
Indian Dairymlln, 33, 3, 1980, pp. 249·253 · 

Estimation of Solids-not-Fat in Milk 
Us·i ng Specific Gravity Lactometers 

• The payment of milk is based on its fat 
and solids-nat-fat (SNF) contents. Both these 
canstiwents . being variable a correct estimation 
of .milk fat and solids-nat-fat is most important 
ftom a commercial standpoint. Slight error 
iiI the estimation of fat and SNF, especially 
when milk is handled in large quantities in a 
daiaPlant, can result in big discrepancies in the 
balance sheets and recovery accounts .. 

A variety of methods such as gravimetric, 
volumetric, ins,trumentaletc. have been pro­
p'osed and used for the determinatioll of fat 
an~ SNF. However, none of them satis­
fi..s the requirement for both speed and preci­
sion. The gravimetric methods are more ac­
cutai.e but they are more time consuming and 
derollnd a better analytical skm. At the field 
level, the volumetric methods are being follow­
ed and well established procedures are a vai lable 
for cow milk. Application of such methods to 
buffi\lo milk, which is richer both in fat and 
Sl'I'F than cow milk and is the main SOurce of 
supplies of all dairies in India, reve<lled some 
differences in the values obtained by volumetric 
ap4 gravimetric methods. 

lactametric methods for the estimation of 
SNF are rapid and ~imple, To-day more than 
60 ,different equations for calculating the 
relation between fat content and specific gravity 
and the total solids!SNF of milk are availabk 
Among all these, only two are very popular­
Babcock formula used in United States of 
America and the Richmond's formula used in 
Europe. The Richmond 's formula using speci· 
ji~ gravity readings and a modified Richmond\ 
fQtrrn.da using density readings have been widely 
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the in our country for calculating the SNF 
in cow and buffalo milk. Wide variation~ 
in the results have been reported by different 
workers. This is mainly because the different 
dairies used different types of lactometets, 
and there is no uniformity in the formulae 
followed to calculate the SNF content of · milk. 
In order to remove the confusion prevailing iJt 
the dairy industry with regard to the distinction 
between various lactometers and proper use of 
the formulae for determina tion of SNF in milk, 
a systematic study has been carried out on the 
suitability of Richmond's formula so that the 
SNF value~ are in close agreement with tlie 
gravimetric method. 

Materials and Methods 

Milk samples from individual animals 
(cows and huffaloes) were conecte\! from tbe 
herd maintained at the Institute; Fresh skim 
milk and cream were collected from the Ex­
perimental Dairy of the Institute to prepare 
milk samples of desired fat percentage by mix­
ing in different proportions of skim milk !\Od 
cream or by addition of skim milk/cream to the 
milk. By thi s method milk samples prepared 
had a range of fat percentage from 2 to 10. 
All milk samples were heated to 45°C and held 
at that temperature for five minutes to ensure 
complete liquification of milk fat globules and 
thoroughly mixed avoiding incorporation of air. 
The ,amples were then brought to the tempera­
tures of determination (840 and 60' F) and lacto­
meter readings were taken. ' All milk samples 
were analysed for fat by Gerber method (ISI-
1977) using 10.75 m!. milk pipette and Rose­
Gottlieb method (ISI-1961); and for total 
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SQliosiSolids-not-fat by gravimetric method 
(Isl-1961). The following formulae were used 
for thecalcillation .. of total solids/SNF by the 
volumetric method. (i) When QUEVENNE 
specific gravHy lactoineter, calibrated at 6(j°F, 
was .. used (BSI-1959) ... 

TS " O:25L+1.2F+O.14 " 

or SNF-O.25L+0.2F+0.14 

Where L=lactometer reading taken at 60' F, and .. 
F = % of fat by Gerber method. 

(II) When ZEAL specific gravity lactometer, 
calibrated .. at 84°P, was used. The formula 
su~ted by Sebastian e/ al (1974) was [o][owed. 

TS=O.25L+ 1.2F+0.50 

Or SNF-O.2SL+O.2F+0.50. 

Where, L=lactometer reading taken at 84°F, 
and 

F.= % of fat by Gerber .. method. 

Solids-nat-fat by gravimetric method SNFQ 

was obtained by subtracting tne fat determined 
by Rose-Gottlieb method from the total solids 
estimated gravimetrically by overi..;drying method. 

Both the lactometers. QueveDDe "(Made in 
Germany) and Zeal (Made in London) were 
checked for their accuracy before use (ISI-
1965). 

Results and Discussion 

The SNF values of milk samples as obtained 
by the three different methods and the algebraic 
means of the differences between SNF value..s as 
determined by the gravimetric method " and 
those determined by the two volumetric methods 
are presented in Table 1. The frequency dis" .. 
tribution of differences in SNF of mill: IIY' 
gravimetric metb.od and by volumetric method 
using specific gravity lactometers is given in 
Table 2. From Table 1, it can be seeD. that the .. 

Tobie 1. SOIdJ..DOt-fat .. of milk ....,pl .. of "lying lilt percentage os deter .. lo'" by Il1*vi.etrk _tbod aDd by 
adcuJatioD usIng spetific gravity lartometers. 

FlIt % 
lUng~ 

~;t-3.0 

3.'1,,-4.0 

4J~.5.0 

S.I~6.0 

6'.J~7.0 

7,J-S.O 
8 . t~9.0·· 

9.1r )0.0 

NO, of Range of SNF (%J as determined by different 
.. sample methods 

SNFG SNF" 

19 8.52- 9.13 8.91~ 9 .. 99 

19 1.65- 10.59 7.18-10.31 

26 8.3iJ-IO.52 8.11-10..12 

16 7.86-10.50 7.88-10.05 

20 8.38-10.55 7.42-10 .. 01 

22 7 .. 66--10.47 7.84-10.20 

18 8.01-10.66 7.54-10 .. 17 

11 9 .. 79-10.97 8.88- 9.69 

SNF" = Grnvimetric method. 
SNP" = Quevenne lactometer method. 
SNF z = Zcallactotneter method. 

SNFz 

8..52- 9.85 

7.76-10.28 

8 .. 20- 9.94 

7 .. 89--. 9 .. 91 

8.15- 9.75 

7.92- 9.85 

7.30-10.03 

8.61- 9.47 

Range of difference in SNF as.. 
related to gravimetric method 

SNFG-SNF" . SNFO-,sNF Z 

-0.85 to +0.35 . -0.71 to -0.49 

-0.13 to +0.57 -0.11 to -0.74 

-0.27 to +0.57 -0.17 to +0,94 

-0.23 to +0.72 . -0.03 to +0.89 

-0.23 to +0.71 -0.18 to +0.9() 

-0.29 to +0.58 " -0.26 to +0.11 

-0.17 to + 1.07 -0.03 to +1.31> 

+0.25 to +1 .28 ":0.47 tn + 1.6T 
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Tallr~ 2. Fr~'1q~ocy distribulioD of dllrereo"". in SNF of 
mill!: by Gravimetric method and by calculation. 
using specifIC gravity I..,tomot~r •. 

l;lllfercmce in 
S;NFRange 

Upio, ' -0.50 
~OA9 10 -0.40 
-0.39 to-O.30 
- 0.29 to -0.20 
~OJ919 -0.10 ' 
~O.()g to -0.00 
+O.QI N + 0.10 
+9.B 1(> +0.20 
+0.2110 +0.30 
+O, ~l to, '+ 0.40 
+ 0.<l1 to· + 0.50 

+0.50 

Frequency 

SNFQ 

2 
o 
1 
7 

11 
15 
25 
27 
20 
15 
6 

22 

SNFZ 

o 

7 
7 

16 
19 
21 
17 
1J 
48 

calculated values ' of SN F by the two volumetric 
metho¢s were both higher and lower than the 
gravimettlc values. 

The mean values of SNF of milk samples as 
.determined by three different methods are given 
in Table 3, From this Table, it can be seen that 
the difi'¢rences between the mean values of SNF(l" 
and, SNFa and SNF(l" and SNFz are more 
than the critical difference which indicates that 
there i~ .~ignificant difference between the gravi. 
metric method and the Richmond's formula 
using Quevenne and Zeal specific gravity 
lactometers. :' 

Table 3. Mean vahles of SNF of milk samples as 
determined by threo dilTerent melho!ls. 

No. of SNPG SNFQ SNFz Critical 
saJ,IipJ~s difference 

tjl, 9.52 9.32 9.IS 0.0459 

The statistical analysis of the results (fable 
4) showed that there is a significant difference 
between three methods of estimating sNP., 
From this it can be concluded that the Rich· ' 
mond's formula using Quevenne an¢ Zt.!1\1 
specific gravity 1 actometers do not give a true 
estimate of SNF in milk. 

Table 4. Analysis of variaore taIll • . 

Source of Degrees Sum of 
variance of squares 

freedom 

Between 150 151.7950 
Samples 

Between 2 10.2370 
methods 

Error 300 12.4393 

• 'Significant at 1 % level 
Critical dif[erence~O.0459 

Mean sum 'F' wille 
of 

square. 

1.009 24.442" 

5.1185 123.635" 

0.0414 

Modification of correction to Richmond's formula: 

Since the two volumetric methods of esti­
mating SNF in milk did not give its true esti­
mate, it was thought to modify or apply cor­
rection to the existing formulae. The data were 
statisticaUy analysed for the correlatiOn 
regression equation fOr the SNFa and SNP Q 

and SNFG and SNF z. From the statistical 
analysis, it was observed that a single correction 
to the existing formulae was not possible. So 
a range of corrections to the two formulae 
was calculated. 

(a) Correction 10 Richmond's formula USing 
Quevenne specific gravity lactometer.; T~ 
results obtained by SNFa and SNFo 
were statistically analysed for paired 't' test 
to get the desired correction for the existing 
Richmond's formula (Table 5). FrOID this 
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Table 5. Paired '/' lesl for SNFa and SNFa 

SNFRanie 

liPJo 6.5 
11.5--9.0 
Q.0-9.S 
9.~10.0 

JO .•. o-I0.5 
10.5-11.0 

No. of 
samples 

19 
30 
24 
30 
39 
9 

d±S.E. 

-0.01±0.07 
-O.02±IH)4 
+ 0.09:1:0.03 
+ 0.21 :1:0.05 
+ 0.38 :1:0.04 
+0.73:1:0.11 

"t t caL 

0.8295 
0.06065 
2.4165. 
4.2179" 
9.7631" 
6.3885' 

·Signiflcant at 5% level. 

Table, it can be seen that there is insigni­
Dcant difference between SNF G and SNF 11 

upto 9.0% SNF, indicating that these tWo 
.methods are in close agreement upto a level 
cof 9.0% SNF. However, significant differences 
were observed between these two methods 
When the SNF level exceeds 9.0% indicating 
a :need to include some correction factor in 
order ·to get the results in agreement with the 
Standard gravimetric method. 

Table 6 shows the various cO(rcction factors 
to be applied to the existing Richmond's 
formula for the different ranges of SNF. 
iFJ;om this it is seen that there is increase in the 
rorrection factor with . the corresponding 

Table 6. 't" cakulated values for SNFG and SNFQ 
using modi1led constDnl factors in orJglnal 
Rkbnoood's formula usillll ~yetllle specific 
lU'Iyiiy lattometer .. 

iNfRange 

upto 8.5 
'11.5- 9.0 
'9.0- 9.5 
9~5-10.0 

10;0-10.5 
10.5-IJ.O 

No. of 
samples 

9 -0.8295 
30 -0.6065 
34 ' -0.06479 
30 - 0.0000 
39 ' -·0.0094 
9 -0.0000 

Constant Correction 
factor to be 

applied 

0.14 0.00 
0.14 0.00 
0.23 +0.09 
0.35 -'- 0.21 
0.52 +0.38 
0.87 +0.73 

increase in SNF. To get the true estim!lte 
of SNF by SNFQ method, the value of SNF 
could be obtained by following the eXisting 
formula (SNF=O.25L+0.2F+O.14) and then 
from the Table the corresponding COfrccti,9n 
factor COD ld be added to this value. When ibis: 
was done with the data obtained in this study, 
the values obtained by SNF Q method ~(e 
in close agreement to those obtained by SNFa' 

(b) Correction to modified Richmond's fOTi/TUfa: 
using Zeal specific gravity lac/omelers: Simi­
larly, the results obtained by SNFo and. 
SNF z were statistically analysed for paired 
'I' test to get the desired correction fOfthe 
modified Richmond's formula usiog Zeal 
specific gravity lactometer (fable 7). In this 
case also there is a remarkable variation between 
the results of the two methods. Henc~,the 
correction factors for the various ranges of SNF 
were calculated. 

Table 7. Paired '[' test for SNFG and SNFz 

SNF Range 

upto 85 
8.5-- 9.0 
9.0- 9.5 
9.5-10.0 

10.0-10.5 
10.5- 11.0 

No. of 
Samples 

9 
30 
34 
30 
39 
9 

·Significant at ~ c:,~ level. 

d:l:S.E. It' C&l. 

+0.04:1:0.09 0.4902 
+0.10:1:0.04 2.3303 ... · 
+0.20:1:0.03 5.8139· 
+0.39::1::0.05 8.QI52" 
+0.64:1:0.04 16.2668" 
+ 0.94:1: 0.13 6.9672.· 

Table 8 shows the various correction fjl,qors 
to be applied to the SNF values as obtained 
by the existing modified Richmond's formula 
(SNf=0.25L+ 0.2F+ 0.50) using Zeal specific 
gravity lactometer. When these corrections 
were applied to the data in the present study, 
the values of SNF z obtained were in close 
agreement to those determined by SNFo. 
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Table it 't' Cakulated vIII...,. tor SNFQ and SNFa 
uslllg motIltIed eGaswt fal:ton ta Rldmood's 
fOl'l'llula as su!:iested by Sebastian el al. (1974) 
aslag Zeal s peclJIc lII'II.tty Iactometet, 

SNF:R~ ~ No. of c/ • cat 
samples 

up\i'i 8.~ 9 +0.4902 
B.~·9.0 30 +0.0751 
9.Q-,9.5 34 -0.087 
95-Hi;O 30 +0.008 

10.0-)0.5, 39 +0.065 
lO.s:..-H.o 9 +0.016 

Conotallt Correct­
factor ion applied 

0.50 . 0.00 
0.60 +0.10 
0.70 +0.20 
0.89 +0.39 
1.14 +0.64 
1.44 +0.94 

From the present investigation it is clear 
tl:!at the original Richmond's formula using 
Qlicyenne specific gravity leetometer and 
meidlfied Richmond's formula using Zeal 
specffi,~ gravity lactometer and Gerber fat 
estimated by uSing 10.75 mi. pipette could be 
.used in the. determination of SNF in milk by 
. volumetric . method and then subsequently 
applying correction to the SNF value from the 
Table to get its true estimate. 
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