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Abstract The skimming procedure is a common practice in
dairy industry, and skimmed products contain less fat, less
cholesterol and less fat-soluble vitamins than whole
products. The aim of this research is to verify if something
else happens during the skimming process to these
compounds in milk and dairy products. Experimental milk
and cream samples, ranging from 0.1 to 51.5 g fat/100 g,
have been studied for beta carotene, alfa-tocopherol and
cholesterol contents. The degree of antioxidant protection
(DAP), useful to estimate the potential oxidative stability of
fat in foods, has been calculated, combining these values.
The same analytical protocol has been also applied to
commercial products (fat content ranging from 0.1 to
85.0 g/100 g). As was expected, there is a good linear
correlation between these compounds and fat content in
experimental and in commercial samples; nevertheless, the
composition of milk fat changes differently. During
skimming process, in the residual fat matter, cholesterol
concentration increases while antioxidant compound con-
centration decreases or remains unchanged. Moreover, in
experimental and in commercial milk and dairy, the DAP
values show that the residual cholesterol is more suscepti-
ble to oxidation in skimmed than in whole products. This
aspect is particularly important from a safety point of view:
actually, cholesterol oxide ingestion can be harmful and
should be avoided even in a small amount.
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Introduction

Milk is a very complex system that can be described as
an oil-in-water emulsion where fat globules are dispersed
in a continuous phase. The fat content of milk is
particularly important from both an economic and a
dietetic point of view. The main constituents of milk fat
are triglycerides (98%) comprising mainly of saturated
fatty acids and other lipids including phospholipids and
cholesterol. The peculiarity of milk fat is its rearrange-
ment in the shape of globules that can be characterised
in terms of size (from 0.1 to 10 μm or more, average 3–
4 μm), number (around 15×109 globules/1 ml of milk)
and their surface areas (an average 2 m2 of total area for
each gram of milk fat or 80 m2 for each liter of milk)
(Burgess 2001; Jensen 2002). The globules contain nonpo-
lar or core lipids such as triacylglycerol, cholesteryl esters
and retinol esters. They are coated with a milk lipid globule
membrane (MLGM).

According to Jensen (2002) cholesterol, the major sterol,
is located mostly in the MLGM, but its localisation is still
debatable (Cerutti et al. 1993; Evers 2004). Among the fat
soluble vitamins, alfa-tocopherol is almost equally dis-
persed between the globule core and MLGM (Jensen and
Nielsen 1996).

Milk fat has a great economic value, since the late 19th
century, the farmer have kept value from cream using
mechanical separators. Nowadays, besides the cream and
butter, skimmed products are sources of income due to dietetic
reasons.

The skimming process is a common and quite simple
practice in dairy industry, and obviously, the resulting
products contain less fat and cholesterol but also some other
lipidic compounds (such as vitamins) can be affected by
skimming processes.
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According to Bonsembiante et al. (2000), in cow milk,
the globules are 13.3% the smallest (diameter size <2 µm),
78.7% the medium (with diameter ranging from 2 to 5 µm)
and 8.0% the largest (>10 µm).

The skimming process mainly induces a depletion of the
largest fat globules cholesterol-poor (Cerutti et al. 1993),
and the remaining smallest globules are cholesterol-rich,
while the correlation between the antioxidant compounds
and the skimming process is not so clear.

The aim of this research is to verify the effects of
skimming process on the antioxidant equilibrium. Experi-
mental and commercial milk and dairy products (fermented
milk, cheeses, creams and butter) with a different skimming
degree have been studied for the two antioxidant com-
pounds of the unsaponifiable fraction (beta carotene and
alfa-tocopherol) and cholesterol. The evaluation of the
antioxidant protection in these dairy samples has been
studied with a parameter, the degree of antioxidant
protection (DAP) (Esti et al. 2004; Pizzoferrato et al.
2007). This parameter, expressed as the molar ratio of
antioxidant compounds to cholesterol (considering this
molecule the oxidation target) is useful to estimate the
potential oxidative stability of fat in foods.

Materials

Experimental Dairy Products

The experimental dairy products at different fat levels have
been prepared in an industrial plant from the same batch of
cow milk (Table 1).

Commercialised Dairy Products

A sampling of industrially preparedmilk and dairy products has
been carried out, collecting 166 samples coming from different
local grocery stores or supermarkets in Italy according to
Table 1. The ranges of values for fat (IDF method 1986) and
unsaponifiable compounds (cholesterol, alfa-tocopherol and
beta carotene) are also reported in Table 1 for experimental
and commercial samples. The showed values have been
utilised to demonstrate the hypothesis of this research.

All dairy products have been sampled and grated accord-
ing to the FIL IDF procedures and analysed in triplicate.

Methods

A HPLC analytical system Alliance Waters Model 2695
(Milford, MA) with A Phenomenex, Kromasil 5 µm Si
250×4.6 mm and a multi λ fluorescence detector (Waters
Model 2475, Milford, MA) and dual λ absorbance detector

(Waters Model 2487, Milford, MA) connected in series
were utilised to analyse vitamins and cholesterol.

To determine alfa-tocopherol, beta carotene and choles-
terol, all samples were saponified and extracted according
to the method of Panfili et al. (1994). The extracted
unsaponifiable residue was dissolved in the mobile phase
(2-propanol 1% in n-hexane), injected and analysed by
normal phase HPLC (Panfili et al. 1994). The quantitation
of the separated compounds was carried out using a
spectrofluorimetric and a spectrophotometric detector
connected in series to determine, in the same chromato-
graphic run, beta carotenes (450 nm), cholesterol (208 nm)
and alfa-tocopherol (excitation 280 nm, emission 325 nm).

Utilising these analytical data, the DAP parameter has
been calculated (Pizzoferrato et al. 2007). The DAP
parameter is the molar ratio of antioxidant compounds
(AC) to a selected oxidation target (OT). In milk and dairy
products, the antioxidant compounds considered are alfa-
tocopherol and beta carotene (when it is present), and the
oxidation target molecule is cholesterol.

DAP ¼
Pn

i¼1
ACi nomolesð Þ
OT nomolesð Þ

Statistical Analysis

Data were analysed using KaleidaGraph 3.6 (Synergy
Software, USA 1998) software program. In particular the
least squares method of curve fitting has been utilised. This
method minimises the square of the error between the
original data and the values predicted by the equation.
While this technique may not be the most statistically
robust method of fitting a function to a data set, it has the
advantage of being relatively simple (in terms of required
computing power) and of being well understood.

In this paper, two different curve equations have been
utilised: the linear function (y=m0+m1×x) which, without
any data restrictions, fits a straight line through the data,
and the power function ðy ¼ m0 � xm1Þ that fits a curve
through the data, but that cannot be used to fit negative data
or data equal to zero.

Results and Discussion

Experimental Dairy Products

In Fig. 1, the contents of alfa-tocopherol, beta carotene and
cholesterol vs. fat content in experimental dairy samples
have been reported. These milk and dairy samples differ
from each other at the skimming levels, and the linear
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relationship between the unsaponifiable compounds studied
and fat content was predictable. The correlation is high for
cholesterol R2=0.97 and R2=1.00 and alfa-tocopherol, and
it is good for beta carotene (R2=0.78).

The linear equations (Fig. 1) have different slopes: 21.9,
3.9 and 2.8 for alfa-tocopherol, beta carotene and choles-

terol, respectively. In particular, the slope value of the alfa-
tocopherol equation is higher than that of cholesterol. It can
be hypothesised that during the skimming process, these
compounds can be lost at a different rate, probably due to a
different localisation in the fat globule.

To better understand this situation, the contents of alfa-
tocopherol, beta carotenes and cholesterol, expressed in 1 g
of fat, have been plotted (Fig. 2) vs. fat content (g/100 g in
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Fig. 1 Contents of alfa-tocopherol (µg/100 g), beta carotene (µg/
100 g) and cholesterol (mg/100 g) vs. fat content in experimental dairy
samples
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Fig. 2 Contents of alfa-tocopherol (µg/g fat), beta carotene (µg/g fat)
and cholesterol (mg/g fat) vs. fat content in experimental dairy
samples

Table 1 Description of exper-
imental and commercial dairy
products and their contents
(range) of fat, cholesterol,
alfa-tocopherol and beta
carotene

Samples Number
of samples

Fat g/100 g
(min–max)

Cholesterol
mg/100 g
(min–max)

Alfa-tocopherol
µg/100 g
(min–max)

Beta carotene
µg/100 g
(min–max)

Experimental samples
Milk
Whole 7 3.2–3.7 10.4–11.6 72.3–76.1 8.2–13.6
Partially Skimmed 4 1.5–1.9 7.0–7.2 34.0–40.2 5.0–7.0
Totally Skimmed 3 0.1–0.1 2.6–2.7 2.1–2.3 1.8–1.9
Total 14
Cream
Cream (fat 30%) 3 30.3–30.6 67.8–74.7 659.0–673.7 59.7–62.7
Cream (fat 34%) 3 34.2–34.7 81.5–86.4 682.2–778.8 58.5–66.6
Cream (fat 51%) 3 51.0–51.5 156.6–166.7 1,112.7–1,165.0 260.6–268.3
Total 9
Commercial samples
Milk
Whole 98 3.4–3.9 10.9–14.4 56.9–83.4 2.6–13.4
Partially skimmed 10 1.5–1.9 6.9–7.8 34.0–44.0 2.1–7.0
Totally skimmed 7 0.1–0.2 2.0–2.7 1.9–2.3 0.4–2.0
Microfiltered 19 3.7–3.7 12.9–14.0 80.3–94.9 12.0–14.7
Total 134
Fermented milk 15 0.2–3.8 3.6–12.8 2.0–96.8 1.6–18.3
Cheese 15 11.3–42.0 41.6–118.8 221.1–1071.8 25.9–186.2
Butter 2 85.0–85.2 176.5–182.0 1,336.7–1,349.7 145.8–146.2
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the analysed product). The plot shows that in low fat
products (e.g., totally skimmed milk), the cholesterol level,
expressed as milligram per gram fat, is higher than that in
whole fat samples (e.g., cream) with a good relationship
(R2=0.92). A similar behavior can be observed in beta
carotene with R2=0.89, while for alfa-tocopherol, there is a
low relationship (R2=0.38).

According to Cerutti et al. (1993), during skimming
process, the average size of fat globules in milk decreased
(from 5.70 µm diameter in whole milk to 2.30 µm in
skimmed milk), meaning that the largest globules are firstly

lost, with an increase of cholesterol concentration in
residual fat because of the highest surface/volume ratio.

Considering the different behaviors of antioxidant com-
pounds and cholesterol during the skimming procedure, the
fat antioxidant equilibrium will be changed and, in particular,
the cholesterol stability. Actually, the cholesterol molecule
can be oxidised in particular conditions (light, heat, oxygen),
during processing or storage, and the oxidation products,
oxysterols, rather than cholesterol itself, are reported to be
implicated in the initiation of atherosclerotic plaque forma-
tion (Kumar and Singhall 1991; Caboni et al. 1994).
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Fig. 5 Contents of alfa-tocopherol (µg/g fat), beta carotene (µg/g fat)
and cholesterol (mg/g fat) vs. fat content in commercialised dairy
samples
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Fig. 3 DAP vs. cholesterol content in experimental dairy samples

0

300

600

900

1200

1500

0

50

100

150

200

020406080100

a
lf

a
 t

o
co

p
h

er
o
l 

(µ
g
/1

0
0
g
)

b
et

a
 c

a
ro

te
n

e
 (

µ
g
/1

0
0
g
)

ch
o
lester

o
l (m

g
/1

0
0
g
)

alfa tocopherol y = 7.31 + 18.4x   R
2
= 0.97

beta carotene y = 0.73 + 1.95x   R
2
= 0.92

cholesterol y = 4.67 + 2.30x   R
2
= 0.97

fat g/100g

Skimming level 

Fig. 4 Contents of alfa-tocopherol (µg/100 g), beta carotene (µg/
100 g) and cholesterol (mg/100 g) vs. fat content in commercialised
dairy samples
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Fig. 6 DAP vs. cholesterol content in commercialised dairy samples
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The evaluation of the antioxidant protection in dairy
samples has been studied with the above described DAP
parameter (Esti et al. 2004; Pizzoferrato et al. 2007). This
parameter, expressed as the molar ratio between antioxidant
compounds and an oxidation target, is useful to estimate the
potential oxidative stability of fat in foods.

In Fig. 3, the DAP is related to cholesterol (mg/g fat) in
experimental dairy products. There is a high correlation
value, R2=0.98, and this behavior proves that the residual
cholesterol in skimmed products is less protected against
oxidative agents than the cholesterol in whole dairy products.

Commercial Dairy Products

These statements, demonstrated in experimental samples,
have been confirmed in 166 commercial dairy products, at
different skim levels.

In Fig. 4, the contents of alfa-tocopherol, beta carotene
and cholesterol vs. fat content in commercial dairy products
are reported. In commercial products, the three linear
correlations for the studied compounds are R2=0.97 for
cholesterol, R2=0.92 for beta carotene and R2=0.97 for
alfa-tocopherol, and the relevant equations have different
slopes 18.4, 2.0 and 2.3, respectively, for alfa-tocopherol,
beta carotene and cholesterol.

Confirming the previous experimental data, cholesterol
concentration reported as milligram per gram of fat and
plotted (Fig. 5) vs. fat content (g/100 g of product) has a
good correlation (R2=0.77), and the cholesterol concentra-
tion (mg/g of fat) is higher in low fat (e.g., totally skimmed
products) than in high-fat products (e.g., butter). Very poor
correlation is observed for alfa-tocopherol (R2=0.03) and
beta carotene (R2=0.40).

Finally, in Fig. 6, the DAP vs. cholesterol content in
commercial dairy samples is shown. It is possible to
individuate a good correlation (R2=0.62) also for these
commercial products, and the residual cholesterol is less
protected against the oxidation in skimmed dairy products
than in whole dairy products.

Conclusions

According to the obtained results, the cholesterol in skimmed
dairy products is more susceptible to oxidation than that of the
whole fat products. This statement has been confirmed by the

investigation on experimental samples and numerous com-
mercial dairy products with different fat contents.

Actually, this lower reduced cholesterol protection in
skimmed milk products is not a real risk for consumer
health, but cholesterol oxide ingestion, even if in small
amounts, should be avoided. Moreover, this paper is an
example of what can happen when a natural product is
industrially processed: even the skimming process, a mild
technology, can induce unexpected modifications on the
natural equilibrium among food components.
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