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INTRODUCTION



INTROGUCTION -

!

Milk §s described as naturets most perfect food.
. It i3 the sole source of food of most nawborn mammals.
For infants, milk 15 the only source of nutrients for the.
first two or three months ef !ifa and plays an impartant H
role in the diet of growing child. For adults, it s on
of the major protective supplement to normal diet.
~€ampbell and Marshall (1975) are of opinicn that |
milk is éomplex not only because ft contains some two §
hundred and Ffifty individual components but also because i
of the varfation in ratio of 1ts constituents. In buying,
' selling and processing of milk it is important to know ﬂ:s
composition. Although milk 1s a Tiquid and often censidered
K=} drink f£ contalas an average of 13 per cent solid an
amount comparable to the solid content of many other fead¢
So variation in the chemicel composition is fmportant in
the nutritfonal aspect of milk in the human diet. Some
éttemats thave been made by Warner 6195!) to determine thq
composition of milk of Indian cows and buffaloes. Jannes;
| and Fatton {1559) have systematicéi!y given a'qvaptiﬁativé
and qaalitative analysis of milk and thereughly'describedi

the nutritional value of milik,.

Because of the high nutritive value of milk In human
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diet, proper attention should necessarily be glven to price
fixation. The price of milk is generally detormined In
terms of fat present in milke Other than butterfat, the -
most important constituents of whols milk are solids-not-fat.
soth thase constituents being variable, a correct estimscion
of milk fat and solidse-nct-fat {s important. Judicious
payment of milk to producers require gltick methods for
éstimatien of fat and solidsenct-fat. The solids-not-fat
content of milk should recelve an equally important considera-
tion in the price fﬁx&;ion of milks In recent yoars poyment
of miik 1s not only on fat content but also on total solids
basis. This is receiving serious attentfon not only in
developed countries, but in developing countries as well

{Vyas, 1979}

Tha close relationship existing between specific
gravity and fot has successfully been explé?ted for the
estimation of total solids in milk. However, the gravimetric
methods are more accurate but they are more tims consuming
and demand a8 batter analytical skill. At the field level,
che volumetric mathods are being followed and wé!! estabhlishac

procedures are available for cow milk.

Lactaometric methods for the estimation of total



solids are rapid and stonle. Today more then 60 different
ecuations for estimation of tots! solids or solids-not-fat
content tn milk from sbect?ic gravity and fat contents

have been pronosed by diffferent finvestigators (3ector and
sharma, 1920). Those squatfons generally give rcliable
estimates of milk solfds when spplied to data from which
thay wars derlved.' Some resegrch workers have proposed
constants and corrections in the basie equations In order tc

make the computed value agrec with the experimental valuocs.

Lactometer 1s used in routine milk testing to
determine the specific gravity of milk and thereby its
quality. The simplifcity and economy of the test within
reasonable limits of sccuracy is the basis of fts popularity
Divercent views are held sbout the type of lactaneters to
be used, the proper temperature correction to be applied
and the constants to be used in the different formulac. For
a spocific gravity lactometer of Quevenne bype ‘standsrdized
at 15.6°% (60°% }, the Richmond fermutg is commonly used
with a constant factor of G.14 to caleulate total solids or
solids=not ~fat ang there ore other constunt factors such as
66 and G.72 for the density hydrometer standardized for
20°C (Davies and Macdonald, 1963). fecently sebastian ot ul
{1974} sugaasted a correction factor of 0,50 for the detornii

tien of total scolids content of solidsenct-fat content of wi



The Indian Standards Instftution in its revised
specification for density hydrometers fo} use in milk has
shown preference for density hydrometers calibrated at
27°C to suit tropical conditions but for some convenient
reasons adopted a temperature of 20°C for calibration. Cue
to the non~availability of such a standard lactometer in
the market, the commonly used lactometer in dairies in our
ceuntry s a small sized specific gravity type loctometer.
For this, a correction for tamperature is suggested which
approximates one lactometer unit for a difference in
temperature of every 2,%°C (5°F). This is to be subtracted
when tﬁe termerature of testing of mitk is below 25°C and
added when the tempeéature exceeds this limit. The applica-
tion of the Richmond's formula for the determination of total
sclids with the lactoueter reading and fat comtent by the
Gerber method has given erroneous results and 15 not justi-
flables This 1s espacially trus in the case of mitk of
anfmals chat are having high fat content. In some of the
crossbred animais the fat content of ailk has becn found to
be very high particularly when the time interval between

milikings are very shorte.

In our country, the different dairies arce using
different types of lactometers and there is no uniformity

in the formuloe followed to calculate the total solids or



sol{dsenot-fat content of miltk. Eventhough sevoral
formulae are available for the determinatfon of total
solids content of milk, contradictory reports have
appeared regarding the usage of these formulas. Irrors
in calculation of total solids or selids-not-Fat affects
payment related to the quality of milk In which the
producer, the procurer, the processor and the consumer
are affected. Hence the present investigstion was under-
taken with an attempt to find out a solution to this
anomaly and help to reveal as tb what should be the formula
for calculating tétal solids snd solids-not-fat contont

of milk especially having a high fat percentage.
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REVISW OF LITERATURE

The most important use of lactometers is in the
estimation of total solids in milk and skim milk. The
problem is relatively simple in the case of skim milk.
The milk solids-not-fat have an average specific gravity
of about 1.6, and this value is not affected to any great
extent by the common variations $n the composition of
mixed milks Sut the problem is more complicated in the
case of whole milk because it contsinsg an additional
const ftuent, fat, which is quite variable in amount and
has a specific gravity quite different from that of solids-
not=fat. Fortunately it 1s re?aﬁive)y easy to determine
the amount of fat present, and @ correction can be made
for its effect upeon the specific gravity on theoretical
agrounds, this procedure should indicate the totsl solids

with considerable accuracy {Herrington, 1542),

Many equations have been proposed for calculating’
the toral solids of whole milk frou determinations of fat
and specific gravity. Tﬁe fact that so meny eguations
exfst is ftself an evidence to show that mést of them
‘have not proved satisfuctory under all conditions, though
each one has ylelded good values in the hands of its
originator. The reasons for this have not been understceod

- for many yearse. How, for example, it is known that it takes



saveral hours For the fat in milk to erystailize when
millk i3 codled to 60F. The speaiffﬁ aravity of 2 samle
at 60°F, will depend not only upon tha‘ccmpesiti@n of the
milk, but also upon the physical state of the fzi, that
is, whether the sampie has been warmed or cooled, and oW
much time has been allowed for the sample to cone to
equilibriume. This factor may cause differences in thé
specific gravity as great as 0.00602 for each per cont <f
fat in the sample. Although this error does oot scem
very large, it will ceuse a difference of about 0.2 per
cent in the calculated value for the solids ceontent of

4e0 per cent milk (Herringten, 1548;.

This source of error ray be avolded by determlning
the specific gravity at a2 temperature high encugh to ensure
that the fat i1s coapletely melted. It has beon préposed
that the milk should be warmed to 45°C and then cooled
to 30°C for the actual measurament. This procedure has
not been generally adopted, possibly because the original
equation proposed by those who advocated this procadure |
was faulty. Fundamentolly, the method s scund, and when
it is used in comnection with the proper equation relating
the fat and lactometer readings to total selfds content,

it should prove more raliable than the older methods.



Formulae for calculsting the percentace of totel
solids and solids-not=fat in milk have been studied in
the United States and various other countries for many
years. Ofifferent eguations for computing the relationship
between the fat content and specific grovity and the solids
of milk have been proposed by different investigstors
(watson, 1957). They have suggested constants, and
corrections in the basic equationse The different con-
stants, corrections and divergencies In the calculated
values have caused confusion and doubt concerning thé funda-

mental reliability of the method.

Betrend and Morgan (1275) were probably the first
to recognize the relationship existing between the total
solids and specific gruvity of milk. Fleischmann (1335}
was the first to present a sufficiently acceptable egquation
as given below relating the fat percentage, specific gra?ity

and total solids.

Total solids ® 1,2 f + 0.2665 G/D .
Hhere,F = fat content of milk,

o z {(Specific gravity of milk « 1) 100,
or lactometer reading of milk,

3] x Specific gravity of milk.

Richmond {18%4) deduced the following Fformuia on

the basis of data coliected during one years
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Total solids = G.2625 G/0 + 1,2 F

while arriving at this formuia, Richsond had
taken the values for specific gravity of milk, fet and
solids-not«fat as 1.032, C.53, 1.616 respectively. The
formula was later presented in the well known form as

folTows:

3 % 1.2 F & Culh

oo
]
Lo
+
&
o
.
3
%

Ta5. = Total solids,
G = Lactometer reading at H0°F,

F = Fat tast.

Three important changes were made by 8ritcfsh

o

Standards Institution (B.8. 734, 1955} regarding the use

of this formula,

1) Instead of a specific gravity lactometer, !

density hydraneter was used. -

2) The hydroveter was calibrated for usc at 209
instead of 60°F. It was renlised that normal working
temperature of isboratory wos nearor to 20°C than 60°9F
and therefore taking reading st 20°C would be much more
convenient,

3) wilk was required to be held 8t 40°C for §

minutes and then cooled to 209C for determinacion of densfty.



It was done to overcane the uncertainity regarding the
completion of necknagel phencmencn, since milk samples
arrive at the laboratory in vorious stages of Becknagel

effect, depending upon the age and previous heat trestment.

Accordingly the following formula was recoimended

by British Standasrds Institution.

TaSe B 0250 » 1.21F + 0466

Whare, T.5. = Total solids,
O = {Density - 1 )} 1000,
F = Fat test. |

It was a2 matheratical darivation of fichmondts
formula from the knowledge of the coefficient of cubical
expansion of milk and density of water at 60°% . The same
formula was adopted by the Indfan Standards Institution
also (1.5. 1183, 1857).

rowlend and wWagstaff (1959) observed that 831
formula slightly under estimated total solidse. They
therefore proposed tﬁe Following modification to the 181
Formsta.

TeSe = (0,25 D+ 1422 F » 0u72

thhere, T.5. = Total solids,

g = {Densfcy of milk - 1 } 1000,
F = Fat test.
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The present 851 and IS!_formuiae are medifications
of original Richmondts fornula for cows milk and hence not
been considered to give a true astimate of the total solids
for buffalots milk. This has been correlated by the find-

- fngs of sehta (1264) who cbserved that the IS formula gives
lower solids-not-fat value by about 0.25 per cent than
gravimetric procedure for buffalo's milk. Subsequentiy
pruthi and Bhale Rao (1973) also made a similar cbservaticn
and they proposed the following modification of the existing
151 formula for buffalo mili. '

Te3e & 0025 D+ 122 F + 0.87
where, T.5. = Toral solids,
5 = {Density of milk - 1) x 1000,

F = Fat test.

In India, Schneider et 3l.(1948) applied the Richmon.

formula to estimate total solids in milk and cbserved : 1.0
difference. Kothavalla et al.(1945) who analysed 562 herd
sampies of cow as . well as buffalo milk concluded that the
catculated values for total solids were both higher as wel)
as tower than values cbtained by direct evaporation. ilesal

and Patal {1945} reported that the Richmond fornula gave
results that were higher than values abtaihéd by evapcration

by 1.3 to 2.6 and that the difference between two valuas
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increased when milk was adultrated with water or when

the fat was extracted.

Watson (1957) proposed that lactometer reading
should be taken at 102°F.  He proposed the following
. formula to calculate the total solids of milk with the

help of a wWatson lactometer.

TeSe=1,33F+ 213 L) oo
Tetal solids,

i

Where, TeSe
L

H

Lactometer reading at 102°F,

F

i

Fat teste.

The analysis of 200 éamples of milk from about 25
herds revealed that the deviation of the czleculated total
solids from gravimetric method was + 0.05 per cent of total
solids and standard error for 99 samples of individual céw's
milk was *+ 013 per cent. The average deviation was = $.006

per cent for 101 samples of herd milk,

Madden (1957) studied the accuracy of a small watson
lactometer over the (Quevenne lactometer by determining the
total solids in over 1000 milk samples and conpared the
results with gravimetric esﬁimation. He found that the
Quevenne lactometer gave high results at low fat per cent

and low results at high fat per cent, while the watson



lactometer gave more accurate results. In a subsecuent
study favolving 350 individual samples of cows milk from
different herds, Madden ot @l.(1958)} found that the total

solids measured with the help of the snell watson lactoe
| meter did not differ stgnificantly froan the values

obtained gravimetricslly,

Vyas gt al. (1973} studied the applicability of
varicus iactometricuméhaﬂs and compared the results with
gravimetric methods In all 330 milk sanplies from Kankraj
cows were anaslysed and the lactometer readings for Bichmond!
formule were taken at G60°F with the hslp of feska typae
lactometer, For purpeses of comparfson, the sane sumples
were used for taking readings with the latson lactereter
éalibrated at 102°F, Vuhen the total solids was calculated
with the help of fichmond's formula the results ingdicatod
g difference of about 1.17 per cent. But when tho estizoe
tion was made with the atson Yactometer, the difference
§n tctal solids, varied from 0.01 to 0.05 Indicoting that
the watson lactometer can be used for the accurate ostirma-
tion of total solfds in the milk of Kenkrej cows and the
method can well replace the time consuming even drying |

merthed oF grovimetric method.

“In a study of the ollk samples from Surti buffaloes
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Vyaé gg'gl; {1973) repurted that the‘gravfmetr!c wethod
gave 17,611 per cent totsl solids and by usiﬁg wat son
lactometer, the same samplas gave 174550 @ar'cant tota
golids. This indicated that the values obtained by using
i'atson lactometer can be reasonably camparab!e with the
results of cvén drying methoede Whan the Sume serples were
studied by using fichmond's formula the results revesled
0.55 per cent less of total solfdss Cventhough the liatson
lactameter was desfgned in a forelgn country, it was found
to be suftable for the estimstion of tetai solids fn buffeio
milk also. Hehta and Vyas (1877} studied 1CC sumples of
.Jersey milk and observed 13.6854 per cent toesl solids by
vatsocn lactometer as compared to 13.7008 per cent obtoinaed
by “eCafiele methode The dﬁ?fcrenme was found to be pructi-~
cally negligible {0.15450) while for the same sampic the
difference by ffctmondt's furmula was 0.7090 per cent which

was quite appreciable.

The formula suggested by Desal and Patel {lﬁﬁSD‘
and E!;sgkkary and Hasssn (1953} have bcen found to give
highér sd!ids~nat~fat values as compared to the values
cbtained by gravimetric method. Sharp and Hart {1936} Pound

that the total solids of milk calculated by their fornula

: : lactometer rezding
> o o
1.2537 Fat + 0.2630 x specific gravity of ni!k

have &



deviation of 0.3 per cent from the gravimetric method. |
The specific gravity was determined at 30°C after pre-
viously warming the milk to 45°C,

Lambert {1540} and fueda {1543) designed a nemo-?
graph for calculatfon of total solids and found it suftable
for quick method of estimation of total solids in labora%

torfes.

Yetagard et 8l.(1951) while deteraining the total
solids in normal and watered milk by lactawetric mﬁthodi
found that Babcock formula ylelded satisfactory results
for normal milk if the sanples were warmed to 15.5% and
then reads It was also noticed that Richmond's formula P
yvielded the best results among the formula checked if thk ;
mitk were heated to 45°C and held for 2 minutes, ccaled;

to 15.5°C and (ead. ) !

Ramachsndran (1553} worked ocut the applieability?
of fifcimond's formula for total solids in milk. He T
analysed a total of 1929 Individual and hord samples of ?
cows and buffaloas mitk and feund that the calculated I
values were both highsr and lower than those ocbtatned bf

gravimetric method to an extent of * O.l.

Madden (1967} analysed 974 cow's milk samples anh
found that there was 1ittle difference by the app!icatieh



of the formula for estimating total solids using Cuevenne

and 801 lactometers in comparison to the Mofonnier mothod.

0tkeefor (1567}, while analysing 1092 drip somples
of fresh milk token at o creamery over a period of two
years, reported that the hydrometric method over-estimoted
tie toral solids by 0.05% as compared to the gravimetric
method.

Rosu et al. (156%) after comparing several fbrmu%ae
for densitometric estimation of total solids content of
milk concluded that the best Ffornula for cow's milk at 20°%
I3 TeSe © 0ol + 142 F + 26645 (D - 1})/00

Sharma ég,gl.(%%é?} by analysing 927 sauples of
milk stated that Richmond's formula over estimated the total
solids percentage by an average of 0.535, G577 and 0.513
in the milk of cow, buffalo and mixed herds, respectively
with the range of 0.441 to 0.532 per cent in cow's milk
and 0.495 to 0.663 per cent in buffalo's milk.

bozet et al.(1373) compared the total solids concont
of milk both by Fleischmann formula and gravimetric mothod
and observed that the difference botween the twe mothods

was insignificant,

ghalifa (1974) analysed 3500 milk samples from



t7

| Horthern Sudan Zebu cattle by rapidly ?@eéting the milk
to 105°F for 2 minutes and then held at 60°F for 12 hoursgs
Mean specific gravity determined with lactometer was |
1.03058, The percentaze of total solids in the sample as
determined by the Richmond's formuls was on sn average
0.07 per cent lower than that chtalined by A«Uaisles gravie

. metric method.

Goyo gt 8l.(1573) took 390 samples of milk and
analysed for total solids using Hichmond's formula and
ackermannts formula. The averags deviation and standard
deviation of the difference from the 4.0.4.0. gravicetric
method were 0.0783 » 0.186%, 01977 & 0.1787 and €870 =

Ge 1814 raspectively.

Dozet et al. (1976) tested 135 milk samples for
total solids content by 3 methods vize I0F gravimetric
method, I drying on an ultra - x balence and Fletschmonnts
formula. The 't test indicated that differences batween
the average results were not significant. aAnalysis of
frequency distribution showed that IDF grovimetric mpthiod
agave the most séandarc% resuits, and the other two mothods

were suitable for rapid testing.

Sebastian et al. (1975) carried out investigations

on the use of specific gravity lactometers adjusted to
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29°C {84°F ) under conditicns prevalent in the Southern
States of India. Twenty-four samples of wmilk in coch of
five fat Jevols ranging from 2 to 10 per cent and five
temperature levels ranging from 14° to 35°C. ( @ totol of
600 Jactometer readings) were tested., Gravimetric analysis
for toral solids were also made under standard conditicns.
5 correlation batween total solids end lactometer reading
was formulated on the basis of which Richmond fornula has
been modified for use in relation telthese carmonly uscd
specific gravity type lactometers. & tomporature correction
chart has also been prepared for use along with the lactoe

meter. Their modificacion to the Richmond's formula was,

TeSe = Q-ZSL_ + 1,2 F & QOSO
wWhere, T.5. = Total solids,
L = Lactometer reading,

F = Fat test.

Vujicie et al. (1875) in their 2 series of analysis
for total solids in mitk on 127 and 202 samples ressectively,
a difference of C.31 and 0.19 determined gravimetrically
{by IZF mathcd of drying 105°C) and those calculated by
Fleischoannt's formula. The differcnce# were significant at
P LOL.S and P LOG respectively. They have pointcod out the

need for corrections to be made in the Fleischmannts formulo.
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tunder {1970) reported that &ichmond*s medified
formula with its constant replaced by G.81 gove saﬁfsfacécry
results for determination of total solids §n milk. O'keefes
(1967 ) has suggested the following formula for the estima--

tion of total solfds in milk.

T3 = 0.25 L+ 122 F » 6072
‘iﬁrh@f'@' Te5« = Total sol idS’
L= Lact@mater'reading,

F = Fat test.

shatia (1260} whe conducted iﬂvestigatién on the
determinacion of total solfds and solidas-not-fat in ailk
by calculation and gravimetric methot found that the
calculated values for total solids or solids-not-fat in j
most cases were %owér than the gravimetric method. The
average differences in the case of four breeds were
Red sindhi G065, Sahiwal 0.03, Tharparksr .05, Thari
0.06 and for buffaloes, the differonce was Q.089. The
chserved differences weare fairly close in the cow samples
while buffalo milk showed almost twice the ﬁi?férenee.
- Taking the value of maxinum deviation the results indicated
that on an average about 9% per cent of the calculated
values For cow milk could be expected to fall within v&i?
0,05 and (+) Cel19 per cent of the gravimetric values or

within {+) 0.14 and (+) B2, In the case of buffalo milk
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the resufts at 20°C could be expacted to vary from {+)
0.09 to {(#) 0.4 por cent or within («) 0.05 and Ge23

per cent. -

He also raported that the calculated values for lj

solids-nct-fat at 27°C were agsin, in a large majority o!f

cases, lower than the gravimetric values, the ciirferencsls

varying from {+) 0.07 to {(+) 0.09 in the above four brcedr

of cowss Taking the maximum observed deviation on an

average, 95 per cent of the calculated values for cow's |

milk samples at 27°C could be expected to Fall within ()

0.08 and {(+) Q1% per cent fe, within (=) 0.06 and {+)

0422 and for buffalo milk within (=) 0.02 and (+) 0.33. |

EY.Sokkary (1952) estimated the solidsenct-fat

“content of both cow and buffalo milk, taking 100 samples;

each and cbserved the results of lactometric method agresd

favourably with the gravimetric methode Wallance (1957}

designed a monograph for calculating the solids-not-fat
content of milk From the density hydrometer readings and

fat percentage and the accuracy was found to be nzarest

'Ff

0«05 per cent to atandard methods Edwards (1960) ccampaﬁ:ad

the hydrometric and gravinetric methods for determinatio

of solids-notetat when applied to 569 individual milk

samples from &5 cows in @ single herd, and reported that,

o)

| the

hydronetric methed was considered to be of Timited use wllfzen




applied, to the milk of Individual cowse.

Medowell {1971) studied the comarison of variocus
methods for the estimation of solidsenot-fat in ailk and
whey. The total solids of milk was estimated using freeze
drying followed by a Karl Fischor titration. The average
solids~-not-fat value for 12 milk samples caleulated from
the total sclids results by thls method was G003 & G030
ger cent lTower than the total solids content calculated by
the gravimetric methed. Sen. (1977} suggested a medi Fiad
formula for estimation of solidsenot-fat in oilk when he
tamperature of oilk ranges from 80 to 92°F, Tho fornmula
for solids not fat s SeHoFa » 0,25 (CLR) * 0.2 (fat) -

De16.

whe%e, $HF = Solids-not-fat,
CLE = Gorrected lactometer reading,

F = Fat {est.

patel and Gandhi (1980} used a formula for deter=
mination of selids-not=fat which is followed in ‘zul Juivy,

A'-“‘snand.

efly & SC2F ) ’
(L th £0°%F) 0.2 Fat

SONIFQ = CJ.36
Whare, S.H.F. = Solids-not-fat,

Lefts

Lactoreter readinga.

They also roported a fornula for determipation of
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sol{dsenot=fat which is followed in Dudhsagar, ilehsana

and GLDL dairies.

502’30?, = L'w".’?&t éaﬁfz’ L J F

at
where, S.H.F. = Solidsenot=fat,

LeBo = Lactooeter readings.

A considerable amount of research work has boen
carrfed cut for the estimacfon of total soiids in milk by
gravimetric mathod. Several improvemsnts have becn sugaastod
from time to tlme fn the method of drying, tempersture of

heating and the use of infra-red molsture heaters.

gakalor (1564) roported that the determination of
total solids can be done using 2 wmechanical oven (1062 = 1°C)
after inftial evaporation on a waterbath and the drying i
can be reduced to one and 8 half hours, with additional
checks at 30 minutes interval. The use of absorbant filger
paper dises resulted in significantly lower values and the
addition of .01 ml of 36 nmer coent Tormaldehyde sclution
gave significantly higher values than thosc obtained by |
standard methods Boon (1579) reported that the total
solids in mitk can be determined by the Gritish Standard
method by weiohing 2 to 3 g of milk into a nicke!l basin a%d
evaporating to dryness a8t 100°C for 2.5 hours. The wmethod

had the greatest reproductbility for ¥Fresh whole or skim
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milk, Claesson (1969) described a method for determination
of total solids in milk In which 1 ml of oilk was transfer-
red onto a fiiter paper in aluminium miltk bottle ceps oy
means of @ cornwell syringe. These samples of milk were
dried in an infra=red hest drier and fed intc the scale

pan of a balance provided with an cptfical scale from which
the wefght could be read off directlys. It has been clafmad
that one person can do the analysis ét'@he rate of 100

samples per hour.

nudenkov (1568) evolved a methed ia which 5 ml of
milk samples were spread over six dry cauze discs §n 3
shallow disc and dried at 102 to 116°C to a constant weighits
In the results of 19 whole and seperated mitk samples the
difference between the mean values for this and the
standard (oven drying) method was 0.0 + 0.021 in replicate
test and the maximum deviatfon was 0.19 por cent solics.
taskouski (1969) designed autematic drier for detcrminazticn
of total solids in milk and the accuracy was wiﬁhin,; ZeH
per cent of drying to constant weight at 102 - 105°C. In
this sethod, the dryness was schieved in 15 minutes and
one worker can"carry 200 measurenents a day. Marchart
and Hoffee {15754) used 8 microwave oven for rapid estimatian
of total solids In milk and the results obtained in 13

minutes were found to be very close to the values ohteined
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in gravimetric method. Banks and wWilson (1973} reported
that the open dish mechod for determination of total

solfds 1n milk samples fran creamery tanks gave consistently
higher values (P / 0.001) than the values obtained by the
closed df sh method. Clusa and Barbireld é!??é) usad
wpulsor® apparetus for total solids determinstion in milk
angd found that the reﬁeatabilfty was * Ue2 per cont total

sol{ds.

Homada et ale (1977} used a new fnstrument consi ste
ing of a microwave heater @d an electrobalance for doter-
mination of total solids in mitk. Cervinka et ale. {1276]
reported the use of infra-red milk analyser (IRMA) by the
dairy farmers in Celifornis as a rapid accurate and
ecenomiéal method to measulre the total solids and solidse
not-fat fn raw milk. They evolved a new equation Tor |

carputing total solids.

TeSe = 2,76914 + (1,03111 F} + 1.00057 ¢ + (,5193G)
Where, T.5. = Total solids,

¢ = Fat percentage,

p = protein percentage,

L = Lactose percentage.

white et al. (1978} reported that infra-red
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refliectance analyser can be used in determining the fat
and total solids content of raw and pasturized whole

Hany reports are available with regard to the
various factors that infiuence the cemposition of milk
and especially the total solids. Legates (1360}, Areora
end Gupta (1969), Ldwards (1960) and vllcox gt al. (1250)
reported that the factors that affoct the composition and
total production of milk fnclude Feed, individuslity,
nutrition, laca?ity, bioclimatologicsl factors, mana@emeﬁt,
stage of lactation and physiologleal factors such as age,
exercise, cestrum, gestation and sickness. Many of these
factcrs-are'interreiatad and for soms the effect may be |
small except und&r.exparimeﬂt&} conditicns. The major
factors affecting the production of non=fat milk on whic%
considerable work has been done are breed, individua!ityé

nutrition and bicclimetological effects etc.

anantakrishnan and Ghesh (1964} reported from

thelsr work that ths total solids content of cow milk
determined by the gravimetric mothod varied from 12,56
. to TheB6 w?ﬁh an average of 13.61 per cent. The total
sollds contont of buffalo milk showed maximum of @3_&&

per cent towards the end of lectation with an avaerange of
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1573 per cent. The total sotids content in both milk
started to fncrease above the average in the 5th wonth

of lactatfon being more proncunced for the last one or
two months for buffalo milk and for lost three months

1n case of cow milke NMiloetic {1S571) on an analysis of
1684 samples of milk roported that the ranges for fat

and total solids were 3.57 per cent in July o 3.93 per
cent in Decemmr and 12.65 per cent in January to 15.15
per cent in August respectively. Gaunt and Gorwin (1964}
reported from a study of five breeds that wmitk for, protetn,
solids-not-fat and total solids content for all breeds
were highest in the tenth and eleventh month of lactation.
chawla and tdshra (1577) reported from thelir study of |
142 karan swiss érass breds, 101 sahiwals and 45 Red
3indhis that the percentage of total solids in the milk
averaged 13,55 = 0,08, 145.32 » 0.17 and 14.52 * €.21 in
the 3 groups #aspective?y. ghatia (1960) froﬁ his study
on over 1000 samples of cows milk reported that the fangas
of variotion Tor fat,_h.h@ to 7.18 per cent, total selids,
13,03 to 164,14 per cent and solids—not=fat Q.11 to 9.55
per cente In ﬁzlsamples of buffalo milk, the range was
fa;,35.1ﬁ te 8.32 per cent, total solids, 15.00 to 18,35
oer cent and solids-not=fat 8.65 to 10.30 per cont.

Sharna et al. (1979) studied the averasge fat, and
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solids=not=Fat parcentage in the milk of three pure bred
zebu Csttle (Thorparkar, Sahiwal, and figd 3indhi} and
their crosses with Brown-Swiss. The average Fabt porconta-
ge in a lactation ranged fron 4,53 to 4.83 and that of
sol ids-nct=~fat percentage From .00 to Jel3s They
observed that the fat and solids-not-fat in Cross bred
cattle was significantly higher comparcd to pure bred
Zebu cattle, The fat and solidsenct-fat yield wos ihe
highest in F, generation half breds and decreascd in
successive generation as well as blood lTevels. Though
the average fat and solidsenot~fat yield rangad within
narrow 1imits, the difference in fat and solidsenot-fat
yield was due to significont differences in oproductivity.
They further observed thet the season of calvings had
stgnificant influence on fat and solids~nct~fat yield.
anfmals calving in winter season groducsd more total
solfds foliowad by rainy and summer season. The total
solids yield fncreased upto the sixth Joctation and

thereafter showed a declining trend,
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MATERIALS AND BETHES

A rotal of 307 semples of cow milk were collected
for determination of total solids content of milk. fut of
this 207 sanples wers cbtofned from the university Livestock
Farm, Hannuthy. The remaining 100 samples of milk werc got
from the O!lukara Co-operative #iflk scciety. These samples
consisted of those from individual cows as well as poolad

milke A quantity of 250 ml of milk was collected for cach

samplec.

Before anaiysig, all the sanples were kept for one
of two hours In order to avoid the Recknagel phenamanoc.
The collected somples were mixad thoroughly avoiding undue
frothing or churning of the butterfat. Poured tﬁe sapie
into a clean dry vessel and back. Gepcated this process

of pouring to and fro until & homogenous mixture was

The sampies were then analysed for fat by Gerber
method as described in Indian Standards 1.5. 1224 (1558).
A small portion of the sample was used for determining the
total solids content by gravimetric methed as par thae
orocedure described in Indian stendards I.S5. 1475, Part I

{1560}

The samples were brought to & tempoeraturc of aboul

15.5°C (60°F) for tuoking Quevenns's lactometer reading and



later to about 84°F (28°C) for finding out the reading

using Zeal lactometer.

petermination of fat in milk (Indlan Standards [5.1224-1953)

Apparatuss -
1} Butyrometers.

2} 10 m! pipette for sulphuric acid or autcmatic
. measure for sulphuric acid.

3y 11.0h ml pipette for milke

4y 1 ml pipette for amyl alcohol.
5) Stopper for butyrometers.

6) Gerber's centrifuge.

Reagentss

1) sulphuric acid with 8 density of 1,307 to
1.812 g/ml at 27°C corresponding with @
concentrat fon of sulphuric acid from S0 to
%1 per cent by welght.

2) Amyl alecohol.

Procedures

Transferred 10 ml of sulphuric acid fato the
butyraneter by means of the 10 ml pipette for sulphuric
acid, taking care not to wet the neck of the butyrometer
with sulphuric acid. Added 11,04 ml of milk sawple into

the butyrameter by means of the 11,06 ml pipette, the
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temperature of sample being brought to approximocely 27°¢
when it was added. #“dded 1 ml of amyl alcchol into the
butyrometer by means of the 1 ml pipette. C(losed the
.neck of the butyrometer fiermly with the stopper without
disturbing the contents. The butyrometer was carcfully
shaken without fnverting ft, uncil the contents wore
shorocughly mixed, the curd was dissolved, andfﬁhita parti-
cles were seen in the liquide Then invarted the butyro-
metar & few tines to mix the contents thoroughly. Placed
the butyrometers ié cerberts centrifuge with the neck |
facing towards the centre and balencing the rotating disc.
Centrifuged at the maximun speed for 4 minutes. Transféra
red the hutyraneters with the stopper downwards, intc a
waterbath having a temperature of 65° + 29C and allowed
to stand for 3 minutes. They were taken out from the
waterbath and the fat coloumn was read.

petermination of total solids. Gravimetric method {Indian
Standards, Ie5. 1479 {1960 ).

Apparatus:
shallow flat bottowed dishes of nickel 7 te 2 om

dtameter and about 1.5 em in height.

Procedure:

veighad accuratcly the clean, dry empty dish.
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Pipectad inte the dish about 5 ml of the prepared somple
of miltk and wéighed guickly. Placed the dish, uncovered
on a botling watef»bath. Kept the base of the dish hori-
zontal to promote unfforms drying and protected it from
direct contact with the metsl of tho waterbath. After

30 minutes, removed the dish. Wiped the bottom and
transferred to a well ventilated oven at 98 to 1060°C.
After 3 hours, the dish was removed immediately transferred
te a descliccator. &!!e@ed to cocl for abeut 30 minutes
and welghed. Returned the i sh, uncovered to the oven and
treated for 1 nour. Removed to the de%ﬁccater, cooled and
weighed as before. Rapeated if necessary, until the loss
of wefght between succaessive welghings did not exceed

D+.5 mge MNoted the lowest wefght,

Lalculation:

Total solids, per cent by weight = l%%wﬁ

Where, W s Welght in *'g* of the residue after drying
W= veight in 'g? of the preparcd sample taken for &

peterminaticn of total solids using different formula.

The total solids content of milk sanples was detor-
mined by using, Four different formulae viz. Richmond's .
formula, Richmondts formula as modified by Sebastian et al.

151 formula and Ling formula which are described below:
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1) Richmond’s fornula (Davis and Macdonald, 1963)s i

Total solids content of milk was calculated using

the Richmondts formula as given belows

TeSe ™ 0,25 L 4 1.2 F + Otk |
1
where, T«5s > Total solids, |
|
L = Guevennets lactometer reading at 60°F,
|
|

F = Fat test.

The lactometer reading was taken with the Qu@venﬁe's
lactometer which has been previcusly tested for ac¢uracyﬁ
since the Juevenne lactomater §s calibrated to give corréct
reading_chly at a temperature of 60°F, suitable corractl&ns

have to be made in the lactometer reading taoken at a
temperature other than 60°F. The temperature of milk wa;
adjusted to somewhere hetweesn SO and 70°F for toking theh
lactometer reading and applying the correction factor tof
giye correct reading. The corvection factor of C.1 was é
added to the observed lactometer reading for each degree |
of temperature above 60*F and subtracted for aachAdegreag
below 60° {Judkins and Keener, 1560). Fat was determined

using the Gerbar method.

2) Richmond's formula as modified by Sebastian et al.(1574):

Tetal solids content of milk was calculated using

the formula indicated below as suggested by sebastion et |al,



Tabe 2 D25 L + T42 F 050
Wh&re, TeS5. » Total 50'1\(55,
. = zeal lactometer reading at J4°F,

F = Fat gests

The lactometer readings were taken with the Zeal
lactometer at BL°F which was previcusly tested for accuriucye.
The samples of milk were brought to sbout B84°F to take
Zeal lactometer readinge The Fat test was done according
to the Gerbar methode The temperature correction was donc

according to the chart prepared by Sebastian et al. (1374},
3} ISl Formula {Indian Standards 1.3. 1183, 1565):

Total solids c::cnt:ent' of milk was calculated using

the 131 formula which {s given balow:

TeSe # 0,250 + 1,22 F 5 D72
vhare, 0 = 1000 (d=Y),
d = density of the sample of milk at 20°C,
TeS5em Tpt:al salids,

F = Fat content of the sample.

stnce density hydrometers for milk testing arc not
usually available in the market and welighing of miltk after
warming it to LO°C and again cooling the same to 20°C will

be time consumfng. Krishnanurthi et al. conducted a study
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to find out whether spacific gravity lactometers can be
uzed with sultable nodifications to obtain density reacdings.
In this study, lactometar readings were taken without
cooling the mitk (ie, at 85°F) and a regression eguation
Was érrived at. The lactometer readipgs chtalned at roum
temperature were convertad to density readings by epplving

the formula suogested.

¥ 8 1,05 X ¢ 0,26
vhare, Y = Density reading at 20°C,

X = Lactoneter reading at B85°F,

The value of Y'Y was usced as the density reading
and used in the formula: For calculationof total solids.

The Fat test was done according to the Serber method.
4} Ling Forswla (Ling, 1956

'Ya Ge ® 9025 3+ ‘021 F o+ {:‘0{;6
Where, T.5. = Total solids,
D = fensity bhydrometer reading st 20°C,

F = Fat tost.

The density hydrometer readings were obtained
from the regression equation suggested &y Kirishnanurthi
st al. (1977} as described aboves The fat contont was

determined according to the Serber method.



The density hydrometer readings were obtained
on the calculation of total solids by using different
formulae and by thwe gravimetric method were arranged
in taélas for statistical analysise. statistical
analysis were done according to the standard methods
{ shedaces and Cochran, 1867). The values obtained by
the gravimetric method and by different formulae for
datermination of total solids content was compared using

pafred ¢t test,
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REBULTS

i

A total of 207 milk samples were analysed for
the determination of total solids contonte The aversge
mean values with thelr standard error of the total solids
content of milk by groviretric method and those caleulated
by different formuloe suchias nfchmend's foramla, Richuond?
formula as modified by Sebastian et al.liS74), ISl formuls,
Ling formula are given in Table 1. In the samples analysad

the ﬁercentaga of fat ranged from 3.0 to 9.0,

The percentage of totsl solids as determined by the
gravimetric method in the milk having differanﬁ fat poreenta
I ges from 3.0 to @.o; Lal tO 5.0, Gel 0 640y G171 tO 7.0,
7.1 t0 2.0 and B3 to 9.0 were 10.95  0.31, 12.86 1 C.11,
15403 * Ca10, 16,08 & 0,09, 16453 % 0033 and 17433 & .35
respectively. The frequency distribution of differances
in total solids of milk by graovimetric method: @nd calcula-
tion by different forrmulae is given in Table 7. The va}uas
obtained for total solids as calculated by the Richmond’s
formula for the samples contaeining different ranges of fat
percentage From 3.0 €0 4.0, Lol to 540, 56l to Helly Gol TU
760, 7.1 to 8.0 and 3.1 to J.0 were 10.8% 1 027, 1273
0,16, 14487 + 0.07, 15.89 2 0406, 16457 = 0.26 and 17.28 &
0.21 respectively, M caﬁgulation by the Bickmond's

formula as modified by Sebastian et al. the values were
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10438 & 0,25, 1233 = 0,10, 1538 * 0406, 15,33 2 0.06,
16423 * 0,06 and 17425 * 021 for the samples cqntaﬁning
different p@rﬁeneages of fat as indicated above. Wheh

I51 formula was used in samples containing 3.0 to 2.0 per
cent fat, the percentage of total solids was 11,21 + 029,
13,02 * 008, 15,10 * G0, 16,10 = 0425, 16.94 3 0.00 and
17.89 + 0.21 respectivelys The results of total solids
caleulated by the Ling formula For milk samples contuining
3.0 to 9.0 fat per cent were 11.11 * .29, 12.93 3 C.ll,
15,00 + 0405, 15,97 £ 0,08, 16,83 * 0,03 and 17.%5 2 0425
respectively. From Table 1, it can be ssen that the pizkie
centage of otal solids as calculated by the fowr di Fferent
formulae were both higher and lower than those obtained by

the gravimetric mothod.

The results obtained for the percentage of total
solids by graviretric method and by caleulatfon using |
Richmondts formula were statistically analysed for paired
't1 test and the £’ values calculated are given in Table 2.
It was fagnd that for samples containing 5.1 to 6.0 and'
6.1 to 7.0 per cent fat, the 'tf values were significont
{Pp / 0.01)s 1In order to get 3 close agreement with the
values chtained by gravimetric methed, 8 correction factor
of 0.15 and 0.18 has to be added to the velue calculated

on the basis of Richmondts formsla for milk samples containi
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o1 £O 6.0 and 6.1 to 7.0 per gent fat respectively.
ﬂowevcr,-nc correction factor was found necessary For
samples containing 3.0 to 5.0 and 6.1 to 9.0 per cent

Pat, since the 't’ values were not significant.

Table 3 shows the statistical analysis for paeired
'tv test and the caleulated 't' values for the determinatior
of toral solids by gravimetric method and Richmond's formule
as modified by Sebastfian gt al. (1974}, It was found that
for milk sample having fat percemtage levels from 3.0 to
7.0, tha 1ty values were significant (2 Z 0.01). For ailk
sanples containing percentages of fat 3.0 to L0, 4.1 t¢
a0, 5.1 to 6.0 and 6.1 to 7.0, @ correction factor of |
0.57, 0a53, 0.686 and 0.75 respectively has to be added to -
the values obtained by using the modi fied Rictmond's
formula as suggested by Sebastian et al. (1974} in order to
have an sgreement with the values obtained by the gravie
matric methode. Ho correction factor was required to be
added for samples having percentage of fat from 7.1 to 2.0,

since the 't' values were not significant.

The values cbtained from the estimation of totaf
" soléds by gravim@tric method and those calculated on the
basis of the 151 formula were statisticelly analysed for
palred bt test and the calculated *‘tf values are 1ndicétud

in Taeble 4. Ths 'tt value was Tound to be significant
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{(Pp / 0.01) for milk samples containing 4.1 to 5.0 per ceont
fate A correction Factor of 0.16 was found necessary to be
added to the value calculated by the Il formula in corder to
get the total solids percentage to be in <lose agreoment

with the value determined by gravimetric methad. There was
no necessity for adding any correctfon factor for mitk samsic
containing 3.0 to 4,0 and 5.1 to 9.0 per cent fat in as much

as 't? values were not significant.

the value obtained by the gravimetric method as well
as those calculated using Ling formule were statiscicelly
analysed for paired 't* test and the 't' values cbtained are
orosented in Table 5. It was noticed that the 't values
ware not significant for milk samples having a fat percontage
from 3.0 to Y.0. Therefore a correction factor was not found
necessary to be added to the value obtafned by the Ling formu
in order to get 1t in agrecoment to the value ohtalnad by'
gravimetric methcde For all the sampié of mitk studied, the
calculated value cbtained by using the Ling formula was in
full agreement to that of the gravimetric method.

Table 6 shows the varicus correction factors to be
appnliad toe the value cbtained by the different foroulac for
miltk samles of varying fat percentage In the estisaticon
of total solids content of milk in order to be in closc

agreement with the values of the gravimetric method.



TABLES



Table 1o

Mean values of total solids content of mﬂk samoles determined by gravhmtric
- method and by calculation with different formulae.

LB ne T o wBewlwEe e Lo e LT o Lwll o Tl o o T ZeileTmXe B Ko Znle T ol on e Ko lw TuTw Doy Do D 5o Koo Tee Son e X e Tt

Ling
- formula

Howof fichmondts ‘
“Fat % samp- - Gravimetric fichmond's ;g;??}:dégy TeSele
Range les method formula . oy ecrian formula
st al.

3.0 = b0 26 10,95 * 0431  10.88 * 0.28  10.38 » 6.25 11,21 * 0,29
el = 5.0 S0 12,86 2 0u11 12,78 2 0u16 12433 & 0,10 13.02 2 5,08
Sel = 640 102 15,03 + 0,10 14,87 * 0.07 14,38 # 0.06 15,10 * 0.01
b0l = 7.0 71 1608 = 009 15489 = 006 15,33 2 ©.06 16410 * 0.25
7¢1 = 8.0 12 16453 * 033 16459 % 0426 16423 2 0.06 16,34 .3 C.08
Bal = G0 6 17483 2 035 1788 * 0,21 1725 2 0a21 17.899 & Ge21

11.11 = 0,29

12,93 * 011

15.00 + 0.05

15.37 » 0.08

1789 * 0.25

LB axLtw ittt rtwBele o T T la el T Rl lalenleolelul ot tale txlelw ol vl Sl DaTmlw T D Ken o Bl o las ReelS
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Table 2« Paired 't* test values calgulated Tor total solids by gravie
metric methed and Richmondts formula and correction factors
to be applied. ' ‘

= T o B0 T R e o 5 e Fm o T e 7 e T i S e S T S T Tt = 0m 2 a2 g T e T T e e e S S0 o 3 e
Fat % Humber of 1ttt values Correction
frange e samples | | ‘caleulated‘ B factors .
3.0 = 4.0 26 Geih29 -
4.1 = 5.0 30 | 12750 -
Col = 5.0 102 202127%% + (.15
Bel = 7.0 ?i 2+1052%% + 0418
71 = 5.0 12 105022 .-
Bat = 5.0 & 0.1687 -
T T T v 5 e e T e 2 e 5 e T e T e e S e T e e o e e 25 e S e S T T o T o e T 55 e e S

¢ Significant P / 0.01.

i



Tabie 3. Paired 't' test calculated values for total solids by gravimetric
method and Rictmondt's formula as modi fied by Sebastian et al. and
correction factors to be applieds

FmCaTmSeRete alieEel e el Fele T e o R Tl el T e Sn D E el Zufa L He e S S DS el el
Fat % Kumber of ¢t values . Correction
Range sarples calculated _ factors

3.0 = 4,0 26 | 3.5723%% + 0457
Lel = 5.0 90 Bel13710% +« Da53
Bel = fia 102 542072 + .66
Gel = 7O 1 7430165 * Q.75
Tl = 840 12 Ge.3224 -
Bul = 5.0 e 241547 -
e Do T o e e e e e Zr e T e Fa o Fom o T T e m B Tn S B e TS e e S T e T om S D S

it Jigniffcaﬁt £ j_' Ce1e

A



Table 4, Ppafred tt* test calculated values for total solids by gravimetric
: machod and IS formula and correction factors to be applied.

T W T T2 e T8 e e L 2 T e Ko Iy D T T W L wn i T S T e Do Towm Lo 33 200 38 o Lo 'Cie i Eoom Lo 2o Dame um Som Doty il Tum Lew %

Fat Number of g values Correction
Rangs samies calculated faoctors

360 = La0 26 141376 -

Bol = 5,0 S0 2 li627%# + 046

5ei = 6ol 102 04766 -
6a1 = 7.0 71 0422183 -
7ol = 8.0 12 1.2378 -
2.1 = 9.0 6 Ge2579 -

e e e o e

== Significant ¢ / 0.G1,

oy



Table 6. Paired 't? test calculated values for total solids by gravimetric
mathod and Ling formula and correction factors to be applied.

Dol waZwleolwlelelnleleLnlalaelaX s S HarRenZE oL Lon Lo Tne T e X om Tow o Lo Tow LB L D os R D ew e S

Fat % Noe of et values " Correction
Range somnles calculated factors
3.@ - hcg 26 Go?tiB s
Lol « B0 90 1.0051 ' -
50‘ - 6.@_ . !GQ 303323 -

6-] - ?00 71 ‘OG?§3 hnd
7.t = 8.0 i2 025101 -

3.1 - Gl 6 Ge230G53 : -

— T rra e v em A b L e e L e e oup L em | iesm

M



Table &,

vetermination of total solids content of milk by specific gravity
lactomerer.

Correction factors to be applied to diffarent formilae in relation
tec the gravimetric msthod for milk samples of varying fat percentage.

ZeT e e K eT e Ee e e te Teke T S e DD Sl e G - L - T fo G ST T i fo e S S L e Ko
Fat % Richmond? s ;;cmg; Akl 151 Ling
Range formula sebastian et al. formula formula
3.0 = kaC - + 057 - -
ol = 540 - + 0a53 + 0u16 -
Sl = Gu0 + 0,15 + D66 - -
6e1 = 7.0 + 0.18 * Ge75 | - -
7.1 = 2.0 - - - -
Tl = 5.0 - - - -

022 o O g L 7 e T
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Table 7. Frequency distribution of differences In total
solids of milk by gravimetric method snd calcula-
tion by different formulae.

Do 2 e =2 s D o 227 s T 32 e 0 0 S0 27 e 2 e 0 S e S S e 3 a0 S S T T e % e 1 e 52 e £ o e T o 5 £ e B

Frequencgy
Difforerces in - - e e o € o e e e s i e 20 e
total solids Richmondts Richmond!s fore ist Lin:
range formula mula modi fed by formula forn
' Sebastian et al.
above - 1,00 1 S if 13
= 0489 to - 0,90 0 i 5 3
~ Ce89 to =~ §.80 2 2 O 3
= 0e75 tO = (W70 & 1 11 it
= Geb9 O = 060 3 1 19 Y
= 0458 to = 050 7 1 14 12
- QU8 to = 040 12 0 18 14
- Ge3Y £O = 030 11 3 23 165
= (0e2Y O « 0420 16 8 17 a0
w 015 to = 0,10 21 6 16 20
- 0,09 to « .00 20 6 20 19
& 0,01 to + 0,10 28 24 33 35
+ 011 to + 0,20 30 24 25 25
* (e21 to + G 30 25 i5 17 27
+ (e31 to + 040 28 21 15 i?
+ 041 to + 050 22 17 10 16
+ 0,51 to + 0460 13 24 6 e
+ 061 L0 + 070 9 26 5 &
+ 0,71 to + 0.80 9 26 4 3
+ .81 to + 0.%C 5 15 5 2
+ 080 to + 1,00 5 15 L 2
above ~ 1,00 18 54 15 22
T o R e T e T oo e I e ST i om R Do Tome ke S s e T2 e e ST 20 oo T e 2% ot 2 S e e T e e e 5 £



DISCUSSION



-DISCUSSION

fhé determination of total solids content of
milk has always been 2 serious problem - not a preblem
of process - but a problem of time. For that reascn, it
has been seldom used as a routine test by the dairy plants.
Therefore a simple and cconomic test within reasonable
Yimits of accuraecy is essential in order to becone popuiér
in %ts<usagé. In genceral, there are two methods for the
determination of total solids fn milk. One is based en
ca?culat!en by different Tormulae using the laztoneter
read@ng-and the percentage of fat in wmilk. The other is
the gravimetric method which s a standard one. The lattor
is time consuming and cannot be used to estimate the total
solids in miikﬁin.a short thme. Among the varicus methods
used to determine the total solids present in milk, the
tactonatric methods have been reccgn%zed'as the quickest

and simplest.

Eventhough several formulae are available for the
determination of total solids in milk contradictory resorts
have appeared regarding the usage of these formulae. This
is especially true in the case of milk having a high
percentage of milk fat. The present study was undertaken
to derive a sultably modifled formula using specific gravity

lactometaer for the determinstion of total solids content of
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of & per cent milk (Herrington, 1948). wétsan (1957)5
stated that there are more than 60 different equat:ionﬁ
suggested by investigators for conputing the relation .
between fat content and specific gravity and solids of‘
mitke These equations appear to give reliable estima;es
of milk solids only- when applied to data fram which tﬁey
ware derived and therefore many researchers have suggested
constants and corrections in the basic equations in ardar
to make tha computed values agree with the expcrﬁmnm!

ms‘ i

calculation of total solids using Watson tact;'m:eter
has been found to be @ satisfactory method. Watson {1357)
on an analysis of 200 sanples of milk from about 25 herds
reported that the deviation of the calculated value 01'
total solids frem gravimetric method was * 0.5 per cent
of total solids. ;

:
Vyas et al. {1873) using wWatson lactometer f’ound

that the difference in total solids varied from G.Ol to
0.05 and indicated that the wWatson lactometer can bg used
for accurate estimation of total solids of Kankrej cCows
and can replace the gravimetric method. But due to none
avatlability of such a watson lactometer in the ma‘ri(et,

cns has to depend on the lactomster commonly used in



milk especially having @2 high fat percentage. In this
study, the gravimetric method has been teken as the r
standard method and the results of total solids obtained
by the calculation by four different formulae viz. Richmond'
formula, Richmond's formula as modffied by Sebastian et a!.
(1974), Isl formula and Ling formula have been compared with
the gravimetric methods The results obtafned in the stédy
' |

i
!

are discussed below.

Fron the values obtained for the total solids ira
milk as calculated by the different formulae and prescnéod
fn table 1, it will be seen thet the calculated values J@ra
lower as well as higher than those obtained by the grav{}
metric method for samples containing different percentaées
of fat. A similar observation has also been mede by r
Kothavalla et al. (1949) by analysing 562 herd samples |
from cows as well as buffaloes. They concluded that thé
calculated values for total solids were higher as weil és

lower than the values cbtained by direct evaporotion.
r

ashatia (1960) reported that the calculated valués
for total solids or solidsenot-fat in most cases were I%wer
cthan those obtained by grevimetric method. He atsd obs%rvec
vhat the differences in the values by the two methods w%re
fafrly close in the ;amples of milk from cows, whercas ﬁﬁ
the case of buffajo milk the difference noticed was almqst

twice.



In the present study it wes noticed that the
values obtained by caleculatfon using the different formulac
were in agresment with those of the gravimetric method for
milk samples containing a higher percentage of fat especiall

above 7.0 per cent.

Sharma et al. (1575) reported that the fat and
solfds-not-fat yield in cross bred cattle was significantly
higher compared to pure bred Zebu cattle. Therofore it is
essentfal to evolve a suftsble correction factor for the
values obtained by the different formulae for milk samples
with a higher percantage of fat. Eventhough many equatfons
are fn existence Tor the determination of the total solids
fn milk most of them heve not proved sati sfactory under ail
conditions, though each has yieldsd good results in the
hands of 1ts originator. It has been reported that it takes
saveral hours fc} fat In mitk to crystallize when the milk
is cooled to 80°F. Therefore, the specific gravity of a
sample at 60°F depends not only on the camosition of mitk,
but also on the physical state of fat, whethef the samdle
has been warmed or cooled and how much time was allowed
for the sample to reach in equilibrium. This factor hos
‘been found to cause differences in specific gravity as

.

great as 0.0002 for each per cent of fat in the sample. The
error eventhough not large enough, could produce a difference

of 0.2 per cent in the calculated value for solids contont
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dafries in the southern regfon of this country and normally
a small sized specific grovity type lactometer zesl or
stimilar type adjusted to 29°( is used for ostination of |

tetallsolidﬁ in milke

The hydrometric and grovimetric methods for ﬁetak-
mination of solidsenot=fat in milk were compared by IOwards
(1960). He reported that the hydrometer method was of
limited use when applied to milk of individual cows. In
the analysis of individual samples of milk from cows unders=
vaken during the course of the present study, it has been
noticed that there are voriations between the celculatod
values using different formulae as compared to those of

the gravimecric method.

since the calculation of total solids by the four
different formulae did not give a correct estimate it wﬁs
réquireé to apply corraction factors to the existing
formulas, The data collected in the study were statisticall
analysed for palred *'t! test and the values obtained bQ'
the formula method differed significently with those of
the standard gravimetric methot in ﬁertain fnstances. it
was observed that addition of a sinygle correction fector
to the values obtained by all the different formulae was

not enocugh to give values close to the gravimetric method.



Therefore a number éf corrections needed €o be appilied

to the different foroulae depending upon the ranges of
fat percentage in the sawples of milk. The frequency
distribution of differences in total solfds of milk by
gravimetric method and calculatfon by different formuiae

fs given in Table 7.

The values obtained by calculation using the
Richmondt's formula were found te be both higher and lowor
than those ohtained by gravimetric method (Yable 1).
Famachandran (19533 worked out the applicability of
fehmond!s formula by analysing & total of 1929 individual
herd samples of cows and buffaloes milk and found that tﬁe
‘catcu?ated values ware hoth higher and lower than those |
obtained by cgravimetric methods Desal and Patel {(194Ss)
reported fhat thg richmondts TFormula gave resulis that
were higher than the values obtained by direct evaporation
by 1.3 to 3.6, Vyas et al,(1973} notfced that by using
tichmond®s formula, the results were found to be 0.95 per
cent less of total solids., Khalifs (1974) also made a
sfmitar observation. In India Schnelder et al.(1947)
applied Richmondts formula to estimate the total solids in
milk and observed # 1.0 difference. Sharma ct al. iiséyﬁ

stated that the Richmondts formula over estimated total



solids percentage by an average of 0.538, 0.557 and

C.518 in the milk of cow, buffalo snd mixed herds with

a range of C.ukl to 0.582 per cent in cows milk and G5
to 0.663 per cent in buffalo milk. From these cbservations
made by different workers it can be seen that there are
variations, both lower and higher, in the calculated valiues
by Richmond's formula as compared to be the values of the
gravimetric method. Lunder {1970) reported that the
Richmondts modified formula with its constont of C.72
replaced by 0.81 gave satisfuctory results for determina~

tdon of solids in milk.

The results obtained by the grovimetric method and
calculated by fichoondts Fformula were statistically
analysed for pafred 't test to get the desired correction
for existing Richmondts formula (Table 2). From this teble
ft was noticed that the 't values were significant
(p [/ 0.0%) for milk sampléa containing S.1 to 7.0 per cent,
whereas for samples having percentage of fat less than 51
or more than 7.0 there was no significant differonce. This
indicated & noed that the two methods were in close agreemen
for milk savples having a fat percentage upto 5.0 and those
having 7.1 te 9.0 per cent fat. In order te get the results

in agreement with standard gravimetric method correction
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factor of O.15 and 0.18 was necessary to be added to the
calculated values for milk samples containing Se1 to 6.0
and 6.1 to 7.0 per cent fat respectively. to correction
factor was necessary for the other samples having varying'

percentages of Tate.

stmilarly the results obtalned by the ftichmond's
formula as modified by sebastian et al. and those deter~
mined by gravimstric methcd were statistically analysed
for palred 't' test to get the necessary correction factor.
In this case a2lso there was a remarkable variation butween
the results of two methods and the Yt values were signifi-
cant (P / 0.01) for the semples of milk containing upto
7.0 per cent fat. for milk sanples containing milk fot
abova 7.0 per cent "¢t values wéra not sfgnificant and no
correction factor wes necessary for the values obtalned Dy
the formula. The various correction factors that have to
be appifed to the valuas of total solids cbtalined by the
use of Richmond's Tormula as modified by Sebastian gt al.
(Te3e 0,25 L + 1,2 F » {,80) are given in Table 3. In
order to gat the values obtajined by medified &iéhmand'sl
formula in close agreement with those determined by graﬁie
metric method, a correction factor of 0587, 0.53, 0.€6 and
0.75 was necessary to be added to the valuss obtained bf

formula for milk samples containing 3.0 to 4.0, 4.1 to 5.0,
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Se1 to 649_and 6e1 £O 740 per cent fat respectively.

From Table 1, it was observed that the values |
obtalned by the ISI formula were slightly higher than "

 these determined by gravimetric method for all the samples.
Byt en statistical amlysm of the values, It was foundl
that the differances were not musch stgnificant except in
the case of samples containing 4.1 to 5.0 per cent fuc-;
The 't value was s!gnff’_lcaﬂt (# £ 0.01; for the sm!e:%
containing 4.1 to 5.0 per cent fat. The analysis of theg ‘
data obtained in the study rovesied that the 131 formula
gave lower values for total solids only in the case of \'.
milk sa,ﬁb!es contatning 41 £O 5.0 per cent fat and a !].
correction factor of 0.15 naed to be added to the 151 |

formila (TeSe-= 025 DH + 1,22 F + 0.72) to get the va:ués
|
in agramem with the values of tho gravimetric method. !

||

For milk samples having 3.0 to 4e0 and Sel to 9.0 per cem:

fat, ne correccim'f’actar was resuirec. lehta (1564) '
ebserved that the ISl forsuia gave lower values for soﬂds-
| net-fat in buffale mﬂk by about 0.25 per ceint as c:unpared
to the values of the gravimetric method. pruthd and Bhal,g
Rao {1973) alse obtained lesser valuss for total solids il';‘n‘
buffalo milk for the Iéi tformula as ‘c-amparéd to the valual‘fs'
of the gravimetric method. They have suggested a cons?:anl')t
of 0,87 $nstead of 0.72 in the 151 formula for getting thli'a



values close to the gravimetric method.

The patred 't' test calculated values for total |
solids by gravimetric method and Ling formula are given |
fn Table 5. The statistical snalysis of the data for |

paired 't test did not reveal any stgnificent differencp

between the two metheds for the different samples of milk
contatning 3.0 to 9.0 pef cont, fats Therefore no corre%tim

factor was needed for getting the values calculated by uLlng

the Ling formula to be in close agreamenc with those of the

|
gravimetric methode The Ling formula (Te5. = 0.25 OH +i

|
1.21 F « 0,66) was found to give results in close agrgemﬁnt
with those of the standard gravimetric method without th@

application of any correction factor. h

From the foregoing discussion it would be Gbseerd
that the values of total solids calculated using the Ling
formula were in close agreement with those cbtained by the

gravimetric method for milk samples containing 3 to 9 pe%

cent milk fat, HNo correction factor was found necessary|
to be applied to the forsula, When the values obtained ;
by tha Il formula were compared with those of gravimetréc
mathod, @ correction factor of 0.16 was necessary to be E

added to the calculated valuss of total solids in order o
be in agreement with the values of the gravimetric mezhaé
for milk samples containing Lol te 5.0 pér cent fat and Ao
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carrection factor was neéessary for the other milk saiples.
The values of total solids determined by gravimetric outhod
waere found to be greater than those calculated by the Hiche-
mond!s formula as modified by Sebastian at al. for milk
samples having a fat percentage of 3.0 to 7.0. Tlhig correct-
fon factor to be added to the calculated values cbtained Dy
Richmondrs formula a5 medified by Sebastian et al. varied
fram 0.53 to 0.75%. In the cass of Eichnondts formula the
value obtained for total solids were less to aon extent of
015 and:ﬂ.lﬂ for mitk samples having e fat percentage of
Se1 £O 6.0 and 6.1 to 7.0 respectively in order to be in

agreement with the values of gravimetric method.



SUMMARY



SUMMARY

The nresent study was undertaken to derive a
suftably modffieﬁ formula using specific gravity lacto- :
meter for the determinotion of total soclids content of
milk especially having a high fat percentage. & totsl
of 307 samples of milk, 207 from uUniversity Livestock
Farm, Mannuthy and 100 from the (llukara Co-opurative
i1k Soclety were collected for determination of total
solids content of milk. The fat percentage of samples
of milk collected varied from 3 to 9 and 281 cut of 307
{91.5%) were above b per cent milk fat., These samples
were obtained from individusl cows as well ss from pocled
milke The samples were analysed for the parcentage of faot
using Gerber methodes Total solids content in milk was
determined both by the gravimetric method and by calcula=-
tion using four different formulae viz. the Rictmondts
formila, the Richmond's formula as modified by Sebastian
et al. (1574}, 151 formula and Ling formula. The calculatod
vaelues of total solids were camared with thiose of gravie
metric method whiéh was taken as the standard, The follow-

inyg Iinferences were drawn.

It was observed from the study that the calculated
values of total solids using the four different formulae
were both higher and lower than those cbtained by the aravie

metric method.
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since the calculation of total solids by the four
different formulae did not give a correct estimate, it
~ was required to modify the existing formulae by applying
“ a correction factor. The data obtained during the course
of study were statistically analysed Ffor paired 't' test
and the values obtained by the formula method differed
significantly with those of the standard grovimetric method
in some cases, It was observed that addition of a sing?ﬁ
corraction factor to éhe values obtafned by the different
formulae was not enough to give valuss to be in agreerent
to the gravimetric method. Uepending upon the runge of
fat percentage in the milk samples different correction‘
foctors were needed to be spplied to the different formulae
in order to get ;he values in close agreement with those

of the gravimetric method,

The values cobtained for determination of total
solids by the gravimetric method and those calculated by
the Richmondts formula were found to be significant
(P / 0.01) for milk samples containing 5.1 to 6.0 and 6.1
to 7.0 per cent milk fat. In order to get a close agrze=
ment with the values obtained by gravimetric method, a
correction factor of 0415 and 0,183 was necessary to be
added to the value calculated by the Richmondts formu?al

for milk samples containing S.1 to 6.0 and 6.1 to 7.0 per
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cent fat respectivelys. However, no corvection factor was
found necessary for mitk samples containing 3.0 to 5.0

and 6.1 £to 9.0 por cent fat.

The stetistical analysis for pafred ‘¢t test for
the determination of total soiids by gravimetric method
and Richmond's formula as modified by Sebastion et al.
(1374 ) were found to be significant (P / 0.01) for milk
sannles having fat percentages fran 3.0 to 7.0. fFor aiilk
samples contafning fat perceantages 3.0 to 4.0, 43 to 5.0,
Sel tO G.0 and 6.1 to 7.0, a correction factor of 0.57,
0e53y 0466 and CGa75 respectively was necessary to be added
to the values obtained.by using the modified Richmond’s ?
formula suggasted by Sebastian et al. (1974) in order to
be in agreement with those of the gravimetric method. Ho
correction factor was necessary for samples having fat

percentages ffrom 7.1 to 9.0,

The values obtained from the determination of total
socllds by gravimetric method and those calculated on the
basis of the 131 formila were found to be significant
(P / 0.01) for milk semples contafning 4.1 to 5.0 per cant
fate The addition of a correction factor of 0.16 to the
values cobtained by the 151 Formula was essential in order.

to be in agrecment with the gravimetric methode For milk



samplies having a fat ner cent from 3.0 to 4.0 and §.1

to 5.0, no correction wis recuired.

n statistical analysis of the data obrained it
was found that no coirrection was necessary for the values
of teral solids obtained by using Ling formula to be in
agreement with thosec of the gravimﬂtr{c mathod for all

the samples of milk studiad.

Taking into consideration the sbove Fingdings it
was observed that the Ling formula can be used as such
without any correction factor for the determinacion of
total solids content of milk for varying percentages of
tate The order of preference for using the fouf differemt
formulae Tor calculaetion of total solids in milk of varye
ing fat percentage with therefore be (1) Ling formula
(i1) 151 formula (§14) michmond's formula end (iv) Riche

mondts formula as modified by sebastian et al. (1574%).
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and 6.1 to 7.0 per cent fat respectively. For the modi-
fied Richmond's formula, addition of G.57, Cu53, .66 and
0.75 was necessary for sanples containing 3.0 to 4.0, 4.1
to 5.0 and 5.1 to 6.0 and 6.1 to 7.0 par ceﬁt fate The
addition of a correction factor of 0.16 to the 131 formula
was essential for samples containing 4.1 to 5.0 milk fat
to get the values in.agreement with the gravimetric mathod.
No correction factor was necessary, if Ling formula was
used, The order of preference for using varicus formulae
will be (1) Ling formula (2) ISl formula (3) Richmond's

formula (4) modified Richmondts formula.

Ling foraula can be used without any correcticn
factor for determination of total solids content of milk

for varying percentages of fat from 3.0 to S0



ABSTRACT

The methods of estimating total solids contont
of milk having a high fat percentuge by Richmond's formula
(TS = 0425 L ¢ 1.2 F + 0.1h) using Quevenne's specific
gravity lactometer, modified Richmond's formula
(TS = 0,25 L + 1.2 F + (,50) using Zeal specific gravity
lactometer, 150 formula {75 & 0,25 OH + 1,22 F + 6,72} and
ting formula (T3 = (.25 DH + 1,21 F + 0.66) using the densit)
hydrometer, along with the percentage of fat estimated by
Gerber mathod were compared with the values obtained by
gravimetric m&ihadlusing 307 samples of milk. In ail the
milk samples analysed the calculated values of total solids
by thelformulae mathods &era both higher and lower than tie

grevimetric values.

Since the formulae methods did not give a true
estimate of the total solids in milk, wodifications to the
existing formulae wore roequired by applying a correcefon
factor. it was observed that depending upon the percentage
of fat in milk samples, different correction factors were
- needed to be applied to the different formulae for getcing
the values close to the gravimetric methode Addition of a
correction factor of 0.15 and 0.18 was necessary to the

Richmendts formula for milk sauples containing 5.1 to 6.0
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ABSTRACT

The methods of ésfimatiﬁg total solids content of
milk having & high fat percentage by Richmond's formula
(TS =_Q.2§‘L_f,1.2 F + 0.14) using Quevennet!s specific
gravity lactometer, modified Richmond's formula (TS ® 0.25L +
1.2 F #.0.50) using Zedl specific gravity lactometer, ISl
formula (TS = 0.25 DH + 1,22 F + 0.72) and Ling formula
(TS = 0.25 DH + 1,21 F + 0.66) using the density hydrometer,
along with the percentage of fat eétimated by Gerber met hed
weré’compéred with the values obtained by gravimetric method
using 307 samples of milk. In ail the milk samples analysed
the calculated Qalues of total solids by the Formulae methods

were both ‘higher and lower than the gravimetric values.

" since the formulae methods did not give a true
estimate of the total solids in milk, modifications to the
, existing-formu1ae were required by applying a cdrrection
factor. It was observed that depending upon the percentage
of fat in milk samples, different correction factors were
needed to be applied to the different formulae for getting
the values close to the gravimetric msthod. Addition of a
correction factor of 0f15 and 0,18 was necessary to the
Richmond's formula for milk samples containing S.l tc 6.0
and 6.1 to 7.0 per cent fat respectively. For the modified
Richmond's formula, addition of 0.57, 0.53, 0.66 and 0.75

was necessary for samples containing 3.0 to 4.0, 4.1 to 5.0
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and 6.1 to 6.0 énd 6.1 to,?.o_per cent fat. The addition
of a correction factor 6f 0. 16 to the ISI formulé was
essential for samplas containing hot to 5.0 milk fat to
get the values in ~agreement with the graVImetric nethod.
No correction factor was necessary, if Ling formula was
used.. The .order of : preference fqr:usipg,va;IQus formulae ,
will be (1) Ling formula (2) 1SI formula (3)_ Richmoﬁdﬁs

formula (Q)lmodifiquRichmOnd's formula.

: Ling fonnula can be used without any correctxcn
factor for determ1nation of total sollds content of milk

for varying percentages of fat from 3.0 to 9.0.
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ABSTRACT

The methods of estimating total solids content of
milk having a high fat percentage by Richmond!s formula
(TS = 0.25 L + 1.2 F + 0.14) using Quevenne's specific
gravity lactometer, modified Richmond's formula (TS = 0.25L +
1.2 F + 0.50) using Zeal specific gravity lactometer, ISI
formula (TS = 0.25 DH + 1,22 F + 0.72) and Ling formula
(TS = 0.25 DH + 1,21 F + 0.66) using the density hydrometer,
along with the percentage of fat estimated by Gerber method
were compared with the values obtained‘by gravimetric method
using 307 samples of milk. In all the milk samples analysed
the calculated values of total solids by the formulae methods

were both higher and lower than the gravimetric values.

- Since fhé formulae methods did not give a true
estimate of the total solids in milk, modifications to the
existing formulae were required by applying a correction
factor. It was observed that depending upon the percentage
of fat in milk samples, different correction factors were
needed to be spplied to the different formulae for getting
the values close to the gravimetric method. Addition of a
correction factor of 0.15 and 0.18 was necessary to the
Richmondt's formula for milk samples containing 5.1 to 6.0
and 6.1 to 7.0 ger-cent fat respectively. For the modified
Richmond's formula, addition of 0.57, 0.53, 0.66 and 0.75

was necessary for samples containing 3.0 to 4.0, 4.1 to 5.0
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and 5,1 to 6.0 and 6.1 to 7.0 per cent fat. The addition
of a correction factor of 0.16 to the ISI formula was
essential for samples containing 4.1 to 5.0 milk fat to

get the values in agreement with the gravimetric method.

No correction factor was necessary, if Ling formula was
used. The order of preference for using various formulae
will be (1) Ling formula (2) ISI formuia (3) Richmond's

formula (4) modified Richmond's formula.

Ling formula can be used without any correction
factor for determination of total solids content of miik

for varying percentages of fat from 3.0 to 9.0.
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