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Abstract In order to determine potential differences among the fatty-acid content in raw cow’s
milk in terms of organic and conventional dairy farming, various approaches of chemometric
tools were applied. Furthermore, reliable regression models for prediction of unsaturated and
saturated fatty acids contents in milk based on milk fat content was used. During 12 months
research (four seasons) were collected a total of 7.978 samples of raw milk. The results
included dendrograms (as results of cluster analysis) and univariate linear models. The cluster
analysis covered the annual saturated and unsaturated fatty acid content values. Linear
models present the dependence between milk fat and saturated fatty acids content, and milk
fat and unsaturated fatty acids content. For all established statistical models, adequate
validation procedures were conducted as an important step in testing the performance of the
obtained models. Established models can be applied for the purpose of prediction of saturated
and unsaturated fatty acid on the basis of milk fat, which was confirmed by internal and
external validation parameters (R? in some models was higher than 0.90). Also, results of
correlation between milk fat and fatty acids content provide very useful information for
a breeding organizations and milk producers.
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Introduction

A plenty of non-genetic factors (e.g. stage of lactation,
feed, climate, method of milking, health status of the cow,
parity, season etc.) and genetic factors (e.g. breed and
individual) are known to influence the composition of raw
milk (TAMIME [1]; JENKINS & al [2]; KUCEVIC & al
[3]). Diets of cow and breed have a major influence on milk
fat fluctuation and fat content (JENKINS & al [2];
KELSEY & al [4]). Factors such as lactation stage,
nutrition and seasonality, significantly affects the fatty acid
profile. Milk produced on an organic dairy farm has a more
favorable fatty-acid composition because it contains more
unsaturated FA, especially a group of polyunsaturated FA
with omega-3 (ELLIS & al [5]; BALTUSNIKIENE & al
[6]; PRANDINI & al [7]). A number of studies show that
nutrition of dairy cows, which is based on use of pasture
(fresh grazing, or usage of specific silage types), as well as
type of farming (organic vs conventional), have the highest
effect on fatty-acid content of milk, as it increases the
content of polyunsaturated fatty acids, especially omega-3
and conjugated linoleic acid (ELLIS & al [5]; KUCEVIC
& al [3]; POPOVIC-VRANIJES & al [8]). The group of
unsaturated FA (especially polyunsaturated) has positive
effects on human health. Chemometrics is considered to be
a very practical tool for application not only in chemistry,
but also in many other fields, such as pharmaceutical
engineering, microbiology, food technology, biotechno-
logy, forensics (KOVACEVIC & al [9]; KOVACEVIC &
al [10]; DODIC & al [11]). Recently, chemometrics has
been used in agricultural researches for prediction of
antioxidant activity of Lactuca sativa L. varieties on the
basis of the content of different phytochemicals (JEVRIC
& al [12]), for the selection ofcultivation conditions that
influence the antioxidant potential of different beetroot
extracts (KOVACEVIC & al [13]), for identification of
apple varieties (FERNANDEZ-GONZALEZ & al [14]).
In the present study, chemometrics was used in order
to determine potential differences among the analyzed
samples and farms, as well as to establish reliable
regression models for prediction of unsaturated fatty acid
(UFA) and saturated fatty acids (SFA) contents in milk,
obtained from organic dairy farm (OF) and conventional
dairy farm (CF), on the basis of milk fat content (F).
Also, the analysis of similarities between milk samples
obtained from two different farms (OF and CF) was
carried out applying the analysis of variance (ANOVA).
The Hierarchical Cluster Analysis (HCA) was conducted in
order to reveal the similarities/dissimilarities among the
milk samples obtained in different seasons on the basis of
fat acids content.

Materials and Methods

1. Animals management

The experiment was conducted at the two Dairy
Farms located in the Province of Vojvodina. The first farm
was operated in accordance with the organic principles of

farming (OF). Six hundred sixty-five multi and primiparous
Holstein dairy cows (Body Weight: 605.042.0 kg,
Day in Milking 136 + 76 d; parity: 2.8 £ 1.2; milk yield:
24.4 + 9.3 kg/d), were selected for research. The second
farm was followed by conventional principles of dairy
farming (CF). Five hundred and fifty multi and primiparous
Holstein dairy cows (Body Weight: 655.0+22.0 kg,
Days in Milking: 116 + 46 d; parity: 2.2 = 1.0; milk yield:
26.5+ 10.3 kg/d) were selected for the research. Dairy cows
were housed in free stall barns in both farming systems and
were milked twice per day (around at 6 h and 18 h). During
the trial, the cows had free access to water (ad libitum) and
they were fed twice a day. Each cows group on the both of
farms received a total mixed ration (TMR) based on maize
and lucerne silage, lucerne hay, concentrates feed (home-
grown grains) and mineral supplements. During the pasture
season, cows in organic farming additionally had access to
the natural pastures. Chemical compositions of diets were
formulated according to NRS standard and adjusted to
cow’s lactation groups (assigned to milk yield).

2. Sample collection and instrumental analysis

A total of 7.978 samples of fresh milk during
12 months research were collected from certified organic
(OF) and conventional (CF) dairy farming systems.
The collection of samples was carried out in compliance
with the regulations of the International Committee for
Animal Recording (ICAR- AT.). Individual milk samples
(40 mL/each) from the morning milking were collected
from each cow to be analyzed for milk composition and FA
profile. Collected samples were preserved with potassium
dichromate. The milk analysis was performed in the inter-
national accredited Laboratory for Quality Control of Milk
(ISO 17025), the Faculty of Agriculture, University of
Novi Sad, using a CombiFoss™FT+ analyzer for routine
compositional raw milk analysis employing Fourier
Transform Infrared “FTIR”. This device is a combination
instrument consisting of the MilkoScan™ FT+ and the
Fossomatic™ FC, techniques comply with: 1SO 9622 / IDF
141:2013 and the AOAC official method 972.16.

3. Chemometric tools and modeling

Initial modeling.The chemometric modeling cannot
start until the data set is cleaned up for outliers and is
internally consistent (ESBENSEN & al [15]). The whole
data set, containing the information about total milk fat
content, saturated and unsaturated fatty acids contents, was
previously checked in order to detect potential misspelled
numbers and outliers. The data screening revealed some
potential outliers which were not taken into consideration
in the further chemometric modeling. Hierarchical cluster
analysis (HCA). It is used for simple detection of similar
objects (samples) by forming clusters (MILLER & al [16]).
It finds the objects closely positioned to each other in the
space of variables used for the similarity detection. This
method calculates the distances between two objects and
the smallest distances is the objects are more similar. The
result of HCA analysis is represented graphically by a
diagram well-known as a dendrogram. Analysis of variance
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(ANOVA). ANOVA is another similarity detection method.
It is a powerful statistical method which can be applied for
separation and estimation of the different causes of
variation (ERIKSSON & al [17]). The ANOVA can be
used to compare two means and to make comparisons of
more than two population means (ESBENSEN & al [15];
ERIKSSON & al [17]). Also, it can be used to determine
the effects of various factors in more complex experimental
designs (ERIKSSON & al [17]). In the present study, the
ANOVA (Univariate Analysis of Variance — full factorial)
was used in order to reveal if there was a statistically
significant difference among the milk samples obtained
from two different farms, organic and conventional.
Regression analysis. In the present study, simple linear
regression analysis or so-called univariate regression (y | x)
was carried out in order to determine the dependence
between milk fat and saturated fatty acids content, and milk
fat and unsaturated fatty acids content. It is one of the most
exploited regression methods. It is simple and if the best
models are obtained applying univariate regression, there is
no need for the application of more complex regression
methods. Validation of regression models is a very
important step in testing the performance of a regression
model. It was carried out applying internal and external
validation procedures. The cross-validation was used as an
internal validation method, while the external validation
was conducted by forming the external test set. The models
were validated on the basis of the following statistical
parameters: Pearson’s correlation coefficient (R), determi-
nation coefficient (R?), adjusted determination coefficient
(R%q), leave-one-out cross-validation determination coef-
ficient (R?y), root mean square error (RMSE), variation
coefficient (CV%), Fisher’s test (F), significance level (p),
predicted residual error sum of squares (PRESS), total sum
of squares (TSS) and PRESS/TSS ratio. The external
validation was done by applying the randomly selected
external test set which contained 110-121 samples.
The prediction based on the external test set is described by

the aforementioned statistical parameters, as well as by the
graphical comparison of the concurrence of the training and
external test sets taking into account the intercept and slope
of the linear regression of the training and external test sets
(ESBENSEN & al [15]). The comparison of the training
and test results can be done by prediction of errors,
calculation of residual variances and quantification of
accuracy and precision of predicted values (ESBENSEN &
al [15]). Also, the external validation was done by
calculation of the concordance correlation coefficient
(CCC) which verified the concurrence of experimental and
predicted data (CHIRICO & al [18]). It is calculated on
the basis of the following equation (CHIRICO & al [18]):

(Yipreo™ Yprep)? + "EXT

where "EXT is the number of samples in the external test
set, Y is the experimental value, Y is the average of the
experimental values, Yiprep is the predictedvalue and
Yerepis the average of the predicted values. The values of
CCC higher than 0.85 describe a model as highly predictive
(CHIRICO & al [18]).

Results and Discussion

1. ANOVA

The ANOVA (Univariate Analysis of Variance — full
factorial) was used in order to reveal if there was a
statistically significant difference among the milk samples
obtained from the different system of farming during the
year. The fixed effect of the system of farming (OF vs CF)
and season (winter, spring, summer and fall) have shown a
high statistical significance (P < 0.01) on examined fatty
acid parameters in row milk (Table 1). According to the
results, it is evident that there was a highly statistically
significant difference between the content of fatty acid
(SFA vs UFA) in different dairy farming.

Table 1. The effect of system of farming and season on examined fatty acid parameters

Source of variation | Dependent variable | Sum of Squares | d.f. | Mean Square | F- value
System SFA 25.036 1 25.036 125.4%‘”
UFA 6.932 1 6.932 91.56
Season SFA 34.652 3 11.551 57.89"
UFA 14.692 3 4.897 64.69
System x SFA 12.959 3 4.320 21.65"
Season UFA 10.059 3 3.353 44.29"
Error SFA 1351.508 6774 0.200
UFA 512.788 6774 0.076

*indicate significant differences at the level P < 0.01; d.f. — degree of freedom

2. Hierarchical Cluster Analysis

HCA was carried out on the basis of the average
values of SFA and UFA contents obtained for every season.
Therefore, the cluster analysis covered the annual SFA and
UFA content values. The clustering was done on the basis
of Single linkage algorithm and Euclidean distances. The
obtained results are given in Figure 1. The dendrograms

given in Figure 1A/1B, regarding the concentration of
UFA, presents the clustering of the samples collected in OF
in CF. On the basis of the presented dendrograms, it can be
seen that the clustering of UFA in OF was much more
uniform compared to clustering of UFA in CF. It can be
noted in the Figure 1A that spring stands out from the other
months during the year. The same display can be seen for a
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conventional production on 1B, whereby winter stands
out from the other months. These results could be
expected because the composition of FA content is greatly
influenced by the season and nutrition of dairy cows during
the year (ELLIS & al [5];POPOVIC-VRANIES & al [8]).
During the pasture season, cows in organic farming
additionally had access to the natural pastures or received
fresh grass-clover products, which leads to changes in the
composition of the FA. In this regard, there is a significant
difference in the diet of dairy cows in OF vs CF from early
spring until early winter. Additionally, milk produced in
organic dairy farming has a significantly more concentration
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of UFA, especially polyunsaturated fatty acid (PUFA) than
in conventional farming (KUCEVIC & al [3];POPOVIC-
VRANJES & al [8]). Effects of season, access to fresh
grazing, or usage of specific silage types could be used by
producers to enhance the content of beneficial FA in milk.

3. Linear univariate regression modeling

The results of the linear univariate regression
modeling where milk fat content (F) was the independent
variable and SFA and UFA were dependent variables are
given in Figure 2.
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Figure 1. The dendrograms of the cluster analysis of the milk samples obtained from organic farm — OF (A)
and conventional farm — CF (B) based on UFA content
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Figure 2. Linear univariate regression models of the correlations between F and SFA for the samples originating from OF:
OF-SFA model (A), the correlations between F and UFA for the samples originating from OF: OF-UFA (B), the correlations
between F and SFA for the samples originating from CF: CF-SFA (C) and the correlations between F and SFA for the samples
originating from CF: CF-UFA model (D). The samples used in the present models are collected during the whole year
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The aforementioned statistical models provide very
useful information for a breeding organizations and milk
producers. Namely, national (central) milk laboratories
play an important role in the context of Dairy herd
improvement (DHI) program. Within this program is being
implemented individual milk recording too. For this
purpose, laboratories use a quick Fourier transform infrared
spectroscopy method (FTIR) to analyze the most important
components of raw cow’s milk (fat, protein, lactose, total
solids and other). Additional and reliable information
about the correlation between milk fat and fatty acids are
important from the point of several aspects. Primarily due
to the successful management of dairy cow’s feeding in all
stages of production. Managing nutrition, as well as a choice
of farming system, can contribute to the control of fatty
acids content in milk during the year in all seasons (ELLIS
& al [5]; KUCEVIC & al [3]; POPOVIC-VRANIJES & al
[8]). Useful information about FA content is one of the best
approaches to improving a milk quality. Hereby, managing
of FA content is an essential component to farm
profitability and it can positively affect the health of
consumers (CONNOR & al [19]; CONTRERAS & al [20]).
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The external statistical validation of the linear
univariate regression models of the correlations between
F and SFA/UFA confirmed the significance of the
established models, as well as the strong dependence
between the analyzed variables (Figure 3 and Figure 4).
The concurrence between the experimental and predicted
data in the case of the models which predict SFA is
outstanding, while in the case of the models aimed for
prediction of UFA it is considered to be quite satisfactory.
*The statistical quality of the established models has been
confirmed by the statistical parameters given in Table 2.
In both cases (OF and CF) the models trained for prediction
of SFA have R? of training and external test sets higher than
0.90. Besides, the internal validation parameters, presented
in Table 3, confirm the predictivity of the established
models. However, the models which predict UFA have
slightly worse statistical quality than the models aimed for
prediction of SFA in the case of both OF and CF, but still
acceptable for prediction of the mentioned parameters.
Also, the models based on the data obtained from OF are
slightly statistically better than the models established on
the basis of the data originating from CF.
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Figure 3.The external validation of the linear univariate regression models of the correlations between F and SFA/UFA
for the samples originating from OF. A) The regression model established for prediction of SFA; B) Fitting of the external
data set where the predicted values of SFA were obtained applying the established regression model; C) The regression
model established for prediction of UFA; D) Fitting of the external data set where the predicted values of UFA were

obtained applying the established regression model.

The external validation and the analysis of the residuals
showed that the established models can be applied for the
purpose of prediction of SFA and UFA on the basis of F for
the samples originating from OF and CF. The residuals are
randomly distributed around the y = 0 axis and have an
acceptable amplitude (Figure 5). Also, the values of CCC,
given in Table 3, describe the models as high-predictive,

since their values are higher than 0.85. The comparison of
the experimental and predicted SFA and UFA data (Figure
4B and 4D) indicate a very good fitting, particularly in the
case of CF. The intercept of this dependence is very close
to zero, while the intercept is close to 1. In the case of CF,
these values are slightly worse, but still good to consider
this model statistically relevant and predictive.
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Generally, all the established models have a quite ~ CV% < 20%, very high values of F-test, very small RMSE
good predictivity, which is confirmed by internal and  values, and PRESS/TSS ratio < 0.40).
external validation parameters (R%,> 0.60, RZ%gq> 0.70,
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Figure 4.The external validation of the linear univariate regression models of the correlations between F and SFA/UFA
for the samples originating from CF. A) The regression model established for prediction of SFA; B) Fitting of the external
data set where the predicted values of SFA were obtained applying the established regression model; C) The regression
model established for prediction of UFA; D) Fitting of the external data set where the predicted values of UFA were

obtained applying the established regression model.
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Figure 5. The graphical analysis of the randomness of the residuals distribution for the external test sets used
in regression modeling for the models based on the samples collected on OF and CF.
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Table 2.Statistical values of the internal validation parameters of the linear univariate regression models aimed
for prediction of SFA and UFA contents in the milk samples originating from OF and CF

Regression model

Parameter

OF-SFA OF-UFA CF-SFA CF-UFA
R 0.9636 0.8765 0.9578 0.8572
R2 0.9285 0.7683 0.9173 0.7348
R 0.9284 0.7683 0.9173 0.7347
R%y 0.9284 0.7681 0.9172 0.7342
RMSE 0.1622 0.1855 0.1719 0.2064
CV% 6.89 14.14 6.75 15.84
p-value 0.000000 0.000000 0.000000 0.000000
F-test 105131 26868 74806 18679
PRESS 213.39 279.11 199.61 287.96
TSS 2979.94 1203.53 2410.38 1083.49
PRESS/TSS 0.07 0.23 0.08 0.27

Table 3.The external validation parameters of the linear univariate regression models aimed for prediction of SFA
and UFA contents in the milk samples originating from OF and CF

Regression model
Parameter OF-SFA- OF-SFA- OF- 9 CcrsFA- CFsFA- CF- S
TR EXT UFA-TR EXT TR EXT UFA-TR EXT
R 0.9637 0.9524 0.8766 0.8711 0.9576 0.9668 0.8571 0.8669
R? 0.9287 0.9070 0.7685 0.7589 0.9170 0.9347 0.7346 0.7516
RZaq 0.9287 0.9062 0.7685 0.7566 0.9170 0.9341 0.7345 0.7495
R2y 0.9286 0.9030 0.7682 0.7463 0.9169 0.9324 0.7340 0.7310
RMSE 0.1621 0.1636 0.1856 0.1523 0.1721 0.1525 0.2066 0.1787
CV% 6.89 6.80 14.15 11.35 6.76 5.94 15.85 13.58
p-value 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
F-test 104101 1054 26526 340 73146 1702 18326 360
PRESS 210.26 3.02 275.64 2.64 196.53 2.87 283.31 412
TSS 2946.53 31.11 1189.27 10.39 2363.68 42.37 1065.20 15.30
PRESS/TSS 0.07 0.10 0.23 0.25 0.08 0.07 0.27 0.27
CCC - 0.9509 - 0.8591 - 0.9653 - 0.8616
system. Managing of fatty acids contents during the
Conclusion production can positively affect the farm profitability as

The conducted study resulted in the univariate linear
models that can be used for prediction of unsaturated and
saturated fatty acids contents in raw milk based on milk fat
content in the samples originating from organic and con-
ventional dairy farming. Internal and external validation
procedures confirmed the significance of the established

well as the health of milk consumers.
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