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Quality of cheese produced with milk from cows fed forage palm
with different forages
Qualidade do queijo produzido com leite de vacas alimentadas com
palma forrageira com diferentes volumosos
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Abstract
The objective of this study was to evaluate the effects of forage palm combined with different forages
in the diet of F1 Holstein x Zebu cows, on the quality of Minas Frescal cheese. Two simultaneous 4 x
4 Latin squares were used in the experimental design. The treatments consisted of sorghum silage as
the sole forage source; replacement of 50% sorghum silage by forage palm; elephant grass as the only
forage source; 50% replacement of elephant grass by forage palm. Milk samples from each cow were
analyzed for the chemical composition and the milk was pasteurized for cheese production. The gross
and adjusted yields, texture, chemical and sensorial characteristics and fatty acid profile were evaluated.
The chemical composition of the cheese was not influenced by the diets, as well as the sum of saturated,
monounsaturated and polyunsaturated fatty acids. However, a lower stearic acid content was found in
cheese from the milk of cows fed grass with forage palm and a lower value of conjugated linoleic acid
for the diet with silage alone. In the consumer preference ranking test, the most preferred cheese was
that of the sorghum silage diet and the least preferred was that of the sorghum silage/forage palm diet.
In the overall impression, higher scores were assigned to cheeses of the treatments with exclusive silage
or elephant grass. The replacement of 50% sorghum silage or elephant grass by the forage palm did not
change the chemical composition of the Minas Frescal cheese, however, it modified the profile of fatty
acids and decreased the acceptance and preference of cheese by the consumers.
Key words: Fatty acids. Sensory analysis. F1 Holstein/Zebu cows.

Resumo
Objetivou-se avaliar os efeitos da palma forrageira em associação a diferentes volumosos, na dieta de
vacas F1 Holandês x Zebu, sobre a qualidade do queijo Minas Frescal. No delineamento experimental
foram utilizados dois quadrados latinos 4 x 4, simultâneos. Os tratamentos foram assim definidos:
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silagem de sorgo como única fonte volumosa; substituição de 50% da silagem de sorgo por palma
forrageira; capim-elefante como única fonte volumosa; substituição de 50% do capim-elefante pela
palma forrageira. As amostras de leite de cada vaca foram analisadas quanto à composição química e o
leite foi pasteurizado para fabricação do queijo, sendo avaliados rendimentos bruto e ajustado, textura,
características químicas e sensoriais e perfil de ácidos graxos. A composição química do queijo não
foi influenciada pelas dietas, assim como os somatórios de ácidos graxos saturados, monoinsaturados
e poli-insaturados. Entretanto, menor teor do ácido esteárico foi observado no queijo proveniente do
leite das vacas alimentadas com capim com palma e menor valor de ácido linoleico conjugado para
dieta com apenas silagem. No teste de ordenação de preferência pelos consumidores, o queijo mais
preferido foi o da dieta com silagem de sorgo e o menos preferido o da dieta com silagem de sorgo/
palma. Na impressão global, maiores notas foram dadas para os queijos dos tratamentos com silagem
e capim-elefante exclusivos. A substituição de 50% da silagem de sorgo ou capim-elefante pela palma
forrageira não alterou composição química do queijo Minas Frescal, entretanto, modificou o perfil de
ácidos graxos e diminuiu aceitação e preferência dos queijos pelos consumidores.
Palavras-chave: Ácidos graxos. Análise sensorial. Vacas F1 Holandês/Zebu.

Introduction
Among the products derived from milk
processing, Minas Frescal cheese stands out as one
of the most consumed in the country (IBGE, 2010).
To maintain the quality standard in its production,
in addition to the adequate processing, it is
fundamental the quality of the raw material, which
can be influenced, among other factors, by the diet
of the animal (MARTINS et al., 2012; MELO et al.,
2017; SOUZA et al., 2015).
The interest in the cultivation and knowledge of
forage palm has been growing in recent years by the
rural producers involved in dairy farming in the arid
and semi-arid regions of the country (FERREIRA et
al., 2009; SILVA et al., 2007; SOUZA et al., 2010).
The forage palm adapts to the adverse conditions
of the semi-arid region, due to its physiology
characterized by the photosynthetic process called
Crassulacean Acid Metabolism (CAM), which is
expressed with greater intensity under conditions
of severe abiotic stresses (GALVÃO JÚNIOR et
al., 2014). Forage palm is a food rich in non-fiber
carbohydrates (60.7%) and has a high content of
mineral matter (10.21%), besides being a source
of water, with 90% moisture (WANDERLEY et
al., 2002). Cavalcante et al. (2008) demonstrated
the potential of forage palm to replace traditional
forage sources in herd feeding (CAVALCANTE et
al., 2008). However, forage palm cannot be supplied

exclusively to animals because it has limitations on
protein and fiber value (GALVÃO JÚNIOR et al.,
2014). The exclusive use of forage palm in the diet or
in excessive amounts can cause digestive disorders,
as well as soft stools and decreased rumination
(WANDERLEY et al., 2002). Therefore, the use
of forage palm in the forage fraction of the diet of
lactating cows should be evaluated with caution, as
it may impair the quality of milk and its derivatives,
considering that the drop in milk fat content may
be related to abnormal ruminal fermentation due
to excess concentrate or low amount of fiber in the
diet, with a decrease in pH and alteration in the
ruminal acetate: propionate ratio.
According to Nudda et al. (2014), one of the
major dietary factors related to modifications of
milk fatty acid composition is related to changes
in the forage fraction of the diet and the milk
processing does not cause a substantial change in
this composition. In the literature, the determination
of the fatty acid profile of the cheese and the milk
from cows fed diets containing forage palm was not
found, requiring research to evaluate the influence
of the use of this forage on the lipid quality of the
milk and its derivatives.
The goal of this study was to evaluate the effects
of the use of forage palm combined with different
forages in the diet of F1 Holstein x Zebu cows on
the quality of the Minas Frescal cheese.
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Material and Methods
All procedures involving animals were approved
by the institutional committee on animal use
(protocol number under registration 138/2017).
The experiment was conducted at the Experimental
Farm of the State University of Montes Claros
- UNIMONTES, located in the municipality of
Janaúba, in the north of the State of Minas Gerais,
where the climate is Aw, characterized by rainy
summers and dry winters.
Eight F1 Holstein x Zebu cows with 72 ± 11
days of lactation were used at the beginning of
the experiment. The experimental design was two
simultaneous 4 × 4 Latin squares, each composed of
four animals, four treatments and four experimental
periods. Four experimental diets were used:
Treatment 1 - Diet without forage palm (Opuntia
ficus indica Mill), with sorghum silage as forage;
Treatment 2 - Diet with 50% substitution of sorghum
silage by forage palm; Treatment 3 - Diet without
inclusion of forage palm, having elephant grass cv.
Roxo as the only forage source; Treatment 4 - Diet
with 50% substitution of elephant grass cv. Roxo by
forage palm. The forage: concentrate ratio, in the
total dry matter (DM) of the diet, was 75:25. The
experiment lasted 72 days, divided into four periods

of 18 days; the first 14 days of each period to adapt
the animals to the diets and the last four days for data
collection and sampling. The diets were prepared to
be isoproteic to meet cows with an average of 550
kg body weight and average production of 15 kg
of milk corrected to 3.5% fat day-1 and were fed to
cows twice a day at 07h and at 13h, in a complete
diet system. The urea was used to correct the crude
protein content of the forage fraction of the diets,
using a single concentrate in the four experimental
diets. To ensure the maintenance of the forage:
concentrate ratio in the total DM of the diets and
that they were kept isoproteic, the DM and crude
protein (PB) contents of the forages were analyzed
weekly, according to Detmann et al. (2012).
The forage palm used was the species Opuntia
ficus-indica Mill, cv. Gigante obtained from the
Agricultural Research Company of Minas Gerais
(EPAMIG), located in the municipality of Nova
Porteirinha. The foods offered daily were weighed
on a digital scale and the supply was adjusted so that
the leftovers represented 5% of the amount of dry
matter supplied. The proportion of the ingredients
used in the diets and their chemical composition are
listed in table 1. The analyses were performed as
described in Detmann et al. (2012).

Table 1. Proportion of the ingredients of the experimental diets (%) and chemical composition of the diets, on a dry
matter basis.
Ingredients
Sorghum silage
Elephant grass
Forage palm
Ground corn
Soybean meal
Mineral supplement¹
Dry matter (%)
Crude protein (%)
Ether extract (%)
Non-fiber carbohydrates

Experimental diets (% DM)
Sorghum silage Silage + forage palm
Elephant grass
75
37.5
0
0
0
75
0
37.5
0
17.01
17.01
17.01
7.12
7.12
7.12
0.87
0.87
0.87
Chemical Composition (% DM)
47.41
38.07
38.19
11.17
11.18
11.49
2.44
2.27
2.53
25.35
40.68
20.09

Grass + forage palm
0
37.5
37.5
17.01
7.12
0.87
33.46
11.22
2.25
39.17
continue
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NDFcp2 (%)
Lignin (%)

52.39
8.32

38.12
6.44

56.89
8.43

40.43
6.5

Guaranteed Levels per kg of product: calcium (128g min), phosphorus (100g min), sodium (120g min), magnesium (15g), sulfur
(33g), cobalt (135mg), copper (2160mg), iron (938 mg), iodine (160 mg), manganese (1,800 mg), selenium (34 mg), zinc (5,760
mg), fluorine (1,000 mg); 2NDFcp = Neutral detergent fiber corrected for ash and protein; Mean percentages of Urea/SA (9: 1)
in dry matter of forage fractions of diets: 0.72% (sorghum silage), 1.07% (silage with forage palm), 0.3% (elephant grass), 0.6%
(grass with forage palm).
1

Cows were kept in individual stalls and milked
with a mechanical milking machine (semi open)
twice a day at 8h and 14h. The presence of the
calf was used to stimulate milk secretion and, after
milking, they remained with the dams to suckle the
residual milk. To characterize the milk from each
experimental diet, samples were collected twice a
day, during the last four days of each period, and
a pool of morning and afternoon milk samples
was made in proportion to the amount produced.

In flasks containing Bronopol preservative, 50 mL
milk samples were added and homogenized for
later referral to Milk Clinics, a branch of the Animal
Sciences Department of the “Luiz de Queiroz”
School of Agriculture, University of São Paulo,
located in Piracicaba, State of São Paulo, where the
levels of fat, protein, lactose, total dry extract (TDE)
and defatted dry extract (DDE) were determined by
the infrared method (Table 2).

Table 2. Chemical composition of the milks from each experimental diet used to prepare the Minas Frescal cheese.
Variables
Fat (%)
Protein (%)
Lactose (%)
TS (%)¹
DDE (%)²

Sorghum silage
4.31
3.39
4.56
13.26
8.95

Treatments
Silage + forage palm
Elephant grass
4.64
4.19
3.40
3.29
4.46
5.50
13.52
12.93
8.88
8.75

Grass+ forage palm
4.23
3.30
4.49
12.99
8.76

¹Total Solids Content, ²Defatted Dry Extract Content.

Minas Frescal cheese was produced in the
Laboratory of Technology of Animal Products of
UNIMONTES - Campus Janaúba, according to the
following production flow:
1) The milk from each experimental diet,
separately, was weighed, filtered and subjected to
slow pasteurization (65°C for 30 minutes).
2) The milk was cooled to 39°C, when calcium
chloride (40 mL/100L) and rennet (30 mL/100L)
were added, which was diluted in equal parts of
filtered water.

3) After 40 - 60 minutes, milk coagulation
occurred
4) The mass was cut with a stainless-steel knife
in cubes of 1.5 to 2 cm, intercalating the stirring and
the rest to promote the whey draining.
5) The mass was put into plastic forms and salted
(700g/100L of refined white salt).
6) The cheeses were cooled to a temperature of
4°C for approximately 12 hours.
7) The cheeses were removed from the forms,
packed, weighed on a digital scale for yield
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determination and reserved for further analysis of
texture, chemical and sensory composition.

results of the fatty acids were expressed in mg/g of
fat.

Samples of cheeses from each treatment were
frozen and sent to the Laboratory of Animal
Nutrition and Growth - ESALQ - USP where the
profile of fatty acids was determined.

The nutritional quality of the lipid fraction of the
cheese was evaluated by the fatty acid composition
data, using the following calculations: Atherogeneity
Index (AI) = {(C12: 0 + (4 × C14:0) + C16:0)}/
(Σ monounsaturated fatty acids + Σω6 + Σω3) and
Thrombogenicity Index (TI) = (C14:0 + C16:0 +
C18:0)/{(0.5 × Σ monounsaturated fatty acids) +
(0.5 × Σω6 + (3 × Σω3) + (Σω3 /Σω6)}, according
to Ulbricht and Southgate (1991); the ratio of
hypocholesterolemic to hypercholesterolemic fatty
acids (HH) = (monounsaturated + polyunsaturated)/
(C14:0 + C16:0) and Desirable Fatty Acids (DFA)
= (unsaturated + C18: 0) according to Costa et al.
(2008); the ratio of polyunsaturated fatty acids
to saturated fatty acids and the ratio of ω6 to ω3
(COSTA et al., 2008).

The gross yield was calculated by the formula:
Gross yield (kg/kg) = formulation weight (milk plus
ingredients) (kg)/mass of cheese after packaging
(kg). The yield adjusted for the moisture content
of the cheese was calculated considering a value
of 57% as reference for the moisture of the
Minas Frescal cheese, according to the equation:
Adjusted Yield (L/kg) = milk volume (L) x (100 % intended moisture) / (kg cheese x solid content
(%) (FURTADO, 2005). The texture of the cheese
samples was determined using a Texturometer Stabic Micro Systems, TAXT Model, with the aid
of a Software, providing the cutting force (kg).
It was used a Probe Warner Bratzler cell with a
speed of 3 mm/second. To determine the chemical
characteristics of the cheese, the following analyses
were performed in triplicate: titratable acidity (ºD),
using a phenolphthalein indicator solution (0.1%),
pH by means of the Tecnopon digital pHmeter,
percentage fat content by the Gerber method, protein
by the Kjeldahl method, fixed mineral residue, by
the elimination of organic matter at 550°C; total
solids by evaporating water from the sample using
an oven at 105°C and the moisture was determined
by subtraction of the total solids; and water activity
(Aw) by means of Aw meter, AquaLab® model.
In order to determine the fatty acid profile,
transmethyled samples of cheeses were analyzed
by a Finnigan Focus GC Gas Chromatograph
with flame ionization detector, CP-Sil 88 capillary
column (Varian), 100 μm long, 0.25 μm internal
diameter and 0.20 μm film thickness. Fatty acids
were identified by comparing the retention times
of the methyl esters of the samples with fatty acid
patterns of butter. The fatty acids were quantified
by normalizing the areas of the methyl esters. The

Assessment of cheeses by untrained panelists
was performed using the sensory acceptance test
described by Meilgaard et al. (1999). The sensory
analysis of cheeses was done in five periods, with 25
testers per period, the samples were coded and cut
into cubes weighing 25 g and supplied in disposable
cups. The samples with their respective codes were
simultaneously served and classified by the tasters
to evaluate the general acceptance of the same,
assigning the score 1 for the least accepted and 9
for the most accepted. The preference ranking test
followed the methodology described by Meilgaard
et al. (1999).
Data were tested by analysis of variance and,
when significant, the means of the treatments were
compared by Tukey’s test, considering α = 0.05. For
preference ranking of the cheese samples, data were
subjected to the minimum significant difference
analysis, considering α = 0.05.

Results and Discussion
The chemical composition of the Minas Frescal
cheese presented no differences for fat, protein,
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total solids (TS), moisture and fixed mineral residue
(FMR) between diets with and without the presence
of forage palm (Table 3). The moisture of the cheeses
presented results according to the current legislation
that classifies Minas Frescal cheese as being of very

high moisture, that is, moisture of not less than 55%
(BRASIL, 2004). A mean value of 57.74% moisture
was observed for the cheeses obtained in this study
(Table 3).

Table 3. Chemical composition, gross yield and adjusted yield for the moisture content of the Minas Frescal cheese
produced with milk from F1 Holstein x Zebu cows fed forage palm combined with different forages.

Variables
Moisture (%)
1
TSC (%)
Fat (% TSC)
Protein (% TSC)
2
FMR (% TSC)
Titratable acidity (%)
pH
Texture (Kg)
3
GY (kg/kg)
4
YA (kg/kg)

Sorghum
silage
56.82
42.47
33.2
30.44
7.55
0.61
6.63
1.20
3.04
2.32

Silage
+ forage palm
57.35
42.62
32.64
27.73
6.20
0.51
7.13
0.80
3.19
2.40

Treatments
Elephant Grass+ forage
grass
palm
57.47
59.33
42.62
40.76
30.07
28.02
30.98
29.70
6.18
7.98
0.45
0.45
7.37
6.62
0.89
0.99
3.15
2.85
2.38
2.20

Overall
mean
57.74
42.11
30.97
29.71
6.97
0.50
6.93
0.97
3.05
2.32

CV (%)

Pr>Fc

6.34
8.28
16.09
12.76
21.29
23.07
10.56
21.34
12.17
16.59

0.7842
0.8455
0.4569
0.6501
0.2493
0.2137
0.4125
0.0879
0.5933
0.8766

Means followed by different letters in the same row are significantly different (P <0.05) by Tukey’s test. 1total solids content, 2fixed
mineral residue, 3gross yield of cheese, 4cheese yield adjusted for moisture.

The total dry extract (TDE) of the cheeses was
on average 42.11%. Similar results were found
by Martins et al. (2012) working with cows fed
different forages, obtaining a mean value of 43%
TDE in Minas Frescal cheese. According to Brasil
(2004), the Minas cheese protein can vary up to
40%, proving that the cheeses obtained in this study
are within the standards of identity and quality of
cheeses in Brazil. In addition, they can be classified
as semi-fatty, since they have between 28.02 and
33.9% fat in the total dry extract and, therefore, are
within the standards required by current legislation
(BRASIL, 2004). The studied diets confer, on
average, 6.97% of fixed mineral residue in EST
of Minas Frescal cheese (Table 3). The values of
titratable acidity and pH were not influenced by the
diets (Table 3). Figueiredo et al. (2015) evaluated
characteristics of artisanal Minas Frescal cheese
in different months of the year and reported pH
values ranging from 4.69 to 5.31. On the other hand,

Andreatta et al. (2009), who followed the same
industrial cheesemaking process of this experiment,
reported average values ranging from 6.67 to 6.74,
which are consistent with the results of the present
study.
The cheese texture was also not influenced by
the diets (P> 0.05). According to O’Callaghan and
Guinee (2004), the texture of cheese is one of the
most important characteristics for defining the
identity and acceptance of the product, because
it is mainly through this property that consumers
identify and judge each variety.
The combination of forage palm to different
forage did not alter gross and adjusted yields for the
moisture content of Minas Frescal cheese (Table 3).
The protein content and, especially, the proportion
of casein in the total milk protein has a determining
influence on the yield. Thus, the absence of
significance for yield was expected, since the
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protein content of the milks of each treatment were
very close, as well as the fat and total solids contents
(Table 2).
In the evaluation of the fatty acid profile of the
Minas Frescal cheese, there was no influence of diet
on the saturated fatty acids (SFA), monounsaturated
fatty acids (MUFA) and polyunsaturated fatty acids
(PUFA) (P<0.05) (Table 4). A mean proportion of
saturated fatty acids of 76.75%, monounsaturated
fatty acids of 20.01% and polyunsaturated fatty
acids of 1.65% was found. Among the class of
saturated fatty acids in Minas Frescal cheese, there
was a difference (P <0.05) for C18: 0 (stearic) and
C24: 0 (lignoceric) acids, both of which presented
higher values in the diet which provided sorghum
silage as exclusive forage. In general, saturated
fat increases the plasma cholesterol concentration;
however, stearic SFA (C18: 0) is considered to be
neutral in its effects on cholesterol, which can be
rapidly converted to oleic acid (monounsaturated),
promoting a positive effect on human health due
to its hypocholesterolemic function (COSTA et al.,
2008).
Much of the saturated fatty acids in milk, with
18 or more carbons in the chain, originate from
the diet. Among them, stearic acid normally has
the highest levels in milk and milk products. The
stearic acid content in milk fat is associated with
the intake of this acid and the degree of ruminal
biohydrogenation of polyunsaturated fatty acids,
and this relationship occurs because stearic is the
end product of this process (NUDDA et al., 2014).
Thus, according to Soyeurt et al. (2008), the higher
the stearic concentration in milk, the greater the
biohydrogenation on the rumen polyunsaturated
acids.
In the monounsaturated fatty acid class, a
difference was found for the fatty acid C18: 1cis9
(oleic), with higher value in the treatment in which
the cows received elephant grass as the sole forage
source and a higher concentration of C18:1trans
was observed for the diets in which elephant grass

associated with forage palm and elephant grass
alone. Moallem (2009) cites the accumulation of
C18:1 trans in milk as a characteristic of incomplete
biohydrogenation of fatty acids in the rumen. C18:1
trans specific isomers may be related to the depletion
of de novo synthesis in the mammary gland.
The concentration of conjugated linoleic acid
(CLA) (C18: 2c9 t11) in the cheese fat was lower
with the diet with sorghum silage as exclusive
forage compared to the other diets. On the other
hand, the levels of C18: 3 n-3-α-linolenic acid also
varied according to the diets (P <0.05), being higher
with the diet based on sorghum silage in relation to
the diets in which the forage palm was included.
Unlike saturated fatty acids, long-chain,
monounsaturated and polyunsaturated fatty acids
contribute to the increase of high-density cholesterol
(HDL) (SANTOS et al., 2013). For the beneficial
effects, stand out the unsaturated fatty acids oleic
(C18: 1cis-9) and the isomers of conjugated linoleic
acid (CLA), related to cholesterol reduction and
anticarcinogenic effects, respectively (DILZER;
PARK, 2012; LANIER; CORL, 2015). PUFAs
are not synthesized by ruminant tissues, their
concentration in milk is determined by the amount
of these acids that reach the duodenum (NUDDA et
al., 2014). In this study, the forage: concentrate ratio
was fixed (75:25) and the same for all treatments,
however, the diets with presence of forage palm
presented higher contents of fast-fermenting
carbohydrates, and lower fiber contents (Table 1),
which may have caused lower ruminal pH values
and increased passage rate, thus impairing the
activity of the microorganisms responsible for the
final metabolic steps of biohydrogenation of fatty
acids, which may justify the lower content of stearic
fatty acid in cheese for diets containing forage
palm, as well as higher values of CLA and C18: 1
trans, which are intermediates of this process in the
rumen.
According to Nudda et al. (2014), milk processing
does not cause a significant change in the fatty acid
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profile and thus the fatty acid concentrations in the
fat of milk derivatives are essentially dependent on
the fatty acid profile of the milk before processing.
The most significant changes in the FA profile of
ruminant milk have been observed mainly by the

variation in the number and types of forage, as
well as by the addition of oil sources (MOURTHÉ
et al., 2015; RIBEIRO et al., 2014), since they
have an effect on the ruminal biohydrogenation of
polyunsaturated fatty acids.

Table 4. Fatty acid profile of the fat of cheese from F1 Holstein x Zebu cows fed forage palm combined with different
forages.

Components
∑ SFA1
C4:0
C6:0
C8:0
C10:0
C11:0
C12:0
C13:0 iso
C13:0 anteiso
C13:0
C14:0 iso
C14:0
C15:0 iso
C15:0 anteiso
C15:0
C16:0 iso
C16:0
C17:0 iso
C17:0
C18:0
C20:0
C22:0
C23:0
C24:0
∑ MUFA²
C10:1
C12:1
C14:1c9
C16:1c9
C17:1
C18:1 c9
C18:1 trans
C18:1 c11
C18:1 c12
C18:1 c13
C18:1 t16

Sorghum
silage
77.1747
2.9247
2.0212
1.4082
3.3890
0.1867
4.2432
0.0510
0.1532
0.1745
0.1585
13.3052
0.3357
0.5515
1.0015
0.0662
39.0757
0.3892
0.7645
5.8605a
0.0772
0.0220
0.0242
0.042a
16.0287
0.3277
0.0157
1.5357
2.5530
0.1232
12.6997b
0.8022b
1.5645
0.7270
0.3607
0.0785

Silage
+ forage palm
76.8962
2.9624
2.0482
1.3525
3.2785
0.1345
4.2027
0.0457
0.1710
0.2082
0.1537
13.1050
0.3147
0.5720
1.3537
0.0745
40.7377
0.3810
0.7917
4.8637b
0.0642
0.0237
0.0125
0.0310ab
20.4705
0.4165
0.0967
1.6575
2.8755
0.1220
12.7550b
0.8027b
1.3675
0.6677
0.3527
0.0915

Treatments
Elephant grass
75.9552
2.8502
2.0352
1.3510
3.2592
0.1967
4.0217
0.0511
0.1742
0.1690
0.1500
12.9437
0.3357
0.6185
1.2245
0.1285
37.2860
0.3838
0.7232
5.5237ab
0.0732
0.0122
0.0232
0.0215b
23.3262
0.4150
0.0987
1.6582
2.6877
0.1630
14.3665a
1.0990a
1.4857
0.7105
0.3742
0.0942

Grass+
forage palm
77.0322
2.9925
2.0777
1.4022
3.4535
0.1410
4.4362
0.0510
0.1730
0.2325
0.1587
13.2747
0.3122
0.5865
1.5827
0.1327
40.4922
0.3925
0.7680
4.5575b
0.0645
0.0255
0.0222
0.0270b
20.2522
0.4237
0.0785
1.6302
2.8900
0.1935
12.640b
1.0981ª
1.2355
0.6075
0.3045
0.0955

CV (%)

Pr>Fc

26.56
07.29
02.45
04.47
12.46
55.63
15.01
13.05
14.15
23.93
13.47
6.89
15.60
16.88
42.95
18.56
06.11
8.57
10.13
10.07
30.70
58.84
42.98
20.61
27.80
28.96
31.10
13.90
11.21
87.36
11.79
15.73
17.78
15.84
15.34
24.16

0.4230
0.8955
0.1345
0.4220
0.8974
0.4688
0.8334
0.5949
0.5773
0.2369
0.8878
0.9364
0.1794
0.8046
0.5331
0.7934
0.2123
0.3303
0.6613
0.0158
0.4487
0.4558
0.2612
0.0034
0.3626
0.6093
0.6190
0.8559
0.3895
0.8446
0.0405
0.0377
0.3178
0.4319
0.3214
0.6790
continue
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C18:1 c15
C20:1
C22:1n9
C24:1
Σ AGPI³
C18:3 n6
C18:3 n3
C18:2c9t11(CLA)
C20:2
C20:3 n6
C20:4 n6
C20:5 n3
C22:5
C22:6 n3

0.0702
0.0567
0.0502
0.0072
1.6400
0.0037
0.2407a
0.1850b
0.0018
0.0370
0.0137
0.0125
0.0250
0.0005

0.0667
0.0237
0.0507
0.0070
1.6595
0.0040
0.1680b
0.2090ab
0.0020
0.0350
0.0115
0.0140
0.0240
0.0002

0.0617
0.0535
0.0505
0.0071
1.6297
0.0032
0.1887ab
0.3285a
0.0019
0.0217
0.0100
0.0102
0.0277
0.0000

0.0672
0.0450
0.0504
0.0069
1.7042
0.0045
0.1712b
0.2907ab
0.0018
0.0250
0.0142
0.0112
0.0402
0.0020

38.51
35.82
21.37
30.51
13.53
35.83
13.56
26.72
59.39
48.96
55.42
35.72
22.00
51.06

0.9720
0.2950
0.6951
0.2513
0.4259
0.4593
0.0067
0.0350
0.2978
0.4053
0.8005
0.6445
0.4609
0.3930

Means followed by different letters in the same row are significantly different (P <0.05) by Tukey’s test. 1Saturated fatty acids,
2
Monounsaturated fatty acids, 3Polyunsaturated fatty acids.

In the present study, none of the nutritional
quality indices of the Minas Frescal cheese lipid
fraction was influenced by the diets evaluated
(Table 5). Atherogenicity (AI) and thrombogenicity
(TI) indices indicate the potential for stimulating
platelet aggregation, the lower the AI and TI values,
the greater the amount of antiatherogenic fatty acids

present in a particular oil/fat and, consequently,
the greater is the potential to prevent the onset of
coronary heart disease. According to Bentes et al.
(2009), there are no recommended values for AI and
TI in dairy products, therefore, the lower the value
of these indices, the more favorable is the fatty acid
profile to human health.

Table 5. Atherogenic index (AI), thrombogenicity index (TI), hypo/hypercholesterolemic ratio (h/H), desirable fatty
acids (DFA), polyunsaturated fatty acids/saturated fatty acids ratio (PUFA/SFA), sum of ω6 fatty acids and ω6/ω3
ratio of cheese of crossbred cows fed forage palm combined with other forages.

Variables
AI
TI
h/H
DFA
PUFA/SFA
ω6
ω6/ω3

Sorghum
silage
4.7185
1.6912
0.6647
25.7223
0.0223
0.0600
0.3545

Silage
+ forage palm
4.7300
2.2167
0.4117
26.9637
0.0235
0.0437
0.2152

Elephant
grass
4.0277
1.9077
0.4952
30.4797
0.0211
0.0410
0.2065

Experimental diets
Grass+ forage
palm
4.7585
2.3067
0.4120
26.5140
0.0199
0.0472
0.2602

CV
(%)
20.15
28.25
27.33
20.08
32.35
44.08
47.20

Pr>Fc
0.2833
0.4332
0.4262
0.4505
0.4262
0.6088
0.5623

Means followed by different letters in the same row are significantly different (p <0.05) by tukey’s test.

In the sensory analysis of Minas Frescal cheese,
differences were detected for the acceptance test
(Table 6), using a nine-point hedonic scale. For
appearance, a higher score was assigned to the
cheese from milk of cows fed diet containing only

sorghum silage as forage, indicating that the tasters
moderately liked the same. However, tasters liked
the appearance of all cheeses, although slightly, for
diets containing forage palm.
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Table 6. Results of the acceptance test in the sensory analysis of the Minas Frescal cheese produced from the milk of
F1 Holstein x Zebu cows fed forage palm combined with different sources of forage.
Variables
Appearance
Consistency
Taste
OI1
N2

Sorghum silage
7.2a
6.5a
7.22a
7.03a
100

Silage + forage palm
6.54b
6.14a
6.68a
6.5ab
100

Treatments
Elephant grass
7.15ab
6.6ª
6.75ª
6.85ª
100

Grass+ forage palm
6.06b
5.28b
5.91b
5.93b
100

Means followed by different letters in the same row are significantly different (p <0.05) by Tukey’s test.1Overall impression,
2
number of tasters.

When analyzed for consistency and flavor,
higher scores were for the cheeses of the treatments
with only sorghum silage or sorghum silage and
forage palm, and only elephant grass. For overall
impression, higher scores were given to the cheese
from treatments with exclusive silage and exclusive
elephant grass, differing from the treatment where
grass combined with forage palm was offered.
Values that approximate scale 7 (moderately liked)
indicate satisfactory results for the acceptance test,
which occurred in the present study, for appearance,
in all diets supplied, however, for consistency, taste
and overall impression, results found in treatment

with 50% substitution of elephant grass by forage
palm, were lower than 6, showing a negative
influence for cheeses from the milk of cows fed this
diet. For the preference ranking test (Table 7), there
was a difference (P <0.05) between the treatments,
showing that the most preferred cheese was the diet
without forage palm inclusion, with sorghum silage
as forage, and the least preferred was that of the diet
with 50% substitution of sorghum silage by forage
palm. The forage palm in 37.5% of the total dietary
dry matter may have provided sensory changes to
the Minas Frescal cheese, which were perceptible
to the tasters.

Table 7. Result of the preference ranking test of the sensory analysis of the Minas Frescal cheese produced from the
milk of F1 Holstein x Zebu cows fed forage palm combined with different sources of forage.

Sum of Orders
N2

Sorghum silage
207a
100

Treatments
Silage + forage palm
Elephant grass
359c
243ab
100
100

Grass+ forage palm
278bc
100

Totals with the same letter in the row are not significantly different (p <0.05) when evaluating the least significant difference (LSD);
2
Number of tasters.

According to Costa et al. (2009), there are
many factors that may interfere with the sensory
characteristics of cheese, among these factors, the
fat is highlighted, and these changes do not only
occur in relation to its content, but also to the
composition, acting mainly on color, odor, taste and
brightness of the dairy derivative.

Conclusions
The substitution of 50% sorghum silage or
elephant grass by the forage palm did not change
the chemical composition of the Minas Frescal
cheese, however, it modified the profile of fatty
acids and decreased the acceptance and preference
of the cheeses by the consumers.
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