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Animal Science/ Original Article

Chemical and fatty acid 
composition of milk from 
crossbred cows subjected 
to feed restriction
Abstract – The objective of this work was to evaluate the chemical 
composition and fatty acid profile of milk from F1 Holstein/Zebu cows in 
different lactation periods, when receiving different levels of dietary supply 
in percentage of body weight. Sixty cows were evaluated, with five levels of 
dietary supply and three lactation periods. The levels of dietary supply had no 
effect on the production of milk corrected to 3.5% fat (12.25 kg per day). There 
was also no effect of dietary supply levels, in the different lactation periods, on 
contents of fat (3.34%), protein (3.41%), lactose (4.60%), total solids (12.0%), 
defatted dry extract (8.80%), and urinary nitrogen (14.5 mg dL-1), nor on 
somatic cell count (89.98 mL-1). As the dietary supply level was reduced, the 
sum of saturated fatty acids in milk was decreased in up to 9.15% and that of 
monounsaturated fatty acids was increased in up to 25.28%. Feed restriction 
does not alter the chemical composition of milk, but improves its quality of 
fat by reducing saturated fatty acid content, increasing the concentration of 
monounsaturated and desirable fatty acids in up to 54%, and increasing the 
hypo- and hypercholesterolemic fatty acid ratio in up to 168.97%.

Index terms: desirable fatty acids, F1 Holstein/Zebu, lactation period, milk quality.

Composição química e de ácidos graxos do leite de 
vacas mestiças submetidas à restrição alimentar
Resumo – O objetivo deste trabalho foi avaliar a composição química e o perfil 
de ácidos graxos do leite de vacas F1 Holandês/Zebu, em diferentes períodos de 
lactação, ao receber diferentes níveis de fornecimento da dieta em percentagem 
de peso corporal. Foram utilizadas 60 vacas, com cinco níveis de oferta da dieta 
e três períodos de lactação. Os níveis de oferta não influenciaram a produção 
de leite corrigida a 3,5% de gordura (12,25 kg por dia). Também não houve 
efeito dos níveis de oferta, nos diferentes períodos de lactação, sobre os teores 
de gordura (3,34%), proteína (3,41%), lactose (4,60%), sólidos totais (12,0%), 
extrato seco desengordurado (8,80%) e nitrogênio urético (14,5 mg dL-1), nem 
sobre a contagem de células somáticas (89,98 mL-1). À medida que os níveis 
de oferta foram reduzidos, o somatório dos ácidos graxos saturados do leite 
diminuiu em até 9,15% e o dos monoinsaturados aumentou em até 25,28%. 
A restrição alimentar de vacas F1 Holandês/Zebu não altera a composição 
química do leite, mas melhora a qualidade da sua gordura, ao reduzir os teores 
de ácidos graxos saturados, aumentar os dos ácidos graxos monoinsaturados e 
dos ácidos graxos desejáveis em até 54%, e elevar a relação dos ácidos graxos 
hipo e hipercolesterolêmicos em até 168,97%.

Termos para indexação: ácidos graxos desejáveis, F1 Holandês/Zebu, período 
de lactação, qualidade do leite.
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Introduction

The animal’s nutritional level is among the main 
factors that alter milk production and quality (Barbosa 
et al., 2012; Nudda et al., 2014). The nutritional 
restrictions and/or imbalances generally observed 
in Brazilian breeding systems, besides altering milk 
production, also decrease its density (Marques et al., 
2010) and protein and casein contents (Barbosa et al., 
2012; Gabbi et al., 2016). However, these results vary 
between experiments, and their comparison is difficult 
due to the diversity and duration of feed restriction 
(Gabbi et al., 2016).

Limiting an animal’s food supply may imply a 
reduction in the passage rate of the digesta through 
the gastrointestinal tract, and this provides a longer 
retention of food for rumen degradation, which may 
favor a more efficient nutrient use. However, for an 
effective feed restriction, it is important to consider its 
magnitude and duration, as well as the lactation stage 
in which it is applied (Dessauge et al., 2011; Gross et 
al., 2011; Bjerre-Harpøth et al., 2012).

In this context, the search for animals that are better 
adapted and have higher productivity is relevant. 
The Holstein-Zebu crossbred stands out in Brazilian 
dairy production due to its high capacity for milk 
production, rusticity, and adaptation to the tropical 
environment and to low food availability periods, 
which may favor the production system (Ribeiro et 
al., 2017). However, it is still necessary to evaluate the 
impact of feed restriction on crossbred cows, aiming 
to increase their potential in milk production systems. 
According to several studies (Souza et al., 2015; Melo 
et al., 2017), because they are closely related to the 
adopted production conditions and feeding strategies, 
milk components may be used to assess the response 
of these animals to the offered diet.

It should be noted that the milk production system 
can become more profitable with food restriction due to 
reductions in food costs by increasing feed efficiency; 
however, it is important to maintain milk quality for 
this strategy to work.

The objective of this work was to evaluate the 
chemical composition and fatty acid profile of milk 
from F1 Holstein/Zebu cows in different lactation 
periods, when receiving different levels of dietary 
supply in percentage of body weight.

Materials and Methods

The study was approved by the ethics committee on 
animal experimentation and welfare of Universidade 
Estadual de Montes Claros, located in the state of Minas 
Gerais, Brazil, under registration number 128/2016. 
Sixty F1 Holstein/Zebu cows in lactation were 
evaluated in a completely randomized experimental 
design, in a 5x3 factorial arrangement, with five 
dietary supply levels and three lactation periods. The 
dietary supply levels were: diet supplied ad libitum, 
allowing 5% leftovers in relation to the amount of dry 
matter supplied; and diets defined as a percentage 
(2.75, 2.5, 2.25, and 2.0%) of body weight supplied as 
dry matter. Twenty cows were used per experimental 
period, four per dietary supply level.

The mean values of lactation days in each period 
and their respective standard deviations were: 
50.0±12.80 days in the first period; 111.5±11.75 days 
in the second one; and 183.0±17.5 days in the third. 
The three experimental periods were 21 days long 
each, and the first 16 days of each period were for the 
adaptation of the animals to the dietary level offered, 
whereas the last 5 days were for data collection and 
sampling. The experiment lasted 77 days, and, before 
the first experimental period, all cows received the 
experimental diet provided ad libitum for 14 days.

The cows were kept in individual 26-m2 stalls, 
equipped with troughs and drinking fountains. The 
diet was prepared with a 75:25 forage:concentrate ratio, 
on a dry matter basis, and was given to the cows twice 
daily at 8 a.m. and 3 p.m. in a complete diet system. 
The forage of the diet was corn silage, and leftovers 
were weighed daily. The chemical composition of the 
diet, on a dry matter basis, was 60.85% dry matter, 
4.80% mineral matter, 11.00% crude protein, 2.80% 
ether extract, 32.67% non-fiber carbohydrate, 49.16% 
neutral detergent fiber crude protein, and 8.65% 
lignin. The analyses were performed as described in 
Detmann et al. (2012).

Cows were milked with a mechanical milking 
machine twice a day, at 7 a.m. and 2 p.m., with the 
presence of the calf to stimulate the secretion of the 
milk. Milk samples from each animal were collected 
twice a day, in the last four days of each period, in 
proportion to the amount produced in the morning and 
afternoon. Flasks containing the preservative bronopol 
received 50 mL of the sample and were sent to the 
milk clinic at Department of Animal Science of Escola 
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Superior de Agricultura Luiz de Queiroz (Esalq) of 
Universidade de São Paulo, located in the municipality 
of Piracicaba, in the state of São Paulo, Brazil, for 
analyses of chemical composition and somatic cell 
count. Milk yields were corrected to 3.5% fat. In 
order to determine milk chemical characteristics, the 
following were obtained: percentage of fat, protein 
content, lactose, defatted dry extract, milk urea 
nitrogen (MUN), casein by the infrared method, 
and somatic cell count (SCC) by the flow cytometry 
method.

Milk samples were sent to the laboratory of animal 
nutrition and growth of Esalq to determine the profile 
of fatty acids. Transmethylated samples were analyzed 
in the Focus GC gas chromatograph (Thermo Fisher 
Scientific, Waltham, MA, USA), with flame ionization 
detector, CP-Sil 88 capillary column (Agilent 
Technologies, Santa Clara, CA, USA), 100 μm length, 
0.25 μm internal diameter, and 0.20 μm film thickness. 
The fatty acids were identified by comparing the 
retention times of the methyl esters of the samples with 
the fatty acid patterns of butter and were quantified by 
normalizing the areas of the methyl esters.

The nutritional quality of the milk lipid fraction was 
evaluated by the fatty acid composition data, using 
the following equations: atherogenicity index (AI) = 
{(C12:0 + (4 × C14:0) + C16:0)}/(Σmonounsaturated fatty 
acids + Σω6 + Σω3) and thrombogenicity index (TI) 
= (C14:0 + C16:0 + C18:0)/{(0.5 × Σmonounsaturated 
fatty acids) + (0.5 × Σω6 + (3 × Σω3) + (Σω3 /Σω6)}, 
according to Ulbricth & Southgate (1991); ratio of 
hypo- to hypercholesterolemic fatty acids (h/H) = 
(monounsaturated + polyunsaturated)/(C14:0 + C16:0) 
and desirable fatty acids (DFAs) = (unsaturated + 
C18:0) (Costa et al., 2008); and ratio of polyunsaturated 
fatty acids to saturated fatty acids, as the ω6/ω3 ratio 
(Costa et al., 2008).

The obtained data were tested by the analysis of 
variance, and, when the F-test was significant, dietary 
supply levels were subjected to the regression analysis, 
at 5% probability, and the lactation periods were 
compared by Tukey’s test, also at 5% probability, using 
the SAS software (SAS Institute Inc., Cary, NC, USA). 
For the comparison between the control (diet provided 
ad libitum) and treatments, Dunnett’s test was applied, 
at 5% probability.

Results and Discussion

There was no interaction of dietary supply levels 
with lactation periods. The dietary supply levels also 
did not influence the chemical composition and SCC 
of milk (Table 1), which complied with Normative 
Instruction 76 (Brasil, 2018) for refrigerated raw milk.

Some studies have shown that, during periods of food 
shortage or nutritional deficiency, there is a reduction 
in milk protein content (Zanela et al., 2006; Burke et 
al., 2010). In addition, energy intake is the primary 
nutritional factor that influences the percentage and 
yield of milk protein, depending on the dry matter 
intake and energy density of the diet (Lean et al., 
2013). In this sense, the reduced dietary supply levels 
feed to the animals possibly maintained the microbial 
production in the rumen, providing metabolizable 
protein for protein synthesis in milk, which is 
satisfactory for the observed level of production. The 
values obtained for total solids content were similar to 
those for milk fat and protein (Table 1).

The results for SCC are in alignment with those 
reported by Zanela et al. (2006), who found no 
significant difference (393 vs 206 thousand cells per 
milliliter) between animals with 60 and 100% of 
their nutritional needs met. The values observed for 
SCC were within the ranges considered normal for 
fresh milk; the maximum value recommended is 500 
thousand cells per milliliter (Brasil, 2018).

There was also no significant difference for 
MUN, whose mean was of 14.5 mg dL-1 (Table 1). 
This measure can be an indicator of dietary energy 
and protein balance (Galvão Júnior et al., 2010), 
and its mean reference value should be between 12 
and 18 mg dL-1 (Drudik et al., 2007); mean values 
above 16 mg dL-1, according to Roseler et al. (1993), 
would indicate excess protein in the diet, deficiency 
in the fermentation of non-fiber carbohydrates, and/
or imbalance between the availability of energy and 
nitrogen in the rumen. In the present study, the MUN 
values were below 16 mg dL-1, which suggests the 
efficiency of the F1 Holstein/Zebu cows fed different 
supply levels in the use of dietary nitrogen and, 
consequently, a lower excretion of nitrogen.

Dietary supply levels did not cause any changes 
in casein content and percentage in relation to total 
milk protein. The fact that this milk protein fraction 
remained stable between treatments indicates that 
the used diets provided adequate amino acid values 
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to the milk secreting tissue, since the mean values 
and percentage of casein in relation to crude protein 
content are in agreement with those described in the 
literature, ranging from 2.25 to 2.40% and from 75 
to 80%, respectively (Gandra et al., 2010). During 
lactation periods, casein percentages varied, being 
higher in the third one, compared with the first  
(Table 2), which may be justified by physiological 
changes in the animal metabolism, with a reduction in 
milk production (Oliveira et al., 2010).

The different levels of dietary supply in relation to 
the percentage of body weight did not influence milk 
production corrected to 3.5% fat (p=0.147) (Table 1). 
This shows that, even under moderate feed restriction, 
F1 Holstein/Zebus cows are able to maintain the 

production of milk with a similar chemical quality to 
that when they are fed ad libitum. A significant effect 
was observed on milk yield in relation to lactation 
periods (Table 2). The animals presented greater milk 
production in the first period (p=0.000), for which a 
mean value of 13.27 kg milk corrected to 3.5% fat per 
day was obtained, indicating a superior production to 
that of the other studied periods. The first period also 
coincides with the one closest to the peak of lactation 
for crossbred cows, which, according to Glória et al. 
(2010), is earlier in F1 Holstein/Zebu.

There was a decreasing linear effect for the sum 
of saturated fatty acids (SFAs) as the dietary supply 
levels decreased (Table 3), with a reduction of 9.15% 
for 2.0% body weight in relation to the diet provided 

Table 1. Physical and chemical composition, somatic cell count (SCC), and production of milk from F1 Holstein/Zebu cows 
fed different dietary supply levels, with respective coefficients of variation (CV) and real p-values (Pr> Fc).

Variable(1) Dietary supply level (% body weight) Coefficient of 
variation (%)

Mean Pr>Fc
Ad libitum(2) 2.75 2.50 2.25 2.00

Fat (%) 3.34 3.01 3.64 3.23 3.37 19.77 Ŷ=3.32 0.140
Protein (%) 3.41 2.98 3.04 3.15 3.21 9.53 Ŷ=3.15 0.252
Lactose (%) 4.69 4.57 4.58 4.54 4.56 4.94 Ŷ=4.60 0.847
Total solids (%) 12.42 11.92 11.81 12.42 11.76 7.33 Ŷ=12.0 0.252
DDE (%) 8.96 8.72 8.90 8.69 8.76 4.88 Ŷ=8.80 0.441
SCC (SC mL-1) 101.16 82.33 52.92 39.58 173.91 23.63 Ŷ=1.60 0.128
MUN (mg dL-1) 13.51 15.53 14.08 14.77 13.83 13.38 Ŷ=14.5 0.091
Casein (% m m-1) 2.61 2.23 2.23 2.42 2.43 11.42 Ŷ=2.30 0.154
PCAS 76.67 74.61 74.44 74.79 75.45 2.82 Ŷ=74.8 0.316
PLCG (kg) 13.02 11.00 11.30 10.72 9.57 17.90 Ŷ=12.3 0.147

(1)DDE, defatted dry extract; MUN, milk urea nitrogen; PCAS, percentage of casein in total protein; and PLCG, milk production corrected to 3.5% fat. 
(2)Average dry matter intake as a percentage of body weight equal to 3.39%. *Significant differences between mean values and the control (diet supplied 
ad libitum) by Dunnett’s test, at 5% probability.

Table 2. Physical and chemical composition, somatic cell count (SCC), and production of milk from F1 Holstein/Zebu cows 
in different lactation periods, with respective means, coefficients of variation (CV), and real p-values (Pr> Fc)(1).

Variable(2) Lactation period (days)(3) Coefficient of  
variation (%) Pr>Fc

First Second Third
Fat (%) 3.17 3.58 3.20 19.77 0.235
Protein (%) 3.00 3.21 3.27 9.53 0.054
Lactose (%) 4.69 4.61 4.52 4.94 0.173
Total solids (%) 11.83 12.42 11.95 7.33 0.165
DDE (%) 8.66 8.96 8.63 4.88 0.409
SCC (SC mL-1) 68.81 73.06 119.68 23.63 0.561
MUN (mg dL-1) 15.04a 15.86a 12.12b 13.38 0.000
Casein (%m m-1) 2.23b 2.42ab 2.49a 11.42 0.002
PCAS 74.23b 75.37ab 76.42a 2.82 0.016
PLCG (kg) 13.27a 10.97b 9.10b 17.90 0.000

(1)Means followed by different letters in the same row differ significantly by Tukey’s test, at 5% probability. (2)DDE, defatted dry extract; MUN, milk 
urea nitrogen; PCAS, percentage of casein in total protein; and PLCG, milk production corrected to 3.5% fat. (3)Lactation periods: first, 50±12.80 days; 
second, 111.5±11.75 days; and third, 183±17.25 days.
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Table 3. Fatty acid content of milk fat of F1 Holstein/Zebu cows fed different dietary supply levels, with respective regression 
equations (RE), coefficients of variation (CV), and real p-values (Pr> Fc).
Variable Dietary supply level (% body weight) CV  

(%)
RE R2  

(%)
Pr>Fc

Ad libitum(1) 2.75 2.50 2.25 2.00
Σ AGS(2) 73.1 72.8 71.7 68.9* 66.4* 4.80 Ŷ=49,01-8,80x 97.4 0.000
C4:0 2.84 2.78 2.78 2.80 2.81 12.5 Ŷ=2.80 0.997
C6:0 1.81 1.78 1.7 1.69 1.57* 8.53 Ŷ=1.1-0.25x 90.6 0.010
C8:0 1.31 1.17 1.21 1.10* 1.05* 11.2 Ŷ=0.68-0.19x 73.1 0.028
C10:0 3.36 2.86 2.82 2.59 2.48 22.7 Ŷ=2.80 0.379
C11:0 0.70 0.07 0.06 0.06 0.05* 26.2 Ŷ=0.01-0.02x 65.5 0.018
C12:0 4.31 3.55 3.99 3.15 3.01* 18.4 Ŷ=-11.68-11.88x-2.29x² 66.6 0.002
C13:0 iso 0.03 0.03 0.03 0.03 0.03 14.5 Ŷ=0.03 0.061
C13:0 anteiso 0.09 0.09 0.08 0.07 0.09* 23.4 Ŷ=0.020-0.025x 68.5 0.030
C13:0 0.14 0.12 0.11* 0.10* 0.90* 19.2 Ŷ=0.04-0.02x 39.9 0.016
C14:0 iso 0.11 0.09 0.09 0.09 0.11 24.9 Ŷ=0.09 0.060
C14:0 12.4 11.0 11 12.4 11.6 10.3 Ŷ=11.7 0.069
C15:0 iso 0.23 0.23 0.23 0.23 0.24 12.2 Ŷ=0.23 0.060
C15:0 anteiso 0.47 0.48 0.45 0.43 0.48 14.0 Ŷ=0.46 0.135
C15:0 0.89 0.89 0.94 0.83 0.87 10.7 Ŷ=0.80-0.02x 82.1 0.048
C16:0 iso 0.36 0.35 0.37 0.36 0.42 23.6 Ŷ=0.37 0.248
C16:0 33.6 36.8 35.1 34.5* 31.7* 10.3 Ŷ=27.34-2.92x 94.3 0.011
C17:0 iso 0.31 0.33 0.36 0.36* 0.40* 12.4 Ŷ=0.54-0.07x 85.6 0.008
C17:0 0.63 0.60* 0.62 0.60* 0.67* 5.76 Ŷ=1.83-0.96x+0.19x² 75.2 0.001
C18:0 9.73 8.75 8.04 8.73 9.19 22.2 Ŷ=8.88 0.541
C20:0 0.12 0.11 0.11 0.11 0.12 26.4 Ŷ=0.12 0.724
C22:0 0.03 0.03 0.03 0.03 0.03 46.4 Ŷ=0.03 0.542
C21:0 0.01 0.00 0.01 0.00 0.01 29.2 Ŷ=0.01 0.356
C23:0 0.01 0.01 0.01 0.01 0.01 48.9 Ŷ=0.01 0.815
C24:0 0.02 0.02 0.02 0.02 0.02 52.4 Ŷ=0.02 0.496
Σ AGMI(3) 24.2 24.5 25.2 28.1* 30.3* 12.1 Ŷ=46.53+8.22x 95.5 0.002
C10:1 0.34 0.35 0.4 0.38 0.35 23.2 Ŷ =0.36 0.535
C12:1 0.08 0.08 0.08 0.08 0.9 45.6 0.08 0.016
C14:1 c9 1.28 1.34 1.34 1.36 1.27 23.6 Ŷ=1.32 0.901
C16:1 c9 2.01 2.28 2.28 2.39 2.29 17.4 Ŷ= 2.25 0.893
C18:1 trans 1.15 1.26 1.26 1.32 1.4 20.4 Ŷ=1.28 0.597
C18:1 c9 16.1 16.1 16.1 18.7 20.8* 14.1 Ŷ=33.85+6.67x 92.9 0.001
C18:1 c11 2.07 1.90 1.90 1.52* 1.48* 15.9 Ŷ=0.63-0.42x 99.6 0.000
C18:1 c12 0.89 0.83 0.83 0.67* 0.66* 17.2 Ŷ=0.31-0.17x 96.6 0.000
C18:1 c13 0.50 0.46 0.46 0.42* 0.38* 13.6 Ŷ=0.24-0.07x 96.3 0.005
C18:1 t16 0.26 0.22 0.22 0.22 0.24 19.5 Ŷ=0.23 0.530
C18:1 c15 0.07 0.06* 0.06* 0.07 0.06* 27.4 Ŷ=0.13+0.02x 78.9 0.024
C20:1 0.06 0.07 0.07 0.06 0.06 29.2 Ŷ=0.06 0.413
C22:1 n9 0.00 0.00 0.00 0.01 0.00 77.3 Ŷ=0.00 0.274
C24:1 0.01 0.01 0.01 0.01 0.01 62.4 Ŷ=0.01 0.682
Σ AGPI(4) 1.83 1.91 1.91 2.11 2.19 15.2 Ŷ=1.9 0.073
C18:2 c9 c12 1.37 1.26 1.32 1.24 1.26 15.8 Ŷ=1.2 0.449
C18:3 n6 0.01 0.01 0.01 0.01 0.01 37.7 Ŷ=0.01 0.840
C18:3 n3 0.15 0.15 0.15 0.18 0.18* 19.2 Ŷ=0.29+0.05x 82.5 0.008
C18:2 c9 t11 (CLA)(5) 0.25 0.44 0.44 0.34 0.34 15.9 Ŷ=0.36 0.059
C18:2 t10c12 0.00 0.00 0.00 0.00 0.00 693 Ŷ=0.00 0.404
C20:2 0.00 0.00 0.00 0.00 0.00 142 Ŷ=0.00 0.353
C20:3 n6 0.03 0.03 0.03 0.04 0.04 33.8 Ŷ=0.03 0.631
C20:3 n3 0.05 0.07 0.06 0.06 0.07 21.7 Ŷ=0.06 0.044
C20:4 n6 0.01 0.02 0.02 0.02 0.02 29.9 Ŷ=0.02 0.105
C22:2 0.00 0.00 0.00 0.00 0.00 311 Ŷ=0.00 0.393
C20:5 n3 0.01 0.01 0.01 0.01 0.01 47.8 Ŷ=0.01 0.069
C22:5 0.00 0.00 0.00 0.00 0.00 30.7 Ŷ=0.00 0.065
C22:6 n3 0.00 0.00 0.00 0.00 0.00 123 Ŷ=0.00 0.058
(1)Average dry matter intake as a percentage of body weight equal to 3.39%. (2)Saturated fatty acids. (3)Monounsaturated fatty acids. (4)Polyunsaturated 
fatty acids. (5)CLA, conjugated linoleic acid. *Significant differences between mean values and the control (diet supplied ad libitum) by Dunnett’s test, 
at 5% probability. R2, coefficient of determination. 
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ad libitum. The sum of SFAs was higher for the 
diet provided ad libitum, when compared with the 
levels of 2.0 and 2.25% body weight. The highest 
percentages of SFAs were found for palmitic acid 
(C16:0) and myristic acid (C14:0). It was observed 
that the concentrations of the SFAs C6:0, C8:0, C11:0, 
C13:0, and C16:0 had a decreasing linear effect, with 
a reduction of 13.25, 19.84, 28.57, 35.71, and 5.68%, 
respectively, for 2.0% body weight dietary supply in 
relation to the diet provided ad libitum. The SFA C17:0 
iso increased with the reduction of supply levels, 
whereas C12:0 and C17:0 presented a quadratic effect, 
with minimum and maximum points of 2.59 and 
2.56%, respectively (Table 3). Mourthé et al. (2015) 
verified a decrease in the sum of odd- and branched-
chain fatty acids in the milk of cows receiving diets 
with increasing levels of soybean [Glycine max (L.) 
Merr.] grain. According to Vlaeminck et al. (2006), 
these fatty acids are mainly derived from the ruminal 
microorganisms that synthesize them after changes in 
dietary lipid biosynthesis and may be an indicative of 
modifications in the ruminal microbiota population. 
The obtained results show that the reduction in the 
dietary supply levels decreased the rumen passage 
rate and the microbial profile of the rumen, and, 
consequently, the content that reaches the small 
intestine.

The decrease in dietary supply levels also reduced 
linearly the intake of dry matter and nutrients; for 
dry matter intake, the mean values were 16.8, 12.94, 
11.63, 10.16, and 8.75 kg per day for 2.75, 2.5, 2.25, 
and 2.0% body weight, respectively. A lower feed 
intake due to a quantitative restriction in food supply 
altered the energy balance and, therefore, reduced the 
content of SFAs in milk. It should be highlighted that 
studies have sought to decrease the levels of saturated 
medium-chain fatty acids in milk (Santos et al., 
2013; Lanier & Corl, 2015) because they are related 
to an increased risk of cardiovascular diseases. 
Between the first and second lactation periods, the 
SFA content did not differ. The last lactation period 
showed a mean value similar to that of the second 
one but higher than that of the first (Table 4). The 
SFAs C10:0, C13:0 iso, C15:0 anteiso, C16:0, C17:0, 
and C21:0 had higher levels in the first two lactation 
periods (Table 4). At the beginning of lactation, an 
imbalance in energy flow may cause the mobilization 
of fat reserves, strongly influencing the fatty acid 

profile (Lanier & Corl, 2015). The lauric (C12:0), 
myristic (C14:0), and palmitic (C16:0) acids, as well 
as trans fatty acids, have been epidemiologically 
associated with cardiovascular diseases because 
they induce increased blood cholesterol (Santos et 
al., 2013). The contents found for these acids in the 
present study – except for the fatty acid C14:0, which 
was maintained – were reduced linearly with the 
decrease in dietary supply.

Unlike SFAs, long-chain, mono-, and 
polyunsaturated fatty acids contribute to the increase 
of high-density blood cholesterol (Santos et al., 2013). 
Regarding beneficial effects, stand out the oleic 
unsaturated fatty acid (C18:1 cis-9) and the conjugated 
linoleic acid isomers, related to cholesterol reduction 
and anticarcinogenic effects, respectively (Haug et 
al., 2007).

The sum of the monounsaturated fatty acids 
(MUFAs) showed an increasing linear effect with 
reducing levels of dietary supply. The levels of 2.0 
and 2.5% body weight differed from the ad libitum 
diet (Table 3); there was a 25.28% increase for 2.0% 
body weight in relation to the control treatment. C18: 
1 cis-9, one of the isomers of oleic acid, contributed 
the most to the total of MUFAs among levels and 
presented an increasing linear effect with the reduction 
of the level of dietary supply. Anti-cholesterol effects 
are attributed to oleic acid (C18:1 c9), which makes it 
important under the nutritional view of milk (Lanier 
& Corl, 2015). As for lactation periods, the first and 
second did not differ regarding the sum of MUFAs; 
the exception was the last one, with a lower value 
(Table 4). The MUFAs C18:1 c9, C18:1 c11, C18:1 c12, 
and C18:1 c13 showed an increasing linear effect with 
the reduction of supply levels, with an increase of 
54.66, 28.50, 25.0, and 24%, respectively, for 2.0% 
body weight in relation to the diet provided ad libitum 
(Table 3).

Among the polyunsaturated fatty acids (PUFAs) 
of milk, only C18:3 n-3 varied according to the 
level of dietary supply (p>0.05) (Table 3), showing 
a linear increase with the decrease in supply levels 
and differing between 2.0 and 2.25% body weight 
and the diet provided ad libitum. The PUFAs present 
in milk fat are derived from fatty acids in the blood 
plasma, which originate from free fatty acids from 
the mobilization of body fat and dietary fatty acids 
transported as triglycerides by very low-density 
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Table 4. Fatty acid profile of milk fat of Holstein/Zebu cows in different lactation periods, with respective means, coefficients 
of variation, and real p-values (Pr>Fc)(1).
Fatty Lactation period (days)(2) Coefficient of 

variation (%)
Pr>Fc

First Second Third
Σ AGS(3) 67.85b 70.45ab 71.50a 4.88 0.011
C4:0 2.83 2.78 2.76 12.49 0.847
C6:0 1.75 1.67 1.75 8.53 0.064
C8:0 1.13 1.19 1.08 11.21 0.074
C10:0 2.42b 3.00a 2.65ab 22.68 0.035
C11:0 0.06 0.06 0.06 26.5 0.588
C12:0 3.24 3.33 3.70 18.36 0.100
C13:0 iso 0.02b 0.03a 0.03a 14.49 0.001
C13:0 anteiso 0.08 0.08 0.08 23.39 0.900
C13:0 0.10 0.10 0.10 19.24 0.360
C14:0 iso 0.10 0.09 0.10 24.99 0.340
C14:0 11.05 11.4 12.04 10.32 0.072
C15:0 iso 0.23 0.24 0.24 12.25 0.512
C15:0 anteiso 0.42b 0.49a 0.48a 14.00 0.007
C15:0 0.85 0.88 0.91 10.70 0.238
C16:0 iso 0.34 0.39 0.39 23.59 0.211
C16:0 33.01b 34.19ab 36.42a 10.32 0.031
C17:0 iso 0.38 0.36 0.35 12.45 0.195
C17:0 0.60b 0.64a 0.63a 5.76 0.011
C18:0 8.29 9.04 8.71 22.19 0.538
C20:0 0.10 0.11 0.12 26.40 0.226
C22:0 0.03 0.03 0.03 46.42 0.404
C21:0 0.00b 0.01a 0.01a 29.24 0.002
C23:0 0.10 0.10 0.10 48.90 0.092
C24:0 0.10 0.10 0.10 52.36 0.041
Σ AGMI(4) 28.70a 26.61ab 25.69b 12.09 0.040
C10:1 0.34 0.38 0.38 23.2 0.361
C12:1 0.09 0.09 0.09 45.64 0.073
C14:1 c9 1.17 1.37 1.44 23.61 0.06
C16:1c9 2.20 2.37 2.36 17.38 0.394
C18:1 trans 1.47a 1.18b 1.28ab 20.4 0.012
C18:1 c9 19.35a 17.85ab 16.82b 14.06 0.020
C18:1 c11 2.06a 1.64b 1.65b 15.98 0.000
C18:1 c12 0.90a 0.72b 0.69b 17.16 0.000
C18:1 c13 0.50a 0.42b 0.40b 13.57 0.000
C18:1 t16 0.23 0.22 0.22 19.52 0.800
C18:1 c15 0.07 0.07 0.07 27.36 0.720
C20:1 0.06b 0.08a 0.06b 29.24 0.000
C22:1n9 0.00b 0.00b 0.10a 77.28 0.000
C24:1 0.10 0.10 0.10 62.38 0.060
Σ AGPI(5) 2.12 2.02 1.95 15.16 0.270
C18:2 c9 c12 1.35 1.33 1.22 15.79 0.150
C18:3 n6 0.01 0.01 0.02 37.75 0.060
C18:3 n3 0.15 0.17 0.17 19.2 0.130
C18:2 c9 t11 0.44a 0.33b 0.39ab 15.98 0.029
C18:2 t10c12 0.00 0.00 0.00 692.82 0.370
C20:2 0.00 0.00 0.00 142.15 0.420
C20:3 n6 0.3 0.4 0.4 33.85 0.890
C20:3 n3 0.06b 0.07a 0.07a 21.71 0.250
C20:4 n6 0.01b 0.02a 0.02a 29.96 0.000
C22:2 0.06b 0.07a 0.07a 311.26 0.010
C20:5 n3 0.01 0.10 0.10 47.78 0.060
C22:5 0.04 0.04 0.03 30.69 0.110
C22:6 n3 0.00 0.00 0.00 123.23 0.700

(1)Mean values followed by different letters in the same row differ significantly by Tukey’s test, at 5% probability. (2)Lactation periods: first, 50±12.80 
days; second, 111.5±11.75 days; and third, 183±17.25 days. (3)Saturated fatty acids. (4)Monounsaturated fatty acids. (5)Polyunsaturated fatty acids. 
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lipoproteins (O’Donnell-Megaro et al., 2011; Lanier 
& Corl, 2015). As PUFAs are not synthesized by 
ruminant tissues, their concentration in milk is 
determined by the amount that reaches the duodenum 
(Chilliard et al., 2007).

Table 5 shows the indices indicating the nutritional 
quality of the lipid profile related to human health. 
The AI and TI indices presented a linear decrease as a 
function of the reduction in supply levels, decreasing 
in 37.81 and 75.83% for the level of 2% body weight 
in relation to the diet provided ad libitum. Dietary 
supply levels of 2.25 and 2.0% body weight for AI 
and all levels for TI differed from the diet provided 
ad libitum. The highest TI values coincide with the 
first and second lactation periods (Table 6). It should 
be noted that lower AI and TI values express a fatty 
acid ratio more favorable to human health.

The ratio of hypo- to hypercholesterolemic fatty 
acids presented an increasing linear effect with the 
reduction in dietary supply levels. Levels of 2.50, 
2.25, and 2.0% body weight differed from the control 
treatment. According to the obtained results, the 
concentration of DFAs in milk increased linearly 
with the reduction of dietary supply levels (Table 5). 
The levels of 2.25 and 2.0% body weight differed 
from the diet provided ad libitum. The PUFAs/
SFAs ratio in milk was not altered by dietary supply 
levels; however, all studied levels differed from the 
diet ad libitum (Table 5). The ω6/ω3 ratio was also 
not affected by dietary supply levels, with a mean 
of 0.28, but was influenced by lactation periods; as 
lactation progressed, it increased (Table 6), but with 
values below 4.0%, suggesting desirable amounts in 
the diet for the prevention of cardiovascular diseases 
(Haug et al., 2007).

Table 6. Atherogenicity index (AI), thrombogenicity index (TI), hypo- and hypercholesterolemic ratio (h/H), desirable 
fatty acids (DFAs), polyunsaturated fatty acids/saturated fatty acids ratio (PUFAs/SFAs), and ω6/ω3 ratio of milk from F1 
Holstein/Zebu cows in different lactation periods, with their respective means, coefficients of variation, and real p-values 
(Pr>Fc)(1).
Variable Lactation period (days)(2) Coefficient of 

variation (%)
Pr>Fc

First Second Third
AI 2.93 3.28 3.35 20.05 0.150
TI 1.62b 1.78ab 1.97a 21.00 0.039
h/H ratio 0.72 0.63 0.59 18.95 0.009
DFAs 47.28a 37.67b 40.20ab 10.90 0.040
PUFAs/SFAs ratio 0.30 0.30 0.30 18.05 0.079
ω6/ω3 ratio 0.22 b 0.27ab 0.34a 30.82 0.010

(1)Mean values followed by different letters in the same row differ significantly by Tukey’s test, at 5% probability. (2)Lactation periods: first, 50±12.80 
days; second, 111.5±11.75 days; and third, 183±17.25 days.

Table 5. Atherogenicity index (AI), thrombogenicity index (TI), hypo- and hypercholesterolemic ratio (h/H), desirable 
fatty acids (DFAs), polyunsaturated fatty acids/saturated fatty acids ratio (PUFAs/SFAs), and ω6/ω3 ratio of milk from 
F1 Holstein/Zebu cows fed different dietary supply levels, with their respective regression equations (RE), coefficients of 
variation (CV), and real p-values (Pr>Fc).
Variable Dietary supply level (% body weight) CV  

(%)
RE R2  

(%)
Pr>Fc

Ad libitum(1) 2.75 2.50 2.25 2.00
AI 4.76 3.6 3.56 2.96* 2.63* 20.05 Ŷ=-0.142-1.40x 91.93 0.001
TI 2.62 2.04* 1.91* 1.71* 1.49* 21.00 Ŷ=0.038-0.73x 98.88 0.006
h/H ratio 0.29 0.55 0.58* 0.68* 0.78* 18.95 Ŷ=1.395+0.31x 95.07 0.000
DFAs 27.09 35.11 35.13 38.89* 41.72* 10.90 Ŷ=60.13+9.44x 90.08 0.001
PUFAs/SFAs ratio 0.02 0.03* 0.03* 0.03* 0.03* 18.05 Ŷ=0.052+0.009x 91.97 0.008
ω6/ω3 ratio 0.29 0.30 0.28 0.27 0.26 30.82 Ŷ=0.28 - 0.732

(1)Average dry matter intake as a percentage of body weight equal to 3.39%. *Significant difference between mean values and the control (diet supplied 
ad libitum) by Dunnett’s test, at 5% probability. R2, coefficient of determination.
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Conclusions

1. The feed restriction of F1 Holstein/Zebu cows, 
with a dry matter supply level of 2% body weight, 
regardless of the lactation period, may be a nutritional 
strategy, since it does not modify the chemical 
composition of milk, but improves its quality of fat, 
reducing saturated fatty acid content and increasing 
monounsaturated fatty acids, desirable fatty acids, and 
the ratio of hypo- to hypercholesterolemic fatty acids.

2. With increased lactation in F1 Holstein/Zebu 
cows, there is an increase in the sum of saturated fatty 
acids and a decrease in monounsaturated fatty acids 
in milk, as well as a decrease in urea nitrogen and an 
increase in casein contents.
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