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a b s t r a c t

The fat content of milk is an important indication of quality, both economically and physiologically. Exist-
ing analytical methods of milk fat are based on physical determination, i.e. gravimetric determination or
near infrared spectroscopy (IR). Triacylglycerols (TAG) constitute up to 98% of total fat in milk. The pres-
ent study describes a new method for determination of triacylglycerols in milk. The present method is a
chemical, i.e. enzymatic–fluorometric assessment of glycerol, the content of TAG is consequently given in
mol per litre. The method demonstrates a good accuracy and precision and the correlation with standard
IR methods shows a fine association between the different assessment methods (n = 228; r = 0.905). Fatty
acid profiles of sixty individual milk samples indicate that parameters co-linearly connected to specific
fatty acids may explain a considerable amount of the variation between the methods. Furthermore, dis-
crepancies between the present method and the established IR method may partly be due to the fact that
IR spectroscopy is calibrated individually against gravimetric methods not taking fatty acid profiles and
thereby molar weight of TAG into account.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The lipid content of cow’s milk varies with such factors as diet,
breed, stage of lactation, number of lactations and season of the
year. In general, however, the fat content lies within 30–120 g l�1

(Davies, Holt, & Christie, 1983). The main lipid class (up to 98%)
consists of triacylglycerols (TAG), one glycerol molecule covalently
connected to three fatty acids, and this is accompanied by small
amounts of diacylglycerols and monoacylglycerols, cholesterol,
non-esterified fatty acids and phospholipids. In addition to the
main lipid classes, small amounts of hydrocarbons, carotenoids,
sterols, a-tocopherol and various glycerol ethers have been found
in milk (Christie, 1994; Kuzdzal-Savoie, Kuzdral, Langlois, & Trehin,
1973).

Some 95% or more of the total lipids in milk are present in the
milk fat globule fraction, and 95% or more of the lipids in the glob-
ule are TAG. Lipids in the milk serum are present primarily in a het-
erogeneous fraction of membranes and fractions hereof;
phospholipids and TAG comprise most of the lipids in milk serum
(MacGibbon & Taylor, 2006).

Milk fat globules range from 0.2 to 15 lm in diameter, with a vol-
ume-weighted diameter of about 4 lm (Walstra, 1995). Natural
milk fat globules are surrounded by a complex, biological
membrane, the milk fat globule membrane (MFGM). The native

MFGM consists of a complex mixture of proteins, phospholipids, gly-
coproteins, triacylglycerols, cholesterol, enzymes and other minor
components (Mather, 2000; McPherson & Kitchen, 1983; Patton &
Keenan, 1975). The structure of the MFGM is multilayered, where
polar molecules on the outer surface provide the water solubility
and hence prevent aggregation and coalescence of milk fat (Dan-
thine, Blecker, Paquot, Innocente, & Deroanne, 2000; Evers, 2004; Lo-
pez, Madec, & Jimenez-Flores, 2010; Rombaut & Dewettinck, 2006).

Cow’s milk lipids in particular contain a much wider range of
fatty acids than has been reported for the lipids from any other tis-
sue (Davies et al., 1983), Patton and Jensen (1974) list 437 different
fatty acids, characterised from cow’s milk. The known acids include
all the normal saturated components from C2 to C28, branch-chain
acids from C11 to C26, cis- and trans monoenoic and polyenoic acids
and various isomers of these, and keto and hydroxyl fatty acids.
However, the quantitative majority of fat is made up by only 12–
15 fatty acids incorporated in TAG. The frequency of common fatty
acids (C4 to C18) incorporated in cow’s milk is variable due to stage
of lactation and diet. Numerous studies have demonstrated that
cow ration may influence the mammary cell synthesis of fatty
acids (de novo synthesis of short and medium length chains) versus
the fatty acids mobilised from the peripheral adipose tissues
(medium to long chain acids). However, in broad terms, on a
weight percentage basis, C14:0, C16:0, C18:0, and C18:1 fatty acids
constitute in the vicinity of 80% of the milk fat, whilst e.g. C4 (bu-
tyric acid) only accounts for approximately 3–4%. Conversely, on a
molar basis, the short chain fatty acids make up a considerable
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number of molecules incorporated in milk fat due to their lower
molecular weight, i.e. C4 to C10 represent 22% of fatty acids (Parodi,
1982). The final composition of the individual acids in the TAG
molecule will determine the molar weight of the molecule. Theo-
retically, single TAG in the milk will exist, having molar weights
between 400 and 1000 Da, however, the molar weight of compos-
ite milk often ranges between 680 and 800.

The positional distribution of fatty acids on the glycerol mole-
cule seem to vary, often depending upon the specific acid. Butyric
acid and hexanoic acid seems preferentially to be linked to the sn-3
position whilst C16:0 (palmitate) preferentially is linked to sn-1 and
sn-2 (Christie & Clapperton, 1983; Parodi, 1982). The specific dis-
tribution of fatty acids in the triacyl molecule may very well be
of importance in the enzymatic lipolysis.

The fat content of milk is an important indication of quality, both
economically and physiologically. In the dairy industry, the milk fat
is most often determined using rapid mid-infra-red methods, i.e.
spectrometric methods (IDF, 2000). These methods, however, regu-
larly have to be calibrated against reference methods, which is
more labour intensive and costly. Several methods have been devel-
oped, where the essential step is the extraction of milk fat with non-
polar solvents and subsequent gravimetric determination of fat.
Here, the Röse-Gottlieb method has most likely obtained the great-
est attention (IDF, 1996). The ‘‘Gerber Method”, or Acid-Butyromet-
ric method (Gerber, 1891) is one of the traditionally used methods,
because it is simple, inexpensive and suitable for a relatively high
number of samples per day. Nevertheless, the determination cannot
be automated, involves strong acids, and requires relatively experi-
enced technicians. Numerous other methods have been suggested
to measure the milk fat content or to harmonise, automate or sim-
plify the reference methods to the quick methods used in the dairy
business. Common to all fat determinations is that they are based
on physical methods and they intend to determine the total fat con-
tent rather than the TAG content although the TAG constitutes
more than 97% of total milk fat.

The present paper describes a chemical method for determina-
tion of TAG in milk or other non-transparent matrices. The access
to the milk TAG, mainly within the MFGM, is mediated by moderate
heat treatment, detergents and the addition of phospholipase C (EC
3.1.4.3). TAG molecules are hydrolysed by lipoprotein lipase (EC
3.1.1.34) and lipase (EC 3.1.1.3) to free fatty acids and glycerol.
The glycerol unit is subsequently oxidised by glycerol dehydroge-
nase (EC 1.1.1.6) to dihydroxy acetone, and the cofactor NAD+ is con-
comitantly reduced to NADH + H+. NADH + H+ equivalently reduces
the non-fluorescent resazurin to resorufin mediated by the enzyme
diaphorase (EC 1.6.99._). The developed resorufin is terminally esti-
mated by its fluorescense compared with a standard curve. The
present TAG analysis determines the molar concentration of TAG.

2. Materials and methods

2.1. Milk samples

Milk samples were collected at random from daily milking on
the local research farm which was housing both Danish Fresian-
Holstein and Jersey breeds. Fresh milk was brought to the labora-
tory every morning. Milk samples were heated in a water bath at
75 �C for 10 min before analyses.

2.2. Reagents

Diluent: A 0.2% Triton X-100 solution containing 12 mM bile
acids (FLUKA 48305).

Reagent 1: lipoprotein lipase (EC 3.1.1.34; Toyobo Enzymes); li-
pase (EC 3.1.1.3; FLUKA 62285); phospholipase C (EC 3.1.4.3; Sig-

ma P7633) in Pipes buffer, pH 7.40, 60 mM. The enzyme
activities were 9.5; 6.1; and 0.23 U/ml, respectively.

Reagent 2: Na,K-carbonate buffer, 100 mM, pH 10.3 with glyc-
erol dehydrogenase (EC 1.1.1.6; Toyobo Enzymes), 10.4 U/ml;
(NH4)2SO4, 28 mM; b-NAD+ (MW 717.5), 6.3 mM.

Reagent 3: phosphate buffer, 100 mM, pH 7.4 containing resa-
zurin (Sigma R-2127) 2.55 mM; and diaphorase enzyme (EC
1.6.99._, Toyoba Enzymes) 9 U/ml.

2.3. Analytical procedure

Dosage and dilution of sample and addition of reagents were
performed in a robotic system (Biomek� 2000; Beckman Coulter).

(a) Milk samples (standards and control samples) distributed in
a 96-well micro plate, were initially diluted 1 + 9 with dilu-
ent.
Fifty micro litre reagent 1 was pipetted into the wells; thirty
micro litre (diluted) milk was pipetted on top.
The plate was sealed/closed with a lid and incubated for
50 min at 40 �C (incubation 1).

(b) Eighty micro litre reagent 2 was added to the wells, the plate
was incubated for another 20 min at 40 �C (incubation 2).

(c) One hundred and twenty micro litre reagent 3 was added to
the wells, the plate was incubated further for 50 min at 40 �C
(incubation 3).

(d) The reaction was measured as development of fluorescence
(emission at 590 nm) after excitation at 544 nm light com-
pared with a standard curve on the same plate.

2.4. Chronological chemistry of the analysis

2.4.1. Step a. (enzymatic degradation of phospholipids and TAG)
Diluted milk (30 ll) sample was mixed with 50 ll enzyme solu-

tion (1), containing lipoprotein lipase, lipase and phospholipase C
in PIPES buffer, pH 7.4. pH 7.4 in the medium is an acceptable com-
promise for the optimal conditions of the three enzymes. Incuba-
tion at 40 �C is correspondingly an effective temperature, not
challenging the temperature stability of the enzymes. The phos-
pholipase C is expected to hydrolyse phospholipids (in the milk
fat globule membrane and in milk serum) on the glycerol side of
the P-lipid, thereby producing diacylglycerols and free ‘‘P-side
chains”. The lipoprotein lipase and the lipase enzymes are further
expected to liberate the fatty acids from the glycerol backbone of
TAG and diacylglycerols (hydrolyse TAG). The products are free
glycerol and free fatty acids.

2.4.2. Step b. (enzymatic oxidation of glycerol and development of
NADH + H+)

Eighty micro litre of reagent 2 was pipetted on top of the ‘‘up till
now” reaction medium. The glycerol dehydrogenase enzyme in the
reagent has a pH optimum between 9 and 11. The 100 mM carbon-
ate buffer, pH 10.3, following the enzyme will force pH in the alka-
line direction (calculated to pH 9.7). The oxidative degradation is
stimulated by NH4

+ and K+ which are provided by the K-phosphate
and carbonate buffers used and ammonium sulphate in reagent 2
(both approximately 25 mM in the reaction medium). NAD+ is con-
comitantly reduced to NADH + H+ when glycerol is oxidised to
dihydroxyacetone.

2.4.3. Step c. (reduction of resazurin to resorufin by NADH + H+ and
diaphorase)

The addition of 120 ll of reagent 3 brings pH down to approx-
imately 8.0 to 8.2 which is more in accordance with the optimum
of the used diaphorase enzyme. Diaphorase mediates the reduction
of resazurin to resorufin via NADH + H+ whereby NAD+ is regener-
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ated. Resazurin is only very marginally fluorescent whilst resorufin
is highly fluorescent. The amount of resorufin produced in the pro-
cess was measured by fluorometry (emission at 590 nm) after exci-
tation at 544 nm light and compared with a standard curve. The
fluorometric measurement was ‘‘gained” on the highest standard
(12.6 mM), meaning that the measurement of emission was cali-
brated on this light intensity.

2.5. Standards

Fresh, raw milk was centrifuged at 1000g at 4 �C for 10 min.
Milk fat was aspirated from the milk. Centrifugation and aspiration
of fat was repeated, this time at 1200g. The fat free milk was heat
treated at 75 �C for 30 min. After cooling, Bronopol� (2-bromo-2-
nitropropan-1,3 diol) was added to a final concentration of
200 mg/l.

Standards were based on glycerol and fat free milk. A 14 mM
glycerol stock solution was prepared in the diluent, and further di-
luted with diluent to standards of 0, 0.35, 2.8, 4.2, 5.6, 7.0, 9.8, and
12.6 mM. The fat free milk content was constant, i.e. 10% of the
standards, right as milk made up 10% of the sample, due to dilution
with water.

Every 96-well micro plate used for milk samples contained
2 � 8 standards as well.

2.6. Validation of assay

Linearity of the assay was determined by mixing milk samples
with a relatively low fat content together with milk samples with
a relatively high fat content.

The precision of the assay was estimated by five separate series
each at one week-intervals. Each series consisted of two
(plates) � 24 milk samples that were analysed in three replicates
on two subsequent days (i.e. each series numbered 288 single
analyses).

Accuracy of the assay was assessed on 230 randomly chosen
milk samples collected directly from our dairy barns, and analysed
over five different days. The milking system is robotic, where
recordings are automatically connected to the milk ID. The samples
were analysed according to the present method and by the near IR
technology (MilkoScan 4000, Foss Electric A/S, Hillerød, Denmark).

Sixty samples were selected equally amongst the two breeds
and the 230 samples, i.e. 2 � 10 samples with low, 2 � 10 with
middle and 2 � 10 with high values of the residuals from the
regression TAG, mM vs. fat percentage including breed (see below).
The samples were analysed for individual fatty acids after hydroly-
sis and the molar weight of the average TAG was calculated.

Analysis of fatty acids: Cream was separated from skim milk
after centrifugation at 1700g at 4 �C for 15 min. The cream was
centrifuged at 13,000g at 20 �C for 10 min, followed by heating at
60 �C for 10 min and centrifugation at 13,000g at 20 �C for
10 min, (Feng, Lock, & Garnsworthy, 2004; Murphy, Mcneill, Con-
nolly, & Gleeson, 1990). Fatty acid methyl esters were prepared
by mixing 10 mg of milk fat with 1 ml pentane and 10 ll 2.5 M so-
dium methylate in methanol. Samples were mixed on a whirl mix-
er for 1 min and centrifuged, and the pentane supernatant was
used for gas chromatography (GC) analysis (Badings & C. Dejong,
1983). Samples were analysed with and without the addition of
tridecanoin as internal standard. Fatty acids (FA) were identified,
and content as g/100 g FA was calculated based on the use of exter-
nal standards.

Gas chromatographic conditions: HP6890 GC-system (Hewlett
Packard Co., Palo Alto, CA, USA) with a flame-ionisation detector
and a Supelco SI 2560 column (100 m � 0.25 mm � 0.20 lm, Supe-
lco, Bellafonte, PA, USA). The inlet temperature was 275 �C with a
split ratio of 40:1, and the carrier gas helium with a constant flow

of 1.5 ml min�1. The starting temperature of 140 �C was held for
5 min and increased by 4 �C per minute to an end temperature of
240 �C. The detector temperature was 300 �C.

Calculation of average molar weight: The molar content of each
FA was calculated by dividing the content as g/100 g FA by the mo-
lar weight of the corresponding FA TAG. The sum of these values
was the total molar content of TAG per 100 g and the average mo-
lar weight was the reciprocal value multiplied by 100.

3. Results

Table 1 summarises the results of the linearity experiment. The
assay showed good linearity, the measured fat content of mixed
samples revealed slightly higher levels than calculated, on average
mixtures measured were 6–9% higher than calculated.

The results of the precision determination, i.e. descriptive
statistics, intra plate precision and inter day precision are given
in Table 2. The chosen milk samples demonstrated a wide range
of fat content, i.e. from 27 mM to 109 mM with a median value
of 53 mM. The intra plate precision was on average a little below
5% (CV) and the between day precision on average a little above 5%.

Table 3 shows the descriptive statistics of the 230 milk samples,
where 173 samples originated from Friesian-Holstein cattle and 57
samples from Danish Jersey. Further, 166 samples were from 1st
parity cows, 46 samples from 2nd parity cows, 14 samples from
3rd parity cows and 4 samples from 4th parity cows. The single
regression TAG, mM vs. fat percentage (measured by IR spectrom-
etry) explained 82% (R2) of the variation in the material (Fig. 1).
Including breed (and the interaction breed � fat percentage) in-
creased the R2 of the model to 85.3%. Adding in days from calving
did not improve the model further. Of the other constituents mea-
sured, milk yield and protein content were those that most im-
proved the model although the increase in R2 was only from 85.3
to 86.6% and they did not account for the breed effect.

The calculated molar weight of the triglyceride-fat amongst the
sixty samples selected for FA determination (MW mean 711.6,
range 687–743) was not a significant explanatory variable in the
regression of TAG, mM on fat percentage, breed and the interaction
between these. The FA profile of the sixty milk samples was used as
a basis for a grouping of FA (fractional amount). C4 to C10, C11 to C15,

C16 to C18, and C20 to C24 acids were grouped and tested as predic-
tors of the variation in the residuals from the TAG vs. fat percent-
age regression together with or without molar weight included.
These groups did not account for any variation at all. The effects
of relative distribution of the individual FA on the residuals be-
tween fat percentage and molar content of TAG, were then inves-
tigated. None of the individual FA convincingly explained the
residual variation between the two determinations. However, a
regression model containing five FA (C18, C18:3N6, C21, C22:1N9, and
C20:5N3) explained 50.1% of the variation in the residuals
(R2 = 50.1%). Principal component analysis (PCA) confirmed this
influence of individual FA. In a PCA including all individual FA,
the proportion of the variation accounted for by the first 4 principal
components was 59%.

4. Discussion

The aim of this study was to develop a chemical method for
quantification of milk TAG. It can be seen by the strong correlation
with milk fat measured by IR spectrometry that this aim was
achieved. The present method for quantification of milk TAG is,
to our knowledge, the only chemical method described. Fat in milk
is a delicate object for chemical determination for at least two rea-
sons: the fat is protected in a chemically resistant and very hydro-
phobic compartment, i.e. the milk fat globules are protected by the
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MFGM and, secondly, milk is extremely difficult to distribute in
smaller quantities in a representative way, milk tends to fraction-
ate easily to a fat fraction and a water phase, just as milk fat and
protein adhere to surfaces of various materials.

Milk fat is fairly well protected against chemical and physical
aggression. Freshly drawn milk contains only small amounts of free

FA, i.e. lipolysis is not advanced. Further, if the milking and storage
procedures are appropriate, the milk can be kept for several days
with little further development of free FA. It is well recognised, that
natural milk contains indigenous lipases (or lipoprotein lipase)
that under optimal conditions would be able to hydrolyse the in-
nate content of TAG in hours. The majority of lipoprotein lipase
activity seems to be associated with casein micelles in the milk ser-
um (Hohe, Diminck, & Kilara, 1985). The non-occurrence of sponta-
neous lipolysis has been ascribed to at least two factors: natural
inhibition of the native lipoprotein lipase and physical constraints
due to the MFGM. The inhibition of lipoprotein lipase may further
be affected by indigenous components in the skim milk fraction or
attached to proteins of the MFGM (Deeth & Fitz-Gerald, 1975;
Sundheim & Bengtsson-Olivecrona., 1987). Inhibition of lipopro-
tein lipase may also be accomplished by free FA (end product inhi-
bition) or even by blockage of enzymes involved in the process of
reforming TAG (Olivecrona & Bengtsson- Olivecrona, 1991). The
MFGM is generally considered to be an effective protection against
enzymatic action, mainly oxidation and lipolysis by lipoprotein
lipases (Deeth & Fitz-Gerald, 1995; Olivecrona & Bengtsson-Olivec-
rona, 1991; Walstra & Jenness, 1984) as long as it is not disrupted
by extreme temperatures, mechanical stress or strong chemical
agents.

The vast majority of TAG is situated in the internal part of glob-
ules which are enveloped by the MFGM the latter being resistant
to lipoprotein lipases and lipases. Some sort of disruption of the
MFGM is necessary if a chemical determination of TAG is in-
tended. Various forms of physical stress, e.g. pumping, agitation
and homogenisation, and termal treatment, like freezing, refriger-
ation, and heating have been shown to damage the membrane to
varying extent. Heat treatment, especially, leads to significant
compositional changes in the MFGM, i.e. loss of original mem-
brane components, such as TAG, phospholipids, lipoproteins and
proteins (Houlihan, Goddard, Kitchen, & Masters, 1992; Houlihan,
Goddard, Nottingham, Kitchen, & Masters, 1992) because the fat
globules coalesce and the surface is reduced. In addition, a well
known effect of heating is that milk serum proteins will interact
with the MFGM (Kim & Jimenez-Flores, 1995; Lee & Sherbon,
2002).

Chemical disruption of the MFGM is another way to get access
to the TAG content of the globule. Most analyses of MFGM reveal

Table 1
Linearity. Two groups of each sixteen samples (I and II) were selected and analysed together with mixtures of the samples (1 + 1, between groups), all in three replicates.

Mesurements (mM)

Mean, I (range) Mean, II (range) Mean (a), mix (range) Theoretical mean (b), mix (range) Deviation, a/b (range)

Plate 1, n = 8 33.0 (21.9–40.2) 43.1 (24.7–53.9) 40.2 (27.5–47.3) 38.0 (26.8–45.3) 1.06 (1.02–1.14)
Plate 2, n = 8 37.6 (20.7–44.9) 55.3 (36.8–67.2) 50.9 (31.9–59.3) 46.5 (28.7–56.1) 1.09 (1.04–1.18)

Table 2
Intra plate and inter plate variation. Variation of determination was estimated on milk samples collected directly from the dairy barns (random sampling). Intra plate and inter
plate precision were assessed in five series each spaced by one week. Each series contained 2 (plates) � 24 milk samples � 3 replicates analysed on two consecutive days, i.e. in
total 240 different milk samples in 2 � 3 replicates (= 1440 analyses).

TAG content, mM Series 1 Series 2 Series 3 Series 4 Series 5

Minimum 32.1 30.3 30.2 37.2 27.7
0.10 Quantile 39.4 41.1 40.6 42.2 34.2
0.20 Quantile 43.0 45.0 43.4 44.5 38.3
0.50 Quantile 51.0 57.6 56.4 55.2 45.1
0.80 Quantile 61.2 87.0 70.6 76.2 53.5
0.90 Quantile 67.4 95.5 90.2 83.4 59.0
Maximum 93.7 117.8 108.6 101.8 70.7
Intra plate precision,

CV%; N = 96; n = 3 mean (median)
4.2 (3.5) 4.2 (3.6) 4.2 (3.6) 5.3 (4.7) 6.5 (6.0)

Between day precision,
CV% N = 144; n = 2 mean (median)

4.2 (3.7) 4.4 (3.7) 4.3 (3.3) 7.1 (4.4) 5.5 (4.5)

Table 3
Descriptive statistics of selected samples used for IR spectrometric fat analysis as well
as chemical TAG analyses.

Variable n Mean Median Minimum Maximum

DFC 230 170 149 2.8 502
Milk yield, kg 230 9.82 9.36 1.75 22.46
Cells � 1000 (ml�1) 228 123.3 55.0 7.0 4211
Protein (%) 228 3.59 3.52 2.74 5.20
Urea (mM) 228 4.08 4.04 1.26 6.25
Lactose (%) 228 4.95 4.96 4.55 5.34
Fat (%) 228 4.32 4.13 2.29 12.59
TAG (mM) 230 57.2 52.5 27.7 116.4

DFC = days from calving; TAG = triacylglycerols.

2 3 4 5 6 7 8
Fat (%)

20

40

60

80

100

120

TA
G

 (m
M

)

Fig. 1. Milk from Danish Jersey (�) and Friesian–Holstein (+) was sampled at
random on 5 days during 2 months. The enzymatic–fluorometric TAG analysis was
compared with the fat percentage measured by IR-spectrometry (fat percentage).
The regression equation was: TAG = 15.7 � fat percentage – 10.1 (R2 = 0.822;
r = 0.906; n = 228; p < 0.001).
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that it consists mainly of protein and lipids (approx. 90%). The TAG
content seems variable, presumably due to difficulties in separat-
ing from the core content; however, the phospholipid content
seems to be less variable, being about 26 to 31% of MFGM fat (Kee-
nan & Mather, 2006) and phospholipids furthermore seem to be an
essential matrix of other MFGM components (Lopez et al., 2010).
Several studies have described that milk fat is more exposed to
lipolysis by lipoprotein lipases and lipases when micro organisms
producing phospholipase C (EC 3.1.4.3) are present or isolated
phospholipase C is added to milk (reviewed by Deeth & Fitz-Gerald,
1995). The MFGM phospholipids are primarily phosphatidyl cho-
line, phosphatidyl ethanolamine, and sphingomyelin, all obvious
substrates for phospholipase C. Phospholipases apparently disrupt
the integrity of the MFGM and expose the membrane fat and the
core fat to degradation (Chrisope & Marshall, 1976). Lipases and
lipoprotein lipases obviously have different affinity for specific
TAG, presumably due to the composition of the TAG, i.e. specific
fatty acids (size, number of double or triple bonds) and the mutual
placing on the glycerol molecule. The present use of both a lipase
and a lipoprotein lipase was intended so as to counter this en-
zyme-substrate preference.

The regression of individual FA on the residuals between the
molar content of TAG and fat percentage revealed that FA do play
an important role in the deviation between methods. It is not likely
that especially C18:3N6, C21, C22:1N9, and C20:5N3 fatty acids are deci-
sive per se; together they constitute 0.09% of all fatty acids, but
these FA indicate the existence of important components co-line-
arily linked to the acids under consideration. This is not obvious
in the present material due to a limited number of samples and
analytical constraints.

The present chemical determination of TAG gives the quantity
on a molar basis (mM). We acknowledge that it is a bit surprising
that the molar weight of selected milk samples alone or with the
grouping of FA did not improve the regression between the two
methods of determination. However, the IR-spectrometric deter-
mination of fat (as any other determination) reports the result
in weight percentage because it is calibrated against gravimetric
determinations. Consequently, if the molar weight of a certain
fat is low, the number of moles will be higher than a similar
amount of fat where the molar weight is high. Jersey cows are
known to produce milk containing TAGs with lower molar weight,
because the fractional part of short-chain FA is higher, and the
fractional part of longer chain-length FA is lower than milk from
Friesian-Holstein (Beaulieu & Palmquist, 1995; Stull & Brown,
1964; White et al., 2001). A part of the disparity between IR-spec-
trometric and the present enzymatic-fluorometric measurement
may be founded on the fact that IR instruments are individually
calibrated against gravimetric methods (e.g. Röse Gottlieb, etc.)
not taking molar weight nor breed of the milk producing cows
into consideration.

The present chemical quantification of milk TAG will in no way
be an alternative to or competitive to the widely used IR technol-
ogy used in practical dairy business. The present method is evi-
dently a laboratory technique, more time and personnel
consuming, using sophisticated chemicals and gear not suitable
for exposure to practical farm conditions or large-scale, fast and
inexpensive analyses. On the other hand, using the outlined meth-
odology makes it possible to perform hundreds of analyses per day,
you only need very small quanta of milk, and the present method
gives additional information (the molar content) compared to
other methods. The present method may substitute for the Gerber
method or the Röse–Gottlieb method, usually used for calibration
of fast, commercial methods like the IR. Furthermore, the present
method, may find application in animal science (feeding, breeding,
and physiology) and dairy science where the additional informa-
tion is estimated.
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