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Abstract

Background: Cheese is considered to increase the total cholesterol levels (CH) due to the high-
saturated fat content. New models are needed to measure the relationship between cholesterol
and cheese. Methods: Thirty different cheeses produced in Val Brembana, Italy (‘‘furmai da mut’’,
‘‘caprino’’ and ‘‘stracchino’’), were added to the diet of 30 groups of 4 rats. Cheeses were
analyzed to differentiate the volatile organic compounds (VOCs) and the cholesterol content
(Chf). The body weight, CH, urine volume and oxidative balance were measured. Three new
indexes in relation to CH were calculated: OI (oxidative index), PI (protective index) and OBRI
(oxidative balance risk index). Results: None of the cheeses increased CH. Some of the ‘‘furmai
de mut’’ were significantly decreasing CH and improved the oxidative balance. Chf was not
affecting the CH levels in plasma. In terms of VOCs, the acetic acid content was correlated
(p50.05) with the CH reduction and PI improvement. OBRI was reduced mainly in the
‘‘stracchino group’’. Conclusions: The model shows that some cheese can reduce significantly
CH levels and improve the antioxidant capacity.
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Introduction

Dairy products, mainly milk, butter, yoghurt and cheese are
important components of the diet in western countries. Food and
Agriculture Organization (FAO) indicates a large variation of
their intake in the world (FAO, 2001), Europe being the major
consumer with an annual total procapita amount of about 210 kg.
The EPIC (European Prospective Investigation into Cancer
and Nutrition) reports that among the different dairy products,
daily intake of cheese ranges between an adjusted mean of
12.4–74.8 g/day in women and 16.5–51.8 g/day in men (Hjartåker
et al., 2002).

Regarding the association with chronic diseases, in Westerns
society cheese has been traditionally linked to cholesterol increase
and cardiovascular disease because of the high content of
saturated fats. Nowadays, a diet low in saturated fats remains a
central nutritional advice for lowering plasma cholesterol and
optimizing cardiovascular health (NCEP, 2002; Siri-Tarino et al.,
2010) despite the exact mechanism of this effect remain uncertain.

However, the effects related to the cheese consumption are
conflicting because in some studies an inverse correlation with
body mass index (BMI) was found (Biong et al., 2008), whereas
in others the results came out to be the opposite (Kabagambe
et al., 2003).

In a recent perspective cohort study followed for 10 years, no
association was found between cheese intake and risk of ischemic
heart disease (Goldbohm et al., 2011). The reason seems due to
the fat globules in cheese that are encased in casein and
phospholipids (Everett & Auty, 2008), making them less choles-
terol raising than butter in normocholesterolaemic (Biong et al.,
2004; Tholstrup et al., 2004) and mildly hypercholesterolaemic
subjects (Nestel et al., 2005).

These aspects suggest that cheese needs to be re-evaluated,
also on the light that large amounts were found to reduce LDL-
cholesterol levels (Hjerpsted et al., 2011).

Cheese is a fermented product that can be produced with milk
of different origin (cow, goat, sheep), taken from animals fed
very differently, and following a variety of production processes/
ripening time before the consumption. As a consequence, cheeses
cannot be considered as a unique entity and the correlations with
cholesterol can be a characteristic of any given cheese. Volatile
organic compounds (VOCs) can have an impact on CH levels, in
particular acetic acid, butyric acid that can be either directly or
indirectly bound to the liver synthesis of CH. Chf contained in
cheese can also be important.

Until now there were no animal models in the literature that
could provide data about cheese intake, cholesterol levels and
oxidative balance. In particular, cholesterol should be considered
as a potential ‘‘oxidizable bulk’’ to be viewed in relation to both
the oxidative and the antioxidant capacities of the body. In the
model that has been used (Bondiolotti et al., 2011), it was possible
to measure the OI (oxidative index) and the PI (protective index).
The oxidative balance risk index (OBRI) can be calculated by the
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ratio OI/PI. The aim of the present trail was to determine the
activity of different cheeses on the CH levels and OBRI.

Material and methods

All the experimental procedure complied with the EU
International Guidelines for animal experiments.

Animals, diet and cheeses

The experience was conducted on 141 two-month-old male
Wistar rats (Charles River). Six sessions were programmed; in
each session 5 groups of animals were fed with pellets plus cheese
for 12 days and 1 group was maintained as a control group (from
2 to 5 animals): in total, 120 animals were treated with cheese and
21 were fed with pellets only. The sessions were carried out in
sequence and the experience was completed in about 12 months.

Each animal was kept in a single cage at a temperature of
22 �C and relative humidity of 50%, under controlled light
condition and stabilized for a period of 7 days before initiating the
experimental procedure.

Food and water were available ad libitum. Each rat was fed
with #48 Randoin-Causeret type pellets (the standard diet used in
our laboratories) which provides 3.415 kcal/kg. The groups were
treated with 30 different cheeses (from F1 to F30), each given
in the amount of 10 g/day for 12 days. Every day between 9 and
10 am, the pellets and cheese were replaced in the fixed amount of
10 g of cheese plus 20 g of pellets. The cheese remaining on the
cage was weighed every day to determine the rat compliance
(see further).

Cheeses were of three different types: 10 ‘‘furmai de mut’’
(cheese of the mountains: made with cow milk with a ripening
time between 30 days and 3 years); 10 ‘‘caprino’’ (made with goat
milk with a ripening time between 2 and 9 days); 10 ‘‘stracchino’’
(made with cow milk with a ripening time between 12 days and 4
months).

They were originated by 30 different producers and given to
the rats as they were sold in the food shops or supermarkets. They
were supplied for the experiment in the minimal amount of 1 kg/
cheese, stored at 4 �C, and given to the animals with no rind,
within 4 weeks from the production. The period of production was
ranging between early spring and autumn.

The only common characteristics of all the products were the
region of origin (Val Brembana, Bergamo, Italy) and their
preparation that was based exclusively on ‘‘crude milk’’ (no
pasteurization), which is the traditional way to produce cheese in
this area.

Blood and urine sampling

Before starting the treatment, each animal was kept in a metabolic
cage for the 24 h urine collection, starting from the morning until
the morning of the next day. Urine was measured and kept at
�20 �C until the moment of the analysis. Immediately at the end
of urine collection, in the morning between 9 and 9.30 am, the
blood was drawn from the tail vein in the amount of 200 mL with a
1 mL syringe (insulin needle prefilled with heparin never
exceeding the 5mL). Blood was centrifuged at 0.8 g (2500 rpm)
and plasma was stored at �20 �C until the moment of the analysis.
The same procedure was applied after 12 days of treatment.

Body weight, plasma and urine analysis

The body weight of animals was measured immediately before the
diet and at the end. The total cholesterol (CH), hydroperoxides
and the antioxidant capacity were measured as concentration
in plasma. In urine, both concentration and total quantity of
antioxidant excreted in 24 h were measured.

Total cholesterol in plasma was determined using an enzymatic
colorimetric assay, and creatinine levels were measured using
commercial kits (Biosystems, Barcelona, Spain). HDL, LDL and
TG were not considered due to the limited amount of plasma
available.

Oxidative variables measurement

The hydroperoxides (Cornelli et al., 2001) and the antioxidant
reserve in plasma and urine (Cornelli et al., 2010) were measured
concomitantly according to a standardized procedure in our
laboratories.

The oxidative balance was based on three different tests:
plasma hydroperoxides (d-ROMs test), plasma antioxidants (PAT
or Plasma Antioxidant Test); antioxidants in urine (UAT or
Urinary Antioxidant Test). The last were measured both as
concentration and total amount excreted corrected for the
creatinine clearance. All the oxidative balance determinations
were conducted using the FRAS-Evolvo OBRI System and
relative disposable kits (H&D Srl, Parma, Italy).

The total cholesterol plasma level (CH) was taken as reference
for the ‘‘oxidizable bulk’’, and three different indexes were
calculated based on the CH value: oxidative index (OI) that
corresponds to the ratio d-ROMs/CH; protective index (PI) that
corresponds to PAT/CH; oxidative balance (OBRI or Oxidative
Balance Risk Index) that is the ratio OI/PI. This last index was
calculated according to the following formula:

½OI� K1=PI� � CH2=CH1

where K1 is the factor needed to obtain a median of 1 for all the
baseline determinations of OBRI, and corresponds to 5.95;
CH1¼CH plasma level at baseline; CH2¼CH plasma level
after 12 days.

Compliance

The compliance of the animals was based on the cheese
consumption. Since the daily amount supply of each product
was 10 g, for a total of 120 g to complete the experience, a rat was
considered compliant if the total intake was at least 95% of the
total amount given.

General characteristics of the cheeses

Three groups of cheese were considered (from F1 to F30):
‘‘furmai de mut’’ (from cow milk: F1 to F10), ‘‘caprino’’ (from
goat milk: F11 to F20), and ‘‘stracchino’’ (from cow milk: F21 to
F30). In terms of ripening time, the ‘‘furmai de mut’’ were those
with the highest rack time, with two products (F4 and F10) with
more than 1000 days of permanence on the rack and the
remaining product in a range between 23 and 122 days. The
‘‘caprino group’’ was the category with the lowest rack period
contained within the 9 days. The ‘‘stracchino group’’ had a rack
time which was intermediate between the other two and ranging
between 12 and 98 days.

Volatile organic compounds (VOCs) and cheese total
cholesterol (Chf)

For all the 30 cheeses, the VOCs including the following
components were determined: acetic acid, ethanol, 3-hydroxybutan-
2-one, propanoic acid (corresponding to the sugars degradation),
butanoic acid, hexanoic acid (corresponding to lipids degrad-
ation derivatives via lipolysis), pentan-2-one, heptan-2-one
(corresponding to lipolysis via beta-oxidation), 3-methylbutanal,
3-methyl-1-butanol, 3-methylbutanoic acid (corresponding to the
leucine [protein] degradation). A solid-phase microextraction
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method (dynamic headspace method) was used for these
analyses (Ray, 1999).

Briefly, 5 g of cheese were taken (head of the cheese),
following heating the vapor phase of each of the above indicated
compounds, carbohydrate was kept in contact with an appropriate
fiber.

The extraction from the fibers follows using a carboxen/
polydimethylossane/divinylbenzene fiber matrix. The microex-
traction in solid phase was coupled with gas-chromatography
mass spectrometry (GC-MS). A GC system with a J&W122-7362
DBwaxetr in place (60 m� 0.25 mm, 0.25mm film) was used with
a helium flow of 1.4 mL/min at constant pressure and predeter-
mined temperature program. The mass spectra acquisition was
made according to ICT (ionic total current) in the range between
m/z 39 and 240 Da. The measurement of different compounds was
related to the more consistent ionic area (Qion) and was expressed
as logarithm (LN). Compound identification was based on the
spectra of NIST library and pure specific standards.

The cheese total cholesterol (Chf) was measured for each
cheese and was determined directly on cheese samples following
the procedure described by Fletouris et al. (1998). Squalene
has been used as internal standard and gas chromatography
conditions have been adjusted according with the different
chromatographic system, using hydrogen as carrier gas
(Fletouris et al., 1998).

Statistical analysis

The average values and SD were calculated for all the groups of
animals and for the 3 pooled groups (10 cheeses each) and
controls. All the variables were assessed using an B-W-Subject
ANOVA model, and mixed Analysis of Variance Design for mean
differences. The activity of the 30 cheeses and the control was
considered the source ‘‘Between factor’’, and was assessed under
two experimental conditions (baseline and after diet) as source
‘‘Within factor’’. For some comparison the t test for independent
data was also used, and the correlation coefficient ‘‘r’’ was
calculated among the variables, considering significant the levels
of p50.01 only.

Results

All the animals completed the study and were compliant. Control
animals were pooled (21 animals) and the data of each group were
compared. No significant differences were found among groups,
the data are reported in Table 1.

The average of CH was reduced after 12 days of normal diet
(p50.05), whereas the urine volume, body weight, OI, PI were
increased (p50.05) and plasma creatinine remained almost
constant. Despite the increase of both hydroperoxides levels and
antioxidant capacity, the OBRI was not modified, indicating that
the oxidation balance remained stable.

In Tables 2–4 the data of each cheese are reported within the
respective category of the 10 similar products. In general, a part
of the body weight and urine volume in the ‘‘stracchino group’’
(respectively increased and decreased), the average values
pertinent to the ‘‘furmai de mut’’ and ‘‘caprino’’ were not
statistically different from the controls. However, within the
groups some variables were found to be significantly different
(in particular for CH, PI, OI, OBRI and urine volume).

For what concerns CH, in the group of ‘‘furmai de mut’’ a
statistically significant reduction (p50.05) was shown from F1 to
F5 (between 39 and 46 mg/dL). None of the products were
increasing significantly the CH.

The hydroperoxides (d-ROMs test) were found to increase
significantly (p50.05) in F18 of the ‘‘caprino group’’ (230
Carr.U.), whereas a consistent decrease (p50.05) was detected in
F23, F24 and F28, all belonging to the ‘‘stracchino group’’
(respectively �111, �106, �104 Carr.U.).

The antioxidant capacity (PAT) was almost constant in most of
the products. In two cheeses only, F18 of the ‘‘caprino group’’
and F30 of the ‘‘stracchino group’’, a significant reduction was
found (respectively �0.85 and �0.26 mmol/L).

The oxidative balance measured in relation to CH was reported
as OI, PI and OBRI. The OI was modified in 3 products only. In
controls OI compared to the baseline values increased of 1.3. For
F9 the value of zero can be considered as a reduction (p50.05),
whereas for F17 and F18 the respective values of 4.6 and 5.0 are
consisted with a statistically significant increase.

PI increased consistently for F1, F2, F3 of the ‘‘furmai de
mut’’ (respectively 13.3, 14.3, 16.3 compared to the control value
of 4.3) and for F28 of the ‘‘stracchino group’’ (15.4).

OBRI, which is the balance ratio OI/PI, was significantly
modified in 8 products and in both directions: the increase was
evident for 3 products: F14 (0.39), F18 (1.08) and F30 (0.42);
whereas the decrease was found for F3 (�0.54), F12 (�0.60), F23
(�0.78), F24 (�0.68) and F28 (�0.64).

The body weight increase was evident for F22, F24, and F26
(respectively 103, 103 and 120 g, compared to 83 g of the
controls) whereas the urine contraction was shown to be
significantly reduced in products F23 and F28 only (respectively
�2 and �4 mL) present in 6 out 10 cheeses of the ‘‘stracchino
group’’. The matrix of the correlations among variables is
reported in Table 5.

Some correlations between the variables were found and most
of them are coherent. The CH modifications were indirectly
correlated (p50.01) with OI and PI, which is logical because both
the indexes have CH as denominator. The body weight is
indirectly correlated (p50.01) with the oxidative status in terms
of d-ROMs. The d-ROMs (hydroperoxides content) are directly
with OI and OBRI. All these variables are consistent with
condition of oxidative stress. PAT is directly correlated (p50.05)
with PI because is part of the index. UAT is correlated with

Table 1. Variables before and after 12 days of normal diet.

Variable* BW
CH

[mg/dL]
d-ROMs
[Carr.U.]

PAT
[mmol/L]

Urine
[mL]

Urine Aox
[mmol]

Crea
[mmol/L]

OI
[d-ROMs/CH]

PI
[PAT/CH] OBRI [OI/PI]

Baseline 257 ± 17 97 ± 19 319 ± 83 1.64 ± 0.23 12 ± 5 162 ± 46 47 ± 7 3.4 ± 1.1 17.3 ± 3.4 1.20 ± 0.43
After 12 days 340 ± 23 77 ± 14 350 ± 97 1.62 ± 0.22 16 ± 1 181 ± 56 45 ± 6 4.7 ± 1.4 21.6 ± 4.5 1.09 ± 0.47
Differences 83 ± 18a �21 ± 19a 32 ± 120 0.02 ± 0.28 3 ± 5a 19 ± 46 �2 ± 6 1.3 ± 1.8a 4.3 ± 6.0a �0.11 ± 0.60

Mean values ± SD of 21 animals.
*BW¼ body weight; CH¼ total cholesterol; Crea¼ creatinine; Hy¼ hydroperoxides in plasma; Aox¼ soluble antioxidants in plasma; urine

Aox¼ total quantity of soluble antioxidants; OI¼ oxidative index; PI¼ protective index;
OBRI baseline¼ [OI� 5.95/PI]; OBRI after 12 days¼ [(OI� 5.95/PI)� (CH baseline/CH after 12 days)
aANOVA: baseline versus after 12 days p50.05.
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OI and may indicate the dispersion of the antioxidant reserve
in urine.

Finally, OI and PI are respectively directly and indirectly
related to OBRI and OBRI was significantly correlated with the

two oxidative variables d-ROMs and OI. The VOCs fingerprint
and the Chf levels in cheeses are reported in Table 6.

The area of 3-methyl-1-butanol was significantly lower in the
‘‘furmai de mut’’ group than in the other two. The area of

Table 3. ‘‘Caprino group’’: differences between 12 days of intake and baseline.

Cheese
[N] Rack

Body
weight [g]

CH
[mg/dL]

d-ROMs
[Carr.U.]

PAT
[mmol/L]

Urine
mL

Urine Aox
[mmol]

Crea
mmol/L

OI
[d-ROMs/CH]

PI
[PAT/CH]

OBRI
[OI/PI]

11 [4] 2 85 ± 7 6 ± 6 �45 ± 71 �0.18 ± 0.23 �3 ± 3 �18 ± 37 �1 ± 6 �0.3 ± 0.7 �0.8 ± 4.3 �0.18 ± 0.52
12 [4] 2 90 ± 24 �10 ± 16 �49 ± 107 0.27 ± 0.24 �3 ± 11 39 ± 67 �2 ± 5 �0.2 ± 1.9 5.7 ± 2.3 �0.60a ± 0.49
13 [4] 2 75 ± 4 �5 ± 18 �39 ± 39 �0.15 ± 0.18 3 ± 4 �23 ± 33 �2 ± 8 �0.3 ± 1.4 �1.1 ± 5.5 �0.11 ± 0.26
14 [4] 9 83 ± 8 �2 ± 8 43 ± 156 �0.23 ± 0.20 2 ± 3 9 ± 89 �2 ± 11 0.7 ± 2.3 �2.2 ± 2.3 0.39a ± 0.64
15 [4] 3 92 ± 5 �14 ± 13 �59 ± 102 0.04 ± 0.23 9 ± 8 31 ± 81 �2 ± 11 �0.2 ± 1.3 2.0 ± 2.1 �0.48 ± 0.78
16 [4] 2 80 ± 7 �13 ± 27 96 ± 229 0.23 ± 0.26 �1 ± 6 6 ± 22 �3 ± 6 1.8 ± 1.9 5.5 ± 2.9 0.00 ± 0.85
17 [4] 2 77 ± 9 �32 ± 11 167 ± 147 0.36 ± 0.21 1 ± 4 44 ± 53 2 ± 6 4.6 ± 2.9a 3.7 ± 2.5 0.36 ± 0.49
18 [4] 4 80 ± 8 �25 ± 10 230 ± 30a �0.85 ± 0.29a 0 ± 3 49 ± 56 1 ± 9 5.0 ± 0.8a �4.4 ± 2.9 1.08 ± 0.47a

19 [4] 1 90 ± 18 �17 ± 19 86 ± 88 0.12 ± 0.35 6 ± 6 �13 ± 37 1 ± 13 1.8 ± 1.6 6.8 ± 5.3 0.01 ± 0.35
20 [4] 2 84 ± 6 �9 ± 11 �36 ± 78 0.11 ± 0.15 3 ± 6 38 ± 85 1 ± 6 0.1 ± 1.0 5.0 ± 4.0 �0.31 ± 0.30

Pool
11–20 [40] 84 ± 11 �13 ± 16 40 ± 143 0.11 ± 0.38 2 ± 6 16 ± 59 �1 ± 8 1.3 ± 2.4 2.0 ± 4.9 0.02 ± 0.72
Controls [21] 83 ± 18 �21 ± 19 32 ± 120 0.02 ± 0.28 3 ± 5 19 ± 47 �2 ± 6 1.3 ± 1.8 4.3 ± 6.0 �0.11 ± 0.60

Mean values ± SD of 4 animals.
aANOVA versus controls p50.05.

Table 2. ‘‘Furmai de mut group’’: differences between 12 days of intake and baseline.

Cheese
[N] Rack

Body
Weight [g]

CH
[mg/dL]

d-ROMs
[Carr.U.]

PAT
[mmol/L]

Urine
mL

Urine UAT
[mmol]

Crea
mmol/L

OI
[d-ROMs/CH]

PI
[PAT/CH]

OBRI
[OI/PI]

1 [4] 82 92 ± 6 �46 ± 11a �3 ± 65 �0.10 ± 0.38 2 ± 5 69 ± 47 1 ± 5 1.8 ± 0.5 13.3 ± 9.7a �0.28 ± 0.27
2 [4] 50 83 ± 9 �39 ± 17a 22 ± 44 0.01 ± 0.21 3 ± 8 34 ± 58 4 ± 6 2.1 ± 0.8 14.3 ± 7.0a �0.25 ± 0.17
3 [4] 23 87 ± 11 �44 ± 7a �35 ± 73 0.12 ± 0.24 �1 ± 2 �19 ± 23 0 ± 5 1.6 ± 0.6 16.3 ± 4.9a �0.54a ± 0.39
4 [4] 1118 84 ± 6 �43 ± 6a 17 ± 78 �0.18 ± 0.37 0 ± 1 15 ± 28 4 ± 5 2.0 ± 1.3 9.5 ± 7.2 �0.24 ± 0.31
5 [4] 79 81 ± 7 �41 ± 9a 3 ± 129 0.02 ± 0.30 �2 ± 4 4 ± 102 �2 ± 7 1.6 ± 1.5 9.6 ± 3.5 �0.44 ± 0.51
6 [4] 63 79 ± 4 0 ± 9 85 ± 92 0.04 ± 0.34 0 ± 4 17 ± 42 �1 ± 5 2.1 ± 0.9 6.1 ± 6.7 0.05 ± 0.42
7 [4] 122 82 ± 9 5 ± 14 �6 ± 62 0.05 ± 0.16 �4 ± 2 �30 ± 29 �2 ± 6 �0.2 ± 0.3 �1.8 ± 0.4 0.12 ± 0.49
8 [4] 91 84 ± 17 �10 ± 13 73 ± 58 �0.12 ± 0.18 �1 ± 3 �4 ± 37 �1 ± 6 0.6 ± 3.3 0.5 ± 1.2 0.21 ± 0.30
9 [4] 40 83 ± 9 �6 ± 18 �11 ± 42 �0.40 ± 0.66 �2 ± 2 �3 ± 50 �1 ± 14 0.0 ± 1.0a �4.1 ± 8.1 0.23 ± 0.56
10 [4] 1110 81 ± 18 3 ± 26 28 ± 37 0.02 ± 0.09 0 ± 3 5 ± 42 0 ± 4 0.2 ± 1.3 �0.4 ± 5.2 0.14 ± 0.31

Pool
1–10 [40] 85 ± 20 �24 ± 23 17 ± 73 �0.08 ± 0.38 �0.5 ± 4 9 ± 52 0 ± 6 1.2 ± 1.2 6.4 ± 8.9 �0.10 ± 0.44
Controls [21] 83 ± 18 �21 ± 19 32 ± 120 0.02 ± 0.28 3 ± 5 19 ± 47 �2 ± 6 1.3 ± 1.8 4.3 ± 6.0 �0.11 ± 0.60

Mean values ± SD of 4 animals.
aANOVA versus controls p50.05.

Table 4. ‘‘Stracchino group’’: differences between 12 days of intake and baseline.

Cheese [N] Rack
Body

weight [g]
CH

[mg/dL]
d-ROMs
[Carr.U.]

PAT
[mmol/L]

Urine
mL

Urine Aox
[mmol]

Crea
mmol/L

OI
[d-ROMs/CH]

PI
[PAT/CH] OBRI [OI/PI]

21 [4] 52 95 ± 8 �11 ± 14 15 ± 65 0.14 ± 0.19 �1 ± 4 �42 ± 36 �2 ± 6 0.7 ± 0.6 4.0 ± 3.2 �0.08 ± 0.39
22 [4] 12 103 ± 19a �7 ± 15 �18 ± 130 0.22 ± 0.21 2 ± 6 17 ± 52 0 ± 6 0.2 ± 1.5 3.5 ± 4.4 �0.39 ± 0.74
23 [4] 17 93 ± 7 �18 ± 16 �111 ± 129a 0.27 ± 0.17 �2 ± 3a �38 ± 58 �1 ± 4 �0.6 ± 1.5 6.0 ± 1.7 �0.78a ± 0.57
24 [4] 25 103 ± 31a �19 ± 14 �106 ± 91a 0.05 ± 0.25 1 ± 4 �18 ± 51 �1 ± 5 �0.5 ± 1.6 5.2 ± 3.6 �0.68a ± 0.54
25 [4] 17 93 ± 20 �19 ± 15 �6 ± 153 0.01 ± 0.19 �1 ± 2 �5 ± 31 5 ± 5 0.7 ± 2.8 4.2 ± 1.9 �0.29 ± 0.48
26 [4] 20 120 ± 33a �26 ± 2 �45 ± 87 0.03 ± 0.16 8 ± 7 25 ± 27 2 ± 8 0.5 ± 1.2 5.0 ± 1.2 �0.46a ± 0.39
27 [4] 25 94 ± 19 �11 ± 6 82 ± 116 �0.18 ± 0.21 3 ± 5 23 ± 52 �4 ± 5 1.7 ± 2.0 0.4 ± 2.5 0.31 ± 0.50
28 [4] 98 98 ± 17 �22 ± 11 �104 ± 137a 0.47 ± 0.98 �4 ± 11a 32 ± 48 0 ± 4 0.4 ± 1.9 15.4 ± 15.0a �0.64a ± 0.82
29 [4] 20 93 ± 9 4 ± 17 18 ± 19 0.07 ± 0.17 �1 ± 2 �11 ± 5 2 ± 6 0.2 ± 0.8 0.8 ± 6.8 0.07 ± 0.32
30 [4] 94 81 ± 11 �10 ± 24 95 ± 66 �0.26 ± 0.11a �1 ± 2.4 �11 ± 5 2 ± 8 1.6 ± 1.4 0.8 ± 6.1 0.42a ± 0.46

Pool
21–30 [40] 97 ± 11a �14 ± 14 �18 ± 118 0.07 ± 0.339 �1 ± 4a 9 ± 52 0 ± 5 1.2 ± 1.2 6.4 ± 8.9 � 0.24 ± 0.61
Controls [21] 83 ± 18 �21 ± 19 32 ± 120 0.02 ± 0.279 3 ± 5 19 ± 47 �2 ± 5 1.3 ± 1.8 4.3 ± 6.0 �0.11 ± 0.60

Mean values ± SD of 4 animals.
aANOVA versus controls p50.05.
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hexaenoic acid (capronic) was significantly higher in the ‘‘caprino
group’’ than in ‘‘furmai de mut’’ and ‘‘stracchino group’’. The
highest area of 3-methylbutanoic acid was detected in the
‘‘stracchino group’’. The average Chf levels in all the 3 groups
of cheeses are almost identical in the range between 34 and
57 mg/100 g and no correlation was shown between the amount of
Chf and CH in plasma (r¼ 0.05). Very few correlations were

found between VOCs and laboratory variables, and only those
statistically significant were reported in Table 6.

The reduction of CH was shown to be inversely correlated with
the acetic acid content (most was the area and lower was CH;
r¼�0.741, p50.05), and directly correlated to propanoic and
butanoic acid contents (most was the area and higher was CH;
respectively r¼ 0.456 and 0.468, p50.05). The acetic acid was

Table 6. Fingerprint of VOCs and Chf divided into the three categories of ‘‘furmai de mut’’ (1–10), ‘‘caprino’’ (11–20) and ‘‘stracchino’’ (21–30):
LN of the specific ion area.

Cheese Aca* Eth 3H2b Pra But Hex 2-Pen 2-Hep Mbal Mbol Mbac Chf
d

1 7.51 6.18 6.85 7.15 7.62 7.14 6.63 6.31 5.65 6.40 7.39 44.1

2 6.44 6.34 6.14 5.67 6.66 6.27 6.06 6.14 4.94 6.03 6.12 33.9

3 7.13 6.06 7.19 7.08 7.49 7.30 6.47 5.77 5.99 6.68 7.03 48.2

4 7.03 6.60 6.54 6.17 7.44 6.81 6.35 5.97 5.34 6.78 6.81 40.4

5 6.99 6.74 6.24 4.91 6.54 6.08 6.30 5.84 5.04 6.58 6.42 49.6

6 5.86 6.73 5.03 4.32 5.78 6.07 6.31 5.99 3.83 6.02 5.98 50.3

7 5.84 6.73 5.03 4.27 5.74 6.03 6.40 6.00 3.83 5.93 5.88 55.1

8 5.74 6.73 5.05 4.31 5.53 5.86 6.26 5.81 3.85 6.09 5.56 47.9

9 6.02 6.71 5.06 4.31 5.62 5.81 6.39 6.11 3.86 6.31 5.48 37.1

10 5.97 6.79 5.05 4.59 5.54 5.81 6.32 5.97 3.85 6.31 5.46 52.2

M SD 6.45 ± 0.65 6.56 ± 0.26 5.82 ± 0.86 5.28 ± 1.16 6.40 ± 0.86 6.62 ± 0.55 6.35 ± 0.14 5.99 ± 0.16 4.62a ± 0.86 6.31 ± 0.29 6.21 ± 0.68 45.9 ± 6.84

11 6.07 6.21 5.10 5.70 7.21 7.70 6.01 6.15 5.87 6.83 6.51 48.2

12 6.56 7.45 6.47 5.62 6.68 6.79 6.15 5.54 5.78 7.20 6.70 48.4

13 6.05 6.32 6.34 5.36 7.38 7.89 6.97 7.63 5.17 6.10 6.26 43.7

14 6.83 7.07 5.55 5.46 6.83 6.92 5.70 5.51 4.86 7.11 5.54 36.8

15 6.04 6.12 6.03 5.02 6.99 6.85 6.09 5.85 5.44 6.98 6.89 51.5

16 6.48 7.44 6.48 5.27 6.52 6.65 6.26 6.53 5.93 7.20 5.90 55.2

17 6.72 6.52 4.92 4.84 6.13 6.53 5.74 5.57 5.24 6.09 5.25 54.7

18 6.15 6.35 6.32 4.86 6.37 6.81 6.20 5.87 6.48 6.60 6.13 36.5

19 7.01 6.51 4.88 4.84 6.20 6.59 5.83 5.43 5.57 5.83 5.41 42.8

20 6.43 5.59 7.25 4.62 6.25 6.79 6.60 5.61 5.84 7.04 7.05 34.6

M SD 6.24 ± 0.58 6.56 ± 0.59 5.93 ± 0.79 5.16 ± 0.37 6.66 ± 0.43 6.95b ± 0.46 6.06 ± 0.50 5.97 ± 0.67 5.62 ± 0.46 6.70 ± 0.51 6.16 ± 0.63 45.2 ± 7.57

21 6.31 5.91 6.38 5.83 6.67 6.28 5.70 5.99 6.25 6.85 6.92 44.7

22 6.33 6.23 7.06 5.17 6.20 6.04 6.36 5.35 5.78 6.93 7.09 36.6

23 6.14 6.56 5.27 4.85 5.90 5.94 5.26 5.34 4.58 6.94 6.28 46.0

24 6.13 6.95 5.56 4.74 6.50 6.79 5.43 5.53 4.89 6.89 6.79 42.9

25 6.72 6.51 7.16 5.59 6.87 6.21 6.82 5.69 6.15 7.18 7.09 39.7

26 6.24 6.26 6.61 5.08 6.64 6.83 6.19 5.93 5.20 6.68 6.80 40.3

27 6.09 5.68 6.73 5.33 7.32 6.70 7.13 7.00 6.24 6.76 7.26 44.5

28 7.09 6.69 6.71 5.17 7.26 7.60 6.88 7.56 5.06 6.37 6.44 57.4

29 5.97 6.54 5.83 4.52 5.88 6.11 5.87 6.33 5.99 7.38 7.36 53.0

30 6.29 6.12 6.26 4.71 6.04 5.61 6.67 6.93 5.97 7.34 7.28 46.1

M SD 6.30 ± 0.35 6.35 ± 0.38 6.36 ± 0.63 5.47 ± 0.50 6.56 ± 0.49 6.41 ± 0.57 6.23 ± 0.64 6.26 ± 0.77 5.61 ± 0.61 6.93c ± 0.30 6.93 ± 0.36 44.2 ± 6.68

Correlations with p50.05

r vs. CH �0.741 0.456 0.468

r vs. PI 0.761

*Aca¼ acetic acid; Eth¼ ethanol; 3H2b¼ 3-hydroxybutan-2-one; Pra¼ propanoic acid; But¼ butanoic acid; Hex¼ hexanoic acid; 2Pen¼ pentan-2-
one; 2Hep¼ heptan-2-one; Mbal¼ 3-methylbutanal; Mbol¼ 3-methyl-1-butanol; Mbac¼ 3-methylbutanoic acid;

afurmai de mut5caprino¼ stracchino (ANOVA p50.05); bcaprino4furmai de mut¼ stracchino (ANOVA p50.05); cstracchino4furmai de
mut¼ caprino (ANOVA p50.05); dChf¼ cheese total cholesterol mg/100 g.

Table 5. Matrix of correlation among all the variables: values of ‘‘r’’.

Variables* CH BW d-ROMs PAT UR UAT OI PI OBRI

CH 1
BW �0.041 1
d-ROMs �0.031 �0.479a 1
PAT 0.046 0.282 �0.375 1
UR �0.151 0.315 0.044 �0.204 1
UAT �0.419 �0.078 0.341 �0.168 0.419 1
OI �0.499a �0.375 0.837a �0.253 0.072 0.550a 1
PI �0.728a 0.159 �0.322 0.447a 0.000 0.206 0.122 1
OBRI 0.259 �0.264 0.662a �0.156 �0.159 0.346 0.479a �0.415 1

*BW¼ body weight; CH¼ total cholesterol; d-ROMs¼ hydroperoxides in plasma; PAT¼ plasma antioxidants test; UR¼ urine volume; UAT¼urine
antioxidant test; OI¼ oxidative index; PI¼ protective index; OBRI¼ oxidative balance risk index.

ap50.01 only was chosen as reliable level of significance.
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also directly in relation to PI (0.761; p50.05) and can be
considered as the only VOC bringing a protective characteristics.

Discussion

The weakness of this experience belongs to the limited number of
animals treated for each product and the results obtained have to
be considered with prudence. However, the large number of
animals tested (141 in total) can give a precise indication about
the model and provides lines for future research. Despite the short
period of treatment, the data of all the variables were reliable
because they were compared with those of the controls
(21 animals) that were kept in the same conditions.

OBRI can be a new way to consider the CH levels since it
estimates CH reduction and also the concomitant levels of the
oxidative threat and antioxidant defense. It was surprisingly found
to be CH independent, since no significant correlation was
detected between OBRI and CH.

From the stoichiometric point of view, the reduction of CH
without a concomitant reduction of the antioxidant components
may represent a disadvantage, since it will be more easily
oxidizable unless an equal increase of the circulating antioxidant
reserve will take place. This aspect of equilibrium can be
measured through the OBRI.

Considering all the data of 141 rats at baseline, the median
value of OBRI at baseline was¼ 1 (almost identical to the mean
value). In the control group the average value was 1.21, whereas
in the other three groups was ranging between 0.91 and 1.24
(p40.05).

In most of the animals the CH levels were decreased (about
80% of the cases). In few animals only CH increased (about 20%
of the rats) with values not exceeding 10 mg/dL. In previous
experiences on body weight and lipids modification, the CH
decrease in control animals was not found (Bondiolotti et al.,
2007, 2011) and there is no clear explanation of this discrepancy.
The only difference with previous experiments being the time of
observation that was of at least 4 weeks. This can suggest that a
longer period of time after the animal arrival from the breeding
farm is necessary to stabilize CH levels.

The CH was chosen as the main variable and not the
differentiation into LDL, HDL and VLDL. The reason belongs
to the aim of the experience that was the balance among CH,
hydroperoxides and antioxidants. In this perspective any ‘‘type’’
of cholesterol can be oxidized, independently of the type of
lipoprotein.

The results showed that the CH decreases more consistently
than controls in 5 out of 10 different ‘‘furmai de mut’’ (products
from F1 to F5) and not in the other products. These cheeses
were characterized both by different ripening time (both
intermediate, between 23 and 82 days, or large41000 days),
indicating that this last variable cannot be the only reason of
such activity. This effect on CH decrease was lost once the
entire category was compared to controls, because some of the
cheeses were totally ineffective. A minimal increase of CH was
found in 4 products only (2 ‘‘furmai de mut’’, 1 ‘‘caprino’’ and
1 ‘‘stracchino’’) that never reached the statistical significance
compared to controls.

The hydroperoxides level in the control group was quite stable
and in the three groups of cheeses the average values were almost
similar to the controls. A significant increase was found in the F18
only (‘‘caprino group’’ cheese) in the amount of 230 ± 30.1
Carr.U.

In other 3 products of this category (F23, F24, and F28),
despite the consistent average reduction of hydroperoxides, the
decrease was not significant because of the large variability
within the groups.

For what concerns PAT, the pooled analysis was not detecting
significant differences in any of the groups a part of F18 that
showed a significant decrease of PAT.

One interesting result was related to the ‘‘caprino group’’
where the PAT modification was inversely correlated with the
rack period (r¼ 0.950, p50.01), indicating a loss of antioxidant
power in few days only. This may suggest to consume the cheese
immediately, or to protect it from oxidation using a more
appropriate packaging/storing. The components responsible for
this activity are not known even though some insight can be given
by the content of acetic acid (see further).

In terms of OI, no variations were detected in the pooled data
of treated animals, whereas within the ‘‘caprino group’’, two
products (F17 and F18) increased significantly this index, which
indicates the tendency to oxidize CH.

For what concerns PI, the pooled data were not different from
controls and considering the single products, an increase was
shown in 4 cases (F2, F3, F4, and F28). These cheeses can protect
CH from oxidation, probably because of the antioxidant content
or for the stimulation of the antioxidant reserve.

The balance between OI and PI as determined by OBRI was
conceived to compare OI and PI in one index considering both
‘‘offence and defense’’ in relation to CH.

Many cheeses were found capable to modify OBRI in a positive
or negative way. This was considered as a focal point because it
may give the dimension of the cardiovascular risk in a more
complete way than the simple CH measurement.

On the light of these considerations, F3 (‘‘furmai de mut’’) and
F28 (‘‘stracchino group’’) showed very positive result in OBRI
terms (�0.54 and �0.64 both p50.05). Few other products
demonstrated the same activity namely F23, F24 (respectively
�0.78 and �0.64) all belonging from the category of
‘‘stracchino’’.

As general characteristics, in 5 out of 10 ‘‘furmai de mut’’ the
CH reduction was concomitant to an improvement of OBRI
(compared to controls), despite the level of significance was
reached for F3 only. This positive finding can be extended to
the ‘‘stracchino’’ F28 even though it was about neutral for the
CH levels.

The only very negative finding was detected for F18, due
to the increase of the OI concomitant to a decrease of the PAT,
the consequence being a very consistent increase of OBRI
( + 1.08).

For what concerns body weight and urine volumes, in the
pooled analysis some difference was detected in the ‘‘stracchino
group’’ (p50.05) only. In this type of cheese, three products
(F22, F24 and F26) were characterized by a significant increase
of body weight, ranging between an overweight of 20 and 37 g
(p50.05) compared to controls. This could be due to the limited
amount of water contained in these cheeses, causing a greater fat
fraction intake by the animals. Other unknown characteristics can
be responsible, because a limited amount of water was present in
the ‘‘furmai de mut’’ also, that was not affecting body weight
neither as a group nor as a single products.

The urine volume was modified in the ‘‘stracchino group’’ and
particularly for products F23 and F28. In some product belonging
to the other two groups (particularly in the ‘‘furmai de mut’’) the
consistent fluctuation in both directions was not allowing to reach
any statistical significance.

The urine contraction may belong to the sodium content of the
cheese, but unfortunately this variable was not taken into
consideration during this study, and more information is necessary
in this area. The UAT (antioxidant excretion) seems to be
moderately in line with the diuresis (r¼ 0.419). This excretion
can be considered a normal physiological process aimed to
eliminate the excess of soluble circulating antioxidants that are
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not used (to counterbalance the oxidative stress). The mention of
soluble antioxidant is necessary, because liposoluble antioxidants
are mainly bound to membranes and their turn-over and storing is
much more complex. An increase of soluble antioxidant excretion
can be interpreted as ‘‘abundance’’ of antioxidant power, unless
kidney function will be compromised, which can be detected by
the plasma creatinine concentration (data not reported). In the
present experience there was no evidence of creatinine level
modification. The VOCs showed a large variability that seems not
belonging to the ripening. The area of 3-methilbutanal (one of the
degradation products of the lipidic fraction) was significantly
lower (ANOVA p50.05) in the ‘‘furmai de mut’’ compared (with
the highest ripening time) to both ‘‘caprino’’ (with the lowest
ripening time) and ‘‘stracchino’’ (intermediate ripening time). As
expected, the hexaenoic acid area (caproic acid) was significantly
higher in ‘‘caprino’’ (ANOVA test p50.05) than ‘‘stracchino’’.
In this last category the larger area detected was for 3-methil
butanoic acid (isovalerianic acid) but an interpretation is not
available at the moment unless bacteria fermenting this cheese use
leucine as a substrate.

One of the most interesting findings in this research was the
correlation between the VOCs and the activities on both CH and
oxidation variables. The quantities of acetic acid in a positive way
and propanoic and butanoic acids in the negative one seems to be
correlated with CH.

According to a classic theory, within the gut acetic acid is
directed to the CH synthesis, whereas the propanoic acid follows
the glucose synthesis and butanoic acid is used for the enterocytes
tropism. In the present research this does not seem to be the case,
because the acetic acid increase ended up with the CH reduction
and at the moment we do not have explanation for this. Other few
indications can be drawn from the volatile analysis.

The correlation between 3-methylbutanal and d-ROMs stems
for a more consistent tendency to oxidation for those cheeses
containing larger quantities of this VOC, which is a degradation
product of leucine. In the meantime the 3-methylbutanoic seems
to have an opposite effect decreasing the OI (ratio d-ROMs/CH).
This belongs to the lower impact on CH levels for those product
containing larger amount of the 3-methylbutanoic content.

In terms of fats composition and CH rising effect, in an old
experience (Caster et al., 1975) rats were fed with many different
combinations of fatty acids and CH levels were measured in
plasma and liver. The results showed that only few combinations
of lower chain fatty acids were responsible for CH level increase,
hexaenoic acid being the only saturated fatty acid increasing
cholesterol in plasma and liver. Different combinations from 10 to
16 carbons (up to palmitic acid) were almost ineffective on CH
plasma levels, whereas at the opposite combinations containing a
significant amount of stearic acid were shown to reduce CH
levels.

However, fats per se are not the only important component of a
cheese. In general, the carbohydrate and fat contents reflect the
bacterial activity within the product. The large amount given daily
to the animals (10 g/day; between 30 and 40 g/kg) could have
modified consistently the intestinal flora influencing CH bio-
availability/synthesis/recycling. This means that bacteria should
also be considered for making the matter almost inexplicable at
the moment. However, in general terms, a priori analysis of VOCs
could give some important indications to be confirmed through
the in vivo analysis.

A further aspect has to be mentioned in relation to the
milk production. The oxidative balance within a cheese depends
on how the animals producing milk were fed. In general,
the hydroperoxides of lipidic origin are linked mostly to
unsaturated fats that are common in every cheese in relation to
the animals diet.

The fresh grass contains more antioxidant than the forage-
based diet, at least in terms of phytosterols concentration. Despite
the limited quantity contained in milk, these compounds can be
maintained during the process of cheese production and may help
in reducing CH absorption, secretion (Pintus et al., 2013) and
synthesis also (De Smet et al., 2012; Yang et al., 2004).

In a recent trial (Pintus et al., 2013), hypercholesterolaemic
subjects were given a daily amount of 90 g sheep cheese from
ewes fed with extruded linseed for a period of 3 weeks, and
showed a significant decrease of both total and LDL cholesterols.
On the other hand, the same subjects (in the second cross-over
arm) taking the same amount of cheese from milk of ewes fed
normally showed an increase of both total and LDL cholesterols.

This may prove the hypothesis that feeding the animals with an
unsaturated fat-rich diet may end up in different types of cheese
having different activities on CH levels. However, in all these
trials the aspect of the direct relation between CH and oxidation
was never considered, and studies in humans should be under-
taken to analyze this last aspect.

Cholesterol concentration in cheeses rarely exceed
70 mg/100 g. Saturated and unsaturated lipids are directly
correlated with the fat content of any cheese (internal data),
whereas the total cholesterol content is an independent variable.
In the present experience there was no correlation between total
cholesterol (Chf) in cheese and CH levels in plasma.

Conclusions

To date cheese has been considered source of fats and a
CH-raising food. This was not true in our model, since it was
possible to identify products that can reduce CH and/or improve
the oxidative balance.

The model allowed to determine that the old triangular
relationship ‘‘cheese/cholesterol/oxidation’’ is not a fixed and
negative paradigm, since there are products, such as the ‘‘furmai
de mut’’, that can reduce CH and improve the oxidative balance,
and others that can impair it. All these aspects should be proved in
humans also. Even though the CH reduction still has to be
considered a reference point for cardiovascular and metabolic
diseases prevention, one may not forget that oxidized CH is the
real threat. The consequence is that the antioxidant balance should
be considered for the disease-monitoring therapy and OBRI can
be an example.
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