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Summary 
Quantitation of the milk fat content in mixed fats is of 
interest in food analysis. It can be achieved by calcula- 
tion from the butyric acid (C4) content in the mixed fat 
and a mean C4 content for pure milk fats. Alternatively, 
instead of applying a C4 mean value, the C4 content in 
the actual milk fat can be used if this reference sample is 
available. A recently improved analytical method based 
on gas chromatography of butyric acid methyl ester us- 
ing an internal standard has been applied to determine 
the milk fat content in mixtures with beef tallow, lard, 
sovbean oil. olive oil. sunflower oil. palm kernel oil and 
palm oil ranging from i to 90 % milk fat content. Within 
the whole range of mixtures, mean absolute deviations 
between the determined and the actual milk fat content 
were below 0.5 % and the maximum absolute deviation 
was not more than 1.0 % when using the reference 
sample. The overall mean absolute deviation was 
0.04 % for milk fat contents of 1 to 10 % and 0.28 % for 
milk fat contents of 10 to 90 %. 

beef tallow in milk fat between 10 and 90 % resulted in 
average absolute deviations of ca. 2 and 3 % for two dif- 
ferent formulae [3]. The present study was in particular 
aimed at the quantitation of medium and small amounts 
of milk fat in mixtures containing a variety of foreign 
fats. Such a method is of current interest for European 
market and customs regulations, but for this purpose a 
higher precision is desirable. 

Since butyric acid (C4) only occurs in milk fat from cows 
and other mammals, but not in animal adipose or vege- 
table fats, gas chromatographic analysis of C4 in the 
mixed fat and the pure milk fat enables the content of 
milk fat to be calculated [4, 5]. This method is well- 
known and has for instance already been applied to 
quantitate small amounts of milk fat in cocoa butter or 
chocolate fat [6, 7]. If a sample of the pure milk fat is not 
available, a typical mean C4 content may be used in- 
stead [5]. Such a representative C4 content has recently 
been determined for European milk fats using the most 
practical unit of g.100 g-t fat [8]. In the present study 
these two variants of milk fat quantitation, (with and 
without availability of a reference sample), were com- 
pared with respect to the absolute deviation between 
actual and determined milk fat content within a wide 
range of proportions. To this end C4 contents were ana- 
lysed, with slight modifications, by a recently optimized 
GC method involving analysis of fatty acid methyl es- 
ters with an internal standard [9] that enables rapid 
quantitation by only evaluating two fatty acids in each 
chromatogram. 

Introduction 
Control of the declared composition of mixed edible 
fats as well as of fats from processed foods such as 
chocolate, ice-cream, cakes and pastries, which besides 
milk fat can contain other non-milk fats, requires the 
quantitation of milk fat. A suitable method particularly 
for the determination of small amounts of foreign fat in 
milk fat is the analysis of triglycerides in conjunction 
with triglyceride formulae [1], which is applied in the 
purity control of butter submitted for intervention in the 
EU [2]. Using this method to determine mixtures of 

Experimental 
Fat Samples 

The base milk fat (reference sample) was obtained 
from a butter resulting from pasture feeding (summer) 
by melting and passing the fat layer through a folded fil- 
ter MN 615ff �88 (Macherey-Nagel, Dtiren, Germany) at 
50 ~ in an oven. Beef tallow and lard were obtained in 
a similar way at 80 ~ Pure vegetable fats were pur- 
chased at retail stores. 

Mixtures were prepared with 1,2, 3, 4, 5, 8, 10, 15, 20, 30, 
40, 50, 60, 70, 80 and 90 % w/w milk fat. 
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Chemicals 

The purity of all chemicals used was of analytical grade 
or higher. Sodium methylate, methanol, sodium hydro- 
gen sulphate-monohydrate and n-heptane were ob- 
tained from Merck (Darmstadt, Germany). The calibra- 
tion substances butyric and valeric acid methyl esters, 
were obtained from Fluka (Deisenhofen, Germany). 

Preparation of Samples for Gas 
Chromatography 

100 _ 20 mg of fat were weighed to the nearest 0.1 mg 
and dissolved in 5 mL methyl valerate standard (n- 
heptane, containing 0.4 mg mL -1 methyl valerate). I mL 
of this solution was mixed with 20 pL sodium methylate 
solution (2 M in methanol) in a sample vial, shaken vig- 
orously for 3 min (Vortex mixer) and centrifuged for 
1 min (2000 rpm). After addition of 100 mg sodium hy- 
drogen sulphate-monohydrate the vial was recapped, 
mixed again for 2 rain and centrifuged for 1 rain. The 
clear supernatant was used for GC analysis. 

Gas Chromatography 

Analyses of fatty acid methyl esters (FAME) were per- 
formed on a CP 9002 gas chromatograph (Chrompack, 
Middelburg, The Netherlands) equipped with split in- 
jection port, flame ionization detector and a 25 m fused 
silica capillary column (I.D. 0.25 ram) coated with 
0.20 pm of CP-Wax 58 CB (Chrompack). Hydrogen car- 
rier gas flow was 0.9 mL min -t (38 kPa) at a split ratio of 
1:50. Injector and detector temperatures both were 
265 ~ The oven temperature initially was set at 45 ~ 
for i min, then programmed at 5 ~ min -1 to 75 ~ then 
at 10 ~ min -1 to 225 ~ and after 7 rain isothermal was 
finally raised by 10 ~ min -1 to 260 ~ to completely 
elute any long-chain FAMEs. Samples were injected 
manually (1 pL) using the 'hot-injection-technique' [6]. 

Calibration and Quantitation 

Except for some modifications, calibration and quanti- 
tation were done by a method applied in several analyti- 
cal standards [10-12] using methyl valerate as an inter- 
nal standard. Only the peak areas of methyl butyrate 
and methyl valerate were integrated with a Hewlett 
Packard 3365 II ChemStation. In the following, the ratio 
Q = C4/C5 was considered. Analysing 5 different cali- 
bration solutions (n-heptane) which contained different 
concentrations of methyl butyrate (0.15, 0.30, 0.60, 0.90 
and 1.20 mg mL -1) but always the same concentration of 
methyl valerate (0.4 mg mL -1) allowed a calibration line 
(Q against C4 content) and an average response factor 
for Q to be calculated. After preparing a solution of 
milk fat FAME while adding methyl valerate, the 
evaluation of Q from the resulting analytical data and 
consideration of the weighed fat quantity allowed the 
determination of the content of butyric acid methyl es- 
ter and of butyric acid in an unknown sample (g.100 g-1 
fat). All calculations were done by a macro programmed 
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Figure 1 
Gas chromatogram of fatty acid methyl esters derived from milk fat 
with valeric acid methyl ester as an internal standard (25 m CP-Wax 
58 CB, resolution reduced in the later part). 

in Excel 5.0 TM that only required the input of the inte- 
grated areas and the quantity of fat weighed out. Milk 
fat percentages (x) were calculated from the analysed 
C4 contents in the pure milk fat (a) and in the mixed fat 
(b) using the equation x -- b/a • 100. In additional calcu- 
lations (a) was replaced by an average C4 content previ- 
ously determined for milk fats [8]. 

Results and Discussion 

The present study was performed to determine the pre- 
cision of milk fat quantitation in mixtures by analysis of 
butyric acid using an improved analytical method [9]. 
To that end a base milk fat was blended with different 
proportions of 7 vegetable and animal fats. Subse- 
quently, the butyric acid (C4) contents were quantitated 
in g.100 g-1 fat by GC analysis of the butyric acid methyl 
ester using an internal standard. Thus, quantitation us- 
ing the optimized method [9] was checked over a wide 
range of milk fat proportions and of non-milk fats for 
the first time. Figure 1 shows a chromatogram of the 
base milk fat. 

The calculation of milk fat contents in each mixture was 
based on its C4 content relative to the actual C4 content 
of the pure base milk fat. Milk fat contents were also cal- 
culated using a mean C4 content of 3.42 g.100 g-1 fat for 
pure milk fats instead of analysing the reference sample. 
This mean value has recently been determined for 
European milk fats in a representative way considering 
most different fat compositions [8]. To minimize varia- 
tions due to the analytical instrument when using the 
reference sample for calculation, the C4 content of the 
base milk fat was reanalysed every second day. The cor- 
responding value was used to calculate the milk fat con- 
tent in the subsequent samples. 

Table I shows the results of milk fat quantitation in mix- 
tures with beef tallow, lard, soybean oil, olive oil, sun- 
flower oil, palm kernel oil and palm oil using the compo- 
sition of the reference milk fat in the calculation. De- 
spite some variations in the precision, no systematic dif- 
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Table I. Contents of milk fat in mixed fat samples calculated using a reference sample of the base milk fat [% ] (MV: mean value; r: repeatability, 
r = 2.83- standard deviation). 

Actual Content calculated from mixture of milk fat with MV 
content 

Beef tallow Lard Soybean oil Olive oil Sunflower oil Palm kernel oil Palm oil 

1 0.99 1.01 0.96 0.98 1.00 1.03 0.95 0.99 0.08 
2 1.98 2.02 2.11 2.02 2.03 1.98 1.96 2.01 0.14 
3 2.94 3.06 2.98 2.99 3.03 3.03 2.92 2.99 0.14 
4 3.96 4.01 3.99 4.06 4.08 4.09 4.01 4.03 0.14 
5 4.98 4.96 4.98 5.04 5.00 5.07 4.99 5.00 0.11 
8 8.06 8.02 8.10 8.06 8.05 7.99 8.02 8.04 0.10 

10 10.01 10.13 9.90 10.05 9.99 10.08 9.99 10.02 0.21 
15 14.99 15.12 14.93 15.09 14.96 15.12 15.12 15.05 0.24 
20 20.14 20.49 20.49 20.07 20.21 20.14 20.09 20.23 0.51 
30 30.19 30.87 30.35 30.26 30.23 30.48 30.14 30.36 0.71 
40 40.06 40.69 40.23 39.97 40.15 40.22 40.52 40.26 0.72 
50 50.01 50.89 50.43 50.19 50.22 50.11 50.68 50.36 0.91 
60 60.20 60.92 60.48 60.13 60.31 60.55 59.99 60.37 0.88 
70 69.67 70.04 70.31 69.85 70.90 70.21 70.49 70.21 1.16 
80 79.83 80.36 80.03 80.05 80.89 80.41 79.99 80.22 1.02 
90 89.27 90.41 89.48 90.00 89.57 90.32 89.07 89.73 1.47 

Table II. Contents of milk fat in mixed fat samples determined assuming a mean butyric acid content for the base milk fat [ % ] (MV: mean value; 
r: repeatability, r = 2.83. standard deviation). 

Actual Content calculated from mixture of milk fat with MV 
content 

Beef tallow Lard Soybean oil Olive oil Sunflower oil Palm kernel oil Palm oil 

1 1,02 1.02 1,02 0.99 1.05 1.08 0.99 1.02 0.09 
2 2.05 2.05 2.25 2.05 2.13 2.08 2.05 2.09 0.21 
3 3.04 3.10 3.19 3.04 3.19 3.19 3.04 3.11 0.21 
4 4.09 4.06 4.27 4.12 4.30 4.30 4.18 4.19 0.29 
5 5.15 5.03 5.32 5.12 5.26 5.32 5.20 5.20 0.31 
8 8.19 8.13 8.65 8.19 8.48 8.39 8.36 8.34 0.53 

10 10.18 10.26 10.58 10.20 10.53 10.58 10.41 10.39 0.50 
15 15.23 15.32 15.96 15.32 15.76 15.88 15.58 15.58 0.84 
20 20.47 20.44 21.93 20.38 21.49 21.35 20.70 20.97 1.75 
30 30.67 30.79 32.49 30.73 32.13 32.31 31.05 31.45 2.31 
40 40.70 40.58 43.07 40.58 42.69 42.63 41.75 41.71 3.11 
50 50.82 50.76 54.74 50.91 53.39 54.39 52.22 52.46 4.88 
60 61.17 60.76 64.74 60.99 64.12 64.18 61.81 62.54 4.90 
70 70.79 69.85 75.26 70.85 75.38 74.42 72.63 72.74 6.52 
80 81.11 80.15 85.67 81.20 85.99 85.23 82.43 83.11 6.95 
90 90.70 90.18 95.79 91.29 97.22 95.73 91.78 93.24 8.19 

ferences  were found  b e t w e e n  the d i f ferent  k inds  of fat. 
The  m e a n  absolu te  devia t ions  b e t w e e n  the d e t e r m i n e d  

and  the actual  mi lk  fat conten ts  are p lo t ted  in F igure  2. 
S tar t ing  f rom small  milk fat con ten t s  the m e a n  dev ia t ion  
increased  at first, while above  30 % milk fat it r e m a i n e d  
near ly  cons tan t  no t  exceeding 0.5 % (black spots).  A 
similar  plot  showed the max imal  absolu te  dev ia t ion  
found  in these studies with values  be low 1 %  (black tri- 

angles).  The  overal l  m e a n  absolu te  dev ia t ion  was 
0.04 % for mi lk  fat conten ts  of 1 to 10 % and  0.28 % for 
milk fat con ten t s  of 10 to 90 %. In  add i t ion  the graph 

shows the course of the m e a n  relat ive dev ia t ion  that,  as 
expected,  decreased  with increas ing milk fat con ten t  
(white spots).  

Us ing  the m e a n  C4 value  [8] ins tead  of the C4 con t en t  of 
the actual  mi lk  fat sample  for ca lcula t ion  resul ted  in the 

data  in Tab le  II. The  devia t ions  f rom the actual  mi lk  fat 
con ten t  are higher  than  in Tab le  I. This  is par t ly  a t t r ib-  
u tab le  to the fact that  var ia t ions  due  to the analyt ical  in- 
s t r u m e n t  could no t  be r educed  by reanalysis  of the real 
mi lk  fat sample  as descr ibed  above,  bu t  the grea ter  de- 
via t ions  are caused by an  average C4 c on t e n t  of the base 
milk fat of 3.56 g.100 g-1 fat ra ther  than  the a s sumed  
value  of 3.42 g.100 g-1 fat. The  max imal  dev ia t ion  at t r ib-  

u tab le  to the  na tu ra l  va r ia t ion  of C4 con ten t s  of 
3.07-3.75 g.100 g-1 fat [8] a m o u n t s  to ca. _+ 0.34 g.100 g-1 

fat. The  theore t ica l ly  resul t ing m a x i m u m  devia t ion  in 
the milk fat q u a n t i t a t i o n  (99 % conf idence  level)  is illus- 
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Figure 2 
Deviations between actual and determined milk fat contents in 
mixed fats using a reference sample of the base milk fat: �9 = maxi- 
mal absolute deviation; �9 = mean absolute deviation (n = 7); �9 = 
mean relative deviation (n = 7). 
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Figure 3 
Deviations between actual and determined milk fat contents in 
mixed fats assuming a mean butyric acid (C4) content for the base 
milk fat: �9 = maximal absolute theoretical deviation due to C4 
variation; �9 = maximal absolute experimental deviation; �9 = 
mean absolute experimental deviation (n = 7). 

t rated in Figure 3 (black dots). This line is equivalent to 
a maximal  relative deviation of ca. 9 %. In practice there 
is an additional instrumental  and experimental  error. In 
the present  study an almost  linear increase of the mean  
absolute exper imental  deviation f rom 0.02 % up to ca. 
3 % was found with increasing milk fat content  (Fig- 
ure 3, black triangles). Due  to the variations f rom the 
analytical instrument  the maximal  experimental  devia- 
tion rose to ca. 7 % (black squares). However ,  the over- 
all mean  absolute deviation in the range of 1 to 10 % 
milk fat was only 0.19 % and for milk fat contents of 10 
to 90 % this mean  deviation amounted  to 1.92 %. 

As the precision of milk fat quanti tat ion without a refer- 
ence sample depends on the actual C4 content of the 
base milk fat, the precision figures presented here could 
be  worse if a milk fat with a more  ext reme C4 content  
were used. However ,  without knowledge of the actual 
C4 content  the exact range of error  cannot  be calcu- 
lated. Only the maximal  relative error  of ca. 9 % shown 
in Figure 3 can be considered which may in some cases 
still be exceeded due to analytical errors. A reduction of 
the analytical variations, which occur despite checks 
made weekly on the calibration curve can, however,  be  
achieved by daily determinat ion of a correction factor 
using a reference material  as e.g. C R M  164 [13]. 

It  should be emphasized that the two sources of error  
described above do not occur in the rather  precise milk 
fat quanti tat ion applying as reference a sample of the 
base milk fat used in the blends. 

Quant i ta t ion of small contents of milk fat in cocoa 
but ter  or chocolate fat using C4 (g.100 g-1 fatty acids) 
without a milk fat reference sample have been per- 
formed earlier [6, 7]. The resulting mean  absolute devia- 

tions of 0.38 % (4-8 % milk fat) and 0.64 % (4-12 % 
milk fat), respectively, were slightly higher than those 
calculated f rom the present  study. 

For  mixed fats with a high milk fat content,  i.e. milk fats 
with admixtures of  up to 15 % foreign fat, the analysis of 
triglycerides in conjunction with triglyceride formulae  
gives quite good results considering that no reference 
sample was used. Admixtures  of different foreign fats 
(3-15 %) or combinations of foreign fats (4-7 %) could 
be quanti tated with mean  absolute deviations of 0.7 to 

0.8 % [1]. Thus, in the range of milk fat contents ___ 85 % 
the triglyceride method  is superior to the C4 method  
without the use of a reference sample. 

Studies on the quanti tat ion of milk fat in mixed fats 
based on the fatty acid analysis of both  the mixed fat 
and the pure  components  (component  samples) have 
been per formed by Muuse and Martens earlier [14]. A 
ring trial with 16 participating laboratories led to re- 
peatabilit ies of r -- 4.3 to 5.2 % with mixtures containing 
41-63 % milk fat when exclusively using butyric acid for 
the calculation of the milk fat content. In the present  
study, determinat ions within this concentrat ion range 
showed repeatabili t ies of r = 0.7 to 0.9 % (Table I). Us- 
ing several fatty acids simultaneously for the milk fat 
quantitation, Muuse and Martens [14] found repeat-  
abilities of r = 2.0 to 5.4 %. However ,  this requires the 
analysis of three fats, i.e. besides the mixed fat a sample 
of the milk fat and of the non-milk fat have to be avail- 
able. As can be seen f rom Table  II,  repeatabili t ies of r = 
3.1-4.9 % (range 40-60 % milk fat) can be achieved 
without any reference sample (only using a mean  C4 
value) with the method  used in the present  study. 
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Besides minor statistical effects due to the different 
study design that possibly might impair a direct com- 
parison of repeatabilities (r), the higher precision of the 
procedure presented here, using a reference sample, 
may be due to the analytical method. The participants in 
the above-mentioned ring trial [14] determined the total 
fatty acid composition (g.100 g-1 fatty acids) which in- 
volves greater analytical variations, in particular con- 
cerning butyric acid. The results of the present study are 
based on the exclusive analysis of butyric acid (g.100 g-1 
fat) using an internal standard. Carried out in this way 
the butyric acid determination exhibits an excellent re- 
peatability of r = 0.04 % (determined on a pure milk fat 
with n = 10; relative standard deviation of repeated 
measurements  RSD = 0.44 %) [9] that has a direct effect 
on the milk fat quantitation. As the separation and cal- 
culation of medium- and long chai n fatty acids is not re- 
quired, the increase in the GC temperature  program en- 
ables some time to be saved (total duration ca. 30 min, 
cp. Figure 1). 

Conclusions 

The analysis of butyric acid (C4, in g.100 g-1 fat) in a 
mixed fat and its underlying milk fat using a recently im- 
proved method allows the quantitation of milk fat with 
mean absolute deviations below 0.5 % and maximum 
errors below 1.0 % at any milk fat content within the en- 
tire range of 1 to 90 %. The use of a mean value instead 
of the actual C4 content of the milk fat involved as a rule 
leads to higher deviations caused by the natural varia- 
tion of the C4 content in milk fats. Performing analyses 
of the mixed fat and the resPective reference milk fat 
avoids this problem and enables precise determinations 
of milk fat in mixed fats to be made. The achievable pre- 

cision appears to be higher than in former  investiga- 
tions. 
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