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CHAPI!AR I 

INl .RO.ilUC'.f IO li 



The chemical quali'ty of milk is assessed by ita 

fat and solids-not-fat (SNF) contents. It is, therefore, 

ve-ry important to estimate the fat and the solids-not-fat 

content of milk correctly and speedily, especially for 

milk delivered at collect.ion centres where milk is paid for 

according to its fat and solids-not-fat content. A variety 

of' methods such as gravimetric, volumetric and i.nstrumental, 

etc. have been proposed and widely employed for the 

determination of fat and solids-not-fat content.a. However, 

none or them satis:tiea the requirements for both speed and 

prec.l.aion. The gravimetric methods are more accurate but 

they are more time-conaumillg and demand for better analytical 

skill. At. field level, the volumetric methods are more 

auitable and widely used since a large number of samples are 

to be teated within a short time. Among the various 

volumetric methods of estimation of fat, the Gerber method 

is quick and convenient and is mostly followed in our country. 

Several lactometric procedures have been proposed 

by different workers for the estimation of total solids/ 

solids-not-fat 1n milk. 1.fheae methods are rapid and simple. 

~or rapid and routine estimation o:t SNF (solids-not-fat) 

under field conditions, there is no better method than 

uai..ng a ~drometer or a lactometer and then using A formUla 
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to calculate solids-not-fat from the hydrometer or 

lactometer reading and the fat content of milk. 

In 1965, Indian Standards Institution prescribed 

specifications for two types of hydrometers for use in 

milk for solids-not-fat determination by calculations 

(ll>:1183-1965). These specifications were adopted from 

the .British Standards Institution. Unfortunately, the 

hydrometers of these specifications are not available in 

our country. Keeping in view the non-availability of 

properly calibrated hydrometers and the preference of 

users to use specific gravity lactometers only, as was 

revealed through data collected from various dairies in 

the country, ISI has prescribed specifications for a new 

specific gravity lactometer calibrated at 27°c in its 
I j/~-J-1°1&-I . 

standard IS i qj'sJ-1 gst. .A formula for calculating solids-

not-fat using this new lactometer has also been suggested, 

which is being tested at different dairy centres, as part 

of field trials. 

A systematic study, therefore, has been conducted 

to examine the suitability of this lactometer as well as 

the new formula for the determination of solids-not-fat in 

mil.k. 



CHAPTER II 

SCO.PA Ali.U PLAN Oi' WORK 



SCOPE AND PLAN OF WORK 

Recently, a new specific gravity lactometer 

calibrated at 27°c has been recommended by Indian Standards 

Institution in its standard IS: 'JJj83"-1981' for the determination 

of solids-not-fat (SNF) in milk by the volumetric method. 

In this standard, a new formula ( S.NF = 0. 25 L + 0. 25 F + 0. 60) 

bas also been proposed when the above-mentioned lactometer 

is used tor the calcu.lation of SN.F values. This formula is 

being tested at different dairy centres as part of the 

field trials. 

There~ore, it was proposed to examine the suitability 

.. of this lactometer as well as the new formula for the 

determination of SN.F value in milk. .From the results obtained, 

the new formula will be suitably modified or changed so that 

the variations in the SNF values are minimised. 

Milk samples (individual cow and buffalo milk and 

pooled) will be analysed for the following: 

1. Total solids by gravimetric method. 

2. Fat will be determined by Gerber method using 
10.75 ml milk pipette. 

3. Total solids/ Sla1 will be calculated by following 
the new formula -

TS &:I 0.25 L .. 1.25 p • 0.60 
or S.NF = 0.25 L + 0.25 .F + 0.60 

where, L = lactometer reading at 21°c 
F II percentage of fat in milk. 
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The results obtained will be statis~ically analysed 

to see the e:rl.ent o:! variation and the formula will be 

suitably mo~ied or cb.anged, if necessary. so tilat \he 

SNF values obtained by the new f ormu.la are in close 

agreement with the gravimetric values. 



CHAP'lKR III 

RiVIEW OF LITERATURE 



Since the precise and speedy estimation of milk fat 

and solids-not-fat is important. a variety of methods tor 

their determination have been suggested from time to time. 

These can be divided into the following three classes: 

1. Gravimetric methods 

2. Volumetric methods 
3. Instrumental methods 

The gravimetric methods though accurate are time 

consuming, expensive and require costly equipment and skilled 

personnel. At the field level, volumetric methods are mostly 

followed. fhese being comparatively faster, cheaper and 

simpler for routine analysis purposes. The instrumental 

methods are very quic.k and a large number of samples can be 

routinely analysed with ease. in a very short time span. 

Methods for estimation of milk fat : 

I . <7rav imetr ic metllo ds : 

These are considered to be having highest precision 

and the other rapid methods are compared and standardized 

against them. The basic principle being the extraction of 

milk fat from a known weight of milk. with a suitable 

solvent(s) which is/are aubseq\lently eveporeted. 
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Bose-~ottlieb method is preferred among all other 

gravimetric methods. because in this method. the milk fat 

1a not subjected to drastic pre-treatments with acid or by 

.neati.no and also the process 1a fairly ra'91d and gives very 

clear separation of fat solvents from \be aqueous layer. 

Roee (1886) gave the principle of fat extraction froa milk 

. \.lS.ing ammonia and et.ilyl alconol. while Gotilieb ( 1ai2) made 

cenain .iaprovaen\s to this method. He added. to 10 ml of 

mil~. 1 ml. o~ cone. ammonia, 10 ml of etnyl alcohol. 25 ml of 

dieihyl ether and 25 ~l of light pe~rolewn. shaking the 

mixture a1'ter each addition. The fles.k is then J(ept. und.i.aturbed 

for }0 min \o £acilitate the separation o! ethereal layer 

rrom aqu.eoua layer. The ethereal layer is then •ipboned off 

into a ta.red r1ask and ~he extraction is repeated twice with 

15 ml each of diet~l ether and petroleum ether. lfter 

combining all these separations, the ether ia evaporated o!f 

in a boiling water bati1. .From the weight of the residue 

obtained. the percentage of fat is calculated. 'l'hi.8 method 

is u.niverselly accepted RS a standard for comparing the 

accuracy o~ oiher method&. 

Principle of ~ojonnier method is eame as till\t of 

Uose-~ttlieb method. but the atlape or the Mojonnier 'tube 

ia convenient. tor eaay decentation of the solvent. 

Adams ( 1885) aciopt.ed a met.bod consisting of soaking 

a Juiown amount. ot mil.k. on t.lle 2.5" .X 22" tilt.er paper strip 

and clryin& in an oven at. 100°c. It. is 'then 'transZerred to 
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the Soxhlet extractor and t.Jle fat extracted by ether which is 

then evaporated. .From the weight of the residue, fat percenta6e 

is then calcu.lated. 

aulder and kyer' s ( 1953) met.hod consist.a of boilin6 

6 ml of cone. HCl with 8 g of mil~ in a Mojonnier tube. 1hen 

8 ml of ethyl alcohol is added and extraction is repeated 

} times with petroleum ether. 

Mulyarchuk and Andreevskaya (1955) described one 

method in which to 5 ml of milk, 5 g of calcinated soda is 

added which is extracted with 20 ml sol vent (benzene or 

clichloroethane). After crystallisation of soda, 10 ml of 

clear solution is freed of solvent and the milk fat is 

weighed. The average results were 0.03 to 0.06; higher than 

the results obtained~rber method. 

W&lstra and Mulder ( 1962) gave a met.bod baaed upon 

extraction ot tJle liberated fat, using sli~tly modified 

*ojonnier t.ube and also explained the importance ot the 

posit.ion o~ the interval o~ t.b.e two pila.Ses. £be best condition 

tor tile evaporation ot t.b.e solvent.a and tne drying of the fat 

was also given. 

II. Volumetric lii.ethods ' 

Volumetric methods, which are much :taster, cheaper and 

simpler than the gravimetric methods, are employed extensively 

in the dairy industry. These are generally baaed on the 
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principle tnat the solid.a-not-fat in the sample are diasol ve d 

or digested, the fat emulsion destroyed by the addition of 

one or more chemicals and the fat volume me~aured in a narrow 

graduated tube. The separation of milk fat is gener'!lly 

promoted by centrifugal force with or without the previous 

addition of a surfectant. The moat remArkable adv~ncement 

in this field was the development of Babcock and Gerber methods . 

These metnod.e, even to this date, are extensively used in U~A 

and .b'Urope, respectively. In India Gerber 11.ethod is uaed as a 

simple and quick method for estimati.Jl6 milk fat. 

Marchand (1854) developed the first volumetric method 

of milk fat estimation. He took 10 ml of milk, 1 or 2 drops 

of sodium .tqdroxide, 10 ml of diethyl ether and 10 ml of ethyl 

alcohol. ~hese contents were carefu.lly mixed 1.nio a tube 

called lactobutyrometer. The tube was then placed vertically 

in a water-bath at 40°0 until it cooled to 'o0 c. When the 

fat layer had fully separated, the degrees of fat were read 

from the graduations of the tube and converted to weight of 

fat in grams. Schmidt (1876) modified Merchand'a method by 

enlarg~ the lactobutyrometer, ao ae to facilitate mixing of 

milk and reagents. He used 3 to 5 drops of 5~ acetic acid 

instead of sodium hydroxide, stronger alcohol and read the 

fat volume at 20°0 inatead of at 'o0 c. Liebermann (188') 

contributed a combination of volumetric and gravbaetric 

procedures. ~·tny ml of milk vaa added in a large cylinder 
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and 5 ml of sodium hydroxide and 50 ml of diethyl ether were 

added. The content.a were mixed and allowed to settle for 

10 to 15 min, then a 20 ml aliquot was evaporated in a dry 

vat.er bath at 40-50°c and dried for 15 min at 100-105°c. The 

air-free :tat was measured in a calibrated nask and converted 

to per-cent by weight. ~elaval ( 1 d85) patented a method 

called the lactometric t.est for eat.imatines the fat con1ient of 

milk. He was the first to use a centrifU6e. 

Teat. developed by Babcock ( 1890) consists in measuring 

17.6 ml of milk by means of a pipette into a ailk bottle, 

adding an equal amount of sulphuric acid (specific gravity 

1.82 to 1.83) and the contents are thoroughly mixed, until 

the curd has dissppeared. It is then centrifuged for five 

minu.tes. Sufficient vat er is then added to bring the contents 

to the base of the bottle neck. Bottle is again centrifuged 

for one mi.nu.ta to gather the fat into a coherent column. Test 

bottles are placed in water bath at 135-140°F and the space 

filled by the fat column is measured by means of a pair of 

dividers. Thia method vaa compared vi th Adam's method on 

29 samples. The results shoved that this test averaged 

0.0193"7 higher with 19 of 'Ule 29 comparisons agreeing within 

u.1 o,b. 

~erber (1892) gave a aetnod which is easy to perform 

and in which the separation of fat is tu.rt.her facilitated by 

the addition of amyl alcohol. He also devised an 11 .ml milk 

pipette on mathematical grounds. 
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Kotbavalla et !!· (1944) obtained normal Gerber tests 

without centrifuging by allowing the mirlure of milk, sulphuric 

acid and amyl alcohol to stand at room temperature for 8 hr, 

and then .immersing the tube in a water bath at 160°.P, 15 min 

before reading. By increasing tbe time in the water bath at 

160°..t~ to 20 min, satisfactory resUl.ts were obtained after 3 hr 

at room temperature. By increaa ing the temperature of vster 

bath to 180, 190 and 195°F and immersing the tubes tor 20 min 

the times o! standing at room temperature necessary for 

satisfactory results were reclu.ced to 2, 1.5 and 1 hr respectively 

They suggested that these mod~ications could make possible, 

the regular uae of Gerber test by small. milk producers. Pel tova 

and ~uhonev ( 1957) modified tile above technique by placing the 

butyrometer in a vat.er bath at 45°c for 1.5 hr followed by 

}0 min at 65°c. These tests gave clear readings and were in 

good agreement with the results of the Gerber method. 

Radema and Mulder ( 1948) stressed the fact that the 

Gerber test ia empirical and found that it agreed with the 

Rose-~ttlieb method according to the expression: 

G • 1.04 R.G. - 0.07. 

h:om a aeries of mathematical calculations, Fort (1949) 

showed the tendency of the Gerber test to give increasingly 

h~er values than the Rose-Gottlieb method. He found that 

t.he Gerber scale did not indicate the wei.6ht of tat in 100 g 

but in 100 ·ml of milk sample and thus contirmed the findings 

of Cbainewc and ~imonart ( 19}d). 
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.Labuacbagne and Vogt {19b0) arrived at the following 

regression equations !rom statistical analysis of data 

obtained from 413 &81Bples ot milk:~= 1.041 B.G. - 0.058. 

Statistical agreement between the results of the two methods 

over wide range of fat content was found when a pipette which 

delivered 1O.7}959 g of water at 20°c vss used in the Gerber 

test. Mishra ( 1963) used the Gerber test and readings were 

read after putting the butyrometer in water bath at 6o0 c/ 20 min. 

He found that the modified Rose-Gottlieb method wes related to 

Gerber reading {G) by the regression equation: 

G = 1.05 R.G. • 0.27 

Bolotov ( 1960) developed a technique in which milk is 

centr i.fuged at 1500-2000rpm/ 10-20 min and a drop of methylene 

blue is added to produce a sharper division between fat and 

skim milk. the maximum deviation of the results from those 

by Gerber method were ! O.}O~. 

Konard and Zuhladort ( 1962) recoJDJ11ended the use of 

10.75 ml pipette in the llerber method over the 11 ml pipette. 

The results obtained were compared with the Rose-Gottlieb 

method and it was indicated that this pipette was preferable 

over 11 ml pipette for products with commonly occurring fat 

contents. 

The suitability of Gerber test against the standard 

gravi.metr ic Rose-Gottlieb method was examined by P-ruthi and 

Bbalerao (1968). They observed that with increasin& :tat in 
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milk, Gerber 'teat gave increasingly higher Titlues than the 

grav.ime'tric method. They calculated 1o.75 ml milk pipette 

from the experimental data which, when used for Gerber test 

!or buffalo milk, gave close readings with Rose-Gottlieb 

method. aubsequently, Ghouae and Jain ( 197}) confirmed their 

findi.lJ8s and proposed 10.75 al milk pipette for the ~erber 

method under Indian conditions. On the baa.US of these 

suggestions, Indian Standards Institution decided to replace 

11.04 ml pipette by 10.75 ml milk pipette in IS : 122}(Part II~ 

1972 whicb. is now used by most of the dairies in India. 

~q_\--o/ c) 

Pinto !l !.l· ( 197 4) found t.Mt in 100 8811lples of milk 

containing 2-7~ fat analysed by Rose-Gottlieb and Gerber methods 

using 11.0 ml and 10.75 ml pipettes. The smaller sized pipette 

is recommended for its better concordance with Rose-Gottlieb 

results. 

Rangi (1976) developed a method which avoids 

centr~ation in Gerber method. He held the butyrometer at 

82° • 2°c for 30 &in and :found highly significant correlation -
between the two methods. 

BiJeljac (1977) compared the methods for milk fat 

determination. l'at content waa estimated in ;o samples of 

bulk milk by (i) the Gerber method uaing a 11.0 ml pipette, 

(ii) the modJ.:tied ~rber m.e~hod uaillg a 10. 75 ml pipette, 

and (iii) the Rose-Gottlieb aethod. Mean values with standard 

deviation (a.d.) were :tor (1) to (iii) respectively(~) 

-'·96 ! 0.704, }.87 ! 0.704 and }.88 ! 0.704. It was reported 
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'that, none of the di:!ferences were signi!J..cant. and 
f'/Ohe.. 

(ii) giving results waxse close to those ot (iii) was found 

to be more accura'te than (i). 

Detergent, Testa 

The moat widely used teets for the determination of 

milk fat, the Gerber and Babcock methods involve sulphuric 

acid. Many attempts have been made to replace this unple~sant 

reagent, by alkaline or neutral reagents. surfectants etc. 

Schain (1949) observed that surface active detergents 

lower the interfacial tension. form a complex with protein and 

break up the emulsion. The fat liberated can thus be me~sured . 

In his original test he used two solutions. (a) i;>uper saturated 

solution of Oil Red 0 in isopropyl alcohol added to a mixture 

ot standardised non-ionic detergent polyox;,y-ethylene sorbitan 

nonolaurate in 90~ ethanol, (b) standardised anionic detergent 

dioctyl disodium phosphate. Mixing the reagent (b) with milk 

and heating to 1S0°F ef£ecte~ a dispersion of the protein layer 

around the fat globules. The separation of fat was not 

complete, until the hydrophilic non-ionic detergent (a) was 

added. which prompted the rising of fat. 

Gentillini (1950) described a volumetric method for 

the determinat. ion of milk fat without centrifuging. Into a 

<rerber •uturometer, 11 ml of 6~ sodium salicylate, 1 ml of 

isoamyl alcohol and 10 ml of milk are taken. It is shaken 

vigorously, then completely immersed in a water bath at 65°c 
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for 5 min and fat separation is effeated by keeping in w~ter 

bath at 80°0 for 105 min. 

Bao et al. (1964) evolved 'Brisk reagent' for the 

determination of fat in milk and milk products. The rea gent 

consists o~ the following composition: 

i) Sodium ~droxide 5 g 
ii) Sodium chloride ! g 

ill) Sodium. carbonate 1 g 
iv) ~odium salicylate 4 g 
v) ~odium citrate 4 g 

vi) Borax 1 g 

~hese are dJ.asolved and volume is made up to 100 ml 

with water. To this solution, 25 ml methanol, 25 ml ethanol 

and 13 il1l isobutenol are added. For the determination of 

fat, 11 ml of thia reagent is added to 11 ml of milk in 

Gerber butyrometer and the process is proceeded by the 

usual method. 

Saavari and Vara~i (1969) developed a method in 

which 20 ml of milk was mixed with 40 g of urea snd 32 ml 

water, heated to 10°c to effect solution and maintained at 

10°c until withdrawn into Gerber butyrometer. The tubes were 

placed in a water bath.at ao0 c for 5 min, then centrifuged 

for 10 min and the superna'tant layer read. 

'.Che important part that the volumetric methods play 

in dairy econemy .bad led to study of factors influencing the 

accuracy o! these me~hods. 



-15-

Roeder ( 1940) diacu.ssed in det.ail t.he magnitude and 

nature of error which can occur in t.he practical operation 

of <Werber '\eat. The various sources of error enumerated by 

hia are as f ollova i 

(a) Customary tolerance in the gradation of glass. 
(b) Variation ill temperature of milk. 
(c) Purity and quality o! H2so4 employed. 
(d) Speed and cha.rat.ion of celltrifu88'tion_ and 
( e) Var ioua factors such as parall:6x. falling 

temperature and movement of fat coluan. 

Schwarz and Woerner (1960) discussed some factors 

influencillg the results by Gerber and grav.tmetrio determination 

of mlllL fat.. !hey varied the com.position of ailk fat by 

addition of fatty acids, triglycerides, amyl ester of fatty 

acids etc., substances which mi&ht. be found during a 

butyroaetric determination of •ilk fat. The alteration in 

fat number caused by theae additions did not alway• agree 

with those given by gravimetric methods. The :fat content 

determined by Gerber aethotl increased with the 't•perature 

and chirat.ion of shaking. :?he fat. nwn:oera were cons'tant in 

t.he absence of &JOYl alcohol. This comparative atu~ revealed 

t.hat exceas of 'these substances produced cblring the Gerber 

test are not strictly fat and these may be responsible for 

the inaccuracies in the method. 

Ill. Inatrwaent.al met.heels i 

There baa been speedy progress in the development 

of ina~rwaental me'thoda for •ilk analysis in the recent years, 
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thoU&h eZtorta were made to determine milk fat on the baaia 

of phyaical properties (of milk) since the early days of 

milk. analysis. These methods are very quick and require a 

am.all quantity of milk sample. 

Brio and Vladavetea ( 1951) described a method based 

on close relationship existing between degree of transparency 

and concentration o:t butterfat. A 10 ml milk sample is heated 

in a water bath at 40°c, cooled to 25°c, one drop o! saturated 

aodium hydroxide added, the sample stirred and examined in a 

photoelectric absorptiometer graduated directly in terms of 

the butterf'at percentage. wtlen compared with Gerber method, 

it gave results which in 75'J, of the cases deviated within !0.15%. 

Roeder (1959) evolved a method which 18 based on the 

determination of light transmission of the SBDlplea after 

suitable treatment involving homogenization by ultrs-sonic 

Yibrationa and the addition of ammonia to reduce the 

interference of colloidal p~icles. 

Tyunilyainen et al. ( 1961) designed an electric 

apparatu.a :tor the estimation of milk fat. The apparatus was 

suitable tor testing milk. with ~-5~ fat. Its operation was 

baaed on the change in electrical conclu.ctivity of milk. The 

absolute error waa ~ound to be 0.1 to 0.2~. 

Willialuon'a (1962) method OOIDpriaes 'ihe addition of 

an alkaline solution to the meaaured volume of milk. A 

radioactive compound, having a hi&her stability in milk fat 
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t..ban in the aqueous phase is next. added and the mixture iS 

centrifuged to separate t.b.e fat pha~e. A port.ion of the 

aqu.eoua phase is separated and the radioactivity measured • 

.From this measurement, the milk tat content can be calcul.ated. 

Konev (1963) suggested the possibility of estimating 

milk fat :trom the intensity of secondary nuorescence. Secondary 

fluorescence emission at 550 mu is measured using an excitetion 

wavelength of either 404 or 366 mu. In teats of semples of 

milk in cans, the a.d. trom Gerber results was o.oe~ . 

In 1968, Butov proposed a rapid method which consists 

of the addition of 25 ml of vs.ter to 0.5 ml of milk, followed 

by 1 ml of a 0.04~ aolution of flurochrome (.Foafin 3R) and 

1 ml of 1.5~ sodiua hydroxide and transfer to a 5 llll au.vette • 

.iat content is found by measurement of nuorescence at 510 nm 

and re~erence to a calibration Cl.\rve prepared from milks of 

known fat content,. 

Bruailovakii and Aristova (1975) also described an 

1n&trument vhich measures the nuoreacence produced by the 

fat globules of milk previously strained by addition of the 

~e-4-aaino-lf-aetbyl-phtbalimide. Readings are made at 

37 ! o.2°c. The s.d. from Bd.ae-Gottlieb method vas l_0.1~ 

fat. Reaul.ta were una:tfected by the uae of HCHO aa preservative. 

Koslova et !!.· ( 1978) used nuorimeter for the rapid 

determination of milk fat. Milk is heated for 30 aec in a 

boiling water bath wi'th phosphine 'BHCl and the in-tensity of 
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fluorescence of the fat phase is measured in the range of 

500-560 DB, after excitation at 420-450 rm. Mean deviation 

from Gerber results was 0.04~ for milk. 

Beitz et!!.· (1977) developed a nephelometric method 

in which fat is aggregated with an emulsion by addition of 

an aqueoua aurfectant solution consisting of 5~ IGEPAL ll1l-970 

in wa'ter. Correlation of 'thie method with Babcock method 

was 0.95. 

Infra-red Milk Analyser 

The infra-red metAod for anelyaia ot milk was 

developed by J • .D.S. Goulden of the National Institute for 

Research in .Dairying, Reading, England. He demonstrated in 

1961 that difference between the IR spectrum of water and 

homogenised milk at 5.7} mu, 6.46 mu, 7.9 mu and 9.6 mu could 

be used to estimate ~ of fat, protein, SNP and lactose in 

milk (Biggs, 1972). 

In this instrument, the absorption of m energy by 

carbon_yl group in the ester linkage of fat moleeul.es/ by 

peptide linkage between amino acids).n protein moleeul.es and 

by alcohol groups in lactose molecules, ia measured. It is 

apecil·ic for measurement of' intact fat, protein and lactose 

in milk. 

The moat significant errors of the method were from 

variation in water content of different milks but these errors 
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could be subsequently reduced by calibrations for tat and 

lactose to allow tor expected errors due to water, and by 

correcting eacb. protein analysis after havill6 determined the 

variations in water content due to change in fat percentage. 

Instrumental calibrations are acnieved initially for adjusting 

results to conform to f, found by standard analytical methods, 

with groups of milk having wide variations in component 

percentages. 

With Moak 21BMA, analysis of fat, P•P, or P•P•L and 

SNF can be completed in 20, 'Zl or 33 sec, sample volume being 

13-15 ml. Repeatability of the inatrument for P, P and L is 

of 0.03%. 

A mini-IBMA instrument for rapid automatic determination 

of §, P and L in preheated milk samples was developed 

(Ano~ou.s, 1977 ). A complete analysi.S for the 3 components 

takes 90 sec and the results appear in digital form. The 

reauJ.ts showed the s.d. for fat !0.035~ against Mojonnier method. 

\dli~e et al. (1978) developed IR re!l.ectance analyser 

for measurement of fat and total solids of dairy products, to 

be successful in case of the liquid dairy products examined. 

The instrument can also me~sure protein and can be used for 

dried products. 

Milko Scan 300 is capable of analysing 300 samples/hr 

for F and P. The s. d. between this and chemical method was 

!0.06~ using individual samples. 
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Juarez et al. (1978) used lii ilko-Scan 203 (A/SN .Foss 

.t;lectric, Del11D8rk) to determine .F, P and L. The mean and 

s.d. of the difference between the duplicate determinAtions 

were 0.012 + 0.011~ for fat (69 &9.ID.ples), 0.007 • 0.009 ·~ for - -
protein (68 samples), o.ooa • 0.006~ fot l~ctose (68 aRDlples) -
and 0.014 ! 0.011 ~ for TS (828 B8Dlplea). The mean and s.d. 

of difference from referenc, methods (Gerber, Kjeldahl, 

Chloramine-T and gravimetric) were 0.025 + 0.058~ for fat, -
0.014 • 0.057~ for protein, 0.014 • 0.067~ for lactose, and - -
0.048 ! 0.139~ for TS. The differences from reference methods 

were not significant. 

Sasano !1 al. ( 1980) tested the accuracy and 

practicability of Milko-Scan 20}. ¥or } milk samples each 

analysed 50 times, s.d. of measurements were 0.1} - 0.15 for 

fat ~. 0.006 - 0.011 for protein % and 0.011 - 0.019 for 

lactose %. For 225 milk samples, correlation coefficient 

between estimates of F, P and Lj by Kilko-Scan and official 

Gerber, Kjeldahl and Lane-Eynon method were 0.962, 0.922 and 

0.710 (all P ~ 0.01 ). .Decreasing milk t•perature from 60 

to 10°c increased estimates, especially that of fat content, 

and optimum temperature was 40°c. In this instrument, milk f~t, 

protein and lactose are estimated from m spectra at 5. 13, 

6.46 and 9.60 um respectively and 225 samples per hr can be 

analysed. 
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kilko-Scan 104, the IR milk analyser manufactured 

by N • .Foas ~lectric A/S in Denmark was intnadu.ced in the 

Bremerland dairy in June 1979 to replace Milko-Tester Mark III. 

Heinrich (1979), Baamuasen (1980) showed that the instrument 

can be used to determine ~. P, L. TS and SNF. Heusel (1980) 

used it in about 20 di.!:ferent experiments to analyse various 

mil.ks and dairy products. Reproducibility of resul ta was 

aenerally good (s.d. • 0.02~) being best :for protein and 

worst :for fat. Instability of fat phase often resulted in 

its being under-estimated. Tbe accuracy of the results was 

dependent on calibration. but depended to a large extent on 

the intrinsic variAbility in composition o:f the &Amples. 

Accuracy of the analyses made varied :from 0.02 - 0.11 ~ for fat 

compared with Rose-Gottlieb, from 0.01 - 0.04~ for total N 

compared with Kjeldahl.. and from 0.04 - 0.07~ for lactose 

compared with chloramine-T method. Lorens and Ho~fer (1980) 

:found a correlation coefficient between TS determined by 

this analyser by 11ummat1on of separate values and by moisture 

determination. respectively were 0.9947 and 0.9473. They also 

studied effects o! preservation of milk with increasing 

quantities o:f sodium ~de or calcium dichromate on results. 

Voort ( 1980) assessed hlil1'o-Scan 104 by using herd, 

individual cow. COIUlleroial and compoaite random milks, and 

produced mean dif!erenoea and s.d. o:f dif:ference, of 0.02~ 

and • 0.02~ for reproducibility and 0.05~ and • 0.06~ for - -
accuracy. Resul ta outside these values were encountered in 
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t.he individual cow milks !or which t.he inst.ruaent 111sa not. ·' 

apecilically calibrated. The average molecu.lar weight. of the 

milk fat was an important variable. Linear regression analysis 

of chemical vs inat.rwaental results SllOWed good linearity 

and provided standard error {a.e.) of the estimate of the same 

magni'tude aa the s.d. of the differences. A separate assessment 

of the instrument for wiDhin and between day vari~ tions showed 

no practical significant differences. Based on overall results, 

the liilko-Scan 104 was judged to be CSlpable of meeting the 

newly aet AOAC specii'ications for fat, protein and lactose 

analysis. 

The Mul.tispec Ii {Berwind Instruments, Osbaldwick, 

York, UK) is an IR analyser for determining the fat, protein, 

lactose and TS content of milk and dairy products. Samples 

must be .heated t.o 40°0 bei'ore analysis. The inStrument was 

tested by measuring fat and prot.ein in }12 and lactose in 

294 bulk. milJ( samples (BkS) and comparing with standard 

methods, viz. Rose-~ottlieb to~fat, Kjeldahl for protein 

and ID.F met.hod !or lactose. Relative to 'these standard methods, 

the a.d. of differences in results were 0.028~ fat, 0.032~ 

protein and 0.038~ lactose with correlation coefficient of 

0.995, 0.998 and 0.942 respectively. Preservation of samples 

for J week.a at 4°C with x2er2o
7 

or NaN03 had no effect on 

results. Interference from lactic acid (which absorbs IR 

energy at the fat and protein wavelengths) could be eliminated 

by using fresh or preserved samples. When normal milk was 



analysed. there was no signi!icant carry over effect between 

samples, Finland (1980). The automatic veraion of Multispec 

IR analyaer is capable of carrying 1425 determinations/hr for 

tat, or 300 determinations/hr for fat and protein. or 

225 determinations/hr tor fat, protein. lactose and dry matter 

jointly, or of 175 determinations/hr for these constituents 

separately. The results are digitally presented. Samples of 

less tban 6 ml are used and s.d. for fat, protein and lactose 

determination is 0.06~, Milch {1980) (ci~ed »SA 1981, Vol.43, 

No. 8). 

Biggs ( 1978) repor:ted tbat &n a collaborative atu~ 

of AOAC (Canada), 36 milks pre-analysed by accepted standard 

methods were analysed with kilko-Scan instruments at 6 labs. 

Compared vith liquid chromato~phy lactose determination and 

Mojonnier S.NF determination, the Milko Scan shoved srjs.d. of 

accuracy of 0.063 and 0.073 respectively. 

Clemmemen ( 1980) reported that vari8tiona in Milko­

Scan reading at 5. 73 um, cauaed by fat composition. are 

largely overcome by using a wavelength of 3.4 mu, vhich 

measures absorption of C-H bonds instead of ester bonds. In 

tests on 125 milk samples, he observed an a.d. of results 

between Roae-~ttlieb and Milko-Scan to be only 0.06~ vhen 

measured at 3.4 um (Jlilko-Scan 203 B) vs 0.131~ at 5. 7 um 

(liililko-Scan 300) and tbat NaCl concentration has a greater 

influence on measurements at 3.4 um than at 5.7 um. 
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He.XO and .Frandsen (.ilenmark, 1980) applied for 

patentin6 an iDatrument for analysing samples of liqLlid 

producta, particularly liquid mil~, for fat, protein and 

lactose and optionally aleo !or l~ and SN¥ . Its operation 

is baaed on the ability o! these components to absorb IR 

radiation of certain frequencies. For liquid milk products, 

the frequency bands are within the range 4.5 - 10 Wll. 

Mil.ko-Teater 

G. Havgard in 1959, a Danish Scientist, published a 

photometric method for fat determination in milk. The Foss 

Elect.ric Co., Demaark began selling the Milko-tester in 1962. 

It measures the light scattered by fat globules in a diluted 

milk eample, the amount of scattering is dependent on number 

and si.se of tat :tlobulee. · I:t the size di.8tributi9n be uniform, 

the amount of light reaching the photocell will be p~oportional 

to the fa't content. ~he apparatus incorporates a universal 

photometer and a digit pr inter. .A.nalyaaa are per!ormed on 

1.5 ml aample• diluted 16-~old with the diluent. The a.d. for 

milk and homogenised milk was found to be • 0.07 -j, (Thamm, 1977 ). -
-aprazil .!!. !!.· (1977) analysed 600 cow milk samples 

for fat content using in parallel ( 1) the Gerber method and 

(ii) Milko-tester mark III (A/S N • .Foss Klectric, .Demark), 

400 aamplea were preserved with ~er2o7 and 200 with Gumaain. 

The s.d. of (i) was • 0.04~, of (ii) was • 0.03~ and a.d. - -
between (i) and (11) vas ! 0.05~ . The method of 88Dlple 

:1 
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preservation did not affect the result.&. They concluded that 

{ii) vae as accurate aa (i) and was simpler, aafer and more 

rapid. However (ii) should not be used with milk samples of 

titrable acidity more than 11°SH, and that the shift value 

should be checked daily. 

Wolfaahoon ( 1979) tested Milko-teater against the 

Gerber method Ior 49 milk samples and the correlation bet.wean 

the two was found to be o.99a. The s.d. of the difference 

between mil.ko-tester and <ierber method was 0.0595~. 

Reproducibility was better with milko-tester than with Gerber 

method. .Preservation of samples for 3 days at ambient 

temperature (20-2,°C) using x.2cr2o
7

, Hgc12 or HCHO did not 

distort subsequent results. 

Mathur and Svendsen (1979) attempted to modify 

Milko-teater MK-III for buffalo milk, by modifying the 

digitalizer so as to allow for adjusting the B-nlue and 

thereby overcome the dif:ticu.lty in adJusting the shift 

value (SV). The adjustment in B-value for cow's milk is 

B • 0.7, and for buffalo's milk B = 8.85 and the standard 

variation for both will be 1.72. 

Shipe and Se~k (1980) evaluated the Milko-Tester 

minor against the recommended AOAC performance apecif'icationa. 

Results were compared with the Babcock method and other 

approved inatruaent.s. fhey concluded that the MT minor conformed 

to the specifications ~or transfer errors, linear response and 

homogeniser efficiency. 
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Wegner ( 1980) developed statist.ical t.echniques t.o 

calibrat.e ultrasonic velocimet.era, formerly known as the 

.Dariaon. so that standard data could be u.eed int.ercbangeably 

between dilferent inetruments. They concluded that. the 

accuracy of fat and SNj' determinations 1n milk was not 

affected by the .use of cross-calibration with temperature 

coapensat ion. 

Shipe and Serqk (1960) evaluated performance 

spec~ications for measuring milk fat by t.urbidimetric means • 

.Precision bet.ween duplicates of .(0.03~ for 0-5~ and <0.04~ 

for 5-8~ fat has been recommended regardless of the type ot 

milk.. 

Use of liquid scintillation cowiter in the quantifi­

cation of colored solutions bas been made possible by the 

insertion ot a sealed radioactive standard of known count rate 

into the centre of a st.andard liquid scintillation vial, the 

colored solution ia placed in the space between the outer vial 

and sealed standard. Using this procedure, Noble and Shand 

( 1980) devised method for analysing milk. The protein content 

was determined from the format ion of a blue biuret complex, 

fat by formation of an opalescent emulsion containing A water 

soluble yellow ~e, and lactose by the formation of a yellow 

lactoaazone. For fat and lactose analysis, the decreased count 
14 rate of a C scintillation source was measured and for protein 

analysis a 'a seurce was used. Reaul.ts thus obtained agreed 

well with those obtained by standard methods. 
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~ethod8 for estimation of total solids and solids-not-fat : 

I. Gravimetric methods 

Richmond (1920) (cited Davia and Macdonald) found 

that by spread1ng small quantities of milk over a large 

aurfaCe during evaporation, leaves a nearly white residue, 

whic.n is then dried to a constant weight. 

~chulz !!, !!. . ( 1957) used filter paper in aluminiWil 

foil dishes, in place of the us·llal type of di.Sh with sand. 

This procedure was found to be rapid aa well as accurate and 

required lesser manipulation. 

International .Dairy .Federation ( 1962) gave a standar:i 

FIL-IJ>P-21, 1962 for the estimation of milk total solids, in 

which 2 ml of milk ia weighed in a pre-weighed and dried 

metal dish with a well fitted lid. It is then heated on a 

boiling water bath for 30 min and at 102°c for 2 hr, the di.Sh 

is redried for 1 hr at 102°c until two successive weighings 

differ by .( 0.5 1118· 

Bakalor (1964) reduced the wei.6ht of the sample in 

the standard metaod from 5 g to 3 g. The accuracy o:f the 

method was not affected by this reduction and the drying time 

was reduced. considerably in the mechanical convect ion oven 

(100 • 1°c) used by him., after evaporation on a water bath. -
Absorbant discs (filter paper) and the addition of formaldehyde 

before evaporation respectively reduced and increased results 

to a significant extent. 

' 

' I . 
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Lunder ( 1971 ) modified the Moj onnier aetbo d in which, 

~ollowing the eX'raotion or milk fa~. defatt.ed solids may be 

eet.ilDat.ed by drying the reaidu.e vJlici.l remaina in the e.x:traction 

fl.ask after the solvents are evaporat.ed. 

II. VolUllletric met.hods (Lact.ometric methods) 

!hough graviaetry ia the standard method for precise 

determination of fS/SRF, tor routine aDBlysiS, lactometric 

method.a are used, which are very rapid and quick methods. 

llah.rend and .Morgen (1879) (cited by Yat.gaard !! !!.·> 
were probably t.he .first to recognize the relationship existing 

between the total aolida (tS) and specific gravity of milk • 

.i'leisoh•ann ( 1885) appears to be the first individual to 

present, a fonuua relating fat percent.age, apecitic gra1'ity 

and total solicla that vaa au..tticiently acC\U'ate t,o be generally 

accepted • 

.Richmond ( 18~5) first. published l1i8 equat.ion relating 

total milk aolida with epeci.fio gravity o~ milk and the fat 

percentage. 

Since then varioua formulae have been developed with 

the object of obtaining greater accuracy. Richmond's formula 

baa stood the test ot tiae and is at ill in current use. 

throughout the world. It was adopted by the British Standards 

lmtitut.ion in 19'7 aa a basis for their apeci~ication No. 734. 
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The origine.l Richmond' a formula vaa as f ollowa : 

T • 0.25 G + 1.2 F • 0.14 • • • • ( i) 

T a ~ total solids by weight in milk. 

G z 1000 (S-1) where Sis the speci:f'ic gravity 

at 15.5°/15.5°0 of the milk. 

B.S.I. Formula : BS:734(Part 11) - 1959. 

\dlen the specifications for density hydrometry were 

prepared, advantage was taken of the opportunity not only to 

chall6e 1ihe basis of hydromet.ry from specif'ic gravity to more 

au.itable density but also to adopt the technique of preheating 

the milk to eliminate Recknagel contraction. 

The specific graviiy 15.5°C115.5°c of a milk may be 

expressed in terms of its density in g/ml at 20°c (say d), 

witn the help of coefficient. o! cu.bical expansion of milk and 

the density of water at 15.5°c and 

s • d • 0.00205 • o.oooo; F •••• (ii) 

where the -fat in the milk is in the liqufd stage, substituting 

in ( i) the value of S given by (ii), we have 

T • 0.25 x 1000 (4 + 0.00205 • 0.00005 P - 1) • 
1.2 F • 0.14 

a 0.25 D • 1.2125 F • 0.6525 

where D = 1000 (d-1) 

a s.implUied version of this equation formed the basis of the 
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calculation of percentage SKF in BS :734 1955, namely 

SNl • T-F a 0.25 D • 0.21 F • 0.66 

t.he :fat being in the liquid at.ate. This equRtion was 

revised to S.NF = 0.25 D + 0.22 ~ • 0.72 

and when t.he fat is in solid atat.e 

SKF= 0.25 ~ • 1.22 F • 0.55. 

Richmond (1894) suggested a separate formula for 
(W 

b\U!alo milk ! • 0.27 D • 1.191 F, while Babcock ( 1891) gave 

the :following well-known equationz 

T = 1.2 ~ • 0.25 L 

Sharp and Hart. (1936) recommended measuring the 

specific gravity af'ter heatin6 the milk to 45°C for 90 sec 

and cooling to 30°c to bring the fat in entirely liqu.id state. 

!SI recommended the heating of samples to 40°c for 5 min and 

then bringing them to t.he temperature of determ!Mtion. 

Giribaldo and P~lu.ffo (1941) gave an indirect method 

of calclll.ation of dry mat.tar in cow's milk and they suggested 

the tollowing equation: 

TS• 0.282 (density - 1) • 1.19 F 

Reuda (1943) reco6ni&ed that a correction must be 

applied to the ordinary lactometer reading before they could 

be used in the Sharp and Hart equation. He determined the 

magnitude of the correction by comparing the actual reading 

of a lactometer in a sucrose solution at 30°c, with the actual 
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rea~ of a lactometer in a sucrose solution at 30°c. with 

the actual specific gravity at 30°c/30°c as determined by a 

pycnometer. He obtained a correction of 3.2°Q which diff ers 

0.2°~ from the value calculated. 

Desai and Patel ( 1945) found from an analysi.8 of 

1 o samples, a diacrepancy ranging between 1.3 to 3.8 :J, o:f 

total aolida between graviJRetric results and those obtained 

by the Richmond' a :formula, and the discrepancy was increased 

by addition of water or abstraction of fat. 

Bamacbandran il al. ( 1953) studied the applicability 

of Ricbmond's formula by analysing 1529 individual and herd 

samples for cow ~d buttalo milk and they reported that the 

calC\.llatad values were both higher and lower than the 

gravimetric method by upto ! 1 .O. Only in 401' of the samples. 

the agreement was within ! 0.25. When the formula auggested 

by Richmond for buffalo milk was used, they obtained less 

sat istact.ory reaul th t.b.an t.ne commonly used fomula. 

Heinemann et al. { 1954) calculated total solids on 

76 samples by means ot BabcoCle formula and Sharp and Harl 

formUla modified by Herrington (TS = 0.2594 x (Q at 30°C • 3.0)+ 

1.2648 x F) and compared with the Mojonnier total solids. The 

regression equation vas shown to subatgntiat e the partial 

regression coefficient in the Sharp and Hart equation modified 

by Herrington (1946). They also found that the protein content 

ot the milk influenced the accuracy of the 

determination by lactometer. , . 

~\ <,Ka,,- ·. ~ 
~~ ~ ""!, 

-
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Watson ( 1957) designed a new tne of laatoaeter 

which vaa calibrated to read the specific gravity of milk 

at 102°P. The approximate dimensions in cm were as follows: 

total lengt~ 15. stem length 6.5. stem diameter 0.5, bulb 

diameter 3.5 and scale length 0.23. The scale is designed 

!or whole mil..k. over the range of 25.5 to 33.5 degrees, the 

smallest division being 0.5°. Using this lactometer, he 

presented a method for the calculation of per-cent solids 

. in milk from the percentage of fat and the lactometer reading 

0 at the temperature of 102 ~. 

T a 1.254 ~ • 0.271 L - 0.216 

~pt.a and Dastu.r ( 1959) studied tile estimation of 

~Ni"' in milk by the modi:fied Ricwnond' s foruuua and reported 

that the s.d. of results from the graviaetric values was 

• 0.10~ SNF in the sample of cow's milk and • 0.11 ~ SNF in - -
bufallo'a milk, taking density reading at 20°c. Using 21°c 
aa the temperature at which the denaity vas mesaured. the 

a.d. were • 0.11~ and• 0.12~ SNF in cows and buffaloes milk - -
respectively. 

Rowland and Wagstaff ( 1959) assessed the accuracy of 

t.he method specified in B .~. 734 : 1937 for the estimation of 

total aolids and SBF of milk, from the density and fat contents, 

with the gravimetric method by analysing 2425 B8Dlplea of milk. 

They obaened that the 1' of solids estimated by t.he density 

method was lower, by an average oX 0.06, than those determined 
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gravimetrically. To correct tn.is error, they proposed the 

following density formula: 

TS a 

SN.i' = 
0.25 j) • 

0.25 j) • 

1.22F •0.72 

0.22 j • 0.12. 

These were adopted 1n October 1957 in an amendment. to 

BS : 734 (1955) • 

.Edward (1961) compared the bydrometric And gravimetric 

methods for the determination of SKF, when applied to the 

milk of individual cove, by analysing 304 S8lllples And recorded 

high differences between the tvo methods, the magnitude of 

d!J:ference varied with the season and the stage of lactation. 

The main .factor influencing the magnitude of difference was 

the protein '/. of mUk, fat having a small but significant 

effect, while lactose and ash content had no effect. It was 

concluded that hydrometric methods were not suitable for 

determining ~~ of indivi~l samples accurately, although 

the accuracy vaa improved by the use of a correction factor 

for protein i.j,. • 

.Erb and unu. ( 1962) and WBllace ( 1963) pointed that 

a single regression equation of indirect SN]' estimation is 

subject to errors other than those inherent in the methods of 

analysis, these errors being primarily due to variation in 

the lactose/protein ratio, may be appreciable (a.d. of 0.2~ SNF) 

with the milk samples from individual cove and will vary with 

the stage of lactation. 



Vyas et al. ( 1973) examined the accuracy of \tblteon' a 

formula to estimate the total solids in milk of Kankrej cows 

and Surt,i buffaloes and found inaignif icant difference in 

total solids by Watson's formula and the AOAC method. They 

observed that the $harp and Hart's formula and Ricpmond'a 

formula were less accurate than the AOAC method. 

Pru.thi and Bhalerao ( 1973) examined the suitability 

of ..11iciliilond' s formula as in BS : 734 ( 1959) for the SN..F 

estimation in bu!~alo milk against the gravimetric method 

and observed t.nat the Richmond's formula gave lower SID1 

values tban the gravimetric method and difference was :t ound 

to increase with an increase in !at as well as SNF percentages. 

lOlalifa (1974) eiamined the applicability of Richmond's 

formula and found lover values by 0. en 88 compared to gravi­

metric method. His modified formula is: 

TS• 0.25 L • 1.21 F • 0.21. 

Sebastian ~ al • ( 197 4 ) modified Richmond's formula 

uain6 Zeal lactometer at 29°c and proposed the following 

equation: 

SNF a 0.25 L • 0.2 F • 0.50. 

sen ( 1977) mod.uied the formula for Sri~' cal cul.at ion 

by correcting the lactometer reading, by addition of 0.2 

lactometer degrees to the reading for each degree rise in 

temperature above 60°.F, when the temperature ranged from 



80 to 92°F. The formula vaa : 

SliF • 0.25 CLR • 0.2 Fat - 0.16. 

where, CLR a corrected lactometer reading. 

Mehta and Vyas { 1977) made a comparative study o! 

various lactometric methods to estimate iotal solids in milk 

o! Jersey cows by analysing 100 milk saiaples using 4 lactometers: 

(1) W&tson's,calibrated at 102°F, (ii) the Avon lRctometer 

manufactured in Germs.~ and calibrated at 84°P, (iii) the Zeal 

lactometer. manufactured in the UK and calibrated at 84°Jt, and 

(iv) the Desko lactometer, manufactured in . India and calibrated 

at 6o°F. The per-cent of total solids was calculated using 

Sharp and Hart 'a formula with (11) and (iii), and using the 

Riobmond'a formula with (iv). Results using {i) were hi&}lly 

correlated (r z: 0.99) with those obtained using the time 

conawning standard AOAC method for botil morning and evening 

aawples. Methods (ii) and (iv) did not give satisfactory 

results • 

.Patil and Kulkarni ( 1978) modified the Ricbmond's scale 

to give a direct value of SN~ in milk. lhe scale ia based on 

the IS I formula for the cal clll.at ion o:f SN~" from CLR, which 

eliminates one aubatraction operation while calculating the 

payment for milk baaed on SNF content. 

Patel and Gandhi { 1980) advocated the standardisation 

of the formulae for calculating SNF from lactometer reading (L) 

and tat ~ (.F) and they found close agreement between the resul ta 



or gravimetric method and those by using at 60°P of a 

lactometer calibrated at 60°P with the help of the formula 

SNF • 0.25 L • 0.2 F • 0.14 

Bao and Bector (1980) conducted a compant.ive 

stu.dy on the SD determination in milk by calcuJ.ationa. 

T.ney tested t.b.e applicability of (1) Richmond's formula 

(SU = 0.25 GLR • 0.2 ~· • 0.14) wsin6 ~evenne sp. gr. 

lactometer, (ii) modified Richmond's formula (SNP • 0.25 L • 

0.2 F • 0.50) using Zeal sp. gr. la~ometer, (iil)BSI fomula 

(SN~ = 0.25 CLR • 0.22 F • 0. 72) Wlin6 density .hydrometer 

along witll ;tat, eatiaated by Gerber method using a 10. 75 ml 

pipette for calculation of SNF, by analysing 86 &Blllples each 

of cow's and buffalo's milk. In all the milk s~mplea 

analysed, the calClllated nlues of SN? by the 3 methoda 

were either higher or lover than the gravimetric values, 

indicating that these methods do not give a true eetimete 

o~ SD in milk. • 

.Sector and Sharma (1980) modified the Richmond's 

formula so that SNF values are in close agreement with those 

from the gravimetric methods and gave a correction table 

whicll when u.sed with either the modified Ricruaond'a formula 

or with tne Richmond's formula save reliable results. 

Indian ~tandarde l.nstitution in its standard 

IS tJ l85", 1981>, gave the specifications !or a new sp. gr. 

lactometer calibrat.ed at 21°c and suggested the following 



formula: 

SBJ' • 0.25 L • 0.25 P • 0.60 

where, L • new lactometer reading at zr0 c, and 

~ = fat percentage. 

III. lnatrwaental Methoda 

Several instrumental methods have been developed 

from time to tiae, b7 dilferent workers. 

Vishintaite ·c1964) developed an IR method for the 

total solids estimation in milk.. The results showed the 

deviation :from the standard drying method of • 0.13~. -
Ciuaa and Barbiroli (1970) applied the Pulsor 

apparatus for rotation va°'1um drying of liquids manufactured 

by A.scell8o (.Milan) to determine T~ in 1 ml samples of wn.ole 

milk. Reproducibility is said to be ! 0.2~ TS. 

The 3 milk components viz., fat, protein and lactose 

have the absorption at 5. 73 um aris in& from carbonyl group 

of the triglyceride structure, 6.46 um due to the amide 

group in the peptide linkage of intact protein, 9. 60 um due 

to alcohol groups respectively, and the absorption due to 

~NF takes plaoe at 7. 9 um. These fact.a form the principle 

of IR analysis of milk by Intra-red Milk Analyser (IRMA), 

which allows the direct determination of fat, prot.ein, 

lactose and SKF (Hall, 1975 ). The fu.ndamental component. of 

an IBM.A is a double beam infrared spectrometer which compares 

the abaorpt.ion of a milk sample at the above-mentioned wave­

lengths witll. the absorption of pure water. 
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Juarez!!. al. (1979) used the mini-IHldA to 

d.etermine T~ in liquid milk by measurement of a band in 

the spectrum of water at 4.8 um. The precision was assessed 

:from an a. d. calculated by the method of Kalt. hoff and 

~andell (Quantitative Cbewical Analysis ( 1969) kac Millan). 

They concluded that. except !or lact.ose and TS in dried skim 

milk, results with the mini-1.&iA are considered accept.able. 

Oanima and fakahaski (1979) developed a new met.hod 

for TS estimation based on the electrical conductivity of 

milk. Their method, however, is applicable to normal milk 

fl"om individual healthy cows only. 

Takahashiet !!..· (1978) made measurements of totel 

milk solids by miorovave heating. In their method, 1 g of 

milk eample J..s applied to a glass fibre filter (26 mm d1'lm.) 

and dried quick.ly in the drying unit which consists of a 

microwave generator, wave-guide type oven. electrobelance 

and indicator unit. The sample 1a positioned on the scale 

stand of the electrobalance within the dryizl6 unit and 

weight before and after drying is Jisplayed digitally. 

Fii~y tests on sauiples Lrom the same batcn or milk showed 

an s.d. of 0.01d,. :rs. llaxi.lllum deviation :trom results by the 

officJ.al method was 0.05~ fS and avera6e value tor TS vas 

12.164~ va 12.150" by the official method. Testill6 time 

WU reduced rrom 8 hr to '·5 Jilin. 

The C.Dl Corporation• a A VC moisture/ •olida Analyser 

oo:n.ais'ting of a microwave drying system, an analytical 
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electronic balance and a microproceaaer-based digital 

Computer (Collins, 1979). 

Bo••UTt ( 1980) tested the suitsbilit.y o! Milko-Sca n 104 

and lllA 46 and reported t.bat. these gave good agre•ent. on 

average with reference methods for fat, prot.ein, lactose a nd 

TS determi.nation, and that recalibration of the inat.rwnent 

( e ~g. weekly) seemed esaent.ial with a aixed sample repreaen­

tat.1ve of the aamples for analysis. 

Green and Park (1980) compared mioroVBve, AOA.C and 

vaCU.\Ull oven aethoda for fS determination. The regression 

equat, ion between the AO.AC ( Y) and microwve ( :X) resul ta was 

found to be Y a 1.0fT/76 X -0.29495. They attributed the 

ooDSistent.ly A.igller resul ta by the microwave methods to 

brown1JJ6 in the AOAC method. 

TilOaLB&ow and Pasche ( 1980) used the microwave 

'Apollo, Wark Ill' Instrument (t~otovolt Corporation, New 

York) to determine the TS in milk products. They concluded 

that ~he instrument gives in general results in good 

agreement with those by standard method&. 

Hayward and Knopf (1980) investigated the sample 

position effects on moisture analysis by a microwave oven 

method and reported that position in the oven significantly 

affected moisture content measurements. They recOlllllended 

tilat. t.he samples ahoUl.d be placed in the same position in the 

oven for eacn determination, so as to obtain unil'ormity in 

results. 
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Asker !!. !!.· ( 1977) evalueted some rapid techniques 

tor determining milk total solids, and reported that the 

rapid tecbniqu.ea can be used with a reasonable degree of 

repeatability. 

Boon (1979) compared various methods for determining 

1!~ of milu and skim milk. Concentrated skim milk and 

reconstituted dried whole or &.k.jm milks were analysed for TS 

content Wting the following met.hods: (1) the British Standards 

Ill et.hod, (ii) the iloJ onni.er vaC\lum oven aethod, and (iii) the 

method of Mc.Dowell. Method ( i) .bad great.est reproducibility. 

method (ii) gave the lowest overall mean result, al though 

not significantly different from those obtained with {i) and 

method (ii) gave a significantly higher value than (i) or 

(11). 



CHAP'lSR I~ 

ilAfElilA~ AlW ~rlO.At) 



MA.f .batlALS AND Mi:.f .dO.DS 

Milk Sample• 

Milk 88Dlple• from indiviclwil an111a1s ( cowf and 

bulfaloe9') were collected from the herd maintained at the 

Inatitute. J'reah ekia •ilk and cream were collected from 

the .8xper imental Dairy of the Institute to prepare milk 

eamplea of deeired fat percentages b7 mixing in different 

proportions of akim. •ilk and cre8.Bl. Fat percentage of milk 

samples thus obtained had a range from 1.,5 to 11.5. 

Treatment to the Samples 

All milk samples were heated to 40°c and held at 

t.hat temperature !or 5 min to ensure complete liquilioation 

of milk tat. globules and thorou.ghl7 mixed avoiding incorporat icn 

ot air. The samples were then brought to 21°c (t.he tempera­

ture of det.ermination) and then lactometer readings were taken. 

Analysis ot silk Samplea 

All milk samples were analysed. in duplicate. for 

the following parameters: 

1 • Fat by Gerber met.nod• 
2. Total •olida by Gravimetric method. 
3. lolida-not-fa't by aubtracting the Gerber :tat 

(fat percentage as obtained in Gerber method) 
from the total solids eati:m8ted by the 
grav.ime~ric method. 

4. Hew lactometer reading at 27°c. 
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1. Estimation of f~t by the Gerber method 

The fat content was determined according to the 

method described in IS:1223 (Part I, 1979, Part II, 1972). 

~'rom the prepared and well aixed milk samples, 

10.75 ml was pipetted into the calibrated butyrometer 

containing 10 ml of sulphuric acid of desired strength 

(1.81 g/m.l) without mixing the contents. Then 1 ml of 

isoamyl alcohol was added trom the automatic pipette. 

The buty1·ometer was stoppered and the contents were mixed 

thoroU&hlY by inverting t.he butyromet.er 2-3 times and then 

it was kept in the waterbath maintained at 65°c !or at least 

5 min keeping the scale upward and completely .immersed in 

water. Then the butyrometer was kept in the centrifuge 

and centrifuged at 1100 r.p.m. for 4 min. The tempenl'ture 

of the butyrometer was 1gain adJusted to 65°c by placing it 

in waterbat.h for et least 3 min. Then fat column was 

adjusted within the scale on butyrometer end readings were 

ta.h.en from the graduated aoale using a magnifying lena. 

2. Determination of total solids by Gravillletric method 

'f hia was estimated by the oven-drying method as 

described in IS:1479 (Part II, 1961). The method, in 

brief, is as follow&: 

·.£he clean dry empt.y dish (made of aluminium alloy, 

7 to 8 cm diallet.er and about 1 .5 am in height) with lid was 

weighed accurately. Five ml ot prepared 88Dlple VA S pipetted 
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into tne dish and weighed accurately, with the lid on. The 

di&ll waa ~ept hori.zont,al to promote untiorm drying and 

protected from. direct contact of the water batn. After at 

leaet 30 min. tJJ.e dish was removed, the bottom wiped and 

transferred to the oven maintained at 98-1 oo0 c placing the 

lid by the dish. The dish was transferred after 3 hr. It 

was allowed to cool for abou't 30 min and weighed. The dish 

vas returned to the oven and uncovered, and heAted for 1 hr. 

It waa then removed 'to the desiccator, cooled and weighed as 

before. The process was repeated 'till the loaa in weight 

between successive weighings did not exceed 0.5 mg. The 

lowest weigb't was noted. 

Total solids per cent by weight a 
100 w 
w 

where, v = we igbt in ~ of 'the residue after dry i.Dg 

W = we i&bt in a of the prepared sample 
'taken !or-the test. 

} • ~olida-not-fat were determined by subtracting the 

~erber fat from the total aolida estimated by the gravimetric 

method. 

4. .Determination of Laotometer reading at 27°c using 

Nev Speoitio Gravity Lactometer 

The well mixed sample of milk was gently poured down 

the aide of a metal cylinder (3.5 x 20.0 cm) which vaa kept 

1n 8 water bath and the temperature of the sample was b9ought 
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t.o Z7°c. The cylinder was filled with milk ao th.at. any foam 

present could be blown off. The lactometer and cylinder 

were thoroughly tempered to the temperature of test. The 

lactometer wae submerged in the milk, so t~t very little 

mil~ was on the exposed stem of the lactometer at the time 

of reading. The lactometer vaa rea4 to the top of the 

meniscus as soon as it came to rest. 

The New Lactometer 

The new lactometer used in this study was designed and 

made at ~outhe.rn Regional St,at ion ot l\DllI (Rama kurthy • 19fl'1/). 
The tollowine:; are the spec~icationa o! the new lactometer: 

lli :1$85-198~. 

~otal length 11 

Scale = 
Sub .Div. = 
Total sub-div= 
Accuracy = 
Temperature = 
of calibration 
Number of c 

aub-di vis ions 
beyond nominal 
scale of the top 
graduation 

18.5 mm approx. 
1.020 to 1.0}5 Sp. gr. 

0.0005 Sp. gr. 
30 
• 0.0005 Sp. gr. 
21°c 

One or nil 

Scale length a 41 + 4 mm -
Length of atem above • 20 • 5 mm 
top graduation mark -
.Distance below the • 10 mm 
lowest graduation mark 

.Sxternal dia. of ate11111 4 • 0 mm 
containing aoale 
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Axternal dia. of bulb 

Jlaxiaum length of 
~ora atem 

Volwae in Ill below bo'tt.om 
graduation 11.&e 

• 22 + 1 mm 

• 80 -

( i) Not more than 37 mm 
(ii) Not leas than 31 mm 

C&libration of Butyrometer 

~he calibration of milk butyrome'ter waa checked by 

the method aa described by Thakur .Das (1965). TJle ae'tbod, 

in brief, vaa as follova i 

The butyrometer waa properly cleaned with chramic 

acid, dried and tied with a wire loop at the neck to 

:taeilitate weighing. Then it waa filled with mercury A.R 

grade from BDH ·ematl.y up to some suitable division. 

The butyroaeter waa weighed and was again tilled to 

the graduation approximately one scale division below vi'th 

t.lle lielp of microburette and again the weight waa taken. 

filia was repeated all over the scale length. .Froa the 

wei.6ht and density of mercury at room temperature, internal 

volWlle of each 1 '1' graduation was calculated. Mch 1 '/, gradua-

tion bad a volume of 0.125 • 0.002 ml. - Arv butyrometer 

baving a ~rester deviation was not used. 

»etermination of capacity of milk pipette 

Thia was checked by the method as described in 

isa122' (Part II, 1970). The method. in brie:f, was aa 

follov& i 

,. 
' 
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Thoroughly cleaned the pipette, dried and 

clamped in a vertical position witA the jet downwarda. 

Then filled with distilled water to a short distance 

above the graduated mark. Wiped the outside of the delivery 

tube jet free from water with a piece of clean filter paper 

and allowed the water to run out slowly, till the water level 

came to the gracluat ion mark. Then placed a tared 50 ml 

capacity beaker below the pipette and allowed the delivery 

of the water into the beak.er. Removed the beaker at the 

end o:! draining time of the pipette. Determined the weight 

ot the water thus delivered. Observed the room temperature 

and calou.lated the volUDle of the pipette from the weight of 

the water and its density at room temperature from the 

tables. Only tnoae pipettes havizl6 volume of 10.75 ! 0.03 ml 

were used in thi.S stu<13. 

To check the accucary of the new speciric gravity lactometer 
: '15S-$ 

This was done by the method described in IS :~-198C 

The method, in brief, was as follows: 

Prepared liquids with a surface tension of approx. 

50 dynee/am by dissolving appropriate weight of Na2co3 (anh.) 

in }00 ml of distilled water. Added to the solution thus 

obtained, 50 ml of industrial methylated spirit (92~ ethanol) 

and made up the volume to 500 ml with distilled water. 

;;;peci!ic gravity (27°C) Mass of anh. Na2co3 (g) 

1.019 
1.026 
1.0}0 
1.0}4 

15.3 
19.2 
21.6 
24.0 



-47-

fhe reauita obtained were compared with the 

above atandarcla. The lactomet.er having &JV deviation 

~rem the standards was not used. 



• 

CBAP!ER V 

BESUI.rS ill> DISCUSSION 



RESULTS A.ND DIS CUSS ION 

A total number o.f' 156 1111.k aamplea (having fat 

and •olide-not-f'at (SD) percentagee vary il1g from 1 • 35 to 

11.5 and 7.11 to 11.74, respectively) consisting of 
obta· ... ~J 

etandarcliaed milk eamples, those J....from individual animals 

lCow;B and bui'~alo), aa well as tnose prepared b7 aixtng 

freah cream with freah skia milk, were analysed in du.plicat.e 

for t.he estiaat.ion of SNF by the following 4 aethoda: 

(a) 

(b) 

Subtracting the :.Cat. obtained by Gerber aethod 
from tb.e total solids estillat.ed by oveD drying 
aethod (SDG) 

By cal cul.at ione using the foraula ae suggested 
in IS :1,JB~1981, using new specific gravity 
laotometer calibrated at 27oc (SNl'x) 

( c) By calcuJ.ati~ using the formula as developed 
in the present study for all the 4 types of milk 
•am.plea ( Sl'O'p) 

(d) By calculationa using various partic!2-ar :formulae 
developed for different types of •U-fSNFp). 

The individual values of' fat and SD of milk 88DlJ>les aa 

determined by the above 4 met.hods are preeented in Appendix- i, 

Checking the suitability of the Indian Standards Ina'\itution 

(ISI) suggested :formula 

table 1 ahowa t.ne r&.Jl6e ot SKF nlues of milk aaaples 

analysed in thia stu~ by the gravillet.ric met.hod and by 

oalclll.ation ~ollowing 'the ISl auggeated f'ozmul.a. the range 

of differences between the SNY valuea sa cletttnlined by the 
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range 

TABLE 1 

Solids-not-fat of milk samples of varying fat percentage as determined 

by gravimetric method and by calculation by uaill6 new specific grevity 

lactometer and by following the ISI suggested formula 

No. of RaSte of SNl'~ ~ l as determined b;[ Difference in 
samples ~PG SNFB SNF from gravilletric 

(method( a)) method (Range) (method( b)) 
------~-~-----------------------------------------------------------------------~--~---
(2 6 8.15 to 8.49 7.529 to 9.500 - • 285 t 0 + 1 • 1 20 

2 to 3 9 8.14 to 9.56 a.650 to 9.887 -.215 to •.990 

3 to 4 24 8.04 to 9.18 8.400 to 9.250 -.26'.5 to •1.195 

4 to 5 31 7 .11 to 1o.58 8.225 to 10.450 -1.2:55 to +1.560 

5 to 6 22 B.32 to 10.35 8.550 to 10.150 - .4775 to •. 901 

6 to 7 16 a.19 to 11.12 9 • 05 0 t 0 1 0 • , 5 5 -.:590 to •.935 

7 to 8 17 9.11 to 10.62 9.175 to 10.66:5 -.995 to +.780 

8 to 9 11 8.47 to 10.62 8.t6:5 to 11.050 -.566 to +1.845 

9 to 10 14 7 .62 to 11.67 9.500 to 11.425 -.745 to +2.205 

1 O t.o 11 4 8.}1 to 8.96 e.950 to 9.675 +.040to •.775 

),11 2 8.85 to 11.74 9.025 to 11.537 - .217 to • .175 
'/ 

' ~ \Ci 
I 
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gravimetric method (SN.f G) and those determined by the 

volumetric method (~NF5 ) are also presented. 

The frequency distribution of ~ferences in SNP of 

mil~ by gravimetric met.nod and by calculation u.aing the new 

apecific graviey lactometer are given in Table 2. 

Jr.requ.ency diatribution of differences in SNF values 
aa calculated by the new formula suggested by ISI 

from t.he SNFG 

.Frequency 

------------------------------------------------~------------

~--50 8 

-.50 to <-.40 2 

-.40 to <._-.30 5 
-.30 to <.- .20 6 

- .20 to <.-.10 8 

- .10 to /..0 6 

O t.o < •• 10· 15 

•.10 to '--•. 20 16 

+.20 to < •.30 21 

.. ,o to (+.40 18 

+.40 to /....+.50 11 

~·-50 40 

Total 156 

From Table 2, it can be seen that out of 156 88lllplea analysed, 

121 ab.owed the +ve difference with an average of +0.4351 
samples 

(s.d •• o.,570) and the rest of 35/aboved the -ve difference 

with an average of -0.3303 (s.d. • 0.2770). 
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Proa t.he variance analysis of t.he dat.a, t.he result.a 

obt.ained by calculat.iona uaing !SI suggeat.ed formula 

(Met.hod (b)) vere found t.o be ai&nif iCRnt.l.y difierent. b"om 

those obtained by graYiaetric met.nod, in case of cow, 

prepared and at.andardiaed milka and in case of buttal01f milk., 

the di.tterences were not signifiCBnt.. 

Aml1ai.8 ot data for l..:ul'ttiple Regression 

Since t.he tormule aa suggested by the ISI for 

est.ilaat.ion of SNF in milk uaing nev lactoaeter did not. giYe 

its tru.e est.iaate, it was thought to develop a regreaaion 

8 quat.1on by analys.i.ng the data for multiple regreeeion of 

Slil1 ~ on Qerber fat ~ (l') and new specific gr&vit.y lact.om.eter 

reading {L) (applied collectively to 156 samples), which geve 

the following equation: 

fotal aolida 
(TS) 

and Sli1 

s 1 .29757497 .I!: • 0.282249157 L - 0.80506707 

• 0.29757497 F • 0.282249157 L - 0.80506706 
(R • 0.986, R

2 • 0.972 ) 

0.002249157 L 
• 0.28 L • 0.3 F • -0.002425130F 

-0.805006986 

Mean value• for L and F were 29.342987 and 

5. 75576923 reapectively. These valuea when subatit.uted in 

t.he above equation, gave: 

SNF • 0.28 L • 0.3 P - 0.75 

and TS • 0.28 L • 1.3 F - 0.75 



-52-

The mUl.iiple regression analysis when applied to 

the cleta for lndfalo and cov milk aamples, gave the following 

equa'\iona: 

(1) for but.talo •ilk aaaples 

SIP• 0.25306910 L • 0.30100415 F • 0.129539902 

= (0.253 L • 0.301 P • 0.13) 

(H c 0.96650255, R
2 = 0.934127761) 

The above equation 11&.y be aimplil'ied to 

SHF • 0.25 L • 0.3 P • 0.23 

and f~ • 1.25 L • 1.} ~ • 0.23 

(ii) tor cow milk autplea 

SKF= 1.23895328 ~ • 0.299463837 L - 1.0306 

(R s 0.921772399, R
2 = 0.849&64356) 

which may be simplified to the equation: 

SNF a 0.} CLR + 0.25 F + 0.98 

Table 3 shows the SNF values of •ilk S8Dlplee 

by the method (c) i.e. SNlp and method (a) i.e., SNFG and 

the range of the di.tferences o:t SHFP trom Slf.FG. 

Table 4 shows the trequency distribution of 

differences in SKF of milk by gravimetric method and by 

calcu.latiqp us.illg the formula developed in the present study. 

Out o~ 156 samples analysed, 79 showed the -•e 

d!Zterence with an average of -0.3262 (s.d. • 0.3136), and 

the rest of 77 samples showed the +ve difference wi th an 

average of +0.~297 (a.d. • 0.3662). 

i 
I 



TA.BLE ' 

~olids-not-fat ot milk sample• of varying fat percentage as determined by 

gravimetric method and by calculation by uain& the formula developed in this study 

Fat ~ No. of Ba11e of SNF ( % ) ~e determined by Difference in SNF 
range samples NF G sNPP from gravimetric 

(method( a)) (method( c)) method (Range) 
---------------------------~---------·------------~---~-------------------------------------

<2 6 8.15 to a.49 a.,oo to 9.254 -.1,9 to •.874 

2 to 3 9 6.14 to 9.56 8.308 to 9.715 -.469 to •.761 

3 to 4 24 8.04 to 9.18 8.049 ·to 9.27' -.579 to . •.928 

4 to 5 31 7.11 to 10.58 7.8,2 to 10.379 -1.476 to +.620 
' V'I 

5 to 6 22 8.32 to 10.35 8.242 to 10.057 -.685 to •.703 't 
6 to 7 16 8.19 to 11.12 8.829 to 10.521 -.471 to +1.157 

7 to 8 17 9.11 to 10.62 8.606 to 10.324 -1.1,1 to •• 742 

8 to 9 11 8.47 to 10.62 a.759 to 10.662 -.566 to •1.802 

9 to 10 14 7.62 to 11 .67 9.490 to 10.989 -1.245 to +2.122 

10 to 11 4 8.}1 to a.96 a.770 to 9.586 -.131 to •.656 

~11 2 8.85 to 11.74 8.866 to 11.000 -.740 to •.016 
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TABLE 4 

l'requenc7 die'tr ibu't ion of ditferencee in SD valuee 

ae calculated by 'the formula developed in 'the preaent 

atu47 (SUP) from tile ~HE G 

<--50 18 

- .50 to <-.40 6 

-.40 to <--.,0 8 

-.'o to (.-.20 13 

- .20 'to L.--10 9 

- .10 'to l._O 2, 
0 t.o L.. •• 10 24 

• .10 to I... •• 20 12 

•.20 to l. •.30 12 

•• ,0 'to L •.40 6 

•.40 'to L•.50 7 

>-•-50 18 
~ 

• ~ot.al 15& 
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Mean valuea o! SNF of milk aamples determined by dil'ferent 

methods 

Table 5 shows the mean values of SNF of cow, buffalo, 

prepared and standardised samples as determined by the 

4 met.hods • 

TABLE 5 

Mean values of SNF of milk samples determined 

by dil'ferent methods 

Type of No. SNFG SNFP SNFN SNF milk of p 
sam~le &smiles 

Critical 
difference 

Buffalo 52 9.976 9.893 10.164 9.991 F cal(. Ftab 

Cow 57 8.639 8.630 8.938 8.635 o.1883 

Prepared 38 9.038 9.165 9.319 8.603 o.275 

tit.andar- 9 8.633 8.384 9 .1 o.236 
diaed 

From "this table, it can be seen that in the case of 

buf.falo milk, Fcal is not significant and hence the 4 methods 

of SHF eat.imation do not di.Lt·er from each other significantly. 

In the ~se 01· cow milk, the difference between mean SD G and 

SNFN, is greater than the critical difference while t.he 

differences between Slfl'j and SNJ'G' SMF5 and SNJ'P and 

sMF and SNF are leas than the critical difference. Thus, 
p p 

for oov milk, only the gravimetric results and those by ISI 

suggested formula are significantly different from each other. 
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Por prepared milk samples, only SNFN and SNJ'G' 

SNFP and SNPG and snp and SHJ'P, differ eignificantly from 

eaoh other while in caee ot standardised milk samples, 

only SNFN and SlQ1G' SUN and SN.Pp, differ signif'icantly. 

Analysis of variance 

The one l/SY variance analysis of the dAta for 

b~falo, cow, prepared and standardised milk samples, s hoved 

tha~ the results by the ISI suggested formula are significantly 

different from those obtained gravillletrically by subtraction 

of fat ~ from gravime'\rio total solids. except in case of 

buffalo milk. Tables 6-9 show therPWis- .ror variance 

aDalyais for the 4 types of mil.ks. 

Al'lBlysis of variance table for buffalo milk 

Source of 
variation 

Degrees of 
freedom 

Total 8U1ll 
of squares 

Mean 8UDl 
of squares 

:real 

---~-~-----~--~---------~------------------------------------
beiveen 
methods 

Error 
' 

204 

2.020 0.674 1.694~ 

81.089 0.397 

* Ina.ignilicant at 5~ level 

TABLE 7 
Analysia of varaince table for cov •ilk 

source of Degrees of Total sum Mean aua 
variation freedom of squares of squares 
----------~------------~------~--~----~----~~--~~------------
between ' }.9-,7 1.:512 4 .. 986~1"" 
aetboda 58 •961 o.26} Error 224 

=Ji Significant at 1~ level 
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TABLE 8 

Analysia of variance table for prepared milk 

~ource of .Degree of !ot.al aum .Mean swa 
variation freedom of aquares of squares "cs1 

~--------~----------------------between -----------------------------
methods } 10.794 3.598 9.617~ 
error 148 55.}69 0.}74 

*.Significant at. 1~ level 

'lA.D:W.S 9 

Analysis of variance table for standardised milk 

Source of 
variation 

Degree of 
freedom 

Total swa 
of squares 

Mean 8UDl 
of s.-res 

-~~--~---~---------~----------------------------------------
between 
method.a 
error 

2 

24 

0.987 

1.568 

0.494 

o.653 

¥ Significant at 11 level 

The results obtained by method (c) are much nearer 

to gravimetric results than those obt~ined by the nrious 

partil\U.ar formulae for each type of milka (•e•od ( d)). 

Conclua iog _ 

From the present inveeti&ation, it is cleRr that the 

:.Cormula developed in tkliil aiucq could be uaed for SNJ' calou.la­

tion for all the 4 types of milks since the rea\llts obtained 

by using this formula, do not differ signilicantly from t.he 

gravimetric result.a. fhe ISI suggested formula for the new 

speoif io gravity iactometer could be uaed for SHI' calculation 

in caae of buffalo •ilk only. 



CHAPT&i VI 

SUMliiARY 



SUDAR I 

The formu.la suggested by Indian Standards lnat.itution 

(IS!) .tor •ol1da-not-fat {.;NJ!') calculation in milk, usin6 new 

epecl.Xio gravity laotometer !Aas been examined, when the i.Serber 

fat deter.nilled wit.h 10. 75 ml milJl pipette ia uaed in it.a (SNF) 

oalcul.at.ion (SN.FN). The resu.lta obtained were compared with 

the S5F obtained by subtracting the Gerber fat from total aolids 

eatimat.ed by gravimetric method ( ~:Hila)· The SNF nluea 88 

calculated by using IS I suggested formula were generally higher 

than tne t:>IU'G and were significantly different from it, in caae 

of cow, prepared and standardised milk 88Dlplea. vhile in caae of 

b&dtalo milk, the difference between SNPN end SNl'G vaa not 

sign1f icant. 

~ince tne tormu.la suggested by ISI did not. give tru.e 

eatillate o! Slii1
, tile data w&•atat.iaticell.y analysed &nd a 

regression equation of SNF on fat and new lactometer reading at 

27°c obtained. The ~H.i' ~ values were not significantly dil.terent 

trom tJlose obtained by us~ 1.he regression equation obtained(~}, f"')l51; 

the lat'\er val\188 wer~more nearer t-o ~N.FG than 'tn.oae calculated 

using the nil suggested formu.la. 
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UPidlDll. I 

Individual •alue• ot fa\. nev lsc\oaet.er readinge ai 27°c (L) 
and aolJ.cla-not.-.fa'\ aa det.ermined by 'tAe dilf erell't aethocla 

ia~ ~ Bew lac~ometer to~al 
reacling at 21°0 eolid.e 

Sli.P ~ 

SD p (la) gnviae'\ric . 
--~~-----~------------~------------~---------~---------~-----------1 2 5 6 7 

for buffalo ~ilk ae.mn\es 

4.} 32.5 14.88 10.58 9.800 9.643 9.637 

4.9 :54.5 15.46 10.55 10.450 10.329 10.379 

5.0 28.0 13.57 8.57 8.850 8.714 8.576 

5.1 29.75 14.12 9.02 9.313 9.191 9.099 

5.} 26.5 1}.62 8.}2 a.550 8.998 8.242 

5.5 28.5 14 .48 d.98 9.100 8.996 a.866 

5.9 }0.5 15.36 9.46 9.700 9.622 9.548 

;.95 }0.5 15.85 9.90 9.71J 9.637 9.563 

5.95 }2.25 1b.}0 10.35 10.150 10.079 10.057 

b.O }0.0 15.99 9.99 9.600 9.526 9.4}7 

&.1 }1.75 17.22 11.22 10.06} 9.99a 9.960 

j.1 28.0 14.29 8.19 9.125 ~.049 8.903 

6.2 }}.O 16.77 10.57 10.400 10.345 10.}42 

6.3 31.0 15.8} 9.5} 9.925 9.869 g.aoa 

6.3 }}.O 16.49 10.19 10.425 10.375 10.372 

b.4 30.5 16.18 9.1a 9.825 9.772 g.697 

6.5 27.5 15.&4 9.14 9.100 9.044 S.880 

con\cl •••• 



-11-

1 2 4 5 6 7 

6.7 31.0 16.55 9.a5 10.025 9.909 9.927 

6.8 }1.5 17.26 9.46 10.175 10.146 10.098 

6.a 29.0 16.13 9.33 9.550 9.513 9.393 

&.8 }:S.O 17.31 10.51 10.550 10.525 10.521 

o.9 30.5 16.73 9.8} 9.950 9.92, 9.845 

7.0 26.5 16.50 9.50 9.175 8.941 a.606 

7.0 29.0 16.515 9.515 9.600 9.574 9.452 

7.1 }0.5 17.bO 10.;o 10.200 9.9s; 9.905 

7 .1 ,2.0 17.}6 10.26 10.575 10.36} 10.328 

7 .1 }1.0 17.62 10.52 10.}25 10.109 10.045b 

7.2 }2.0 17 .14 9.94 10.600 10.}9} 10.}57 

1.2 29.0 16.27 9.01 9.850 9.634 9.511 

7.3 29.0 17.71 10.41 9.675 9.664 9.541 

7.4 }O.O 16.51 9.11 10.150 9.947 9.853 

1.a 31.25 18.Ul 10.Zl 10.663 10.384 10.324 

1.a 31.0 17.95 10.15 10.600 10.320 10.254 

1.a ,1.0 18.09 10.29 10.600 10.J20 10.254 

1.a j0.5 17.70 9.90 10.475 10. 194 10. 113 

1.a ;0.5 18.16 10.36 10.475 10. 194 10. 113 

7.9 30.0 17.90 10.00 10.375 10.097 10.0()1 

8.1 }0.75 16.57 8.47 g.}62 9.}47 9.212 

a.2 29.5 18.67 10.47 10.}25 10.061 9.949 

8.6 JO.O 18.66 10.0b 10.65 10.;oe 10.209 

a.7 ;1.5 19.,0 10.00 11.050 10. 718 10.662 

a.a ;u.o 18.96 9.86 10.100 10.}68 10.269 

comd •••• 



-iii-

1 2 ' 4 5 6 7 
---~~---------------------------------------------------------------
8.8 ;o.s 19.42 1.J.62 10.625 10.495 10.409 

a.9 29.0 11.47 10.57 10.016 10.145 10.016 

9.0 29.0 19.52 10.52 10.500 10.176 10.046 

9 .1 30.5 19.65 10.55 10.900 10.585 10.498 

9.} 32.0 19.9a 10.68 11.425 11.025 10.981 

9.5 29.25 14~54 10.04 10.913 10.389 10.355 

9.7 27.5 19.46 9.76 10.300 1 0. 007 9. 8} 1 

9.a 29.5 21.47 11.67 10.925 10.543 1 O.f25 

9.9 21.0 20.14 10.24 10.10 9.940 9.749 

11.5 29.7t 2}.24 11.74 11.538 11.118 11.000 

i'or cov ail.k samples 

2.a 29.9 11.02 8.22 8.550 8.307 8.205 

2.9 26.5 11.40 8.50 8.475 7.584 7.529 

}.2 26.5 11.}2 d.12 6.525 8.25} 8.182 

,.4 28.0 11.50 s.10 S.450 a.151 a.101 

,.4 29.0 12.;& s.96 8.700 8.450 8.382 

3.6 31.0 12.72 9.12 9.250 9.096 9.006 

,.7 27.5 11.95 8.25 s.400 a.073 8.049 

'.5.7 28.5 12.25 8.55 a.650 8.}72 6.331 

,.8 28.5 12.30 8.50 a.675 8.396 8.361 

}.8 ;0.25 12.75 a.95 9.113 8.919 8.854 

;s.9 28.5 12.50 8.60 8.700 8.419 8.390 

:;.9 29.0 12.50 6.44 8.825 6.569 8.531 

Con'\d •••• 



-iv-

1 2 ' 4 5 6 7 
-----~--~-~-~--------~---~--------------------------------------
}.9 . 27.5 12.06 8.16 0.450 8.121 8.108 

4.0 26.5 12.54 8.54 8.225 7.846 7.8}2 

4.0 21.0 11.:50 1.30 B.350 7.995 7.856 

4.0 28.5 12.61 8.61 8.725 e.444 8.420 

4.0 29.0 12.57 8.57 8.850 8.59} 8.561 

4.0 29.0 12.60 .60 8.850 a.593 8.561 

4.0 29.0 12.25 8.25 8.650 8.59' 8.561 

4.0 29.0 12.40 8.40 d.85 a.593 8.561 

4.0 29.5 12.23 8.2} 6.975 8.74} 8.102 

4.0 30.5 14.46 10.46 9.225 9.112 8.984 

4.1 28.5 12.85 8.75 8.750 8.467 8.450 

4.15 28.75 12.21 8.06 8.825 8.554 8.5}5 

4.2 28.5 12.20 7.995 8.775 8.491 8.479 

4.2 28.5 12.:54 8.14 8.775 8.499 8.477 

4.2 28.5 12.50 8.30 8.775 8.499 8.479 

4.2 29.5 12.72 8.52 9.025 8.790 8.761 

4.2 }0.0 1}.10 a.90 9.150 8.940 8.902 

4.25 26.5 12.50 8.25 8.788 8.503 8.494 

4.4 28.5 12.425 8.025 8.825 8.5,9 8.539 

4.5 29.0 12.91 8.41 8.975 8.712 8.709 

4.6 }0.5 14.44 •• 84 9.:575 9.184 9.162 

4.6 }U.O 14.50 9.90 9.250 9.0}5 9.021 

4.6 28.0 12.79 8.1~ 9.750 8.4}7 a.457 

4.7 ~4.5 14.40 9.70 10.400 10.404 10.;20 

Contd •••• 



-v-

1 2 ' 4 5 6 1 
--~~--------------------------------------------------~-------------

4.7 2d.5 1}.10 d.40 8.900 d.611 a.630 

4.6 29.0 1}.46 a.66 ~ .050 8. 78) 8.799 

4.8 27.0 11.91 1.11 a.550 8.165 a.2:;5 

4.85 29.0 1}.}1 8.46 9.068 8.795 8.817 

4.9 28.0 ,,.82 a.92 8.815 8.508 8.546 

4.9 20.5 12.82 7.92 B.450 8.060 8.123 

5.0 ;o.o 14.10 9.10 9.350 9 .130 9.140 

5.0 }O.O 14.2} 9.23 9.}50 9.1}0 9.140 

5.0 28.5 13.56 S.58 8.960 8.682 8.717 

5.05 }O.O 14.89 9.84 9.36} 9.142 9.155 

5.2 27 .5 1}.74 8.540 e.775 8.430 8.494 

5.2 28.75 14.25 9.05 9.087 a.804 8.847 

5.3 }7.25 1}.71 8.41 8.7}8 8.}79 a.453 

5.4 ZT.50 1}.99 8.59 8.825 8.47d 8.553 

5.b 29.5 14.74 a.47 9.}75 9.12} 9.111 

5.b 28.25 14.58 8.981 9.0b} 8.750 8.825 

5.7 26.5 14.}9 a.69 d.750 8.250 8.}61 

5.7 28.5 14.13 6.44 9.150 8.848 8.925 

5.9 26.5 14.55 a.66 8.700 8.298 8.420 

5.9 2'"/ .5 14.50 s.60 8.950 8.597 a.102 

&.o }2.25 16.48 10.48 10.16} 10.041 10.072 

Por prepared milk sample• 

1.}5 }4.25 9.7} a.Ja 9.500 8.660 9.254 

1.7 }0.50 9.85 8. 15 8.750 9.597 a;:.)01 

Contd •••• 



-vi-

1 2 3 4 5 6 7 

-----~---------~--------------~---------------~----~---------------

1.7 }0.50 10.14 8.44 8.750 9.597 8.301 

1. 7 }1.0 10.19 d.49 8.775 9.ooa 8.442 

2.2 }O.O 10.48 8.28 8.650 7.890 8.}08 

2.4 }4.0 11.90 9.50 9.700 a.824 9.496 

2.5 }}.O 11.72 ~. 22 9.475 a.622 9.244 

2.1 29.~ 11.10 a.4v a.550 1.sa; 8.}16 

2.1 }0.0 11.1.11 d.}7 a.775 7.994 8.457 

2.1 }2.0 12.19 9.49 3.275 a.440 9.021 

2.85 29.5 11.~9 6.14 a.6aa 7.914 8.360 

2.9 34.25 12.47 9.5b 9.aoo 8.984 9.715 

2.9 ;2.5 11.36 8.46 ~.450 B.594 9.221 

;.; 28.0 11.62 a.32 8.425 7.674 8.0'71 

}.55 }2.0 12.45 8.90 9.488 8.618 9.273 

}.55 }0.0 12.}1 8.76 8.9S8 6.172 8.709 

}.b }0.5 12.78 9.1a 9.125 8.294 8.865 

5.7 29.25 15.12 :1.42 9.3}8 9.454 9.136 

b.1 28.0 14.4d d.}B 9.125 6.259 •• 90} 

b.8 27 .o 16.10 9.}0 9.050 a.182 a.a29 

7.0 }O.O 17 .01 10.01 9.850 a.893 9.7}4 

7.& 28.5 16.22 10.62 9.b25 a.084 3.489 

a.} 28.0 17.Sd 9.5a 9.675 6.719 9.556 

~-' 20.0 17. )l;j u.a9 9.725 8.761 9.128 

e.7 24.75 17.2S a.5d 8.96} 8.078 8.758 

s.~ 28.0 18.68 9.1s 9.625 6.844 9.7}4 

Contd •••• 



-vii-

1 2 3 4 5 6 7 

--~------------~------------~------~----------------------~-------- · 
9.0 . 28.25 18. 71 9.71 9.925 a.921 9.835 

9.2 27 .o 19.05 9.85 9.650 8.684 9.541 

9.;4 27 .5 17.02 7.62 9.825 8.837 9.742 

9.5 26.5 19.27 9.77 9.600 8.635 9.490 

9.6 26.5 19.74 10.14 9.625 a.655 9.519 

9.a 31.5 20.71 10.31 10.925 9.613 10.989 

9.9 26.5 18.95 9.05 9.?00 8.719 9.608 

10.2 2}.50 18.51 8.}1 9.025 8.113 8.851 

10.j 26.0 19.20 8.90 9.675 8.691 9.566 

10.4 2}.0 19.20 s.ao 8.950 8.043 a.110 

10.6 2}.0 19.50 8.96 9.000 8.084 8.829 

11.2 22.5 20.05 d.65 9.025 6.098 8.866 

For atandardised milk samoles 

}.4 }0.75 12.}7 8.97 9.158 8.876 

:s.5 }0.5 12.36 8.66 9.100 8.8}6 

}.6 30.0 11.64 8.04 9.000 8.724 

}.6 30.5 12.78 9.18 9.125 8.865 

}.6 ;o.o 12.34 8.74 9.000 8.724 

3.7 30.75 12.49 8.79 9.213 8.965 

3.1 }0.0 11.53 7.63 9.025 8.754 

3.1 }0.5 12.38 a.6a 9.150 8.895 

'}.7 }0.5 12.37 a.cs 9.150 8.895 

~~~~ 
O · · / 
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