selection of treatment

Selection of experimental materials

Selection of experimental design

Selection of experimental units and replication

Control of effect of adjacent unit

Conducting the experiment and analysing data arerpreting
results.

ONoUh~wbE

3.2 Randomisation

This involves the assignment of treatments intoeexpental unit such that
each unit is given equal chance to be assignect&bntent. It provides an
unbiased estimate of treatment means and expeamenbr. Just like
random sampling, the aim of randomisation is tauoedthe possibility of
bias judgment.

This refers to the assignment of similar experiraknhits together in a
group. It helps in checking variations among treatgroups and
removing experimental error.

3.3 Replication

This means the appearance of a treatment in amiengreg more than once.

It is important because it helps in estimating eanod also provides a more
precise measure of treatment effect

13
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3.4 Control

These are neutral and untreated experimental umitich are allowed for
certain restriction on randomisation. This is ddoecontrol experimental
error

3.5 Common Designs in Animal Science Consist of

1. Single factor design
2. Multiple factor design

A single factor design is a design that have omlg sndependent factor or
variable of treatment in which a factor is manipedhat various levels.

Multiple factor design is a design that has moentbne independent factor
or variable of treatment in which more than onadaare manipulated at
various levels.

3.5.1 Completely Randomised Designs (CRD)

CRDs are the simplest form of designs in which th# experimental

materials are homogenous except the treatmenteofatiior that is needed
to be examined. In CRD, treatment is assigned toeemental units

completely at random or by chance. Each experinhamé has equal

chance of receiving a treatment. Such experimaméb could be plots,

animals or soil samples. For example if we havaraber of treatments say
Ny, My, Ms....N,  and we have experimental units saym, ps,...pn, €ach of

the experimental unit has equal chance of beingtgdewith each of the
treatments.

Advantages of CRD includes

1. It is flexible, because one can have as much nurabé&eatments
and that any number of treatment can be as thiableanumber of
experimental units

2. Statistical analysis is simple even if there arequal number of
experimental unit per treatments can be investibate

3. The number of degree of freedom is large for edinga
experimental error.

4. When data is missing, the analysis remains simple.

Disadvantages of CRD

1. There may be less of precision if the experimentalts are not
homogenous

2. It is less efficient than other designs

14
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3. It can fit large number of treatment because ldrgatment amount
of experimental material will be.

3.5.2 Randomised Complete Block Design

A randomised complete block design is used whermxental units can
be grouped in blocks according to some defined cesuiof variability
before assigning treatments to them. Blocks areiggahat are used to
explain another part of variability, but the te$tleeir difference is usually
not of primary interest. The number of experimeniaits in each block is
equal to the number of treatments, and each tresti;@andomly assigned
to one experimental unit in each block. The precif the experiment is
increased because variation between blocks remouvbe analysis and the
possibility of detecting treatment effects is iraged. The characteristics of
randomised complete designs are:

1. Experimental units are divided to a treatment atmtks. Each
treatment appears in each block only once
2. The treatments are assigned to units in each vdoadkomly.

This design is balanced, each experimental ungraaiped according to
blocks and treatments, and there is the same nuofbelocks for each
treatment. Data obtained from this design are aedlywith a two way
ANOVA, because two ways of groupings, block anatiment are defined.

Advantages of Randomised Complete Block Design inale;

1. It helps in the reduction of experimental error

2. It gives a more satisfactory precision

3. Random error is kept as small as possible becaysrimental unit
does not contribute to the observedineat variability

4. It does not allow for restriction of number of tie@nt or blocks.

Disadvantages
1. Large error term results due to the facts thateldargatment number
makes it impossible to have homogenous units wighich block

3.5.3 Factorial Design

A factorial experiment has two or more sets ofttreamts that are analysed
at the same time. Recall that treatment denotescpi@r levels of an
independent categorical variable, often calledcdéofa Therefore, if two or
more factors are examined in an experiment, itfesctéorial experiment. A
characteristic of a factorial experiment is thdtambinations of factor
levels are tested. The effect of a factor aloneaited a main effect. The

15
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effect of different factors acting together is edllan interaction. The
experimental design is completely randomised. Caatimn of factors is

randomly applied to experimental units. Consideegperiment to test the
effect of protein content and type of feed on nyikkld of dairy cows. The

first factor is protein content and the second/petof feed. Protein content
is defined in three levels, and two types of feeslsed. Each cow in the
experiment receives one of the six proteins and fs@mbinations. This

experiment is called a 3x2 factorial experimentause three levels of the
first factor and two levels of the second factog defined. An objective

could be to determine if cow’s response to difféerprotein levels is

different with different feeds. The characteristafsa factorial experiment
is particularly useful when little is known aboutacfors and all

combinations have to be analysed in order to caleciuhich combination

is best. There can be two, three or more factorsannexperiment.

Accordingly, factorial experiments are defined lwmnbers of factors in the
experiment.

Advantages of Factorial Experiments include

1. It allows for assessment of more than one animaltamhe

2. It is efficient and comprehensive because it alldarsthe test of
treatment effect as well as possible interaction.

3.5.4 Split Block Design or Nested Design

The split-plot design is applicable when the efieof two factors are
organised in the following manner. Experimental enal is divided into
several main units, to which the levels of thetfif@ctor are randomly
assigned. Further, each of the main unit is agaimlel into sub-units to
which the levels of the second factor are randaamslyigned. The split plot
design plan can include combinations of completalydomised design,
randomised block designs, or Latin square desighsch can be applied
either on the plots or subplots

3.6 Latin Square Designs

The major feature of Latin Square design is itsac#ty to simultaneously
handle two known sources of variation among expemta units. It
employs the use of rows and column. It treats tbarces of two
independent blocking instead of only one as in C&ld CRBD. This is
achieved by ensuring that every treatment occulssarce each of the row
and column block. The two basic restrictions ofilhaquare are that the
number of rows must be equal to the number of cokiand equal number
of treatment and that no one treatment must appeee in the same row

16
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or column. This procedure makes it possible toneg® variation among
rows block as well as among column blocks and gaéininate them from

the experimental error.

Latin square design can be applied in trial whioh éxperimental plots are
arranged in a straight line and in lab trials weplications over time. Such
that variations among units conducted the same &nekthose over time
constitute the two main sources of variations. dh @lso be applied in
animal science feed trail.

Advantages of Latin Square Designs includes

1. It controls more variations than CRD and CRBD bseaof the use
of row and columns

2. That can be analysed simply

3. Analysis can be done even when some plots arenygissi

Disadvantages

1. Number of treatment is limited to the number oflicgies which in
most cases does not reach 10

2. If less treatment are employed the degree of fneefdw controlling
random variations will be large and that of erraf be small

3. It is difficult to evaluate interaction between ramd columns or

treatments vice-verse.

4.0 CONCLUSION

Experimental designs in animal science are dorensoire appropriate data
collection, data analysis interpretation and vaditerence with the aim of
reducing experimental error in an experiment.

5.0 SUMMARY

The essences of experimental designs are to apgielgrcollect data that
will be analysed to give a meaningful and undeditag conclusion. Some
of the measures taken to reduce experimental em®rrandomisation,
replication and control. Also, common designs innmad science the
randomised complete block design, factorial desiga,split block design
among others.

6.0 TUTOR- MARKED ASSIGNMENT

1. Define experiment and give the steps involved ipegxnentation.
2. Briefly explain the following;

a. Blocking

b. Randomisation

C. Replication and

17
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d. Control
3. Explain the various steps in experimentation
4. Give advantages and disadvantages of CRD

7.0 REFERENCES /FURTHER READING
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1.0 INTRODUCTION

In the last unit, we looked at various designs xjjegiments in animal
science such as.

Complete Randomised Design CRD

The Complete Randomised Block Design (RCBD)
Latin Square

Split Plot Design or Nested Design

PwONPE

In this unit therefore, we will look at how thesesigns are practically
applied in animal science and the steps in calogaif they are
significance.

2.0 OBJECTIVES
At the end this unit, students should be able to;

comfortably use calculations in CRD

calculate analysis of variance (ANOVA) in RCBD
calculate ANOVA from data in Latin square

solve calculations (ANOVA) from data in nested desi

19
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3.0 MAIN CONTENT

3.1 As stated before in unit 3,CRD is a design in whatllthe treatment
except materials are homogenous except the tretgntbat are
allocated in this design, variation is measureq amlone direction.
Generally, the ANOVA table for CRD is as shown lelo

Source of DF SS sum Mean Calculated Tabulated
variation  degree  of squares(MS F F
of squares =
freedom g
Df
Treatment t-1 S&R MSt
MST
n— t S%rror MSE MSE
Error

n-1 S STotal
Total

Consider the data collected on 20 goats randondigasd to 4 treatments
and the effect the treatments is measured.

First thing to do is to set up a null and the altde hypothesis. Null
hypothesis (H) = assumes the unchanged state

Ho = means of all the data are the same for tHelgit: y; =y, = y3 =y,
Alternative hypothesis (Ha) = means treatments reok the same: 1y
F YoF Y3F Va

The module for this design as follows

Yi=U+ T+ g

Where: y= any observation, U = overall mean =Teffect of treatment and
gj = random error.

Assuming, the 4 treatment are applied to thesesgastshow or the table
below:

Trtl Trt2 Trt3 Trt4 Total
40 39 44 55 17¢
44 52 40 35 171
37 45 50 56  18¢
50 38 43 44 17t

Total 213 20€ 227 239 Total = 88¢

Means of treatments

20
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203 209 227 239

Means -5—, T, T, T = 426, 418, 45 .4, 47.8
Step 1
Calculate the correction factor (CF)-=—candtotah  _ (888) _ (788,544)
Cf = 39427 20 total of observation 20 20
Step 2
Calculate the sum of square total {§S= Crude sum of squares- CF
SSot = 40 + 3F+44+......... +49— 39427.20

= 40196 — 39,427.20 = 768.8
Step 3

Calculate the SS treatment
_ ,crudesumofsquaretreatment .
SStret = \ No.ofanimalspertreatment ) CF
— 3122+2092+25272+2392 - CF: 197‘,1-700 . Cf = 39540 — 3942.20 = 112.8

Step 4 calculate the SSerror
SSerror = SStotal — Sstret = 768.8 — 112.8 = 656
Step 5 Construct an ANOVA table and input the value

Source of vari | Degre¢of freedc | Surmr of square | Mean Feacua | Frabula
ation (SOV) m(DF) S(SS) square( | teq ted
MS)
Treatmen t—1=41 = 112.¢ 37.6
tr—1) = 0.917 | 3.24
Error 45-1)=16 656 41.00 |™
Total n-1 =20-1=19 |768.8

From the table above
MS is gotten by dividin%

sum of squares

or each class.

egree of freedom
_SStret _ 112.8

That for MS, = =—— =376
df 3

SSerror _ 656

MSerror = 5 1e - 41

16
Fcal value is calculated by dividing MStret by M@er

MStrt 37.6
=——=——=0.917
MSerror 41

For F tabulated, an F distribution table is usedtifiis example; we will
check the value of f at 5% (0.05) at degree ofdoze.
df, = degree of freedom for treatment which is onhbazontal line of the

table.

21
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df, = degree of freedom of error which is checked lom vertical axis f
tabulate df(3)/df.

16 3.24

Compare the calculate F value with the tabulatealde and decide on the
level of significance of the difference among thlieup using the following
rules:

1. If the calculated F value is greater than tabul&edlue at 5%, the
treatment is said to be significant. Such a remulindicated by
asterisk (*). If it is significant at 1%, it is shito be highly
significant and it is indicated by (**) on the calated f-value.

2. If the calculated value is smaller than or equathe tabulated f-
value at 5% level of significance, the treatmefffiedence is said to
be non-significant, such result is indicted by plgcNS on the
calculated F-value. For our example above, thelédbd value 3.2 is
greater than the calculated value 0.917. This mefaais effect of
treatment is not significant; we will therefore;capt the null
hypothesis that said that treatment means areathe.s

3.2 Analysis of Variance for Rchd

As discussed in unit 3 in the RCBD, the main featarthe use of blocking
of equal size, each of which contain all the treatta. The model for
RCBD is given bellow;

Y= U + T, + B + g where; Y, = any observation, U = overall mean=T
effect of treatment

B, = effect of blocking andje= random error

The ANOVA for RCBD,
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Source  of Degree of Sum of (MS = Calpculated Tabulated
variation freedom squares SS F F
Df
mean
squares
Replication r-1 S& MSg
MS; MST
Treatment t—1 SS MSE
MSg
Error (r=121) (t— SSor
1)
Total SSqotal
-1
Example 1

Consider a data collected from RCBD experiment ImcW a diet was fed
to animals and the following data was obtained.

Rep Diet total
t1  t2 t3 t4

1 4 5 9 5 23

2 6 4 12 7 29

3 5 6 9 8 28

Total 15 15 30 20 80

Mean 5 5 10 6.67

Run an ANOVA for the result

Calculate the correction factor% = % =533.33

SStotal = CSS - CF
=F+5+F+..+8-FC
=598 — 533.33 = 64.67
_CSS Treatment

152+152+302+202 — CF  _ 1750
SSt=——-FC = =

replication 3
j 232+292+282-CF
SSrep :s% =

4
2154

— Cf=538.5-533.33 =5.17

SSror= SSoar (SSit+ SSep = 64.67 — (50.00 +5.17) = §5=9.5
Construct the ANOVA table as shown bellow

- CF=50.0
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SOV Df S¢ Ms Fca F 0.0t | F0.0]
Treatmen |t-1=41=: |50.00C |16.67 |10.5¢ |4.7¢ 9.7¢
Rep rr-il=3-1=2|5.17 2.59

Error (r-1)(t-1) =6 | 9.50 1.58

Total n-1=11

Compare the F tabulated with the F-calculated, kla¢®.05 and 0.01 at df
3 and 6. Since the tabulated at both FO0.05 and1lEF@sOless than F-cal,
report at 0.01 two means that the effect is saidetdighly significant and
is represented by (**) (two asterisk).

3.3 Latin Square Design

As discussed in the last unit, Latin square emght@ycontrol of error using
row and column randomisation in this unit takesecaf treatment being
equal to the No of row and columns. In Latin squaoeone treatment must
appear twice. The design can be 3x3, 4x4 or 5x5 e.g

Example: The following data was obtained from aperinent gotten from
a Latin Square design. Run its ANOVA and make agsioh.

Row
1l | Y] 1l IV Total

5 C7 D6 B6 ElZ B7 38

2 Ell C7 E10 B9 A4 41

4 D7 ES C6 D3 E9 33

1 B8 A5 D7 A5 C6 31

3 A2 B10 A3 C4 D7 26
Total 35 | 36 | 32 | 33 | 33 16¢
cr=(52) = == 28561 ~ 1142.44

n 25

= 5
SS=7’+6+6+...+F—CF
=1297 —1142.44 = 154.56
CSS Row -CF — 382+412+4332+312+262 — CF

column 5

SSow =

_ 5851

. 1142.44
1170.2 — 1142.44 = 27.76
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_CSSc-CF352+362+322+332 +332—CF
SScolumn =
row 5
5723

-~ - 1142.44

=1144.6 —1142.44 =2.16

SStrt = sum all the values attached to a padic@lphabet and square the
answers

A=2+5+3+5+4=19

B=8+10+6+9+7=40

C=7+7+6+4+6=30

D=7+6+7+3+7=30

E=11+8+10+12+9 =50

192+402+302+302 +402 —CF _ 6261
5 5

SStrt = CF

1252.2 —1142.44 = 109.76
SSerror = SStotal — (SSr + SSc + SStret) = 154.587.76 + 2.16 +
109.76)

=14.88
ANOVA Table
SOV Df SE< MS Fcal
Row r-1==51=4 27.7¢ 6.94
Column C-1=5-1=4 2.16 0.54
Tret t-1=5-1=4 109.76 27 .44 22.3]
Error (r-1)(c-2) =4x3 =12 14.88 1.23
Total n-1=25-1=24

__MSTRET _ 2744 _ 55 oq

Fcal = =
MS ERROR 1.23 ——

Since the Ftab at both 0.05 and 0.01 at df 4:12eaethan the calculated F
(22.31), the result can be said to be highly sigaift.

3.4 Nested Design/Split Plot Design
The model for nested design is;
Yik=U+ S+ D+ ¢

ik
Yix = record of the tlRoffsprring of thet]1 dam mated to théh,j U = overall
mean
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S = effect of the jth sire, D= effect of the jth dam mated to the jth sire and
gj= random error

Example of a nested design calculation is seemta dotten from a quail’s
experiment where 3 sires were mated to 4 dams, &aatleach dam has the
following progenies as seen in the table.

Nested Design (Split-Plit Design)

| Il 1
Zy, 2 3 4=C
Y2 S 6 7=18
Y3 8 9 8=25
61
Ya 3 4 2=9
18 22 21
ZZyl 3 4 3=1C
Vo 2 6 7=15
V& 8 8 8=24
Va 9 2 3=1463
22 20 21
Zgyl 2 3 4=C
Vo 6 5 2=13
Vs 2 3 9=14
Va 5 5 5=15
15 16 2C
51
Solution

Replication = Sire(main treatment) = 3 Dam (subtirent) = 4

(614+63+3)

CF = —
SS =CSS-CF
CSS=2+3F+4+..+5=CF

= 1049 — 850.69 = 198.31
SST =198.31

-3 850 69
36
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SSr = sum of replication
Replication | = 18+22+15 = 15
Replication Il = 22+20+16 = 58
Replication Ill = 21+21+20 = 62

55245824622

Therefore S« ——— - CF

12
__ 3025+3364+3844

= — 850.69 =
2

852.75 — 850.69
SSREP = 2.06
SSz = sum of main treatment

2 2 2
S5z LT 85069
— 3721+3‘j;9+2601 _ 85069

=221 850.69
12

= 857.58 — 850.69 = 6.89
SSz =6.89

1824+222421%242224212415%24+162+202

Error (a)= ” — (CF + SSR + SSZ)

= 2% (850.69 + 2.06 + 6.89

= 863.75 — (859.64)
= 863.75 — 859.64
~ error(a) =4.11
SSy = sum of sub-treatment: Sum of
yl1=9+10+9 =28
y2 =18 + 15 + 13 = 46
y3 =25+24 + 14 = 63
y4 = 914+ 15 = 38

282+462+632+382-CF

Therefore, SSy= .

10233

— 850.69 =

— 784—+2116-|(-)3969+14—4—4— 85069 :83913
SSy =72.98
SS interaction = sum of square of interaction

850.69 =923.67 —850.69

92+182+2524+92+102+1524+242+4+1424+92+132+1424+152—(CF+ SSmain treat+SSSub treat)
3

_ 2879

== (850.69 + 6.89 + 72.98 = 959.69 — 930.56

SS interaction = 29.11

SSerror (b) = S& all others
=198.31 — (SSr + SSz + SSy + SS interaction)
=198.31 - (2.06 + 6.89 + 72.98 + 29.11)
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=198.31-111.04
SS error (b) =87.29

ANOVA Table
Source Df SS MS Fcal Ftab
Replication (3-1) =2 2.0¢€ 1.0 1.002 0.05 0.0
NS
Main treatment  (3-1)=2 6.8¢ 3.44¢ 3.35 6.94,18.0
NS
Error (a) (2-2)(y- 4.11 1.02¢
1)=4
Sub-treatment  (4-1)=3 72.9¢  24.32] 5.018 3.16 5.9
XX
Interaction (3-1)(4- 29.11 4.852 1.000 2.66 4.0
1)=6 NS
Error (b) n-18 87.27 4.84¢
Total 35
Conclusion

From the calculation above at the df = 2, 2, 3 @rttlere is no difference
between replication, main treatment and interacton there is highly
significant difference between sub-treatment.

4.0 CONCLUSION

As seen from this unit, each design has its ownuerness as to how it is
being designed and calculated. Attention shouldjiken to the way each
design is being partitioned so as to arrive at ammggyful result.

5.0 SUMMARY

Summary: this unit, you have learnt how to cala@IlaNOVA for various

designs in animal science, such designs as CRD,RQRtin square

nested design. You also learnt that when the catledlvalue at 5%, the
effect of a particular treatment is said to be Higant normally indicated
by asterisk.

When it is greater at 1%, it is said to be highgngicant and is indicated
by two asterisks on the ANOVA table. On the othandhif the F-tabulated
is greater than the F-calculated, the treatmenécefis said to be
insignificant and is indicated by N.S on the F-atdted on the ANOVA
table.
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6.0 TUTOR MARKED ASSIGNMENT
1. Observe the table below and answer the procgepliestions.
Trtl Trt2 Trt3 Trt4
39 40 44 55
44 52 40 35
45 37 64 50
44 38 43 50

(a)  Suggest the Design for the table above,

(b)  Run an ANOVA for the design.
2.

Il I \% Il \Y

5 C11 D7 D9 E1C B7
2 E12 C8 D9 B9 A8
4 B7 A8 C6 D3 E9
1 B12 A5 D8 A5 C5
3 E2 B10 A5 C4 D12

a. What design is this?

b. Write out the model for the design and runghalysis
3. Name the design and state suitable model for it

I Il 1]
Ziyl 4 3 6
Y2 4 5 8
Y3 6 8 7
Ya 5 6 2
Zzyl 4 3 5
Y2 4 7 6
Y3 6 8 9
Ya 9 2 3
Z3y1 2 3
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Y2 6 5 2
Y3 2 3 9
Vs 5 5 5
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MODULE 2

Unit 1 Introduction to Statistics
Unit 2 Descriptive Statistics
Unit 3 Probability

Unit4 Measures dRelationships
Unit 5 Statistical Tests

UNIT 1 INTRODUCTION TO STATISTICS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Scope of Statistics
3.1.1 Nature of Statistics
3.1.2 Descriptive Statistics
3.1.3 Inferential Statistics
3.2 Data Collection and Presentation
3.2.1 Data Collection
3.2.2 Why do we Collect Data?
3.2.3 How to Collect Data/Sources of Data
3.3 Basic Statistical Terms
3.4 Data Summarisation and Presentation
3.4.1 Tabular Presentation of Data
3.4.2 Guideline for Construction of Tables
3.4.3 Graphical Presentation of Data
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Statistics deals with methods of collection, orgation, interpretation and
presentation of information which are set in nuceriform. Research or
Experiment in animal science is aimed at carefllecton of data that are
subjected to statistical analysis in other to provesfute the predetermined
point (Hypothesis). In this unit, you will be inthaced to the nature of
statistics, collection and summarisation of stmédtdata as well as the
basic concept/terms in statistics.
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2.0 OBJECTIVES

At the end of this unit, students should be able to

define statistics

describe the two natures of statistics

define data collection and why we collect data

list and present data in a possible summarisedabrm

3.0 MAIN CONTENT

3.1 Scope of Statistics

Counting to numbers began right from the beginnofgthe world.
Advancement in the way this counting (statisticsd maow at the level of
solving a lot of practical problems in animal expents. With statistics,
data on many animal experiments e.g Milk yield,gheigain of an animal
and many other results are summarised into a mglhirand more
readable state. The use of appropriate statistaainiques and sound
statistical judgments to interpret data and reqdtsas to reach reasonable
decisions are now possible.

3.1.1 Nature of Statistics

3.1.2 Descriptive Statistics

This type of statistics summarises data so we aaityeobtain an overview.
It helps us to describe large number of data céérom our experiments
to bring out information which is obscure.

3.2.3 Inferential Statistics

This nature of statistics involves the treatmentiata leading to inference
and predictions of what the population is likelylse. It allows us make
claims or conclusions about a population based osample of data
obtained from the population.
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3.3 Data Collection and Presentation
3.3.1 Data Collection

Data collection is the method of gathering inforimaton variables of
interest in a systematic way that will enable tagearcher/experimenter to
answer his research questions (hypothesis) andatyse outcome. It can
also be said to be assembling of relevant inforonatiom sources in order
to have a qualitative statistical analysis. Becaokéhe importance data
play in making decision in statistics, attentioretiéo be given on how one
collect and summarises his data. Data collectedesas a tool for rational
evaluation and inferences.

Classifications of Data

1. Qualitative Data: They are data collected on qualitative variable
that cannot be quantified. Finding averages fohskiods of data
does not really make sense. Example color of asimBbdy
conditions of animals and number of ticks on angnal

2. Quantitative Data: These are data collected on quantitative
variables. Such data can only be measured butowtted. Normal
distribution curve are used to represent data. P¥asnare weight,
length and heights.

3.3.2 Why do we Collect Data?

1. To confirm existing hypotheses

2. To refute the establish hypothesis with a backedeasons for the
observable differences.

3. To develop a new hypothesis. Such hypotheses a&enufi and
alternate hypothesis. The null hypothesis is datextheven before
the data are collected while the alternate hypethese worked out
tests statistics that are compared with the tahlaev

3.3.3 How to Collect Data/Sources of Data

1. Primary Sources: These are data gotten from a tdgearce or
observation by the researcher.
2. Secondary Sources: Data collected from these s®we derived

from already documented data. The researcher t®lose data
from organisations, Government establishment omgamwithout
his/her taking part in the documentation.
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3.4 Basic Statistical Terms

1. Variable: Is a value assigned to specific olsgow or a
measurement? Examples are age, height, and length.

Variables can be divided into

(a.) Discrete Variable: Is a variable that takes omtegers as
values, e.g. number of animals in a herd

(b.)  Continuous Variable: Is a variable that takes king of real
numbers and it is measured not counted, e.g. weight

2. Observation: Is a value of a variable fouaber of populations or a
recording of information. It could be numericalaategorical.
3. Sample: Is a subset of a population is plaat of a population that

are observed for the purpose making inference égotipulation. It
could be random or purposive.

4. Parameters: It is the characteristics obpufation which helps to
summarise information about the population withpess to the
variable under study.

5. Estimation: Is the process of summarising the mfatron continued
in a sample to make inference about the population.

6. Sampling Size: This is the number of sampling taken from the
population.

7. Statistics: Any numerical value describing relcteristics of a

sample.

3.4 Data Summarisation and Presentation

Data are summarised and presented through taldegraphs.

3.4.1 Tabular Presentation of Data

Tabulation of a data reduces very big data intommgdul and readable
form.

Data in tabulation are coded condensation of bigrmation into a small
range of meaningful categories to suit the requemreinof the researcher.
Examples of tabulation are:

1. Frequency distribution table
2. Cross Tabulation
1. Frequency Distribution: Is a tabular arrangementafa by class

that has its corresponding frequencies.
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Example: Consider the weight of 100 goats in @her
Weight 1-10, 11-20, 21-361-40, 41-50 Total
Frequency 18 5 27 42 8 100

Frequency is the number of appearance of a paaticwimber
of group or class of numbers that occur in a data s
Cumulative Frequency: This is obtained by adding th
frequencies of the succeeding class to that optbeeeding
class. If for the example of goats above, we have:

Weight 1-10, 11-20, 21-331-40, and 41-
50

Frequencyl18 ) 27 42 8

Cumulative Frequency 18 23 50 92 100

3.4.2 Guideline for Construction of Tables

ONoOGRWNE

Title of the table should be self-explanatang aeflect the content
Figures to be compared should be adjacentves oy columns
Figures should be from the same unit

Divide long rows and columns into sub heading

Use singular form for heading

Mention the unit of measurement

put sub-total where applicable

Put appropriate approximation for your data

3.4.3 Graphical Presentation of Data

Presentation of data on graphs and diagrams méaleesier to understand

and grasp.

Graphs are lines that relate dependent and indepénrdriables: Graph can
take a positive or negative format. Example

Many variakles

Presents a,b,c

Yy
(o - Positive
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-y

Histogram: It is pictorial representation of vatesb frequency which is
done by constructing vertical bars that are sepdriibm each other.

Frequency

&4alnterval -

Frequency Polygon: It is gotten by joining the sfaate against the
frequency ] —

Frequency \ \

Ogive: It is obtained by drawing the curve of clasterval against the
frequency. It is made in shape

N T~
V
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Frequency

Map Dj es diagra resent statisticsmaps which
obtai keys ﬂ

Pictograms: Uses sketches or shapes data représenta

A

@)
--Tree O O O @
3 806 ©

0e®)

-Human
Scattered Diagrams: It is used for comparison af variables it measures
relationships between two variables

y

Dependent \ ‘ Regression line

_—Lndependem—>x
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Bar Chart: They are rectangular bars plotted wahad gaps

Frequency

SELF-ASSESSMENT EXERCISE

(1) Think and mention the steps you took when collecyiour data.
(i)  Think and mention how many forms of graphs you hased before.

4.0 CONCLUSION

Statistics does not only involve the counting ofmbers but collection of
data and presenting it is the form pleasing andipedor the user.

5.0 SUMMARY
In this unit you have leant the nature of statsstiéou also leant how to

collect data and the source of data as well asvthewe collect data. You
have leant how to summarise your data into pleasingats.

6.0 TUTOR-MARKED ASSIGNMENT
List and explain the description and inferdrdtatistics
Explain what data collection means

1

2.

3. List and explain six basic statistical terms

4 Write on any four graphical presentations dada

7.0 REFERENCES/FURTHER READING

Miroslav. K. & William, R. L. (2004). Biostatistics for Animal
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UNIT 2 MEASUREMENT OF CENTRAL TENDENCY AND

DISPERSIONS
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Measures of Central Tendencies
3.1.1 The Mean
3.1.2 Properties of Arithmetic Means
3.1.3 The Median
3.1.4 The Mode
3.2  Measures of Variability/Dispersion
3.2.1 The Range
3.2.2 Mean Deviation/Mean Absolute Deviation
3.2.3 Variance
3.3 Standard Deviation
3.3.1 Coefficient of Variation
3.3.2 Standard Error
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading
1.0 INTRODUCTION

Measurement of central tendencies is values thaitdo the centrality

within a given set of data. They form the backbohdescriptive statistics.

The measures of variability measures how individuales are spread
around the mean. In this unit therefore you walrlehow to use the various
measures of central tendencies as well as theasradges. You will also

learn how data does spread around these centrakpoi

2.0

OBJECTIVES

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

mention the various measurements of central tenelerand their
applications in analysis of data
measure the spread of variable around their mean.
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3.0 MAIN CONTENT

3.1 Measures of Central Tendencies

They are statistical parameters that measure thieatg@oint of a data. The
measures of central tendency are mean, median aode.mThey
characteristics of good central tendency is;

it must be rigidly defined

it should be based on all figures

it should be easily computed

it should be least affected by sampling
it should be treated mathematically.

abhowpE

3.1.1 The Mean

The arithmetic mean is the most commonly used rmeasfi central
tendency. It is calculated by dividing the totahther of observation by the
number of observations. It is also referred to ragex that describes the
centrality of the set of observation irrespectiveh@ir magnitude. Outliers
if not taken care of, can affect the validity oétarithmetic mean.

Arithmetic mean is denoted by the formula
Ty _YXi
X==—

n
For a given set of numbers of valugs..., xwith frequenciesff, _f,.

The mean is computedas
T @ﬂﬁ _ f1x1+f2x2+--fnxn

_ _ gfi  Fl+f2+fn _ _ _

Example: Find the arithmetic mean of lactationdief 10 cows given their

daily milk yield of 200kg, 250kg, 200kg, 150kg, 480 300kg, 350kg,
100kg, 240kg and 420kg.

Xi _ 200+250+-+420kg _ 2660

n 10

-~ =266kg

mple 2: Assuming the lactation yield above hraguencies as 3, 2, 5,

Exa
4,7,8,1, 3, 4, respectively the mean is
X= y fixi fixi _200(3)+250(2)++420(4) _

efi 3+2+5+-+4

Advantages of Arithmetic Mean

1. It is a single figure representing the data seer&fore it is easy to
understand.

2. It is easy to calculate.

3. It is least affected by sampling.

4 It is based on all values.
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Disadvantages of the Mean
1. It is affected by the extreme figures.
2. It gives non existing figures at times.

3.1.2 Properties of Arithmetic Means

1. When all the derivations of measurement invargiset from mean is
equal to zero

2. The mean affects values in the set under cersidn

3. The sum of squares of derivation of the measand from mean is
always a minimum compared to the sum of squarbetierivations

4, If xi n the mean of observation x, . x,and quantity y = kxi the
mean of the new variable
y=y-kx

5. Adding or subtracting a constant a, from valkies, x, well affect

the mean in the same direction.

3.1.3 The Median

It is a value that divides the whole series intaad@arts when arranged in
order.

For an odd number, the median%deh term

For even the median %(item in theg)th position plus item in theriF)th

position. Though median is easy to find it is nenstive to others.
Example: The median of the data 4, 6, 8, 91%2and 20 is 9.
For an even numbers of observation,. Examplentbdian of 9, 15, 20,
25,35,40 s
20+25 =45 =222
2 2

Median for Classified Group Data
It is a little bit difficult because one have to @oy the use of class limit
and frequencies

T 1
Median = L+h)|
Where; L= Lower limit of class in which the medisnlocated when class
are arranged in ascending order
T,= Total Frequency
f,- Cumulative frequency before the median class
f,= Frequency of the median class
I= Class interval i.e. the difference between tbavdr and the lower
boundaries of the median class.
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Example; Find the median of the following data

Class 1-5 G-111-15 16-20 21-35
Frequency 4 2 9 5 6
Cumulative Frequency 4 6 15 22 26
T
~—f
Using the formula L+é_—f11) [ where, L= 11 the median class is 11-15

i=5,fl=6,f2=1, T =18
1142 )5 =11+ (5)=16

Advantages of Median

It is well defined

It is easy to calculate

It is not affected by outliers

It can be calculated even if the extreme valuesnateknown but
their numbers are known

PN PE

Disadvantages of Median

1. It is affected by sampling

2. It cannot be treated mathematically

3. It gives equal weight age to all members
4. It lies between two values

Graphical Estimation of Median

A median value can be gotten from a graph whennautative frequency

curve (Ogive) is drawn using the upper class bopnedgainst the percent
cumulative frequency. The value that correspondtéo5d' part is read

down from the curve on the y-axis. The resultintygaon the x-axis is the

median.
% Cumm.
Frequency \

Uplper Class Boundary

3.1.4 The Mode

This is a measure of central tendency that showedtourrence of a data. It
is the number that has the highest frequency inengseries of data.
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For an ungrouped data mode is simple to find. Idame by counting
observing the number that has the highest appearanc

Example: Given the weight of animals
6’ 41 41 75 8’ 9’ 7’ 8’ 6’ 71 41 55 9’ lOl 4’ 5’Bl 7

The mode is 7 because 7 appeared 6 times.

If the set of observation has two modes, it issthft bimodal mode
Bimodal data: to calculate a bimodal data, the bisserved mode is called
the primary mode. To calculate a bimodal data, thédtwo values of the
mode then divide the result by two.

Example: Given the following data;
4,5,6,6,6,6,7,7,8,8,9,9,9,9, 10, 2,12, 12

6 and 9 have the same number of recurrence;

Mode Z$ (model-zl-modez) - 1_5 -75

For a group of classified data, the mode is givethle formula

di .. fo+f1 .
Mode = L+ ()i or Lm{zfo—(f1+f2))l

Where L= lower class boundary or the modal class

d1= difference between the frequency or the modkdscand the
class before it (— F)

d,= difference between the frequency or the modadscland the

class after it

e= class interval

Example:
Class 0-10  10-2P0-30 30-40 40-50
Frequency 1 2 6 3 4
Cumulative Frequency 1 3 9 12 18

The modal class = 20-30; L=20, d1=6-2, d2=6-3, i=10
Mode = L{—)i, = 20+(ﬁ)10 = 20(3)10 = 20+ 5.7= 25.7

d1+d2
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Advantages of Mode

1. It is not affected by others
2. A sample mode is a good representation of the pop
3. It is affected by skewedness of data

Disadvantage
1. It is a very poor measure of central tendency.

Graphically, the three measures of central tendaneyshown below

Fred. Freq. Freq.
highgst poin |
|
\ | |
| 50% |50%
Wean —

ode

3.2 Measures of Variability/Dispersion

To see how values are spread around the mean, wemessures of
dispersion. The most used dispersions are rangan meviation, standard
deviation, variable, coefficient of variable, stardl variable and standard
error.

Properties of Dispersion

1. It is gives an insight of true representative asarrs
2. It is used to compare two or more series
3. It is a good measure used for policy control

3.2.1 The Range

This is the simplest measure of dispersion. Ihesdifference between the
largest value and the smallest value in a givelesef observation.

Mathematically R=L-S Where L= Largest Value ai8F Smallest Value
Given the weight of sold goats; 2,5,6,71085,11,13,14
The largest value = 15
The smallest value =2
~R=15-2=13
Advantage
It is the most simplest to calculate to understaeadsures of dispersion
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Disadvantages

1. It is affected by others

2. It does not give an insight of the mid values
3. It is not a presentation of all data.

3.2.2 Mean Deviation/Mean Absolute Deviation

This is the average of all the deviations of valinem the mean.

MathematicallyMD = 2%~

Where (x) = xi whenx = o
For a grouped data when the MADR_, fi(x;-X) ~

>
MAD = O in a normal distributed data, therefore ug mean absolute
deviation which ignores the algebraic signs.
Example: consider the following data
X 45,7,11,14,22,25x=88; n=7, x=12.6
X-X=-8.6 -7.6 -5.6 -1.6 1.4 9.4 124(x- x) =0 but MAD= ¥ (
X1- X) = 46.6

46.6 _

MAD = T— 6.7

Advantages

Calculation is done based on all values
Disadvantages

It is affected by sampling

3.2.3 Variance

It is the most widely used measure of dispersibis. the average of sum of
squared deviations from the mean. For populatiaranee, that is a large
number of data size.

Variance is denoted by

o’ =Y (X1X) 2

n

For sample variance with a small numbedadh size n, the variance is
denoted by

S Y (X%ix)°
n-1
From the above data, our variance will be
YX-X) 2 = (4-12.6) + (5-12.6§ + (7-12.6§ +...+
(25-12.6f = 4097
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n-17-1 7-1
409.7

= = 68.3 For a grouped frequency:
Variance = $ =31 fi(x; <) 2
Z fi
i=0

Given the data below with the following frequencies

Clas: | Frequencie| Mid Fx d_|d° fd*
point (x) x= | (xx)* | f(x-x)?
(X) X)

0-10 | 3 5 15 - 1,094 .«

19.1 | 364.8

10- 4 15 60 -9.1 | 82.81 331.2¢

20

20- 6 25 15C 0.9 |0.81 54

30

30- 2 35 70 10.€ | 118.8. | 237.6:

40

40- 1 45 90 20.€ | 438.8. | 438.8:

50

S1=16 STx=385 SHX)? =
2107.47
— _efx 385
X :; = Te =24.1
: _Xfd2
Variance = >F
§ - 210747 _ 13172

16
3.3 Standard Deviation

This is the most widely and commonly used meastidespersion, just like
the mean in central tendency. It is defined asawerage spread from the
arithmetic mean. A small value gotten from the ghation of S.D indicates
that the values of a given series are closely sgked

S.D is denoted by S, which is the square root ofama. For a sample or
small size, we div
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S=yL, (x=x) degree of freedom for large size, BZ,” (x -
2

A :

ide the mean, spread deviation by
If it occurs with frequency, it is expressed ase equation here.

Sx| XL f(X 'X)2
NN

From our example in variance
S.D for unclassified data+68.3 = 8.3

The S.D for classified data in the table of frequeabove = S 5/131.72
=11.48

Advantages of S.D.

1. It is well defined

2 It maintains the unit of an observation
3. It can be treated mathematically

4 It is not affected by sampling

Disadvantages of S.D
1. Difficult to calculate
2. It is affected by outliers

3.3.1 Coefficient of Variation

It is a relative measure of variability expressedarcentage. It is the ratio
of standard deviation and the mean expressed asrniage.
CV=S/x x 100
From our example of unclassified data Welo
S=83
x=12.6 Therefore CV = % X 100 = 65.9%

This is used for comparison of two or mazdes of data in a given set
of series.

3.3.2 Standard Error

It refers to the ratio of standard deviation to Hggiare root of the total
number of observation. It is sometimes referredstthe error of the mean.

S.E = % From our example above,
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SE= 22=31
. _ﬁ_ .

Standard error of mean is usually presented with rtfean of the data,
example;

12.6 +£3.1
4.0 CONCLUSION

We have seen that the measures of central tendamntgispersion are two
major mathematical treatment of data gotten fromeexnents that help us
show how central our values are and how each valgspread around the
mean.

5.0 SUMMARY

Measures of central tendency are mean, mode anchmadd measures of
dispersion that are commonly used are the rang@ne, mean deviation,
standard deviation, coefficient of variation anae tstandard error. This
helps us to present our data in a mathematicald§aariocate how central
and how each value are spread around a given nieagiwen series.

6.0 TUTOR -MARKED ASSIGNMENT

1 Define the term measure of central tendency
2. List the three measures of central tendency
3. Calculate the mean the mean, mode and medigheofollowing
data;
1,3,3,4,4,6,6,6,6,7,8,8,9,12
5. Define the term measures of dispersions and list dtbmmon
measures of dispersion you know:
6. Given this set of data
Clas 0-1C 10-20 20-30 30-40 40-50
Frequenc 7 2 8 6 5

Calculate the variance, standard deviation, caeffic of variation and
standard error.

7.0 REFERENCES/FURTHER READING

Miroslav, K. & William, R. L. (2004).Biostatistics for Animal Science.
USA: CAB, Publishing.
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1.0 INTRODUCTION

In the previous unit, you have learnt how values spread around the
mean. Those measures of dispersions only tell, hmwu the values in a
series of data are spread. The measures of redatprve will discuss in

this unit will open your mind to understand how twariables are related
and the degree or magnitude of their relationsifjome of these

relationships can easily be measured using a sedtthagram but beyond
that, one needs a strong index to determine tleagtin of the relationship
between two radiates.

In this unit, we will investigate, the relationphor association between two
variables and the tool that is used to determine@ boe variable say v,
depends on another variable say x, (i.e regresaancorrelation) because
they describe the describe the association and sthength of such
association between two variables.

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

explain the concepts, correlation and regression

draw and interpret a scalar diagram

compute Pearson product moment correlation coeffici
differentiate between posture and negative coroglaising a well-
defined diagram

) compute simple regression analysis problems.

3.0 MAIN CONTENT

3.1 Correlation

When two variable are at our disposal, as reseexche first thoughts that
will come to us, is whether these variable are @ased or not, if they are,
how strong as their associations. The quantity tescribes this is the
correlation coefficient. In other words correlati®gchniques are used to
evaluate relationships between bivariate varialdlesse bivariate variables
are normally distributed.

In correlation analysis, the sign that is attackeaorrelation coefficient

determines the direction of the relationships betwéhe variables. Some
variables even though they are associated, sortteeof will be negatively

correlated meaning that an increase in one urahefvariable tend to result
in a unit reduction of the other variable, whilereobivariate variables tend
to increase or decrease in the same direction. Selakonship that exist in
animal production experiments are; body weight egd production, milk

yield and %fat, body weight and egg weight, bodyighe and height at

wither sperm concentration and fertility and fiyalhany other related
associations in animal experiment. To determindn setationship the use
of correlation coefficient is employed, which ischaique used for

describing the strength of a linear relationships.

The easiest way to determine the extent of relaligp between variable is
by plotting the dependent variable (y) againstitttependent variable (x).

The scatter variable helps us also to know thectime of the relationship
that exists between the variables as mentionegeearl

3.1.1 Scatter Graph

Here, data of the two variables are grouped andteplousing a single
dotted line that shows individuals on the eithenehsion. For construction
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of scatter diagram, the dependent variable areedlac arranged along the
y-axis while the independent variable on the x-axis

The figures below demonstrate the forms off refegiops between the
variable x and y.

YY a + A 4

++ A ++ +:¢

Iag % £+
+ t 4+ T
¥ x > ¥ X » »
Perfect positive correlationPerfectnegativecorietat Positive
correlation
A
yy 4 %&
H <+
X x> >
Negative &ation No correlation

Example, use the following data obtained from heahwithers and body
weight of a red Sokoto goat taken on ten goats.

Height at wither (cm) (Xcm) 7 6 8 6 9 7 2 8

Body weight (kg) (Y) 21 197115 13 11 9 7 5

Solution

1. First of all, determine your dependent and indepahdariables.
The dependent variable on y-axis and the indepdénderables on
X-axis.

2. Find the range of your variables so as to knowafy@opriate scales
to use.

3. Plot the relationship using dotted lines.

For example above,

25 — — —— — -
+
20— % |

15 F ===k -prh
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BW(kg) __‘_l_——L | s
puaieie S
— |
L |_i+|
5 - -]— L-
oL e
1 2 3 46 7 8 9 (Haw) cm

From the scatter plot above, it is obvious that difficult to determine the
trend of relationship between height at wither &ody weight. Therefore
we can conclude that there is no relationship betwhaem.

3.1.2 Correlation Coefficient

This is denoted by (r) and measures the strengith @direction of
association between to bivariate variables. Scaitetr only gives you an
idea of how the relationship looks like but cortela coefficient gives you
more precise association strength. Correlationngtre is defined as an
extent to which data points a closely fit to eatieo on the margining line
or scatter plot.

Correlation coefficient is always between -1 an@d-1 <r < +1)
Correlation coefficient value close to +1 indicatasperfect positive
correlation or close to -1 indicates perfect negatiorrelation and r close
to O indicates weak relationship and when r = Oe Wariables are not
correlated.

The correlation coefficient of a set of observadionx,... x, are calculated
(exy—(ex.€y)/n)

\/sxz—(%)syz—(%

Example: Compute and give interpretation of theati@hship between

coefficient of correlation of the following.

using the formula &

Milk Yield (kg) | 5 6 7 3 9
Fat Percentag| 8 8 7 7 10
(%)

Solution

X Y Xy X? Y?

5 8 40 25 64

6 8 48 36 64

7 7 49 49 49

3 7 21 9 49

9 10 a0 81 10C

Yx=3C Yy=4C Y xy= 24¢ ¥'x?-20C Yy’= 32¢
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_ (exy—(ex.ey)/n)

&
[N CENCE
248- (30)(40%

oo (E)52e ()

Using the coefficient of correlation,

248- (12006

CEEEEE

= 248- 240
/(200 — 180)(326 — 320)

8
=/ (20)(6)= 8 )
=/(120)= — =073

3.1.3 The Spearman’s Rank Correlation Coefficient

The spearman’s rank correlation measures relatipeshetween none
normally distributed variable. We have that Peargwoduct moment
measures relationships between a normally diswutariable, but in
Spearman’s rank correlation, the variables are madkred. After ranking
the values of individual observations, the meathefr ranks are obtained
for each of the observation.

The spearman’s rank coefficient is given by thenola;
6y di2
n(n2-1)
Just as in the product moment coefficient the spaais rank correlation
can either be positive or negativé. < rs < +1)

Os —

3.2 Regression Analysis

Regression is a technique for quantifying the refsthip among variable.
The variables are divided into dependent and indd@et variable.
Regression is an important tool for making preditsi and inferences. In
animal science researches, regression is usediousdields. For instance,
in the field of breeding when a body weight is esged on time, in the
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field of physiology when a season is regressed ik composition or the

nutritionist may decide to regress feed conversadio to rate of grain. All

these use regression to determine the extent wfrlationships.

There are many types of regression, which includeal regression,
multiple regression, polynomial and non-linear esgion. But for purpose
of this study, we will concentrate on linear regies;

Simple Linear Regression

The simplest linear regression involves only tvaoiables;
) The dependent variable

. The independent variable

In this form of regression one of the independemtable is manipulated to
obtain the value of dependent variable. Just likearrelation, Scatter plot
can be used to serve as pretest in determininditeetion of the repression
line. The model used for linear equation is givetotw;

y=lp +bx1 + €

Whereb, = Intercept z which is the predicted value of yawlhx = 0 and
this is gotten by finding the point at which th@mession line intersects the
y axis.

b, = The slope of the model can either be positiveegative. A positive
slope indicates that when the independent variablereases, the
corresponding dependent variable also increases.wBen the slope is
negative, it indicates that when the independenabke increases, it brings
about a reduction in the value of dependent vaeglgbpposite direction).
When B, is close to either close to either -1 or #1s an indication of
strong relationship but if it is equal to O, justwe have seen in correlation
it means that dependent and independent varialdaso related.

Scatter Plot: The regression model can best be dstnaded by using a
scatter plot to determine the direction of relasioips that must be between
the two variables.

A
ﬂk
O Y= BtBux O y=8rBix y= B+Bax
Q 180 B0
O > > >
Negative regression Positive regressio  No relationship

Regression coefficient b is denoted byftineula
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Q(sxy—(sx.sy)/n)/sxzz and bO:S/ _ bTX

ex2—(ex)2/n

SELF-ASSESSMENT EXERCISE
Give example of variables that their relationshgm de computed using
correlation and regression analysis.

4.0 CONCLUSION

Correlation and regression are the measures droredaip commonly used
in agricultural experiments. They are importanesgtimating the direction
of the relationships that exists between two vadembas well as the degree
of the extent of the relations help that exist ew the dependent and
independent variables.

5.0 SUMMARY

In this unit, you have been taught the conceptoofection and regression
where we said that correlation refers to the degteehich variables are
related. We have also seen how to easily deterthi@edirection of both
correlation and regression using a fast metho@dactatter plot. It is easy
because by just observing the spread of marked/boewill know whether
it is positive, negative or there is a relationsbgiween the variables at all.
With this in mind, we looked at how to calculatee thorrelation and
regression coefficient using the most commonly usethods which is the
Pearson product method for correlation and simpheal regression
methods.

6.0 TUTOR -MARKED ASSIGNMENT

1. Define the concept correlation and regression
2. Give two methods of estimating correlation aagression
3. Using the Pearson product correlation coefiicieCalculate the

relationship between the following data

X 20 34 42 39 25 40 52 38

Y 30 41 94 43 47 50 42 47

7.0 REFERENCES/FURTHER READING

Miroslav, K. & William, R. L. (2004).Biostatistics for Animal Science.
USA:CABI Publishing

Singha, P. (1992)ntroductory Text on Biostatistics. Zaria: Ahmadu Bello
University Press.
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1.0 INTRODUCTION

The concept of probability suggests the likelihadén event to occur. It is
obvious that in life we make predictions based bances of it becoming
true. Sometimes our predictions become true anckBomas they don't turn
out the way we hope they would. We sometimes wih smmetimes lose.
Anytime we win we score ourselves one (1) and amg/tive lose we score
ourselves zero (0). In all experiments, we emplay use of probability to
predict the occurrence of certain events.

For example we can predict that a dam will kida@enkid or a female kid.
If the dam eventually kids a male kid we will scaerselves one (1) but if
eventually she kid a female kid we score ourseheze (0).

In this unit therefore, you will learn the basi©pability types and laws as
well as its applicability in research.

56



AGR 305 MODULE 1

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

define probability and the various probability tgpe

explain and compute the various probability laws

distinguish between empirical, classical and sulyjegrobabilities
state and apply the basic probability laws to tlifeknt aspects of
their experiments.

3.0 MAIN CONTENT

3.1 Probability

Probability is the measure of possibility that arerd will occur. If it is
certain that an event will occur, we say that itsbability is 1.0, meaning
that the probability of an event occurring is nettain. In most cases of
experiments we assume that certain things will bappf for instance we
predicted that treatment A of a particular expenmeill give a better
performance than treatment B when subjected tedinge chance, that can
be expressed as the probability that A will be drethan B, or that
probability that B would be better than A. With ghive can say that the
probability that A will be better than B = 0.5 atie probability that B will
be better than A = 0.5. Therefore probability ofaricome is the ratio of
times the event will occur to the total number Ibftee observation.

m
P(probability of outcome) = —

Where m = number of times that an evalbbccur
n = total number of occurrence.

3.1.1 Basic Probability Terms

1) Experiment: Activity that produce an event. Or agass by which a
measurement or observation can be obtained.

2) Outcomes: Is the resulting observation or measunémdnen an
experiment has taken place. Simply put, is the lresfi an
experiment.

3) Events: Is one or more of the possibilities outcahan experiment.

4) Random Experiment: Is an operation that has anoaoudc that
depends solely on chance.
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5) Independent Event: Is the occurrence of an evenwhich the
outcome of any one of the events does not affecbthicome of the
other.

6) Mutually Exclusive Events: One or more events am@l 40 be
exclusive (or disjoint) when they have nothing anmgnon.

3.2 Types of Probability
There are basically three types of probability;

1. Classical or Theoretical Probability
2. Relative frequency approach Probability
3. Subjective Probability

3.2.1 Classical Probability

This refers to situation when the possible outcofmen event is known and
the probability of the event can be calculated @uithperforming any
experiment. This type of probability uses inforroatithat is not about
physical situation.

Suppose an event (E) can happen in 10 possible watysf 10 possibly
equally likely ways, then the probability of theeew occurring is denoted

by.
Number of possible outcomes in which event E occurs

PE =
Total number of possible outcomes in the sample
h
PI‘[E] = H
The probability of no occurrence of the event (feg)) is denoted by
q = Pr(notE)
q =1 — Pr(E)thus
p+q=1

3.2.2 Relative Frequency Approach (Empirical) Prohbility

The empirical probability as the name suggestsasetd on observation.
The empirical probability of an event is the relatfrequency distribution
based upon observation. In this type of probabiltg don’t have enough
information about the ferial outcome of the eveuat Wwe rather depend on
experiments to determine it.
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Here, the estimated probability of an event isrtglas a relative frequency
of occurrence of events when the number of observas large. In an
empirical approach of estimation, experiments adopmed severally to
obtain a result that can serve as a guide to whithappen with the
occurrence.
Emperical Probability
Number of times event occurs

Total number of times experiment is performed
For example, if 1000 tosses of a coin result to 6@ads, the relative
frequency of the head is
600

—— =106
1000
If another 1000 tosses will give 300 heads thdikadrequency will be

600+300 _ 900
=——=10.45

2000 2000

3.2.3 Subjective Probability

This occurs in cases where the possible outcommtisknown and it is
important to experiment. In such cases the proibgahilill be based on
subject assessment or experience.

3.3 Basic Probability Laws
3.3.1 Additive Law

It is also known as “either” “or” rule. The probétyi that either A or B will
occur mutually is the sum of their independent pholities.

For example, two coins are tossed. The probalolitgither two heads or
tails will occur is
P(TT + HH)

Therefore, P(A + B) = P(A) + P(B) — P(AB) for joint occurrence of
events A and B at the same time

For mutually exclusive events, A and B;
P(AUuB) =P(A)+ P(B)—P(ANB)
This can further be explained by use of venn diagra
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Example

What is the probability that in a mendelian crostween goats that are
heterozygote for color Bb will produce offspringvireg heterozygote?
Solution

There are two ways in which a zygote may be produce

1. The dominant zygote allele (B) may be in thg egd the recessive
(b) in the sperm or

2. The dominant allele may be in the sperm andréicessive in the
egg.

Therefore the probability that the offspring wik Iheterozygous is the sum
of the probabilities of those possible ways.

a. The probability that the dominant allele wik bn the egg with

recessive in the sperm is;
1 1 1

2 2 4
b. The probability that the dominant allele wi# n the sperm and the
recessive in the egg is

Therefore the probability that heterozygouls e produced is

1 1 2 1
— X —_= — = —
4 4 4 2

3.3.2 Multiplicative Rule of Probability

The multiplicative rule suggests that for eventrABothat are independent.
They probability that they will both occur is equal the product of their
individual probabilities.

P (Aand B) =P (AnB) = P(A) X P(B)

This is also referred to as the “Both” “And” rule.
Permutation
It is the number of ways the individual elementénterest are arranged in
order. Those elements appear onmté.Denotes the product of all number
of elements ranging from™"

Pn= n!=(1,2,3..n)

Example;7! =7xX6X5Xx4Xx3Xx2x1=5040
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If we want to select only few objects in n grougrinpermutation will be

the best for it.
n!

(n—r)!
Example; if we have 10 cows on our farm, how maifigiebnt ways can 5
cows be selected from the farm.
Solution: Using

nPr =

n!

(n—r)!

nPr =

Ourn = 10 cows
r = 5 possible ways hence

10p, _ 10! _10><9><8><7><6><5><4><3><2><1
>7 (10-5)! 5x4Xx3x2x1
3,628,800
= ——— = 30,240
120
Combination

Just like the permutation, combination involves thember of ways
individual members of the n group are arrangedibwtombination. The
order by which they are arranged is not importamthsidered."C, =

n!

(n-n)r!

That is the combination of n taken at a time
Example; If 7 cows are taken from a herd of 20, hoany cows
combination exists.

2 20 20x 19 x 18...1
C, =

(20—7)7!  13x7x6x5..1

3.3.3 Compound Events

These are events that have more than one eveniniss A and B occur
at the same time. A and B could be said to haventrsection of the
even{A N B)

Just like the addition rule, an instance whereh&git A “or” B occur is
called union of event& U B)

The probability ofA N B = P(A N B)

The probability ofA U B = P(A U B)
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The probability of an event that A does not occucoémplement) denoted
by Ac is
P(A°) =1-P(A)
Example
Let the event B be such that the result of a thoddie is an even number,
let event A be such that the number is less than 4
B=[246]findBnA
A = [1,2,3]findP(A N B)
Solution
BNA=2
P(ANB)=P(A)+P(B) = 1/,

3.3.4 Conditional Probability

Is the probability of an event B happening when dreve a prior
knowledge of the probability that some other evénthas occurred
conditional or statistical dependence exist whenptobability of an event
is dependent upon the occurrence of some othet.even

P(ANB)
P<B/ A) - T

For independent probability, the occurrence of ¢vems not affected by
the occurrence of B. Therefore the probability thaih occur is the product
of their individual probability

P(ANB) = P(A) P(B)
But for dependent event, the probability of B octwg is affected by the

occurrence of A
P(AN B)
B =~ 7
P( / A) P(A)

Example of independent and dependent probability
1. If we throw a coin and A and B are the possdaleurrences, then

P(ANB) =PAP®B) = 1/, x 1/, =1/,
2. For dependent probability: if in a pen of 40bis, divided into 4
colors (black 10, grey 10, white 10, and brownit@)e first draw is
black and the second is black again, tA€¢A N B).
P(AN B) = P(A)P (B/A>

= If black is drawn and the second draw is black.
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(10N /9Y 90
B (40) (39) 1560

The probability of drawing two black rabbit%

3.3.5 Bayes’ Theorem

The theorem is useful in evaluating the probabitfyan event A with
provided information on the probability of anothevent B that had
occurred after the occurrence of A.
P(B) P(Y/p)
PB =
1=

(P(B)P (A/B> + (P(B)P(A/B))

P(B) = probability of event B compliment

0

= probability of event A having known that the complement B has occured

Example

If two strains of cock A and B are used in a fladlkchickens, if cock A is
used, 80% of the hens and cock B, 20% of the héfes.assume that
recorded fertility of eggs fertilized by cock A amlare 45% and 95%
respectively. For a certain egg, the informationwlthe cock is missing,
what is the probability that the cock has fertitizbe egg is cock B.

P(A,) = 0.8 is the probability of using cock A
P(B;) = 0.2 is the probability of using cock B
E = The event that an egg was layed from a cock

()

= 0.45 The probability of successful making or fertility of cock A

o

= 0.95 The probability of a successful making or fertility of cock B
Therefore the probability that #ggg is fertilized by the cock is
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P(B) P(E/p)

P<B2/ )_ P(BNE)
E/™ pE) P(A)P(%/5 » +P(B) P(*/p)

(0.2) (0.95) 0.19

~ (0.8)(0.45) + (0.2)(0.45) _ 1.25 + 0.09
The probability that the cock that fertilize thegag cock B = 0.142

= 0.142

SELF-ASSESSMENT EXERCISE
Name the types of probability.

4.0 CONCLUSION

Looking at how probabilities help us in predictitige outcome of some
events even before they happen. You must have ls@enwe can apply
probability to most of our day to day lives and @experiment to help us
predict the outcome of some events.

5.0 SUMMARY

In this unit, you learnt the meaning of probabijlitye basic terms used in
probability, the various types of probability aslwas various probability
rules. These are tools we use for predicting titeasne of an occurrence so
that we will prepare for them.

6.0 TUTOR- MARKED ASSIGNMENT

Define the term probability

Discuss the types of probability

Differentiate between dependent and indeperuetiability

State the Baye’s theorem and its applicaticamimal production
Differentiate between permutation and combamati

If in a herd of 400 cows, 50 females were dra¥hat is the
probability that the cow is lactating. Assuming heve 75 lactating
cows in the herd?

oohkwdE

7.0 REFERENCES /FURTHER READING
Miroslav, K. & William, R.L. (2004).Biostatistics for Animal Science.
USA: ABI Publishing.

Singha, P. (1992)ntroductory Text on Biostatistics. Zaria: Ahmadu Bello
University Press.
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CONTENTS
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3.0 Main Content
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3.1.2 Error in Hypothesis Testing
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1.0 INTRODUCTION

In the previous unit we learnt the various probgbidhws and how it can be
applied to animal production researches. In thig, you will learn the

various tests of hypothesis that experiments abgested to, to determine
whether to accept or reject the null hypothesisu Yoll be introduced to

different tests including the

1. Z and t tests
2. x? Distribution test

2.0 OBJECTIVES

At the end of this unit, students should be able to

. define hypothesis and the types of hypothesis usednimal
researches

) name the various tests of hypothesis and explain Bach one
works

) practically solve some problems in researches usiegarious test.
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3.0 MAIN CONTENT

3.1 Hypothesis Test of a Population Mean

From unit one, we defined sample as a subset apalation. The main

reason we test for hypothesis is to enable us judgether our sample
mean is different from the population mean. Remanthat population

consists of all researchable items the researchatsato study. Therefore
we can have the population of cattle in Nigeriah& population of sheep,
goat, poultry, and so on and so forth. This couwdcbuntable figure or
uncountable. Be reminded that sample is the pragodf the population

that truly represents the population and can bd tsenake inference about
the population. Since we say population can be umtadole or too large to
measure, they are determined by parameters whelestimated from a
sample.

Attention should therefore be given to how sampke selected so that it
does not affect inference on the population. Whedrential statistics does
in general is to estimate population parameterswthe size is too large to
be measured. A rule that describes how to calcalaienple estimate using
observations from a sample is called a rule pastitator. For a normally
distributed population the sample mean is approtéiyanormal with a
mean U and standard deviation from which the eséinsamade.

3.1.1 Hypothesis

Hypotheses are postulated assumptions on the naftyrepulation. They
are just statements that could be true or not allmeitpopulation. For
instance we can postulate that the population eéghn Nigeria is 30,000.
This could just be an assumption or a record thabtained from previous
or present reports or journals.

Two types of hypothesis are

1. Research Hypothesis
2. Statistical Hypothesis

The former is the hypothesis postulated the rebeascbefore starting the
research. These are postulated on the bases ofiopsestudies,
investigation and sometimes experience. While theer follows the
researcher’s hypothesis that proves or disprovesypothesis.
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The statistical hypothesis comprises of the nulpdiiesis and the
alternating hypothesis.

The null hypothesis suggests no difference betvseane observations and
is denoted by H.

The alternative hypothesis suggests the oppositesinggest a difference
between observations denoted by, Hr H; In all researches or
experiments, the statistical alternat{\t&,) is the expected outcome that the
researcher hopes to observe at the end of theimger

In testing statistical hypothesis, a level of cdafice or significance is
needed to enable the researcher make a conclusiamether to accept or
reject the null hypothesis, then we can concludat ithe alternative
hypothesis is true; otherwise the null hypothesisomes true.

A researcher can choose to test the effect of teatyne on the fertility of
say rabbit. The null hypothesis will suggests teatperature has no effect
on the fertility of rabbit, while the alternativepothesisHa will contradict

it by suggesting that temperature affects thelitgrin rabbit. The null and
alternative hypothesis is always opposite.

3.1.2 Error in Hypothesis Testing

There are two types of error that a researcherlikaly make in the course
of testing the hypothesis.

l. Type One Error
Type one error is committed when a null hypothesigjected when
it is true or is supposed to be accepted.

. Type Two Error
Type two errors are committed when the null hypsithés accepted,
when it is supposed to be rejected.
To eliminate type one error,
a. Use a high level of significance (at 5% or } %.
b. Choose a stronger test.

To eliminate type two error
a. Chose a stronger test.
b. Use more efficient design of an experiment.

Level of Significance
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It is the probability with which we are willing task a type one error. It is
denoted by and it is specified before the sampiegeen drawn.

When a test is chosen, if the calculated value=ga#t higher than the value
of F read on the table, the null hypothesis iscte, if the opposite null is

accepted. 1% level of level of significance meahat twe are 99%

confident the hypothesis is true and 1% confideathtypothesis is false, at
5% level of significance. We are 95% confident ttnet hypothesis is true
and 5% that it is false.

In most animal science design/researches, the 59%l%r level of
significance is adopted. To illustrate the area geamits the acceptance of
rejection of a null hypothesis at a given value, dragram is drawn below.
Area for rejection of null hypotheses

Critical value

Acceptance

Procedures for the testing of Hypothesis

To test the hypothesis, the following proceduressha be followed.

Set up hypothes({#o and Ha)

Determine the level of significance at whichidst the hypothesis.
Test the hypothesis

Draw a conclusion

N E

3.2 Z-Test of Significance

Z-test is denoted by the formula

_ ﬁ Where y = sample mearny = Population meang/vn=

Standard error
Z. Test can either be one tailed or two tailede@ailed test, the valued
is not divided by 2 because it is not normally iistted and is denoted by
&l < po
Hu>po
Two tailed is a normally distributed populatidrhereforex is divided
by two (Zo/2) to get the critical value.
&g =po
k¥ po
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Supposing an number of samples with meavi. The population of
animals with p with means p (which is assumed t&rmevn and standard
deviation is known.) The question will be whethke tsample meal is
necessarily different from the population meantyg &evel of significance.
Example

A random sample of 64 goats is taken from a pomnatf goats in Zaria
and their average weight is 14.0kg. Assuming theugadion standard
deviation is 2.5 kg, does the hypothesis belontp¢éopopulation of goat in
Zaria with the mean 16kg?

Solution
Step 1: Set up the hypothesis
Ho: p = 16kg Or 14kg = 16kg
H,: p # 16kg 14kg + 16kg
Step 2: The level of significance to use willde 0.05 (95%)
Step 3: Calculate/Test the hypothesis
Our known values are= 64 N= Sample Size
V = 14kg ¥ = Sample Mean
uo = 16kg o = Population Mean
a=0.05 a = Level of Significance
o = 2.50 = standard deviation

_ y-u

Z= o/Vn

Therefore: 7= 21:/;16 = #ES = —10.1
e .

Our/zZ/ =-10.1

Since it is a tailed test, we will divide theby Z such that
2%/, =12905/, =70.025

Which corresponds to 1.96 on Z table /Z/ = -10.trilical = + 1.96
Check the critical zone using the normal distribattable to check if 10.1
fall in the acceptable area of Ho.
Accapte zone
Rejected region |
Critical value
|

| b 1.96 | tekoy | [ | 11496
\ |1

The table value at 5% level of significance = 1.96
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Decision: As the value /Z/ is 10.1, falls withiretrejection zone, (which is
more than Z critical) 1.96 we will reject ,Hand conclude that the
probability is less than 0.05 that the sample bgltanthe population mean
of 16kg with a standard deviation of 2.5kg.

3.3 Hypothesis Testing for Sample (T-Test)

For t-test, the only difference with z-test is tlmtest requires a large
number of samples (n > 30). For sample size 80), drawn from a normal
population, the test to use is t-test. For t-chsifion, the shape of the
distribution depends on the degree of freedom whidhwhere n = sample
size.

Examplel. A random sample of 24 broiler chickengl afeeks were with
the average weight of 2.6kg is chosen. Does tHangeto the population of
broilers with the mean 1.8kg and standard deviatidh9kg?

Solution
V =2.6kg,u =1.8kg, n =24, S =0.9kg
Step 1
Set up the hypothesis
Ho: U = 1.8kg
H:U= 1.8k

Step 2
Calculate the t-statistics
V—po 26-18 08
¥n 24 0.18
Since it is a two tailed test, we will divide thé2 ourco= 0.05, $/2=0.025
Our degree of freedom df = n-1, n=24
Therefore df =24 — 1 = 23.
We will check the table ab 0.025 under the degree of freedom 23
Since our (t) (4.44) is greater than the t-caiti2.069, we will reject the
null hypothesis and accept the alternative hypathes

t= =444

3.4 One Sided and Two Sided Test

One sided or one tailed test or hypothesis has oné critical value at
which hypothesis is to be tested. It is either trigh the left and it uses
terms like less than or greater than.

Ho: U < Uo

Hi: U>Uo
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H. U is rejected when /t/ or /z/ > depending on whether it is
skewed to the right or left.
For two tests as seen above, the poirtlhas whether the sample
meanV is different from some value po.
Ho : U= Uo
Ha: U = Uo
Such thaHo : U = Uo is rejected when /z/ or /t/ >&/2 or tewo/z
One side test that can be illustrated with the raiag

cept Ho
eject H
Reject Ho
1L -
For one sided, J
ccept Actéfo
Ho
BejHo or Reject Ho
AU LiNR ”’
\J

For one tailed t and the same calculation is applied except x is noiden
by 2.

T- Test of Significance of Two Means

It is used to compare two treatments to see if Hreysignificantly alike or
not. There are two types

1. Paired T-test

2. Independent T-test

1. Paired T-test: It is calculated where onesobjs subjected to two
treatments. It test for significance of paired aldaBons occurring to
a common linking factors that are treated alike.

2. Independent T-test: It is calculated in aegibn where object is
subjected to one treatment.

Differencebetweenmeans

T=

StandardError __

For pairedT-tes X X,
SE . _
For a given sets of data, calculateaad X%; Find %= S-S, and %°= (S-
)
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Ex? — (Ex; ) %/n

SE =

X1—x2

ex1—(ex1)2/n
n(n—-1)

n(n—1)

Example: Two types of feed A and B were given tefbeows and the

following results were computed

Feed /# Feeds
n==~6 n==~6
X =8 X=7
X, =6 X, =6
X, =10 X, = 10

Test whether there is any difference on daily wegdin of cows fed these

types of feed A and B
B 1 B 1
[+ 0365
30

Degree of freedom since they have same sample size;

df=k—1=6-1=5=t%/, =1t0.025
Check the degree t 0.05 under the degree of freédom
to.025

df

= 2.74

10-62/
6(6—1)

5 2.571

The calculated value /t/ is 2.74 is greater thawmritical/ = 2.571 and
difference is 5. Therefore feed A is significardifferent than (higher) than
feed B. therefore feed A resulted to higher bodigivegain than feed B.

2. Independence Test
differences between mean

- SE of differnce between mean

SE of difference between two means

/SEf + SEZ
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N2
Ex2 — (Exi) /n

SEZ =
! n(n—1)

)2
sz = Ex2 — (EBXD°/

Using our data above
1018 — 1014 _ 4 868 — 864

Foqpz . 200990 4
SE2 = 30 = /30

E? ;
30 30

SE of difference between means 4/30 + 4/30 = 0.516

T independence 27 - 1 -1936
0.516 0.516

Degree of freedors (m; — 1)+ (m,—1)=(6-1)+(6—1) =10
ta = t0.05 = 2.228
It/ is less thandt (0.516 < 2.228) at = 0.05

Under t-paired test the effect between feed A anadvd significantly
different but in t independence test. The effeetas significantly different.
This shows that a proper choice of test to tesistoin a specific condition
is important to avoid wrong conclusion.

Example
Same animals different feed = Paired t-test
Different animals, different feed = Independentest

3.5 F-Test

The F-distribution/test gives the ratio of the medntreatment over the

mean square of error
Ms treatment = Means of square treatment

Ms error Mean of square error

The F-test is used to test the effects of treatmettests the effect of
groups of mean where randomly selected from theespaopulation or
whether treatments which have affected each greparately have resulted
in shifting the mean sufficiently to the point whehey are considered to
come from different population. The use of analysis variance in
calculating total variance helps in easing F-tetudation.

The analysis of variance is divided into four cohen
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1. Source of variation 2. Degree of freedom, 3mSaf squares, 4.
Mean squares
The different steps used in calculating the F-#estas follows;

Step 1
Compute the correction factor (CF) which is the sation of all the
individual values under observation divide by thenber of observation;
(Xxi)?
N

CF =

Step 2
Compute the crude sum of squares; square individiadle under
observation then minus the C.F;

CSS = ¥x* — CF
Step 3
Compute the treatment sum of square = sum of squegatment divided
by number of replications per treatment minus threection factor;

T2
TSS = ZT— CF

Step 4
Compute the replication sum of squares; sum ofregueeplication divided
by the number of treatment — CF

Step 5
Sum of square of error = total sum of squares -affment sum of squares —
Replication sum of squares

SSE = CSS — TSS — RSS

Step 6
Compute the mean squares for each of the souncariation as follows
Reb Ms — Rep SS
ep Ms = r—1
Trt SS
TrtMs =
t—1
. _ error SS
= t-Dr-1
Step 7
Compute f-test for testing treatment value as
_ Trt Ms
~ Error Ms
Step 8

Compare the computed value in the tabulated value
f1 = Treatment difference
f2 = error df
Example of an F- test is seen in unit 4 of module 1
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3.6  Chi-Square Distribution (X%

Chi-square distribution is used to perform hypohéssting on qualitative
data (nominal or ordinal). Chi-square test compé#resstatistical difference
between the observed (O) and the expected (E) dreges. The null
hypothesis in chi-square suggests that the obseed expected
frequencies are the same. While the alternativeotingsis with state the
opposite. It assumes that samples are drawn ragdand each drawn
sample is independent on each other. Chi-squaaévays skewed to the
right and it depends on degree of freedom for isration. The higher the
degree of freedom the normally distributed thestuare is

f=3
Df=5
Df=10
Df=1

Characteristics of Chi-Square

1. It is always skewed to the right (has no negatalue)
2. It is non-symmetrical

3. Its parameter depends on degree of freedom (n-1)

Uses of Chi-Square

1. Goodness of fit list

2. Test of independence using frequency table
3. Display of contingency

Example
Supposing you cross a pure breeding black pig avipare white pig and all

the progeny where black. Then you cross the offigpaf the first mating
and knowing median rations, then you predictedr8tib of black to white
will occur. But after the cross was born, you fiteb piglets in all with 100
black and 56 white.

You will expect 117 black and 39 white based onNeindelian ratio. That
is;
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3/, %156 = 117
1/, x 156 = 39

From this cross, what you observed is differeatrfrwhat is expected but
are these differences statistically different? $tagistical test to use is chi-
square;

) (observed — expected)?
X =

Expected
101 — 117)? 36 — 39)?

ooyt ) (36-39)

117 39
B (—17)2+ 17 ., 289+ 289
117 (397 =171 39

=247+7.4

/xx?%/=9.87

To determine whether to accept or reject the hygsigh we compute the
degree of freedom V=K-1. For example, n=2, DF=2;1edr a = 0.05.
Check )%050 at 1 df

05

df 1 841
Since 4(9:87)is| greater than fm/ (3.841) we conclude that the
difference in the observed and the expected isfgntly different.

SELF-ASSESSMENT EXERCISE

Name three statistical tools you know.

4.0 CONCLUSION

Looking at how hypothesis testing is paramount iakimg a valid
conclusion on whether to accept or reject a hymishdittention need to be
given to the choice of test statistics to use stoasvoid making a wrong
conclusion.

5.0 SUMMARY

In this unit, you learnt what hypothesis testing tise type of error in

statistics and how to avoid them and the testsypbthesis using different
statistical tests tools like Z and t-test, F disition test and chi-square
distribution test.
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6.0 TUTOR- MARKED ASSIGNMENT

Differentiate between research hypothesis &atéscal hypothesis
Name and state the two types of error in hygmightesting

State the condition for using either t-tesz-dest

Given a sample of 50 rabbits with the averagegt of 10kg. Does
this belong to the population with the populatioeam of 8kg and
statistical deviation 1.5kg?

a. Name the test statistics to use

b. Test for significance

PN PE

5. In a population of 400 cows, 70 are polled wtibrned. Assuming
295 were observed to be polled and the rest ho@erhpute X for
this to check for significance.
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USA: CAB, Publishing.

Singha, P. (1992).An Introductory Text on Biostatistics. Zaria: Ahmadu
Bello University Press Ltd., Nigeria.

77



AGR 305 ANALYTICAL TECHNIQUESIN ANIMAL PRODUCTION 1

MODULE 3

Unit 1 Principle of Volumetric Data Analysis
Unit 2 Gravimetric Data Analysis

Unit 3 Thermometric Data Analysis

Unit 4 Electrochemical Data Analysis

Unit 5 Optical Method of Chemical Analysis

UNIT 1 PRINCIPLE OF VOLUMETRIC ANALYSIS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Basic Concept of Volumetric Analysis
3.1.1 Basic Terms in Volumetric Analysis
3.1.2 Methods of Determining End Point in Titration
3.2  Requirements for Volumetric Treatment of Sampl
3.3 Forms of Volumetric/Tritrimetric Analysis
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Volumetric analysis is one of the core chemical hods of analysis
employed in animal production. It is defined as dguantitative analysis of
an unknown chemical solution by determining thengiya of reagent of
unknown volume of a solution. This involves reacsiobetween two
substances in a given solution (titrate and thdyta)a Therefore, in this
unit, we will discuss the general principle of voletric analysis and
various types of volumetric filtration and theiregsn animal production.

2.0 OBJECTIVES

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

. explain the concept of volumetric analysis
J list the requirement for volumetric treatment ofrgéde
J list and explain the forms of volumetric analysis.
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3.0 MAIN CONTENT

3.1 Basic Concept of Volumetric Analysis

Volumetric analysis, also known as trimetry reactabeals with reaction
between the volume of a reagent and that of thdy@ngsample). It
measures the volume of a reagent reacting stoictmcally with the
analyte of which an indicator is used to deterniiveeend product or actual
volume of the analyte. This is done by a continuaddition of the titrant
of a known concentration to analyse up to the le¥ehange in colour that
is observed as an indicator of the completion efréaction.

3.1.1 Basic Terms in Volumetric Analysis

1. Titration: The process of determining the volumeaaofeaction that
as a reagent is added to a solution to give ancéeg@®utcome.

2. Standard Solution: A reagent of known concentration

3. Indicator: A substance that change colour at thd ef the
consumption of analyte near the equation point ofovin
concentration

4. Equivalent Point: Is the point at which a stoicheirc titrant is
added with the analyte or the titrant.

5. End Point: The point at which the reaction is obedrto be
completed.

6. Titration Error: The difference between the equewdlpoint and the
end point of titration.

7. Concentration: is a determined quantity of a sulzstan a defined
volume of solution.

3.1.2 Methods of Determining End Point in Titration

1. The use of PH indicator which change in colour assailt of change
chemical property of an anylate during an acid-bvasetion.

2. Colour change which occur in some reactions withwetessarily
adding any indicator. This is common in redox reamct

3. Precipitation: This happens at the end of certagction when an
ion is precipated as an indication of a completibthe reaction.

4. Potentiometer: This involves the test for a chamgeéhe working

electrode at the end of the reaction.

79



AGR 305 ANALYTICAL TECHNIQUESIN ANIMAL PRODUCTION 1

3.2

Requirements for Volumetric Treatment of Sampe

The basic conditions or requirement for an effickgmnation are:

1.
2.

3.

3.3

The reaction should relatively be fast

At the end of the reaction, there should be a ctdwnge on the
physical or chemical features of the solution.

The reaction should be conducted in an controliedrenment to

prevent unnecessary interference.

The indicator to be used must be carefully choset must be
available at the point of analysis.

The end point should be reproducible and have gelaquilibrium

constant at the end of the reaction.

Forms of Volumetric/Tritrimetric Analysis

There are basically three types of volumetric asialyor method. Each
method is based on the type of reaction includéese€ are:

1.

80

Acid Base Titration

This type of titration involves the use of acidaobase to determine
the concentration of the reaction by neutralisatidms is carried out
by acid or base of a known concentration. In meadiotatory

analysis, acid and base titration is used to deterrthe acidity or

alkanity of solutions using a particular indicat@uch indicator

could be a litmus paper which serves as visuatatdin that shows
red colour in an acidic medium and blue colour ibagic medium.

Acid base titration is applicable in samples thawé acid or basic
contents and analysis that involve the use of &jaldligestion or

analysis like the determination of nitrogen in milk

Participation Titration

This kind of titration is based on reactions thaeld/ ionic
compounds in form of insoluble salt at the endh& teaction. The
production ion makes it a little hard to determihe end point with
high level of precision. Precipitation titration g@mmonly used in
the determination of chlorine bromide and cynateaisample. In
most cases, the reagent used is silver nitrateraemes potassium
chromate.

Redox Titration
This is a titration method based on oxidation aadliction between
the filtrant and analyte. The principle of redo”uetion is based on
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reduction or oxidation of electron from substarecarother which is
determined by calorimetric or potentiometric endinpo Redox
reaction employs the use of oxidising or reduciggrd. The former
can be a specie that removes electron form anapecie or a
chemical that transfer electronegative atom (oxygdmile the later
act as an electron donor by losing some electarample of the
reaction is the reaction of glucose with oxygen an aerobic
condition and the reduction of iodine to iodide.

4.0 CONCLUSION

Volumetric analysis often referred as titrationthe method of chemical
analysis in which substance amount in determinedratysing the volume
that the substance occupies by employed the difespecific known
titration like acid base, redox and precipitatidrated

5.0 SUMMARY

Volumetric analysis deals with reaction betweenvbleme of reagent and
that of the analyte and that the most common tgfaslumetric analysis
are acid-base titration, precipitation titratiomdaredox titration. We also
learnt the various methods of determining end pointolumetric analysis
and some conditions of volumetric analysis.

6.0 TUTOR- MARKED ASSIGNMENT

Define volumetric analysis

List and explain the various forms of volumetri@asis

List the condition necessary for titration

List the method of determining end point in volunweénalysis
List five basic terms in volumetric analysis

aghowpeE
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1.0 INTRODUCTION

Another method of chemical analysis is gravimetanalysis which

describes a set of methods that make use of qatwditprocedures to
measure the weight of an unknown quantity of arlyéman a mixture. This

take into consideration many treatment that empl@cesses like heating
and drying that will help in evaluating a partiaukubstance of interest.
Gravimetric analysis is one of the chemical methddat guarantee
precision and accuracy of measurement even thoogh are manually
determined and laborious.

2.0 OBJECTIVES

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

define gravimetric analysis

list out the types of gravimetric analysis

give the advantages and disadvantages of gravoraetalysis
explain the general procedure for gravimetric asialy
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3.0 MAIN CONTENT

3.1 The Concept of Gravimetric Analysis

Gravimetric analysis is defined as one of the m#shof analytical
chemistry that measures the mass of a solid inxéunai by calculating the
differences in weight. If for instance, one wardskhow the weight of a
solid that are in suspension in a liquid mediumisieasy to do that by
simply filtering the solid suspension with a knoweight of a filter paper
and dry them together to remove the moisture ttaeés that still stick to
the solids and filter paper. Calculating the ddéfece between the final
weight of the sample and the weight of the filteseg you the actual weight
of the sample (solid). In the case of aqueous itres analyte needs to be
converted into a solid form before proceeding wita analysis; this could
be done by applying enough positive potential betwehe pair of
electrodes in the sample.

An example of application of gravimetric analysisanimal production is
in determination of total solids in a milk samplkhe method is done by
directly heating the sample and taking the diffeeebetween their weight
before and after heating. Whatever result is goitaficates the total solid
of the composition.

3.2 Types of Gravimetric Methods

There are four types of gravimetric analysis everugh two are the most
commonly used in animal production.

Precipitation gravimetric analysis
Electrogravimeric analysis
Volatilisation gravimetric analysis
Particulate gravimetric analysis

PwONPE

For the purpose of this course, we will concentrate the two most
commonly used in animal production: Precipitatiomvymetric analysis
and Volatilisation gravimetric analysis

3.2.1 Precipitation Gravimetric Method
In precipitation gravimetric, appropriate reagest used to obtain an

insoluble compound in a mixture. Insoluble compogndected is filtered
and further treated to a point where there is olsgimmn of a constant
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weight over time. The use of precipitating reagenthe solution contain
say ion of interest leads to several steps befoeefinal larger filtered
crystals are obtained. These stages involve thectiah, nucleation and
digestion. Digestion is commonly used in animalduaion for heating the
social and mother liquor for some period of time.

Steps in Precipitation Gravimetric Analysis

1.

84

Sample Preparation: Sample collected for prgipn analysis are
first of all pre-treated to fasten the rate of yéation. For example
samples with high or low solubility are pre-treateih reagents to
make it into solution that favours precipitationhel P!, volume,

temperature and the concentration of the solutluoulsl be in the
state that favours precipitation of the solution.

Precipitation: In precipitation, smaller paleg are difficult to filter
but it is the opposite with the larger particlebetefore, the addition
of precipitating agent to react with the analytépbencrease the size
of the precipitate which settles fastly and readlitgred. The larger
particles obtained are core frone to re-adsorpéind they can be
easily be washed to remove impurities. We use ivelasuper
saturation RSS to understand the condition favgupeuticle growth

RSS = % Where Q = Concentration

S = solubility

Solutions with high super saturation yield smafiarticles with high
surface area, while low super saturation yieldgdaparticles with
low solubility.

For a successful precipitation, Q must always lp# kv while S be
kept high. This is achieved by production of préeig from dilute
solution and storing slowly while adding the dilypeecipitating
reagents. The precipitate should be obtained framitesolution and
ensure the process of precipitation is done atMwo discourage
solubility of the precipitate.

Washing of Impurities: The next step afterdiion is washing of
the precipitate. The precipitate is washed to resndkie co
precipitate (impurities). This is done by electtelyhat is added o
the washing liquid. Avoiding the use of water foashing reduces
the formation of colloids (peptisation).
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4. Drying: The precipitates gotten and washeddaied to a constant
weight by heating at 110 — 126 for one to two hours. The time
taken on heating depends on the stability of theghteof the
precipitate.

5. Weighing: The dried sample will then be pladeda desicator in
most cases and weighed to ascertain the actuahtveighe sample
in question.

6. Calculation: This is done on a weight bases amdressed in
percentage. For example, if P is our analyte @fredt then
% P weight of P X 100
0 =

sample weight

3.2.1 Volatilisation Gravimetric Analysis

This type of gravimetric involves the separatiorthad substance of interest
in a gas form using thermal or chemical decompoament. It can also be
trapped and weighed. This is done by weighing thiatile part and then
comparing with the non volatile part. With techrgial advancement,
instrument used in thermal conductivity, infrardgs@rption or coulometry
are used to measure the product of volatilisafldre most important thing
in volatilisation gravimetric irrespective of methor instrument employed,
the product of the decomposing reaction should ti@wk. The practical
application of the volatilisation gravimetric dep@mg on the method of
analysis is the determination of ash in a sampleed or milk, where the
sample is placed in a crucible and be allowed toodgose at fixed
temperature in an oven or furnace. The differeretevéen the sample mass
and that of the residue is measured on a balanteetquantity or ash by
trapping and weighing the volative product heated iclosed container as
the gas is trapped in selective absorbent traps.

3.3 Advantages of Gravimetric Analysis

It is one of the most accurate and precise methods
It readily gives room for experimental error

It is a direct method that requires less standatibiz
Sample equipments are used for the method

PN
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3.4

1.
2.

3.

3.5

Disadvantages of Gravimetric Analysis

It only analyse one or few elements at a time

Colloid can basically be formed if mistakes are enatliring the
analysis

Labour intensive and time consuming

General Gravimetric Analysis Procedure in Animal
Research

The practical procedure is seen in fibre (crudeejildetermination of a feed
sample. The procedure involves:

1.

86

Fresh samples should be subjected to addition tblpam ether
three times and store gently to extract fat instple. This done by
string gently, allowing to settle and decent eaantet The fat free
material should be transferred in a beaker and 2@®@mpre-heated
1.25% HSO, should be added and the material be boiled foctgxa
30 minutes. Constant volume should be maintaineadayng water.
While the heating process is going, a filter pafeed to funnel
should be pre-heated by pouring hot water intddheel.

The boiled acid mixture should be filtered hot undaifficient
suction so as to make it possible to filter 200rlthee murefure
within 10 minutes.

The filtered residue should be washed several timigls boiling
water until it becomes neutral to litmus paper.

The residue should be transferred back to a beaid®200ml of pre-
heated sodium hydroxide be added and boiled forthano30
minutes and the content volume be maintained bgtaotly adding
water.

After boiling, the mixture should be filtered hdtrough a filter
crucible this time around, under gently suction.

It should be washed thoroughly with hot water amdce with
alcohol.

The crucible and it content should be dried 1t 10686led and
weighed.

Place the crucible in a muffle furnace for abouth@urs at a
temperature of 500-680then cool in desiccators and weigh.

% fiber
_ dry wt of residue before ashing — wt of residue after ashing

original sample weight
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SELF-ASSESSMENT EXERCISE

Give one example of the application of gravimetacalysis in animal
production

4.0 CONCLUSION
Gravimetric analysis is one of the most reliablel gmecise method of
analysis even though it is laborious and time consg. The method can

be used for analysis of both organic and inorgaunlzstance with assurance
of good precision.

5.0 SUMMARY

In this unit, you have learnt:

1. Definition of gravimetric analysis

2. Application of gravimetric analysis to animal pration

3. The types of gravimetric analysis

4. The advantages and disadvantages of gravimetrlgsana

5.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define and give one practical application of gragint analysis in
the animal production lab.

2. List and describe the various steps in precipitagjravimetric.

3. Distinguish between the precipitation and volailisn gravimetric
analysis.

4. List three advantages and disadvantages of granameethod of
analysis

7.0 REFERENCES & FURTHER READING

Christian, G.D. (198D Analytical Chemistry. (3rded.). New York: John
Willey and Sons

George H.K. & Van Soest, P.G., Forrape, Fibre AsialyApparatus;

Reagents, Procedure ad some Applications) Agricddaaok No 379 Agric
Res Service U.S.A DeptAgric Washington D.C (1970).
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1.0 INTRODUCTION

Thermometric technique is one of the old techniquesd in chemical
analysis, even though improvement over years hasght a lot of change
in the instruments employed and the speed with lwtioperates.

Direct-reading thermometric analysis is one oftheent techniques which
utilize the use of heat of reaction i.e. the amoahheat consumed or
emitted during a chemical reaction. Some other ouhinclude the
titration aspect of thermometric which uses a clkainyg temperature to
determine the end point of the reaction.

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

define the term thermometric analysis

list different types of thermometric

itemise the principles of thermometric.

list the advantages and disadvantages of thermannedthod.
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3.0 MAIN CONTENT

3.1 Concept of Thermometric Analysis

Thermometric analysis is a form of thermal analysighich a temperature
change is used to cause reaction. It is a methed fos determination of
the transformation a substance undergo while beeejed or cooled at an
essentially constant rate. In real sense, thermgnatolves the practice of
temperature measurements, this is how to say, mst@and processes are
studied under conditions of changing in their terapees.

3.1.1 Different Types of Thermometric Analysis

Thermo analytical methods or analysis can be grdum® various classes
depending on what it measures as well as the kindsbrument it uses.
Some of the classifications are:

Thermo Gravimetric Analysis: This is an analysiattmeasures change in
weight of a substance with respect to change ipésature. The sample of
interest is subjected to continue increase in teaipee on a linear scale of
time (thermodynamics) while a condition where thenple is placed on a
constant temperature for given period of time tsevlie change in weight
is called static thermal thermo-gravimetry. Theibasstruments employed
for this analysis are the precision balance fureafticat have a linear rise
temperature) and recorder. The graph of changesightvis plotted against
change in temperature which is sometimes affectedhdnting rate and

temperature of the samples environment. This metifi@halysis is mostly

suitable for determining the range of temperatdrdrging and in so many

analytical analyses like the evaluation of kinetreeasures of weight
changes in a chemical reaction.

Differential Thermal Analysis (DTA): In this methpdhe changes in
temperature of the analyte sample and that of arga€e material is
observed and recorded over a period of time widpeet to the furnace
temperature. In this technique, the apparatus usgddde sample holder,
furnace, flow control system, preamplifiers andoreler, furnace power.
The basic methodology behind this method is as\i!

1. A thin thermo couple should be inserted into a dsspble sample
tube which can hold 0.1 — 10mg of sample.

Place an identical tube containing a reference mate

Put the two tubes in a sample block. Side by side

Heat or cool at a uniform rate

Then measure the difference between the samplahendeference
material

arwN

89



AGR 305 ANALYTICAL TECHNIQUESIN ANIMAL PRODUCTION 1

3.2 Thermometric Titration

This method of thermal analysis which is also chllenthalpimetric
titration. This method of titration we measure temgaure against volume
of a titrant. The change in temperature is normadigd to indicate the end
point of the titration. This is done by recordingeaperature change each
time a reactant (titrant) is added to another ssdctThe graph of
temperature against volume of reactant is then tesédd the end point.

Temperature (%)

Total volume of acid (cm?)

The simplest method of thermometric titration ise tracid base
thermometric titration. The equipment requireddoch test are:

Thermometer (0-100)

Two polystyrene cups

Beaker (250 ci)

50cnt Burette

A burette stand

A change and its stand

A cork that will fit the thermometer
Pipette

Pipette safety filter

CoNOGO~WNE

The procedure for Thermometric analysis dependsthen sample and
analyte of interest.

3.3 The Principles of Thermometry

Any property of a material which changes with terapgre can be used to
indicate or measure temperature. For example ekpansion of solids,
liguids and gases are all used to make thermom&#ner examples are:
an electrical resistance thermometer, in whichréssstanceofa length of
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wire changes with temperature; a thermocouple tbereter, in which
junctions between two wires of different metalsgate a voltage when the
junctions are at a different temperature;a pyromete which high
temperatures are judged by comparing the coloua d¢fot object with
a reference colour scale.

The type of thermometer which is chosen for a paldr application will
be decided by some of the following points:

. Does the thermometer work over the range of tentpers required?

. Is the thermometer sensitive enough (Can it detewll enough
changes of temperature)

. How quickly does the thermometer respond?

. How small, portable and convenient is the thermemntet

. Can the thermometer give continuous reading andopeected to
an electrically operated chart-recorder or warrmagice

. How expensive is it?

3.4 The Advantages and Disadvantages of Thermometr
Analysis

Some of the advantages of thermometric titrati@nthat it is rapid, simple,
and precise and can be used for various analysesgdanemical studies
(enzyme catalysed reactions, proteins and cupias)ratitration of metals
such as calcium (9 and Fé&. The use of temperature verses
concentration instead of logarithms makes it pdsdib separate reactions
that are run simultaneously as long as their teaipex of reaction differs.

However, the major disadvantages is that the itglof the method to
obtain multiple endpoint for multi-component mix¢urLack of selectivity
associated with mixture. The method requires aisemsnstrument for
measuring the system.

SELF- ASSESSMENT EXERCISE
(1) Name four basic instruments for Thermometric anslys
(i)  List out the disadvantages of thermometric analysis

40 CONCLUSION

Thermometric techniques are therefore importantrungental techniques
that are used in many fields of studies includingysics, biological,
biochemical and many other fields of sciences.sltfact, accurate and
precise.

91



AGR 305 ANALYTICAL TECHNIQUESIN ANIMAL PRODUCTION 1

5.0 SUMMARY

In the end of this unit, you have learnt about:

1. The definition of thermometric techniques

2. Classifications of thermal methods and their openat
3. The differences between each methods

4. The basic instruments of each methods

6.0 TUTOR-METHOD ASSIGNMENT

1 Define thermometric analysis

2 List the basic instrument for each of the followmgthod
1. Thermo gravimetric

2. Differential Thermal Analysis

3 Thermometric titration

3 List out the advantages of thermometric analysis

7.0 REFERENCES /FURTHER READING

Christian, G.D. (1980)Analytical Chemistry. (3rd ed.). New York: John
Willey and Sons.

David, H. (2000)Modern Analytical Chemistry. (1st ed.). London:
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1.0 INTRODUCTION

Electrochemistry is a general term that describesvarious techniques of
determining an analyte concentration by measuriatemial charge or
current or reaction. It involves the migration tderon in a redox reaction.
Electrochemical methods comprise of different categ which is
determined by the cell that is acting as a refexearad the other different
electrochemical methods and how they are appliednimal production
researches.

2.0 OBJECTIVES

At the end of this unit, you should be able to;

. illustrate the principle of electrochemical cells

) list and differentiate the various categories oéc&bchemical
methods

) list the advantages of electrochemical methods

. apply the principles of electrochemical methods &oimal
researches.
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3.0 MAIN CONTENT

3.1 Concept of Electrochemical Analysis

It is a method of quantitative analysis that isdshen electrical properties
of an anlyte solution by using an electrochemicgl. dn electrochemical
methods, the electrochemical properties of solutiepend on the nature of
the components of the solution such as the coret@orir

Basic Terms in Electrochemical Analysis

1. Electrochemical Cell: A device that produces arctele current
from energy released by a spontaneous redox-reactio

2. Redox Reaction: Is the reaction that involves #lease of uptake of
electrons(s).

3. Redox Potential: Electrical potential that exisairedox reaction.

4. Electrode: Combination of metals immersed in a salution (it
could be salt, acid or base).

5. Reference Electrode: Electrode with a constant trelelsemical

potential that is used as a reference point wheasmég the

voltage between the reference and sensing electrode

Solutions: Homogeneous mixture of two substances.

Potential: Electrical charge distribution estal#dhbetween two

media of different compositions.

8. Electrical Conductivity: Substance with mobile dar carrier
(electrons ions) at which is acting as electricaductors when a
current is applied.

9. Concentration: Amount of dissolved substance basedolvent or
the entire solution.

10. Oxidation: The lost of electron from an atom or ewlle.

11. Reduction: The gain of electron from an atom oreuale.

NOo

3.2 Methods of Electrochemical Analysis

There are basically four methods of electrochenacallysis. The choice of
these methods depends on the structure and chepvoakntration of
material matrix that is to be analysed, they are:

Potentiometric method
Voltametry method
Coulometriry method
Conductometric method

PwONPE
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3.2.1 Potentiometric Method

This method allows the potential of electrochemialls to be measured
under zero current. This is done by determiningdifference between the
potentials of two electrodes (The working or indicaelectrode and the
reference electrode). The former responds to amagtively while the
latter has a fixed potential. The most common jpemitric electrode is the
one used in the Pmeter (glass membrane electrode). The electrodes a
identical by convention; the electrode on the Isfreferred to as anode
while that on the right is the cathode. When cohidgc Oxidation-
Reduction reaction, oxidation occurs at the anod#geweduction occurs in
the cathode. In potentiometric analysis, the refegeslectrode is the anode
cell while the indicator electrode is the cathodéhile the reference
electrode provides a stable known potential, thdicator electrode
measures any charge in the reaction that is atéfibel to analytes effect.
This method is applicable in many redox titratiomnmetry and
potentiometric titration in the field of sciences.

3.2.2 Voltametric Method

This method uses current to measure potentialeottactrochemical cells.
It measures the current flowing through an ele@rolipbped in a solution

which contain electroactive compound when the g@kis measured. The
method is used for analysing any chemical speaé¢ ithelectroactive by
causing a reduction or oxidation of the solutiohe Turrent flowing in this

method is due to electron transfer that happensgiarreduction oxidation

on the electrode surface. This method is pringpléised on the study of
the dependence of polarization current applied lezt®ns when their

potentials differ significantly.

3.2.3 Conductomeric Method

This method measures the conductivity of the eddydtr which is used to
measure the progress of a reaction in titratioregrpents, the electrolytes
conductivity of the mixture is monitored as theateat is been added. A
sudden observable change in the conductivity indgcthe equivalent point
and sometimes, electrical conductance measuremantglso be used to
determine the end point of the reaction.
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3.2.4 Culometric Method

The basis of culometry is Faraday’s law of elegs@. Culometry as one
of electrochemical method it measures the amouaniify of materials

deposited on an electrode during a reaction. Adsall that Faraday’s law
states that the weight of substance liberated duglactrolysis is directly
proportional to the quantity of electricity pasgadough it. In coulometry,
the electrodes used have potentials which is d@iffefrom the equilibrium

value which measures that amount of matter tramsfdr during

electrolysis reaction by determining the quantityeltectricity in coulombs

lost or gained (complete oxidation or reductionheTtwo forms of

coulomety are the controlled potential coulometnywhich a constant
potential to the electrochemical cell is applied ahe controlled current
coulomety in a constant current is passed throhgtetectrochemical cells.
This method solely depends on current.

3.3 Basic Principle of Electrochemical Methods

One basic principle of electrochemical methodshes transfer of electron
form one atom or molecule to another during a redeaction which is
brought about changing the oxidation state of lb#éhatom that is going
out electron (donor) and the one receiving (reaipie

Any property of a material which changes with terapgre can be used to
indicate or measure temperature. For example epansion of solids,
liquids and gases are all used to make thermome@@iiser examples are:
an electrical resistance thermometer, in whichrédsistance of a length of
wire changes with temperature; a thermocouple tbereter, in which
junctions between two wires of different metalsgate a voltage when the
junctions are at a different temperature; a pyremah which high
temperatures are judged by comparing the colour af
hot object with a reference colour scale.

The type of thermometer which is chosen for a paldr application will
be decided by some of the following points:

. Is the thermometer working within the range of temstures
required?

. Is the thermometer sensitive enough (Can it detettanges of
temperature)

. How speedily does the thermometer respond?

. How little, handy and convenient is the thermontfeter

. Can the thermometer give continuous reading andop@ected to

an electrically operated chart-recorder or warrmagice
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. How costly is it?

Electrochemical Cells

An electrochemical cell is a tool that is able @her generating electrical
energy from chemical reactions or facilitating cheahreactions through
the introduction of electrical energy. A common mpde of an
electrochemical cell is a standard 1.5-volt battegant for consumer use.

An electrochemical cell consists of two half-cedls each of these cells
consists ofelectrode and anelectrolyte The two cells may use the same
electrolyte, or they may use different electrolyfBise chemical reactions in
the cell may involve the electrolyte, the electmd® an external substance
(as in fuel cells that may use hydrogen gas as a reactant). In la ful
electrochemical cell, species from one half-cedkelelectronsokidation) to
their electrodewhile species from the other half-cell gain elent (eductior)
from their electrode.

Selected Principles: Electrochemical Cells
An electrochemical cell changes chemical energgléatrical energy when
it is part of a complete electrical circuit.

For instance, an exothermic reaction occurs whereee of zinc metal is
placed in aqueous copper (Il) sulfate. In the ieactelectrons are
transferred from zinc atoms to copper (ll) ions &aese zinc is a better
reducing agent (i.e., it is more easily oxidized);

Advantages and Disadvantages of Electrochemicathdist
Advantages
The tools used for the reaction can be devised feowheap electrical

conductive substance.

Disadvantages

1. It require constant electric current
2. It is liable to corrosion
3. Only electric conductive material can be used.

4.0 CONCLUSION

Electrochemical methods are techniques used inrrdetmg an analyte
concentration by measuring the potential chargaefeaction.
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5.0 SUMMARY

In this unit, you have learnt that:

1. Electrochemical analysis is a quantitative analyiség is based on
electrical properties or analyte solution by usshectrical cells.
2. Methods of electrochemical analysis are:

Potentiometric, Voltametric, Coulometric and Contmeetric
3. The basic principles of electrochemical analysie #@ased on
oxidation and reduction reactions.

6.0 TUTOR- MARKED ASSIGNMENT
1. Define the term electrochemistry

2. Distinguish between the different method of eledtemical
methods

3. State the basic concept of electrochemical analysis
7.0 REFERENCES/FURTHER READING
Bard, A.J. & Faulkner, (1980Ilectrochemical Methods

Christian ,G.D. (1980)Analytical Chemistry. (3rded.). New York:John
Willey and Sons.
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1.0 INTRODUCTION

Some analyses are determined by the amount oftiadihkey either absorb
or display. Generally, the optical methods of asiglynake use of light

intensity to measure the concentration of anal@ertain substances in a
sample have the ability to absorb or emit lightiadidn under certain

situations. Thus the absorption or emission of\hsous degree of light

radiation is achieved by the use of different mstents depending on the
analyte of interest.

2.0 OBJECTIVES

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

. define optical method of analysis
) explain the different methods of optical analysis
J state the laws of light absorption.

3.0 MAIN CONTENT

3.1 Definition of Optical Methods

They are spectroscopic techniques that use absormtr emission of
electromagnet the radiation (visible or infraredithim a spectrum to
evaluate the energy changes within a matter.
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Types of Optical Methods

1. Colorimetry

2. Spectrophotometry

3. Atomic absorption

4. Flourimetry

5. Atomic emission analysis

1. The colorimetry involves the measurement of conegion of a
compound in a solution by the dictate of the colodrlight it
absorbs.

2. Spectrophotomery measures the absorption of ligimé&asuring the
amount of light the sample absorbs in molecule®eem of light
passes through a sample and the intensity ofghé that reaches the
detection.

3. Flourimetry. This method measures a fluorescera given sample

after excitation with a beam of light.
4. Atomic absorption: This method involves the emissid light in an
electronic medium that is executed.

3.2 Principle and Instrumentation of Coulometry

The principle behind colometric analysis is theimation of colour of a
coloured substance or it should be capable of fognai coloured complex
by adding of reagents. Once the light in relationits colour intensity
which is proportional to the concentration of thébstance, this happens
when a monochromate light passes through them. dquizatity of light
absorbed or emitted is in agreement with the tweslaf light absorption.
Beers and Lambert laws, Beer's law states that ahmunt of light
absorbed by a molecule in a solution is directhpportional to the
concentration of substance in the solution. Theniexperimental decrease
in transmittance with an increase in cocncetration.

Mathematically, Beer's Law is given as
[ [
Cx 10810T0 or € C = logy, TO
Where C = Concentratiog, = Constant,J = Transmitted light and
Log;o = Absorption
Lambert’s law: states that there is an exponedgalease in transmittance
of light with an increase in thickness of coloumsmlution as light passes

through the sample.
Mathematically, Lambert law is given as

L loglolT0 Where K = ConstarKL = log,, IT" | = Path Length
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Colormetric measurement is expressed mathematitgllgombining the
two laws as shown below

I
ECl = logT0

Where b= Intensity of incident light, 1 = Intensity of tnamitted
light, E = Absorption coefficient, C = ConcentratjoL = Depth of
absorbing length

Instrumentation: The standard part of coulometeoisposed of:

1. Light source (visible or ultraviolet)

A monochrometer which is holding a prism that hdigperse the
light from the source and slit which is used foles&on of desired
wavelength.

A optical cuvelt for holding the sample

Filter (made of coloured glass)

Detector

Output

akrown

3.3 Principles and Instrumentation of Spectrophotometer

The basic principle of spectrophotometry is the that substance absorbs
or transmits electromagnetic radiation energy amaetion of a wavelength.
That is to say each substance have specific wayldhabsorb or emit.
For example, a substance can absorb a particulaurcor light while
transmit other coloured wavelengths. However, th@ownt of energy
absorbed or transmitted must meet the required ggnéos cause a
movement of electron from one level to another. Th&rumentation
spectrophotometry is smaller to that colormetryegtcthat the filter in
coulometer is substituted by prism grating and that detection of light
which passes through the sample is detected pHistoe¢gher than photo
multiples in coulometer.

3.4 Principles and Instrumentation of Atomic Absorption

The principle of atomic absorption is not too diffet from that of

spectrophotometry because light in both forms isodied in atomic

absorption light energy is absorbed by particlesmdlytevapourised in a
flame. The absorption follows Beer’'s Law in whidte tabsorption of light
and it quantitative correlation to concentratiorthed atomic vapour as well
as the path length in the flame.
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A fine sample solution is allowed to pass througlilame where it is
vapourised and atomised into a gaseous solutioh wie analyte of
interest. The radiation from the light source eraitsavelength that provide
an energy level to the higher level so that somethef light may be
absorbed by the vapourised atoms while other tratt®lough

monochrometer and detector.

The Atomic Absorption Consist of Three Steps

Step 1 The flaming of a sample into a vapour form

Step 2 Irradiation of vapour (atomic) at a waxgth that
corresponds to the analyte of interest.

Step 3 Absorption of radiation by the flamed skEmphich is

proportionate to the concentration of the analytaterest.

The Instrumentation Consists of:
Light source
Monochrometer

Sample container (flame)
Detector

Amplifier indicator

arhowpE

3.5 Principle of Fluorescent

The basic principle of fluorescent is the excitatiof electron to a high
energy level. As it reaches the highest elevattoreturns to the normal
state by emitting part of the energy it absorbed aaspecific light
wavelength. The intensity of radiation fluoresc@hts in direct proportion
to the radiant power of the absorbed exciting baatine system.

F=K(,- I
Where }= Incident beam, | = Transmitted radiant, K = Cans$t
Fluorescent radiation is in direct proportion withe concentration of
fluorescent substance just as seen in Beer’s Law.
HenceF = KC where C = concentration
Fluorescent method can be applied in many orgarmddraorganic analyses.
It is used in determining the level of amino aqdytein co-enzymes and
many other analyses.

SELF- ASSESSMENT EXERCISE

1. State the Beer’s and Lambert laws.
2. List the types of optical methods
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4.0 CONCLUSION

From what we have learnt, optical methods are itgmdbmethods used in
determination of many analytes of interest usingous methods which
includes, colormetory, spectrophotometry atomic ogbigon and

fluorescent method

5.0 SUMMARY

In this unit, you have learnt that:

. Colorimetric method involves the measurement ofcearration by
colour detectors.

. The basic principle of spectrophotometry is the ogfison of
electromagnetic radiation as a function of a wavgtle.

J The principles of atomic absorption involves thesaption of light
by particles of a vapourisedanalyte

Atomic absorption has three steps:
1. The flaming step

2. Irradiation step
3. Absorption state.

6.0 TUTOR -MARKED ASSESSMENT

1. State Beer’s and Lambert law
2. Explain the principle of colorimetry and it instrentation
3 Differentiate between colorimeter and spectrophetiem

7.0 REFERENCES/FURTHER READING

Philips, M. (2003)Advanced Chemistry. Physical and Industrial (1st ed.).
Cambridge.

Orji, B.l. &lbe, S.N. (1986).Techniques in Animal Science Research
Edited. Nsukka.
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MODULE 4

Unit 1 Sample Preparation for Chemical Analysis

Unit 2 Some Selected Analysis in Animal Scieneséarches
Unit 3 Concept of Separation Techniques

UNIT 1 SAMPLE PREPARATION FOR CHEMICAL
ANALYSIS

CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main Content
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3.2 Methods of Sampling
3.3 Sample Collection
3.4  Types of Sample
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5.0 Summary
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1.0 INTRODUCTION

Samples are representative of a given quantityish@aiutinely collected for
analyses. Sampling is major aspect of a succestfamical analysis
because the way sample is collected and handledtaff a great extent the
result of the analysis. Wrongly collected and haddlamples can affect the
precision of the analysis even when the right mgthbanalysis is used.
Therefore the importance of correct sampling tegph@iand documentation
as well as treatment of various sampled materi@anot be over-
emphasized. In this unit therefore, you learn ttesid principles or
sampling for laboratory analysis.

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

J explain the basic principle of sampling
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J list and explain the various methods of sampling

) state the various treatments required for samplaieoted for
chemical analysis.

) explain how to document samples made for analyses.

3.0 MAIN CONTENT
3.1 Basic Principles of Sampling

Sampling involves the activities employed in gaiigr acceptable

laboratory size materials that can serve as a tegpgesentative of a
population. Sample collection must be done in ameathat guarantees the
maintenance of the physical and chemical natur¢hefsample well as

prevents contamination of the product being sampfedost analysis, the
samples composition does not necessarily need idebéical to that of the

substance being analysed provided the samplesasge €nough to be a
true representative of the substance. Dependingoance of the sample,
different methods of sample collection are employed

3.2 Methods of Sampling

The two most common sampling techniques are:

1. Random Sampling: In this method of samplinghematerial of the
population has equal opportunity of being collectétlis can be
achieved by dividing the target population into &qoroportions so
that each proportion can be collected randomly Iy tise of a
random number table or any randomisation technidibés kind of
sampling can be from a finite or infinite populatio

2. Stratified Sampling: In this method of samgjinpopulation is
divided into various strata (homogeneous unit) aadh sample is
collected randomly for each stratum. This type ampling is
employed when the population is heterogeneousatcetich sample
collected from the stratum is more homogenous ttat of the
entire population.

3. A good sample irrespective of the method of emibn should
possess the following characteristics:

4 It must have the same characteristics with theimalgpopulation
from which it is taken from.

5 Sample nature must be maintained throughout thigsiageriod.

6 The number of sample collected should be large gimda reduce
experimental error.
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Sample handling implies how sample are managedracepsed. After
collection, samples collected should be properlyhaged so as to avoid
compromise in the original state of the sample.oBefooking at how to
handle and document a sample, let us look at tiberiarfor accepting or
rejecting a sample.

Criteria for Rejection of Analytical Sample

Reject any samples that are:

1. Not true representation of the population from vehdhey are
collected

Faulty label

Samples that are duplicate

Samples from faulty and leaky containers

Contaminated samples

Samples that their sources do not conform to tipe tyf sample
needed for the requested tests.

Samples that have overstayed the needed timedorahalyses
Samples that have insufficient size number foréugiire

SEGIEREN

© N

3.3 Sample Collection

Any sample collected for analyses must be well ledber documented so
that if any problem develops during the analyses,dource can easily be
traced. Also, sample documentation helps wheneareker wants to make
future use of the sample. Some information to beudwented when
collecting samples are as follows:

Source of the sample

Sample identification number

Time or season the sample was collected

The purpose of sample collection

Location of the sample collected

Method used to collect the sample

method of sample presentation

NoOkwdhE

3.4 Types of Sample

Grap Sample: This is a type of analytical sample that is cdéelcin a
specific population over a given time interval &tedent locations. For a
population with fairly the same homogeneous prgpdine and space, a
single sample collected at random can fully sesva &rue representative of
the population. Entire properties grap sampling atso be viewed as a
single sample or measurement taken at a spegctiie tiver a given period
and space.
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3.5 Composite Sample

This consists of collection of series of grap saniplform a single sample.
When this is done, the average composition of ailaipn is known over a
period of time and space. The sample can be cellantsystematic manner
using continuous and constant instruments. Exangflesich samples are
analysis of feed ingredients in the lab that arkected and done over a
period of time and intervals.

3.6 Sample Treatment and Size Reduction

Since all samples collected are directly subjedtedchemical analysis,
treatment with various methods are done to reduwe dize into a
homogeneous form and to ensure that the composstinat compromised,
treatment helps in reducing all sources of contation and to convert
samples into forms that can be analysed. Someeofrtethods employed
for sample treatment are;

1. Mixing: This is done to increase the homogenenfy sample
materials and to have a random distribution of darapmponents,
2. Oven Drying: Some samples that have moisturetecdnare

subjected to various forms of drying to reduce ri@sture content
of such samples before analysing it.

3. Sieving: It involves the reduction of some det size so as
to remove unwanted large particles that can atiealysis. Sieving
also help in reducing a bulky particles into snrabl®mogenous
form that can still represent the total sample.

4. Heating: Some samples undergo heating so asftensthem for
effective analysis, heating helps in breaking deveome tough and
fibrous materials as well as to deal with someatstdn the analysis
of a particular sample.

4.0 CONCLUSION

Sample preparation for effective chemical analysennot be over
emphasized. This is because except one is ablectaes the right sample
and document it properly every other effort in ciehanalysis will be

meaningless. Therefore, sampling methods are to cbesen with

carefulness and the choice of treatment must befudlr selected so as to
achieve the desired result.
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5.0 SUMMARY

In this unit, we have learnt about

Sampling collection and handling
Sampling techniques
Sample documentation and
Sample treatments
.0 TUTOR- MARKED ASSIGNMENT

o e e e o

Justify the statement, sampling is the bedroclkuo€sssful analysis
List out the criteria for rejecting a sample

List three methods of treating a sample

List and exclaim the types of sample

PN PE
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1.0 INTRODUCTION

In the last module, we have discussed the varibamal methods used in
animal science analyses. This chapter is therefioned at discussing some
analyses that are mostly employed in animal scielesearches. Such
analysis as proximate composition analysis andesother biochemical
analyses; for instance is useful in determiningghality and quantity of a
given material using one or the combination of thjisantitative and
qualitative analysis.

2.0 OBJECTIVES

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

) list the different classification of feed under yiroate analysis
. describe the various techniques of feed analysis
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. describe how to analysis of some qualitative temies in animal
researches.

3.0 MAIN CONTENT

3.1 Proximate Analysis

The proximate composition is obtained through prate analysis.
Proximate analysis divides the feeds into six ([@ecent fractions. These
are:

Moisture,

Ash,

Crude protein,

Ether extract,

Crude fiber and

Nitrogen free extract.

ouhkwpbE

3.1.2 Moisture Determination

Procedure

> Weigh 59 of the sample into a crucible

> Weigh and record the weight of crucible fresh sampl

> Dry to constant weight at 180 preferable in an oven fitted with
controlled ventilation.

> Remove and weigh the crucible + dry sample

Calculation

Moisture content (%)

— weight of crucible+fresh sample—weight of crucible+dry sample X 100

weight of fresh sample

3.1.2 Ash (Mineral Content Determination)

Procedure

N Weigh a dry small crucible and required ag W

> Weigh a 2.0g sample into the dry crucible

> Then place in a muffle furnace at 66@or 6 hours
Cool in desiccators and weigh as W

Calculation

Ash (%) =——2"W1__ y 100

weight of sample
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3.1.3 Kjeldahl Nitrogen Determination Method and Apparatus

Kjeldahl Method

The kjeldahl method is used in determining theogén content of organic
and inorganic matter. Although the technique anuhegtus have advanced
considerably over the years, the basic principlesoduced by Johan
Kjeldahl still stand today.

The kjeldahl method is divided into three main step

1.

Digestion: The decomposition of nitrogen in orgarsamples
utilizing a concentrated acid solution and a digestablet, this is
accomplished by boiling a homogeneous sample ircemmated
sulfuric acid in which the end result the end resgives an
ammonium solution.

A general equation for the digestion of an orgaample is shown
below as one basic example:

Organic N + HSG— (NHy), SO, + H,O + CQ + other
sample matrix by products

Acid Consideration: Sulphuric acid has been usedHe digestion
of organic samples. The amount of acid requiredeistive to

sample size and amount of carbon and hydrogenersémple, as
well as amount of nitrogen.

Catalyst additions: Mercuric oxide has been widedgd but because
of environmental effects order the handling andpaksl, other

catalyst have gain more favour e.g. Titanium oxalel copper

sulfate, 5mgSe and 50J&80;.

The Distillation Process

Adding excess base to the acid digestion mixtuste@convert NH
to NH;, then followed by boiling and condensation of Mid; gas in
receiving solution.

The acid digestion mixture is dilated is made gitpralkaline with
NaOH liberating NH as follows:

(NH4)2SO4 + 2NaOH —heat—> 2NH Na,SO, + 2H,0
Ammonium Sulfate ammonas g

Digestion mixture dilution: The acid digestion mixture is usually cooled
and diluted with ammonia-free water.
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NaOH Addition: Concentrated NaOH is added slowlyddhe neck of the
flask.

Distillation: In the majority of the NKlis distilled and trapped in the
receiving acid solution within the first 5 or 10 nates of boiling. But

depending on the volume of the digestion mixturd #re method being
followed, 15 to 150ml of condensate should be ctdié in receiving flask

to endure complete recovery of nitrogen.

Receiving solutions When Boric acid is used, the exact concentraison
not needed because the titration directly meagheesimount of ammonia
in the distillate by neutralizing the 1:1 complextrhed by ammonia and
boric acid.

The chemical reaction is;
Ammonia gas boric acid ammonium borate complex
NHs;+ H3;BO; > NH4+: H.BO3- + HiBOs

Colour Change

The boric acid captures the ammonia gas, formingar@amonium borate
complex. As ammonia is collected the colour of tkeeiving solution
changes.

3. Titration
Ammonium borate complex, sulfuric acid, ammonisuifate and
boric acid

2NH4H2803_ + HzSQ4—> (NH4)2804 + 2|‘l3803

The addition of sulfuric acid exactly neutralizeae tammonium borate
complex, and a reverse colour change is produced.

The boric acid method has two advantages: onlyotieestandard solution
is necessary for the determining and the solutaméanlong shelf life.

3.1.4 Crude Protein

Reagents

Sulphuric acid (98%)

5mg se, 5g KSOy(catalyst)

NaOH, 40% solution (10N solution)
Boric acid solution

0.1N HSO,

Digestion and distillation units

A S e
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2. Digesting tubes (500ml capacity or larger)
3. Conical flasks, 250ml.

Method
Weigh accurately approximately 1.0g of sample mtdigesting tube and
ass 1 tablet of catalyst, and 12.5ml sulphuric aetdle in the fume
cupboard. Load into the Digestor, set the timet tour 15 minutes. At the
end of this time, unload from the digestor andwallo cool for about 30
minutes.

On cooling add distilled water, makes then diglilleollecting distilled
ammonia in 25ml boric acid solution contained irc@nical flask. On
completion of distillation remove and titrate agaistandard acid solution.

Calculation:

. 14.01 X normality of acid X (vol of acid —0.1) X 6.25
% protein = Y ( )

x 1009
weight of sample X 1000 %

3.1.5 Crude Fibre

Crude fibre is determined as that fraction remanafter digestion with
standard solutions of sulphuric acid and alkalitéBsium hydroxide) under
carefully controlled conditions.

Reagent

1. Sulphuric acid solution (1.25%)

2. Potassium hydroxide solution (1.25%)

3. Petroleum ether, boiling range 40 td60

4. Hot water

Instruments:

1. Hotplate

2. Beaker glass without spout

3. Fibre caps — capsule tray for 6 fibre caps + bgiktand & drying
stand

4. Accessory: crucible for incineration
5. Drying chamber (oven) 166

6. Muffle Furnace, Temp, 666

7. Dessicator

8. Timer

Principle

When doing a crude fibre analysis the componenitheresoluble with
sulphuric acid nor with potassium hydroxide such esllulose,
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hemicellulose and lignin are determined. The redidundigested material
is dried, weighed and then incinerated. The diffees between the content
and undigested part as the crude fibre is detednine

Procedure

Weigh 1.0g into the empty fibre caps which has bsemghed and insert in
the capsules tray. De-fating of the sample is aafpecimportant for
samples with a high fat content. To de-fat, thesaégs tray is immersed
three times in a row into 100ml 40-60 petroleuneetBy turning it as well
as moving it up and down with the help of the Inglistand, the sample is
de-fatted, apply heat until sample is dry.

Pour sulphuric acid solution into the beaker, loter capsules tray gently
using the handle of the boiling stand. Mix it byratg the boiling stand for
about 1minutes so that the sample is entirely sbalel make sure the
fibore cap is filled with washing solution and platee beaker on the
hotplate which has been pre-heated for about 5 tesniBring it to a boil
by setting it full. During this boiling stage tharaple should floating freely
in the fibre-cap. This can be done by gently stgrthe boiling stand with
the handling tool or by softy swirling tool thusadring the acid from the
fibrecaps. Discard the acids with the solublehalieaker. Rinse the fibre-
caps contained in the capsule tray several tim#s hvat water.

Pour potassium hydroxide solution into the beakepeat the above
procedure with (KOH).

The fibrecaps are taken and dried in the oven thighuse of drying stand.
After which each fibrecap is put into a crucibleeighed and recorded.
They are then placed in the muffle furnace at°6a6 ash about 4 hours.
They are then brought out into the dessicator fastlzer 30 minutes, and
weighed.

Calculation
0% fibre V3= (0:9981 Wy) -(Ws — W,) - 0.002X 100

W2
Where W = weight of fibre caps
W, = weight of fibre caps with grinded sample
W3 = dried sample + fibre cap
W, = weight of small crucible
W:s= weight of crucible removed from the furnace

3.1.6 Crude Fat (Ether Extract)

Reagent and Equipment:
1. Petroleum ether (b.p 40 — %0
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2. Extraction thimbles

3. Soxhlet extraction apparatus
4, Fat cups

5. De-fatted cotton wool
Method:

Weigh into an extraction thimble 1.0g of the driginded sample cover
with defatted cotton wool weigh the fat cup to Is®dL Insert the sample
thimble in the extraction unit 50mis of the solvgpetroleum ether) is
added into the fat cups. The cups are heated bglé#ndrical heating plate
after control unit has being programmed extractibne 4-step extraction
procedure consists of boiling, rising recovery aneldrying.

After completion (it takes 1hr 30mins), remove taecup and place in the
oven for some minutes. Then put in the dessicafter which you take the
weight of the extracted fat + fat cups.

Calculation

wieght of fat + fat cup — weight of fat cup
_ X 100
weight of sample
Free Fatty Acid
Acid value or FFA: The acid value of an oil or fatdefined as the number
of mg of potassium hydroxide required to neutratize free acid in 1g of
the sample. The result is often expressed as tltemp@ge of free acidity.

Reagents and Apparatus

1. Diethyl ether

2. Alcohol

3. Phenolphthalein solution (1%)
4. 0.1 ml sodium hydroxide

Method

Mix 25ml diethyl ether 25ml alcohol and 1ml pherfaipalein solution

(1%) and carefully neutralized with 0.1 M sodiundhgxide. Dissolve 1.0g
of the oil in the mixed neutral solvent and titrate¢h aqueous 0.1M
hydroxide shaking constantly until a pink colouriethpersists for 15sec is
obtained. The titration should preferably not excedout 10ml or other
two phases are liable to separate.

Calculation
. _ titrate value (ml) X 5.61
ACId Value Wt of sample used.
acid value
FFA = —

FFA = free fatty acids
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Ph Measurement

PH meter was switched on and allowed to warm fonirtutes. The PH was
then first standardised with PH buffer solutions Rifl4, PH7, PH9 to
ensure the sensitivity and accuracy of the metervilas done by dipping
the same electrode of the meter into the respedtisféer solution with

thoroughly rinsing after each dipping.

The pH of sample was taken by dipping the sametretde after through
rinsing in distiled water into the sample soluticend pH value

consequently read out on the meter readout unit.

3.2 Qualitative Analysis

These are Classical qualitative inorganic analysisvhich elemental
composition of inorganic compounds is determinddhe identification of
the constituents, e.g. elements or functional gspppesent in a substance
is achieved through qualitative analysis. Some f=amples of these
analyses are.

3.2.1 Calcium

Reagent

1. Hydrochloric acid
2. Murexide indicator
3. 5N NaOH solution
4, EDTA solution

Apparatus

1. 100 ml volumetric flask

2. Beakers

3 Qualitative filter paper and & funnels
4 Burette

5 Pipette

Methods

Weigh 2.0g finely ground feed into 100ml volumetfiask; add 10ml of

hydrochloric acid. Allow to stand for 20 minutesdasshake.

Add distilled water and make it up to 100ml markteff using the funnel

and filter paper into a beaker. Take 10ml of tliteafie into another beaker.
Add 4ml 5N NaOH and murexide indicator, dilute witlstilled water and

mix. It gives a pink colour. Titrate using EDTA.

Calculation
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. Vol of EDtA X 50
Calcium (%) =—
weight of sample X 25.5

NB: Limestone sample does not require filtratiomsl 4.0g is taken for
estimation of calcium.

3.2.2 Phosphorus

Reagents and Equipment
Molybdovanadate reagent
Phosphorous standards
Digesting tubes

Digestor

Catalyst

Volumetric flask (100ml)

ouhkwhNE

Procedure

Digest 1.0g of sample as in protein. Pour the deggesample into 100ml
volumetric flask, wash down with distilled waterdamake up to 100ml
mark. Form that take 10mls and add 25mis molybdadate solution.
Shake and leave for about 30 minutes. Then readabismrbance at
wavelength 470mm.

Calculation:

Phosphorous (%) = Dilution factor (1000) x Slop&bsorbance
Preparation of Standard Graph

To a series for 100ml volumetric flasks add 0, 25510, 20, 30, 40 and
50ml of standard phosphate solution and dilute eathwater. Repeat the
above procedure for determination of phosphorust &Istandard curve.
Calculate slope.

3.2.3 Blood Urea

Reagents

Urease solution
EDTA buffer

Phenol solution
NaOH

Apparatus
Colorimeter

Water bath at 3T
Cuvettes with 1-1.6 cm light path
Test tubes
Micropippetes (0.2ml)
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Pipettes
Timer

Procedure

Dilute the plasma 1:10 with ammonia free saline

Pipette 1 ml of the diluted urease into test tubes$t tubes)

Pipette in the 0.2ml ammonia free water as blaiitet! urea standard and
diluted plasma and mix Cork each bottle and allowtand for 15 minutes
in the water bath at 87

Add into each of the 3 tubes 5ml dilute phenol 8oiuand 10 ml of
hydrochlorite solution and mix methodically

Allow the corked tubes rest in water bath for 3Giumtes
Put the content into the cuvettes and read offcaptiensity for each at
630nm
Calculation
0.D plasma x 50

Mg urea/loo ml plasma = 0.D standard
4.0 CONCLUSION

Quantitative and qualitative analysis are some had tnajor analyses
employed in animal science experiments. Therefarastering of these
techniques is important as most analysis thatdae twith lab employ one
or more of the methods.

5.0 SUMMARY

In this unit, you have learnt about proximate asiglywhich divides the
feeds into six (6) different fractions. Namely:

Moisture

Ash

Crude protein

Ether extract

Crude fiber

Nitrogen free extract.

oukownE

And how each of these are determined Also someqgiealitative analysis
like Ca, P and Urea determination.

6.0 TUTOR -MARKED ASSIGNMENT

1. Differentiate between qualitative and quanti@analyses
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Enumerate the steps in Crude protein deterrmomat
List the reagents for Calcium determination.
State the procedures for Phosphurus determimati

BPwnN
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INTRODUCTION

purity of substances, is a process employed toesehany massransfer

phenomenon that converts a mixture of substances timo or more
distinctive product mixtures, at least one of whishenriched in one or
more of the mixture's constituents. In some caseseparation may

completely separate the mixture into its uncontated constituents.

this unit therefore, students will be exposed téfedetnt methods and
techniques of separation components of mixtures,appreciate the
importance of such separation techniques, to agifgrent methods and

techniques in separating components of mixtures.

120



AGR 305 MODULE 1

2.0 OBJECTIVES

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

" define the concept of separation techniques
" list and explain the separation techniques
" apply the relevance of separation techniques tio thgearches.

3.0 MAIN CONTENT

3.1 Concept of Filtration

Filtration is generally considered a physical operawhich is used for the
separation of solids from fluids (liquids or gasbg)interposing a medium
through which only the fluid can pass. The fluicttipasses through is
called the filtrate. Oversize solids in the fluideacollected, but the
separation is not complete; solids will be contaated with some fluid and
filtrate will contain fine particles

3.1.1 Filtration Technique

There are several filtration techniques dependinghe desired outcome
namely, hot, cold and vacuum filtration. Some of thajor purposes of
getting a desired outcome are, for the removaingiurities from a mixture
or, for the isolation of solids from a mixture.

a. Hot Filtration Method: is mainly used to separsolids from a hot
solution. This is done in order to prevent crydtaimation in the
filter funnel and other apparatuses that comesomact with the
solution.

b. Cold Filtration Method: is the use of ice batlorder to rapidly cool
down the solution to be crystallised rather thaavieg it out to cool
it down slowly in the room temperature. This tecjua results to the
formation of very small crystals as opposed toiggtlarge crystals
by cooling the solution down at room temperature.

C. Vacuum Filtration Technique: is most preferred $mall batch of
solution in order to quickly dry out small crystalShis method
requires a Buchner funnel, filter paper of smaltBameter and
rubber tubing to connect to vacuum source.
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3.1.2 Application of Filtration

Filtration, as a physical operation is very impaottan agric science for the
separation of materials of different chemical cosipon in other to purify
compound Filtration is also important in feed stream, asthie biofilter,
which is a combined filter and biological digestevice.

3.2 Concept of Crystallisation

Crystallisation is the process of formation ofidatrystals precipitating
from a solution, melt or more rarely deposited clige from a gas.
Crystallisation is also a chemical solid—liquid aegion technique, in
which mass transfer of a solute from the liquidusoh to a pure solid
crystalline phase occurs. In chemical engineermgtallisation occurs in a
crystallizer.

3.2.1 Crystallisation Techniques

A) Crystal Growing: The aim is to grow single dals of suitable size
in at least two of the three dimensions. The sizth® crystals can
be influenced by a number of factors, for exampke golubility of
the sample in the chosen solvent, the number déation sites and
time. If possible a solvent should be chosen inctwhhe sample is
moderately soluble.

B) Solvent Evaporation: This is the simplest tagha for air stable
samples. A near saturated solution is preparedsuitable solvent.
The sample can then be left in a sample vial tlaet én perforated
cap.

C) Slow Cooling: This is done by allowing a satadasolution that is
heated to cool for several days at a temperatutevbé¢he boiling
point.

D)  Solvent Diffusion: This method is applicabledamples that are air
and/or solvent sensitive. A solution is placed saanple tube then a
second less dense solvent is carefully dripped dihwerside of the
tube using either a pipette or a syringe to fordisareet layer.

E) Vacuum Sublimation: A large number of compouncEn be
sublimed to form excellent crystals. There are moue variations
of this method using either static or dynamic vanuu

3.2.2 Application of Crystallisation

Crystallisation is applied in many industrial maacifiring companies:
table salt, sugar, sodium sulfate, urea, and maase mare produced by
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crystallisation from solutions, for example, protac of sucrose from
sugar beet, where the sucrose is crystallisedronot &n aqueous solution.

3.3 Concept of Distillation

Distillation is a Process in which the componerfta gubstance or liquid
mixture are separated by heating it to a certamperature and condensing
the resulting vapors. Some substances (such a® @ilidoil and water
mixture) have components that vaporize at diffetentperatures and thus
can be separated by condensing their vapors in turn

3.3.1 Distillation Technique

A) Fractional Distillations: Mixtures of liquids lwose boiling points are
similar (separated by less than 70°C) cannot baratgx by a single
simple distillation. In these situations, a franoab distillation is
used.

B) Vacuum Distillations

Vacuum distillation is distillation at a reducedegsure. Since the boiling
point of a compound is lower at a lower externassure, the compound
will not have to be heated to as high a temperatu@der for it to boil.
Vacuum distillation is used to distill compoundsittthave a high boiling
point or any compound which might undergo decontmoson heating.

3.3.2 Areas of Application of Distillation

A) Purified Water and Ethanol: Distillation can lbsed to separate
water from salt; obviously it can also be useddgpasate water from
microbes and other impurities. Distilled water,h&tol, the alcohol
in alcoholic beverages, grapes for wine; barley hogs for beer;
juniper berries for gin; potatoes for vodka, anaso

B) Industrial Distillation: In contrast to ethanahethanol or "wood
alcohol" is a highly toxic substance whose ingestotan lead to
blindness or death. It is widely used in industry &pplications in
adhesives, plastics, and other product.

3.4 Concept of Extraction
Transferring a solute from one solvent into anothealled extraction. The

solute is extracted from one solvent into the othecause the solute is
more soluble in the second solvent than in the. firee two solvents must
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be immiscible (not mix freely), and they must fotwo separate phases or
layers, in order for the extraction to work.

Extractions using a separatofynnel are essentially the only kind of
extraction performed in the organic analysis.

3.4.1Extraction Technique

A) Soxhlet extraction: This method is adequatebfoth initial and bulk
extraction. The product is placed in a cellulosembite in an
extraction chamber, which is placed on top of dectihg flask
beneath a reflux condenser.-The main advantage @f{hl&
extraction is that it is a continuous process.

B) Pressurised solvent extraction: The materialldaded into an
extraction cell, which is placed in an oven. Thdveot is then
pumped from a reservoir to fill the cell, which eated and
pressurised at programmed levels for a set pefididhe. The cell is
flushed with nitrogen gas, and the extract, whishautomatically
filtered, is collected in a flaskffers a more economical and
environment-friendly alternative to conventionapegaches.

3.4.2 Application of Extraction

. DNA purification: The ability to purify DNA from asample is
important for many modern biotechnology processes.

. Food industry: The system can be used by the foddstry to
isolate or eliminate particular flavors.

. Analytical chemistry: Often there are chemical sgegresent or
necessary at one stage of sample processing thanterfere with
the analysis.

. Drug industries and Perfumeries.

3.6 Concept of Chromatography

The term chromatography literally means color wgti and denotes a
method by which the substance to be analysed isnputa vertical tube
containing an adsorbent, the various parts of tirstance moving through
the adsorbent at varied rates of speed, accordititetr degree of attraction
to it, produce bands of color at different levefstiee adsorption column.
This is done in two phases, the mobile phase wisiglefered to the fluid
that carries the mixture of substances in the sarntpbugh the adsorptive
material and the stationary or adsorbent phasehnhia solid material that
takes up the particles of the substance passiogghrit.
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3.5.1 Techniques involved in Chromatography

The technique is a valuable tool for the reseaiobhemist and is readily
adaptable to investigations conducted in the dihiaboratory. For
example, chromatography is used to detect and ifgeint body fluids,

certain sugars and amino acids associated withrindors of metabolism.

1.

2.

Adsorption Chromatography: that in which the staiy phase is an
adsorbent.

Affinity Chromatography: that based on a highly gpe biologic
interaction such as that between antigen and ahtjbenzyme and
substrate, or receptor and ligand.

Column Chromatography: the technique in which theous solutes
of a solution are allowed to travel down a colurtire individual
components being adsorbed by the stationary phéke. most
strongly adsorbed component will remain near thp & the
column; the other components will pass to positidensher and
farther down the column according to their affirfity the adsorbent.
Exclusion Chromatography: that in which the stadignphase is a
gel having a closely controlled pore size. Molesudge separated
based on molecular size and shape, smaller mokché&ng
temporarily retained in the pores.

Gas Chromatography: a type of automated chromatbgran which
the mobile phase is an inert gas. Volatile comptmehthe sample
are separated in the column and measured by atalet€be method
has been applied in the clinical laboratory to safgaand quantify
steroids, barbiturates, and lipids.

Gas-Liquid chromatography: gas chromatography iniclwvhthe
substances to be separated are moved by an iredlgag a tube
filled with a finely divided inert solid coated Wita nonvolatile oil;
each component migrates at a rate determined lspltbility in oll
and its vapor pressure.

lon Exchange chromatography: that utilizing iexchangerESINS
to which are coupled either cations or anions Wikiexchange with
other cations or anions in the material passed utirotheir
meshwork.

Paper Chromatography: a form of chromatographyhickva sheet
of blotting paper, usually filter paper, is suhged for the
adsorption column. After separation of the compémeas a
consequence of their differential migratory velmst they are
stained to make the chromatogram visible. In tiv@cal laboratory,
paper chromatography is employed to detect andifgdesugars and
amino acids.
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9. Partition Chromatography: a process of separatidnsolutes
utilizing the partition of the solutes between twquid phases,
namely the original solvent and the film of solventthe adsorption
column.

10.  Thin-Layer Chromatography: that in which the stasiry phase is a
thin layer of an adsorbent such as silica gel ebatea flat plate. It
is otherwise similar to paper chromatography.

3.5.2 Application of Chromatography

This t technique is widely applied in various &lekw of which is the manufacturing
plant — to purify a chemical needed to make a ptodiiotechnology industry:
establishing the purity or concentration of compisun biotechnological research.

Biological application — Chromatography has marpjicgdions in biology. It is used to
separate and identify amino acids, carbohydraddty, &cids, and other natural
substances.

40 CONCLUSION

Separation techniques are an important part of @tgmHowever, their

importance is not just limited to chemistry; theg also used in our daily
lives. Separation techniques are methods usedparae and or purify
mixtures. There are many kinds of separation tephes that are used in
our daily life; Crystallisation, Filtration, Disldtion etc

Separation methods are processes that involve gparaion of chemical
mixtures that are crucially important in many aredsnalyses. There are
as many uses for separation as there are techrtigaesomplish it, as well
as their applications in various fields of research

5.0 SUMMARY

In this unit, you have learnt the various separattechniques, their
principles as well as their applications. Theségues include:

Filtration

Extraction

Distillation

Crystallisation and

Chromatography.

ahowpE
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6.0 TUTOR- MARKED ASSIGNMENT

1.
2.
3.
4

7.0

describe the principle of filtration and give tweas where it can be
applied

describe the techniques behind extraction

how is colour detected in chromatography

describe crystallisation technique
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