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INTRODUCTION

In nutrition studies it is often necessary to know
the calorific value of the feed, faeces and flesh. _These.
values are necessary to compute-the energy budget and to
tdetermine the efficiencies of . abecrpticn and ccnversion. In
nutrition requirement studies it is essential that the test
diets be isocalorifig. - Therefore determining the energy . .
content of feeds and its ccmpcnents is one of the basic
techniques used in nutrition etudies. ~

UNIT OF MEASUREMENTS

' Generally the enefgy content is: expressed in terms of
calorie (cal) or kilogram calorie (Kcal). The calorie is
defined in terms of heat units as the heat required to raise
the temperature of one gram of water at 15°C by 1°C. _The
usefulness of calorie is due to the fact:that-all_forms;cf_
energy can be converted into caicriee.'while they canngt’be'
wholly traneferred into any other forms of energy. - However,
in the international unit system SI (System International).
which has been adcpted by many_countriee..inetead cf.calcrie,:
the joule (j) a unit ofcmechanical energy has been introduced,
- ™a.diraect. link between mechanical energy and heat energy
is expreseed,inhjcule!s-law. namely that the equivalent of
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one calorie in units of mechanical energy is 4.187 X 10 ergs
or 4.187 joules (Grodwinski et al., 1975). A list of
energetic equivalents and conversion factors are given below.

1000 gram calerie or calorie
' (cal, C)} -~

1 kilo calorie (Xcal, C)

1 Kecal = 3,968 British thermal units
{Btu) at 60°F

1 Kecal = 4187 joules

1 joule = 2.388 X 1077 cal

1 Btu = 0.252 Kcal at 15°C

It is best to express the energy content of the
sample in terms of ash free dry weight, for ash is often
responsible for 10-15% of the dry weight. In general,
calorie value (ash free) should occur between a lower limit-
set by glucose (3.74 Kecal/g) and an upper limit determined
hy the value of oils and fatty acids (9.37 Kecal/g). Not all
sukstances fall within this range for example glycine
(2.08 Kecal/g), urie acid (0.91 Keal/y) ete., (Paine, 1971).

METHODS OF DETERMINING ENERGY CONTENT

There are four common methods for determining the
energy content of materials,

I. Component analysis: Lipid, protein, and carhohydrate

are the energy nutrients., If their qguantitative values are
known, calorific valﬁe can he calculated by applying appro-
priate caloric conversion factors. Most of the_conversion

factors (Table 1) given in literature closely agree with
each other. '
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L eues mafla.y ‘thie’ me’r\gy Gbﬁpentf efrpekletfs compris‘ihg a
-mixture of the,three wasic: nutrients_is u'ualxy 20-25 kJ/g. :

{ ,1-; i }‘I:IJ.' . ” n K B f‘ g u. 1{- h" ! ’=' . ) r |

; l'ﬁi. The-draw beck in compoment ana;ysis“is that it needs
;gwfesu;ts out of, thﬁﬁe analytical grocedures befere Qemputing
ehe enexrgy- value in eont:ast with!the less tlme consuming
bomh calorimeter. methed _The. errors in estimating eaCh Oﬁ
Lthe components is. reflected in the final energy value. "The
.E«Tconversion factor for each ¢omponent has been based on

« Brody's (1945) work on. mammals. Brett ana Greves (1979) have
pointed out that though 39.5 KIvg isqappEOpriate £ar. the.

ﬁ]'saturated fats. of mammals. 8 .more apprepriate figure Eer

-

:the highly unsaturated_fats aesociated with fish may be

y 36 z KJ/g' o | _
e I T T Ot LR L B DI S
: IPhd radvantage’ of’ccmpeﬁent~ahaIY&ie ‘As that unlike
. -other studies . invelving energetics, in nutrition ‘the proxi-

%’4mente cempesxtien ofthe Feed ‘is always worked ot and there-
. fore it is easier t¢ waleiulste the énergy value. ' Also, in
" Jahordtories where a homb,calp&imeter is ‘hot available, the

| component analysis is’ the ﬁext.best method & get ari acou~-
rate value of energy centeht.—-‘
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IT. Wet oxidation:

The principle of this method is that the sample
material is heated with an oxidising agent so that the sample
is oxidised, By titration, the remaining oxidising agent
is determined, from which the amount of oxygen consumed by
the sample material could be determined. The sample calorie
value is calculated by multiplying the oxygen consumed (mg) x
3.38 cal. Vvarious oxidising agents like dichromate and
potassium iodate have been used. The-spectrophotometric
method'of-determining organic oxidlisable matter as carbon
gan also be used,

The draw backs in this method are that it is still not
certain whether the wet oxidation technique for 2ll the oxi-
disahle«carbon (Paine, 1971). The method assumes that all
the earhon present is as carbohydrate. Therefore, the amount
of nitrogen in the sample. greater lS the deviation of,_the
wet oxidation value from ‘that of boMb calorimetry. '

ITI. Thermo chemical method' '“'

Theoretically it is possible to calculate the enthalpy
of any given substance from known heats of formation. If
the percentage composition of constituent elements are known,
then a balanced empirical equation could he developed
representing the oxidation reaction of a bomb.

The above method is more of theoretical intereet than
of practical utility. '

‘Bomy - calorimetry:

-

- The principle of all bomb calorimetry is that a known
weight of eample is ignieéd: electrically and burned in an
excess of_oxygen in the pomb. The oxidation is explosive and
complete so that the whole heat output is instantaneous.
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The heat output ig estimeted by directly measurinqjthear ge

<28, temereture Sf yater, surrounding. £hasbemb. of by means 1 of
. ..3,fhermocouple and a,potentiometer.. Comparing. this:pise,:
. with that obtained when,sample; of kpown galorific. vakye. e
wurnt,  the calorific.value; of,the. sanple - matesial esn:beni,
_.ﬁdetermined;- There,are different types: of calorimeters and
%:@th@y .can [be: grouped : RGP twe catqgﬁﬁﬁﬁﬁu“ A1) innather - tHé.
heateioss from the, calerrmetermdarinqrteet is elimiﬂateelbr

f'.égiahagég;gnd nonﬁadiabeticvcaiormmeteg_.- In adiahaﬁic Bemb
wealmmetere ‘the bem ‘b plaeed A a ‘ealerimeter veesei’ o

: Gﬁﬂt&:'ming LEJﬁmd qeantcbuy of‘*wat*el‘% 3 ‘i’he*d:a".ﬁerimeter *vease].

e oS ﬂurreundaﬁ by*en*o&ter yaékee%eﬁd?ﬁﬁefe”ére pfeﬁ&eidng”

to add hot or cold water to keep the Jacket temperature,:m.

; equivalent to the calorimeter., In no diabatic ealo;imeter

gf”this provisionl “lacking. -f“__ oy the .

?Llin the calorimeter 0eese1 has to be corrected for radiation.
o I S N 5 A BT I N SURCTS) &35 2
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: Miero, Semi micpd . eﬂé Nﬁcre éaloriﬁetere Based on the'r&nge

3 "of sample size that’ can He used the bOMb calorimeter can he

fifgreuped intd micks with a eample range 1-i0 mg,'semi—micro

. with"10=~100 my and’mecre with 200 mg to 1.5°g. The minimum
and’ mexamum sample size in’ eeeh ef ﬁhesircategorlee varies '
fdepending~en the make of the bomb calorimeter._ Phillipson .
MACLO<BORE calorimeter" the ‘seni micra'Perr\calerimeter«and
'tﬁe'nhcro Gallenkamp calorimeter are:_hewcemmonly used homb .

Baeic featuree of a bomb calerimeters ALl typee ef bOMb
, calorimeters have the following feetures“namely (i) Bamb
ady Oxygen supply (iii) firing assemle}(iv) temperature
"seneing end recordiﬁg drevice. R : '
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“(i)””ﬁdmﬁs This 15 made of thiek stainless steel and thE_
.capacity depends on the. type of: bomb—calerimeter.;art ‘;_;
consists of two, halves, both of which can be serewedAtegether
with a. teflon or-rubber '0! - ring. washer .in.:hetween: fhem:
”KOne part of: the bomh, is hollow and. to.the; ether pexteeme

Of the two terminale one is insulated With which eample}

holder is attached, and the other connected to the bomb.

" At the time of loading the sample a platinum fuse wire is

attached donnecting the terminals. The platinum fuse wire is
went in such a way it-is 4in’ intimate contact with the sample.-
In séme instruments instead of pt ‘fuse wire a cotton’ wig

_ #8éd., There 15 an inlet fer exygen which can be closed and

~ an outlet centfolled Ty a needle valve. 'The oxygen pressure
:inside the bOMb 15 read theough B gauge., The sample is

_'placed in & platinum cricible and kept over the sample e

"ho}.dar of t.he bor.

(ii) en . SuppLy : The-oxygen ie supplied G the bomb
_"from an ongen cylinder by means of reduceé ‘and two gaugee

meesure thé’ oxygen pfessure inside the bomb and the exygen
'cylinder.' -

(1ii) Firing assembly: It consists of‘batﬁeries;'cdﬁdeﬁser.
resisters, charging and firing eircuit, timer and - eperating
switches: - The whole thing is: mounted on -a- eontrol hoard" te
which are attached other electrical connections.~~---*m-

(iv)_,Temperaturefsensing and reeording device: This eqeeie;s
of either a. sensitive the;memepefa(withian;eecufecx of
0.0002°C) or a“ﬁhefmoeeupie.h;inubemb calefimetere with |
thermometer the_bomb is immersed in a fixed weighted amount
of water which is constantly stirred during the teet. The
tenperature rise in ‘the bomh 15 passed to the weter ana its
rise in water:is réborded., In those calorimeters with the -
thermeceuple, it is attached directly to the bedy of the homb.
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It is advantageous over tﬁe thermometer -in that-it takes
lesser time and a permaneﬁt record_can,he made by attaching
the thermocouple to a potentiometric strip chart recorder.
High precision spot galvanometer or a potenticmeter too can
also he used. :

Samgge preparation

The sample for the sake of uniformity need to be
dried in a hot air oven-(55-80°C) or a freeze drier. Drying
rapidly as far as possible is esesential because of the
progressive decompositioﬁ of fats to fatty acids with ‘
different calorific values. The next step is griading the
sample to a fine powder and an aliquote of the powdered
material is-made into a pellet in a pellet press. It is _
alsc acvisable to dry.the pellet until a constant weight is
‘attained. The criteria governing sample size is that the
total heat released by the sample shoﬁld_fallgwithin the
limited temperature range over which each-bomb calorimeter
is linear. For example in Gallenkanmp worhh calorimeter, the
recommended heat release is 4.0 Kcal. This gives a sample
range of ahout 0.4 g for fat'to ahout 1.5 g for a material
such- as-urea. If the sample is difficult to ignite or not
adequate enough, a krown amount of standard material usually
henzoic acid has to he mixed to give the recemmended total
heat release. ALL materials whigh have low bulk density and
high surface area must first be'compactéd in order to reduce
their rate of combustion and to prevent incomplete combustion.
If needed few drops of watar with a wetting agent can be
added and allowed to saak in.before igniting the sample.

Calibration: Since 1934 benzyoic acid - 6.32 Keal/g

(C6 5 COOH) has been the international standard used in
thermochemistry and all bOMb calorimeters are calibrated
against i, It is obtainabae fram the National Bureau of
standarda. Washington DC 20234 as standard sample 394, The
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- purpose of calibration is to check whether there is direct
dependences bhetween the amount of suhstances hurned and the
thermometer recorded readings and to obtain calorific
equivalent for one recorder division. The first step involves
hurning benzoic acid samples of different weight to find the
range over which the measurement is linear. The second step
involves burrning 10 or more henzoic acid samples falling ‘
within the linear range of the calorimeter, From these
recordings calorific equivalents for one recorder divisions
. is calculated. .

Precantions

_ 1. Weighing and temperature measurement errors should he
avoided especially when handling low sample weights.

2. The sample material should he homogencus and this’g¢an
" he échieved'by grinding and mixing. If the alliquote
taken for making the pellet is not representative of
the sampke, it can cause serious errors especially in
microbhomb calorimeter., |

3. A correction for the constant heét_gain due to the
~ firing current and firing cotton or fuse wire should be
carried out,

4. - In those calorimeters with thermometer, it is" advisahle
to tap the thermometer gently hefore and during each
- reading so that adhesion hetween the mercury «olumn and
surrounding glass is minimised., After eéch run a stem
correction to correct for the error due to differential
expansion of thermometer's mercury column which 1s
exposed to hoth water and air need to he gafriédfout.

5. A radiation correction for the heat loss or gain during
the temperature rise due to combustion of sample has
to he carried out.
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'Procedure-“

DAL - A SRS A R ST T
6. \Another source of error is the formation of aoiéo like
. nitric'and sulphuric following oombustion. An.agid -
.correction can. be estimated by assuming that all tho
acid is HNo3 and titrating with 0:0725 N so&ium~oarho-
nate, (at this normality 1 m titrata is, equivalent
to 1 oal)._ “'_

7. Inoomplete oombustion oan resultsin an: undorestimate of
calorific value...This. happons mainlﬁ dueto. rapid
-admiasion of ongen to tho bOMb which.can blow,part of
the sample away._ Othar reasons are loose or too
densely compacted’ pellet &% 1om oxygen pressure.

8. Material with high ash oontont due to endothermic o
reactions within the bomb do not giva an accurate
”value.' | SO

9.-"A violent oomhuﬁtion duo to not.qompaoted pellet-or

_higher oxygan pressure or oxygen k;in the bomb-during :
firing can. 1ead to hot;gases esoapimg ‘Past-the. aealing
ring and oause 1rreparable damageito the bomb.:

Ballistic bomb calorimagggm In. ascertaining the calorific

‘value of feeds and othef nén’hbmogehous materdels it ’is

diffieult to- ohtain a truly‘ropre5ehtatﬂﬁe singlo oample._

In such cases, the average of - 3" number 6f . less sccdubate -°
results 18 superior-to’ “a’ single very: acourately detérmined
one. In Ballistic bomky oalorimeter which -is"” a’ magro=
nonadishatic type, ‘replicate’ ¥esting.¢an be done very fast
(upto‘lg.resultg‘pér”hourﬁﬁf“Therefbrei'for estimating energy
content of feeds. it is the idaal bombpcalorimeter.

1 The crucible with the wolghed samp&e is kept on the
support piller in the hase of the bomb. One ond of a
50 mm length of firino ooiton is inserted hetween the
- @oils of the firing wiro and the other .end: droppod into
. centre of sample in tha,oruclble. :
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fAftér dheékiﬁéméhat ﬁhe-bomb seaiing ring 1s"in\position

odn the- groove.raiae the knurled lecking ring and:. .engage
the thread- of-the homb hody with that of. the: ring.

4.

::  Lcwer the bomb hody and grasping it firmly with one hand
:‘screw the sealing ring.

— a

_“Plug the thermo coup}e.lntq the hole in tbe top of bomb
_ body._

I

Close. the pressure release valve in: the bombmand OPEU
-the -valve in, the front panel of the control hox about
4. turn. - Allow the pressure to/rise to 25 atmo:' and

- close the valve, . | F

'By means of galvo zero knob'on the cortrol wox, hring

the '1ight sp0t index: on ‘the: galvanOmeter to zero and

'__;check for 30- sec. for any drift due to. temperature

' \variation.;f

1rer. - . . B R t ". - ___La'--:

*_stand back £rom bomb and press the firing hutton. After
f 10—15 sec. increasing deflections on’ the pressure gauge
"_and then in-the galvanemeter will indicate that the

firing has been successful. .

jNote the maximum deflection of the galvanometer.

:;Release ‘the gaseg from the bomb through ‘the pressure
- release. valve. _  e . o

Carry out the avove procedure for estimating the )
~ correction ‘for -@onstant heat ‘gain and for calibration

with 0:7 g of Wenzoic acid,

Calculation of results'

Mass of henzoic acid : = _Wlsgram_

Calorlfic value of benzoic acid = 6.32 Keal/g ... .

Hedt;:glgase.£:9m“benzoic acid = = Wl x 6.32
Galvanometer deflection | - ’
wighpg; sample'_ o = Xl
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Deflection with bhenzoic-acid . = X2

Deflection only due to benzoic = X2 - X1 = X3
o acld
Calivration constant B = §:§3§§J£L
= ¥l

Lo

The mean of 10 calibratibﬁ‘cqnstants is calculated

w Y2
Mass of sample . o = W2 gm
Galvanometer deflection with’
sample = X4
Deflection only due to sample = X4 = X1
Heat release from sample = X5 x ¥2
XS X Y2

Calorific value of sample o= e
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