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Abstract: This study analyzes 174 tank milk samples taken from 89 commercial farms located all
along the Cantabrian Coast (Green Spain). Sampling was performed in two periods: autumn 2016
and spring 2017. A survey was carried out for every day of sampling to record the average lactating
dairy cow production and its diet composition. For each sample, the fatty acid (FA) profile (49 FA
plus its main relationships) and nine fat-soluble antioxidant (FSA) profiles (retinol (vitamin A), x- and
Y-tocopherol (vitamin E), all-trans-f3-carotene, 9-cis-[3-carotene, 13-cis-f3-carotene, lutein, zeaxanthin,
and B-cryptoxanthin) were determined. The milk production varied between 7.3 and 45.9 liters
per cow per day, highlighting the diversity found among production systems. The milk fat content
ranged from 2.64% to 4.38% and the protein content from 2.87% to 3.56%. Regarding the fatty acids
profile, the percentage of saturated fat varied between 59.95% and 75.99%. The linolenic acid content
fluctuated between 0.21 and 1.31 and rumenic acid ranged from 0.20 to 2.47 (g 100 g~ ! total FA).
The most important correlations between diet and milk FA were always related to the content of
fresh grass and total forage (which is defined by both fresh and conserved forage derived from fresh
grass (GCF)) in the diet. The content of vaccenic acid, linolenic acid, total omega-3, rumenic acid,
and total CLA isomers showed the highest correlation with the proportion of fresh grass in the diet.
The antioxidant contents were also highly variable, although correlations with dietary components
were lower. The highest correlations were between total forage content (fresh grass (FG) plus GCF)
and lutein, all-trans-3-carotene, and 13-cis-[3-carotene. Diets without fresh grass had lower omega-3
content, CLA, vaccenic acid, lutein, all-trans-3-carotene, and 13-cis-[3-carotene.

Keywords: grass-fed milk; fatty acid profile; carotenoid; diet; authentication

1. Introduction

Incorporating fresh grass into a cow’s diet translates into better quality milk produc-
tion. This milk will contain more polyunsaturated fatty acids, including omega-3 isomers
and CLA, which are considered to be of great nutritional benefit [1-3]. It will also incor-
porate a larger presence of antioxidants including vitamins A, E, and carotenoids, which
are also of high nutritional value. The increase in carotenoids is particularly important
because they are the precursors of vitamin A and its antioxidant properties [3,4]. In both
the USA [5] and Europe [6], cows’ diet has notably changed throughout recent decades,
from forage-based diets to grain-based diets. Due to this, the milk produced has a less
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healthy fatty acid profile as it has a significant increase both in saturated fatty acids and in
the n6/n3 ratio. In particular, Elgersma (2015) [7] highlights that in the Netherlands during
the 1960s the observed mean CLA content in summer was 15 g kg~! of fat. However,
between the years 2001 and 2002, the mean CLA content decreased to 7 g kg~! in summer
and to 5 g kg~! in spring and autumn. This loss is mainly attributed to a change in the
management of cows for greater production yield, which led to a greater consumption of
concentrate and maize silage, which subsequently replaced grass. Both authors remark
how the diet of the average American or European citizens is characterized by high ratios of
n6/n3. Since dairy products are an essential part of these occidental diets, the consumption
of milk with better FA becomes of great importance in the fight against cardiovascular
diseases. Benbrook et al. (2018) [5] claim that replacing the daily recommended intakes of
regular milk with grass-fed milk products may contribute to greatly reducing the omega-
6/omega-3 ratio from values over 10 to below 3.1. A great diversity of production systems
exists along the Cantabrian Coast (Green Spain). Most lactating cow diets are based on
fresh and/or conserved forage, with the inclusion, to a greater or lesser extent, of maize
silage and concentrate. In previous studies conducted along the Cantabrian Coast [8-10], it
has been verified that milk from fresh forage-fed cows has a fatty acids profile with less
saturated fats and greater content of omega-3, CLA, and vaccenic acid. This content can be
up to two times higher compared to diets without fresh forage and with the presence of
maize silage. The aim of this work is to analyze the variability in fatty acids and fat-soluble
antioxidant profiles, and its relationship with the production systems, in order to find an
indicator or a set of indicators for implementation of an authentication tool.

2. Materials and Methods
2.1. Farms

The farms included in this study were selected by looking for diversity in diets. This
means that the data included are a reflection of the existing farms in the region, but they
do not represent them.

The herds included in the study were made up of Holstein Friesian cows; the average
percentage of Holstein Friesian cows in the sampled herds was 95.5%. The average number
of calving was 3.4, with the average age being 5.2 years. The average number of days in
milking (DIM) was about 180.

2.2. Sample Design

A total of 174 bulk tank milk samples coming from 2 or 4 milking sessions were
collected from 89 commercial farms located in Galicia (25), Asturias (22), Cantabria (25),
and Navarra (17) in two periods: autumn 2016 and spring 2017. For each sample, the
chemical analysis, the fatty acid profile, and the content of nine fat-soluble antioxidants
(retinol—vitamin A, all-trans-f-carotene, 9-cis-3-carotene, 13-cis-3-carotene, lutein, zeax-
anthin, 3-cryptoxanthin, a-tocopherol, and Y-tocopherol—vitamin E) were determined. In
addition to these parameters, and from the fatty acids identified, the main relationships
between them were calculated: total saturated FA (SFA), total branched FA (BCFA), total
monounsaturated FA (MUFA), c-MUFA, t-MUFA, ratio t11/t10-C18:1, total polyunsatu-
rated FA (PUFA), CLA isomers sum, n6 isomers sum, n3 isomers sum, PUFA /SFA, n6/n3
ratio, and total unsaturated FA (UFA)/SFA.

For each sampling day, a survey was conducted in order to estimate two figures: the
mean milk production per cow and the mean ingredient composition of the rations fed to
lactating cows during the preceding days. It also asked for a general description of the
farms. Diet composition was expressed in terms of the percentage of dry matter intake
(DMI) of each component of the ration in the total DMI per cow; that is, DM of fresh grass
(FG; consumed either indoor (zero grazing) or in pasture), DM of grass silage (GS), DM
of maize silage (MS), DM of dry forage (DF; sum of hay, straw, alfalfa, etc.), and DM of
concentrate (C).
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The following equation was used to estimate the cows’ voluntary intake:
DMItotal =12 +0.372 x MP4FCM

The equation is based on NRC (2001) [11] and considers four per cent fat-corrected
milk (kg/d), body weight (kg), and week of lactation. DMI is measured in DM day !
per cow and MPypcy is the 4% fat-corrected milk production (MP). This was estimated
according to MPspcv = (MP x 0.4) + (MP x fat% x 0.15). An average live weight of
620 kg for cows in mid lactation was applied. The daily intake of fresh forage (kg DM) was
approximated by subtracting the sum of the dry matter intake from the other ingredients
present with respect to the theoretical total daily consumption of every cow.

Each sampling day, three bulk tank milk subsamples were taken. One of the sam-
ples was immediately delivered to the corresponding official dairy control laboratory
(one for each autonomous community), in order to perform the chemical analysis. The
remaining two samples were frozen (<—20 °C) and sent, preserving their frozen state,
to the INGACAL-CIAM laboratory to determine their fatty acids (FA) and fat-soluble
antioxidants (FSA) profiles, respectively.

2.3. Livestock Farms Included in the Study

Table 1 presents the mean values for some of the characteristics found in the 89 dairy
farms included in this study. The great diversity found in herd size, territorial base,
livestock density, and milk production is notable. Out the total of 89 farms sampled,
86 farms were used during the autumn sampling, whereas during the spring, the number
increased to 88.

Table 1. Summary of some of the characteristics of the 89 livestock farms included in the study.

N® Minimum Maximum Mean SD®@
Useful Agricultural Area
Total field area (ha) 88 6.00 190.00 43.11 30.80
Livestock units ©) 88 12.80 611.80 110.27 98.58
Livestock units per ha 88 0.53 8.37 2.74 1.56
Average milk yield (litres) 89 42,700 5,150,000 713,075 780,498

() A very intensive livestock farm (0.1 ha UAA) was not included in these statistics (except for the average milk
yield) as it was an exceptional case. @ Standard deviation. @ Calculated as: 1 x (no. adult cows) + 0.6 X (no. of
heifers) + 0.2 X (no. of calves).

2.4. Analytical Measurements

Chemical analysis. Milk samples were analyzed for fat, protein, lactose, and solid-
non-fat (SNF) contents with MilkoScan FT 6000.

Fatty acids analysis. Milk fat was extracted following the ISO 14156 /IDF 172 stan-
dards [12]. FA esters methylation was performed following ISO 15884 /IDF 182 [13]. Later,
the FA composition was determined by a gas chromatography-flame ionization detec-
tor (GC-FID) using a capillary column BPX70 and an oven program according to the
methodology described by Kramer et al. (2002) [14].

Fat-soluble antioxidants analysis. Milk antioxidant extraction. The samples were
kept frozen (—20 °C) until a later analysis. Once thawed at room temperature, they were
introduced into a water bath at 35 °C. Finally, carotenoids and vitamins (E and A) were
simultaneously extracted following the method proposed by Gentili et al. (2013) [15].

The final matrix extracts were dried by evaporation under N; and reconstituted in the
mobile phase before being injected. The separation and quantification of compounds were
carried out by an HPLC system equipped with an RP dC18, 5 um Atlantis column and with
both a photodiode array (carotenoids, 450 nm) and fluorescence detectors (vitamins A and E;
excitation-emission bands at 295-330 and 330480 nm, respectively) under chromatographic
conditions similar to those described by Chaveau-Duriot et al. (2010) [16].
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2.5. Statistical Analysis

The statistical software package SPSS (version 17.0; SPSS Inc., Chicago, IL, USA)
was used to analyze data. Each result is expressed using standard error mean notation
(SEM). The data on fatty acids and fat-soluble antioxidants present in the 174 bulk tank
milk samples were grouped depending on the diet (with or without fresh forage), and
depending on how the fresh forage was allocated to lactating cows (in pasture or indoor).
These data were verified using an analysis of variance (ANOVA). The post hoc comparisons
among group means were defined by applying a Tukey-b test in case of equal variances
and a Dunnett T3 test in case of different variances.

Relationships between fatty acid and fat-soluble antioxidant profiles and dietary
components were performed by applying a bivariate correlation of SPSS.

3. Results and Discussion
3.1. Milk Production and Chemical Quality of the Milk Samples

Table 2 shows several milk production and composition statistics. These data corre-
spond to the 174 bulk tank milk samples taken (86 in autumn and 88 in spring sampled
periods). Inspecting this new information, we can again see a great diversity in both the
productive capacity among farms and the milk’s chemical quality.

Table 2. Production and chemical quality data found in the samples that were analyzed the same day as the extraction was

performed. Mean, deviations, and maximum and minimum values are included.

Production N® Minimum Maximum Mean SD @
Milk delivered on the day of 173 140 14,440 2812 2727
sampling (liters/day ")
Estimated average milk
production per cow 174 7.30 45.90 27.14 6.93

(liters/cow 1/ day_l)

Fat (%)
Protein (%)
Lactose (%)
SNF (Solids Not Fat) (%)

Chemical quality of milk

173 2.64 4.83 3.73 0.30
174 2.87 3.56 3.24 0.15
173 4.01 4.94 4.74 0.12
173 7.62 9.20 8.74 0.23

(@ The results of one sample that was considered an outlier were removed. ? Standard deviation.

3.2. Diets

Figure 1 shows the different composition of diets with fresh forage (84 diets ranging
from 0.48% to 100% of fresh forage). In these diets, maize silage is a minor component
being only present in 22.6% of the samples. However, concentrate is found in 94.6% of the
samples, representing 8.25% to 48.7% (on average) of dry matter in the ration. Figure 2
shows the composition of fresh forage-free diets (90 diets). Here, maize silage is found in
85.6% of the samples, comprising 10.2% to 51.4% (on average) of dry matter in the ration.
Concentrate is present in all diets and is 28.9% to 63.3% of the dry matter in the ration.
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Figure 1. Fresh forage diets. Samplings from autumn and spring (84 diets).
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Figure 2. Fresh forage-free diets (less than 1% DM of the ration). Samplings from autumn and spring (90 diets).

3.3. Fatty Acids Profile (FA)

Fatty acids were expressed in g per 100 g~! FA, the most abundant being C16:0
(palmitic acid; 30.18%), cis-9 C18:1 (oleic acid; 19.70%), C14:0 (myristic acid; 11.25%),
and C18:0 (stearic acid; 9.37%), accounting for 70.5% of the total milk FA; individual and
overall values were very similar to those presented by other authors [17-19] in tank milk
samples collected throughout the year in farms with different feeding management. The
most abundant FA are not the most variable. More than ten fatty acids show high levels
of variation between samples with the maximum value 10 to 20 times higher than the
minimum value (Table 3). Among these FA, there are several isomers of oleic acid (C18:1),
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including ¢12-C18:1; vaccenic acid (t11-C18:1) and its isomer t10-C18:1; rumenic acid (main
isomer of CLA, ¢9, t11-C18:2) and the sum of CLA isomers; C22:5-n3 (DPA, omega-3 family);
trans-C18:2 n6 (omega-6 family); and C11:0. All of them have a variation coefficient greater
than 50%. In some cases, the maximum value is 20 to 45 times higher than the minimum
value. This is the case for two omega-6 isomers, C20:3-n6 and C22:2-n6, and an omega-3
isomer, C20:3-n3.

Table 3. Fatty acids profile (49 fatty acids identified) in the 174 bulk tank milk samples taken from the samplings of autumn

2016 and spring 2017.

Fatty Acids (g-100 g1 of Total FA) ¥ Mean SD @ Minimum Maximum CV O (%)
C4:0 5.81 0.65 427 7.55 11.2
C6:0 2.49 0.25 1.77 3.04 10.0
C8:0 1.25 0.14 0.88 1.57 112
C10:0 2.81 0.40 1.74 3.79 14.2

c9-C10:1 0.07 0.01 0.04 0.11 14.3
C11:0 0.05 0.03 0.01 0.17 60.0
C12:0 3.26 0.51 2.03 453 15.6
C13:0 0.10 0.04 0.03 023 40.0

C14:0-iso 0.12 0.04 0.05 0.28 33.3
C14:0 11.25 1.35 2.24 13.68 12.0

C15:0-iso 0.26 0.08 0.13 0.55 30.8

c9-C14:1 1.03 0.17 0.69 1.51 16.5

C15:0-anteiso 0.53 0.10 0.33 0.81 18.9
C15:0 1.16 0.17 0.71 1.70 14.7
c10-C15:1 0.00 0.00 0.00 0.02
C16:0 30.18 3.45 21.44 41.83 114
c9-16:1-n7 ® 1.79 0.36 0.02 2.48 20.1
C17:0 0.58 0.09 0.39 0.97 155
C18:0 9.37 1.42 6.22 12.70 15.2
t6-t9-C18:1 0.51 0.15 0.30 1.11 29.4
t10-C18:1 0.41 0.28 0.16 1.77 68.3
t11-C:18:1 1.67 1.08 0.35 5.87 64.7
t12-18:1 0.35 0.12 0.17 0.68 34.3
c9-C18:1-n9 19.70 1.96 15.58 24.87 9.9
c11-C18:1-n7 0.49 0.14 0.26 1.28 28.6
c12-18:1 0.21 0.12 0.04 0.66 57.1
tC18:2-n6 0.09 0.09 0.03 0.56 100.0
cC18:2-n6 2.08 0.59 0.82 3.98 28.4

C18:3-n6 0.04 0.01 0.02 0.06 25.0

C18:3-n3 0.58 0.24 0.21 1.31 414
C20:0 0.17 0.04 0.08 0.35 235

c9,t11-CLA 0.73 0.42 0.20 247 57.5
CLA_isom_d ¥ 0.14 0.03 0.07 0.24 21.4
c11-C20:1-n9 0.03 0.02 0.00 0.08 66.7
C21:0 0.04 0.02 0.02 0.11 50.0

C20:2-n6 0.02 0.01 0.00 0.04 50.0

C20:3-n6 0.11 0.05 0.01 0.43 455

C20:3-n3 0.18 0.05 0.01 0.32 27.8

C22:1-n9 0.00 0.00 0.00 0.00
C22:0 0.04 0.02 0.01 0.11 50.0

C20:4-n6 0.01 0.01 0.00 0.06 100.0

C22:2-n6 0.07 0.04 0.01 0.20 57.1
C23:0 0.03 0.02 0.00 0.09 66.7

C20:5-n3 0.01 0.00 0.00 0.02 0.0
C24:0 0.06 0.02 0.01 0.13 33.3

C24:1-n9 0.01 0.01 0.00 0.03 100.0

C22:5-n3 0.09 0.03 0.02 0.20 33.3

C22:6-n3 0.01 0.01 0.00 0.08 100.0

M FA = fatty acids. @ Standard deviation. ® Coefficient of variation: 100*SD/mean). @ CLA_isom_d= unknown CLA isomers. ® n = omega-n isomer.
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Considering some of the groups and the relationships of the FA calculated (Table 4),
the values for the relationship t11/t10-C18:1 stand out due to the great variability found,
with the maximum value being almost 60 times greater the lowest value. This translates to
a 90.8% of variability, making it a good marker for the presence of fresh forage and sum
of fresh grass (FG) plus conserved forage obtained from pastures (GCF) in the diet. This
can also be inferred from the correlations table (Table 5). The sum of CLA isomers and the
relationship n6/n3 also present a great variability among samples. It should be noted that
81% of the milk samples had a n6/n3 ratio smaller than 4.

Table 4. Fatty acids profile (13 important relationships between fatty acids) identified in the 174 bulk tank milk samples
extracted in autumn 2016 and spring 2017.

Main Relationships between

FA @ (g 100 g Total FA) Mean SD @ Minimum Maximum CcV @ (%)
Total saturated FA (SFA) 68.65 3.10 59.95 75.99 45
Total branched FA (BCFA) 0.91 0.18 0.59 1.51 19.8

Total monounsaturated FA
(MUFA) 26.28 257 20.08 33.13 9.8
c-MUFA 23.34 1.87 18.65 28.65 8.0
t-MUFA 2.94 1.11 1.26 7.13 37.8
Ratio t11/t10-C18:1 5.65 5.13 0.42 25.08 90.8
Total polyunsaturated FA
P 5(’PUF ) 416 0.68 2.81 6.60 16.3
CLA isomers sum 0.87 0.44 0.28 2.69 50.6
né isomers sum © 2.42 0.59 1.16 425 24.4
n3 isomers sum 0.87 0.24 0.47 1.57 27.6
PUFA /SFA 0.06 0.01 0.04 0.11 16.7
n6/n3 ratio @) 3.02 1.12 0.92 6.48 37.1
Total unsaturated FA (UFA)/SFA 0.45 0.07 0.31 0.65 15.6

() FA = fatty acids. @ Standard deviation. ©) Coefficient of variation: 100%SD/mean). ® Omega-6 isomers/omega-3 isomers ratio. ® n = omega-n isomer.

Table 5. Correlation between DM percentage of each diet ingredient and the fatty acids profile of the bulk tank milk samples.

% Ration DM

Fatty Acids (g-100 g—1 of

Kg DM Cow~1  Liters Cow~1

Total FA) ) Fresh Forage @ Forage @ lg/gla;;: Concentrate Day~ Day~*
FA
t11-C18:1 0.765 ** 0.702 ** —0.520 ** —0.644 ** —0.564 ** —0.625 **
c12-C18:1 —0.547 ** —0.689 ** 0.512 ** 0.596 ** 0.505 ** 0.567 **
C18:3-n3 ® 0.757 ** 0.732 % —0572*  —0.653** —0.513 ** —0.559 **
n3 sum 0.740 ** 0.675 ** —0.543 ** —0.600 ** —0.533 **
c9,t11 CLA 0.734 ** 0.690 ** —0.503 ** —0.642 ** —0.508 ** —0.624 **
CLA isomers sum 0.727 ** 0.690 ** —0.510 ** —0.633 ** —0.557 ** —0.626 **
C22:0 0.559 ** 0.582 ** —0.511 ** —0.516 ** —0.507 ** —0.576 **
C22:2-n6 0.667 ** 0.669 ** —0.662 ** —0.551 **
C22:5-n3 0.636 ** 0.624 ** —0.627 ** —0.578 **
Main relationships between FA
Ratio t11/t10-C18:1 0.765 ** 0.787 ** —0.539 ** —0.771 ** —0.624 ** —0.694 **
n6/n3 ratio —0.668 ** —0.726 ** 0.546 ** 0.675 ** 0.540 ** 0.614 **
Branched FA 0.627 ** 0.649 ** —0.548 ** —0.556 ** —0.590 ** —0.684 **

O It only includes significant correlations and with r > 0.5. @ Forage consumed fresh. ®) Fresh forage plus preserved forages obtained
from it (grass silage and hay). ®) Omega-6 isomers/omega-3 isomers ratio. ® n = omega-n isomer. ** The correlation is significant at the

0.01 level.

Other fatty acids, or relationships of fatty acids, such as the total saturated (SFA),
cis-MUFA, total monounsaturated (MUFA), C6:0, C4:0 (butyric acid), C8:0, C16:0 (palmitic
acid), C18:0 (stearic acid), and ¢9-c18:1-n9 (oleic acid), are considerably abundant fatty
acids, but unlike the previous ones, these present little variability.
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3.4. Correlation between Diet Components and FA Profile of Milk Samples

The most fluctuating fatty acids are those presenting higher correlations with the
diet components (Table 5). The fresh forage content and total forage content (FG + GCF)
are the components that have higher correlations with the FA, followed by the content
in concentrate and maize silage. The dry forage and grass silage content in diets present
lower correlations (r < 0.5) and, therefore, they are not displayed in the table.

Once more, it is confirmed that the higher percentage of fresh forage in the diets,
the higher the omega-3 and CLA content [1,2,17,20]. Dhiman et al. (1999) [21] found that
the content in CLA in milk is incremented linearly as the pasture content increases in the
ration. The ¢9, t11-CLA constitutes between 75% and 90% of the total CLA isomers [22,23].
Particularly in this study, it represented 83.9% of the total CLA isomers detected by gas

chromatography.
The t11-C18:1 has a high positive correlation with fresh forage (r = +0.765; p < 0.01)
and a negative correlation with concentrate (r = —0.644; p < 0.01). The increase in t11-

C18:1 with fresh forage is observed in many papers [1,2,17,20]. Chion et al. (2010) [24]
found that when analyzing pasture-based diets, there was more CLA (+161%) and vaccenic
acid (+148%) content during summer than during winter. Ferlay et al. (2008) [17] also
noticed that fresh forage in the diet increases the trans C18:1 isomer content, except in
t10-C18:1 and t12-C18:1. The t10-C18:1 isomer is not included in all chromatographic work.
In our study, the highest correlations between FA and diet components are those of the
quotient t11/t10 C18:1 (Table 5). The t10-C18:1 isomer presents a great variability among
samples (coefficient of variation of 68.3%) (Table 3) and is quite similar to t11-C18:1 (64.7%);
however, the correlations with diet components have been low (r < 0.5). Griinari & Bauman
(2003) [25] proved that during ruminal biohydrogenation, t11-C18:1 becomes t10-C18:1
in low-fiber diets with higher starch and omega-6 content. Elgersma et al. (2003) [1] link
the increment of t11-C18:1 with fiber-rich diets without mentioning t10. Borreani et al.
(2013) [26] report an increase of t11-C18:1 related to the decline of the t10-C18:1 isomer in
low-fiber diets. De La Torre-Santos et al. (2020) [27] proposed the t11/t10-C18:1 ratio as a
marker to identify milk produced from grazing cattle. In our data, the correlation between
t10 and t11 is low (r < 0.3) but negative.

The total saturated FA (SFA) percentage shows a very low correlation with diet (r < 0.5)
and a negative correlation with fresh forage. Although diets without fresh forage and with
maize silage and concentrate increase SFA content, these variations are small (p < 0.05). Itis
difficult to reduce the saturated content, as seen in Coppa’s formulas, where the increase of
SFA in milk was well predicted by increases in all the conserved forages and concentrates
in the cow diet [28].

Both the positive correlation in the percentage of fresh forage with C18:3-n3 (r = 0.757;
p <0.01) and the negative correlation with C18:2-n6 (r < —0.5) explain why the correlation
is negative with the omega-6/omega-3 ratio (r = —0.668; p < 0.01).

Maize is negatively correlated with omega-3 (r = —0.572; p < 0.01) and positively
correlated with omega-6 (r < 0.5), being positive if considering the relationship between
both (n6/n3) (r = +0.546; p < 0.01). Larsen et al. (2010) [29] found more omega-3 content
in milk from farms located in central Sweden compared with the southern farms. These
differences were associated with the increased use of maize in the south. Ferlay et al.
(2008) [17] link maize silage-rich diets with higher contents in c12-, ¢13-, t6+7+8-, t10-, and
t12-C18:1.

As in the case of maize, the percentage of concentrate in diets shows inverse cor-
relations to the percentage of fresh forage. The branched FA are positively correlated
with the content in fresh forage and sum of forages and negatively with maize silage and
concentrates. These outcomes match with other authors’ results [17,26].

The dry matter ingested by cow and day and the volume of milk produced are related
to FA inversely to the content of fresh forage or total forage in the diet. That translates into
negative correlations with omega-3, CLA, and the relationship t11/t10-C18:1, and positive
correlations with c12-C18:1, omega-6, and the relationship omega-6/omega-3 (Table 5).
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3.5. Fat-Soluble Antioxidants Profile (FSA)

The FSA, expressed in ng mL-1 (ppbv), had vitamins A and E as their most common
vitamin types and all-trans-{3-Carotenoid among carotenoids (Table 6). In this same table,
the great variability in different FSA contents among the bulk tank milk samples is notable.

Table 6. Fat-soluble-antioxidant profiles in the 174 bulk tank milk samples taken from the samplings of autumn 2016 and

spring 2017.
FSA @ ppbv (ng/mL) Mean Value SD @ Min. Max. CV ® (%)
Retinol 939.01 275.53 397.02 1978.24 29.3
a-Tocopherol 1419.49 651.89 416.68 4374.00 459
- Tocopherol 4434 21.89 9.85 137.83 494
Lutein 14.53 9.56 1.99 48.36 65.8
Zeaxanthin 1.07 0.64 0.17 3.97 59.8
B-Cryptoxanthin 1.92 0.92 0.00 5.36 479
all-trans-3-Carotene 184.01 97.14 20.28 544.79 52.8
9-cis-f3-Carotene 1.54 1.10 0.26 6.36 71.4
13-cis-3-Carotene 6.94 4.00 0.78 23.75 57.6

(@) FSA: fat-soluble antioxidants. @ Standard deviation. @) Coefficient of variation: 100*(SD/mean).

The maximum values for lutein, zeaxanthin, and other carotenoids (all-trans-f3-
Carotene, 9-cis--Carotene, and 13-cis-3-Carotene) exceed between 20 and 30 times the
minimum value in each case. The coefficient of variation is always over 50%. The vitamins
are less variable, especially vitamin A. Regarding ruminants, vitamins are divided into
two categories: those that depend on self-sufficiency, on rumen, or on endogenous supply
(vitamins K, C, G, and B groups); and those whose supply is mainly through food (vitamins
A and E) [30]. The majority of commercial concentrates are supplemented with vitamins A
and E. In particular, vitamin E often comes as a-tocopherol, which may explain its smaller
variability (Table 6). Forages are rich in vitamin E, which translates to cows which are
fed with pastures or grass silage presenting higher x-tocopherol content [3,31]. However,
vitamin A (retinol) is only found in animal products, meaning that only retinol precursors
(carotenes) are found in forages. These latter contents vary greatly among diets. Agabriel
et al. (2007) [4] affirm that retinol variations in milk are masked by the use of vitamin
supplements whose nature and dose are unknown.

3.6. Correlations between Diet Components and Fat-Soluble Antioxidants Found in Milk

The FSA’s correlations with the diet components are clearly inferior to the main FA
correlations. In fact, half of the correlations are found between 0.4 and 0.5 (Table 7). Due
to this, in this table, unlike the previous FA correlations table, statistically significant
correlations greater than 0.4 are presented.
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Table 7. Correlation (I between the DM percentage of inclusion of each diet ingredient and the content in fat-soluble

antioxidants in bulk tank milk samples.

Ration DM % Kg DM Liters Cow 1
ppbv (ng/mL) -1 -1 -1
Fresh Forage @ Forages ©® Maize Silage  Concentrates Cow ™' Day Day
a-Tocopherol (Vit. E) 0.426 ** 0.506 ** —0.468 ** —0.458 ** —502 **
¥-Tocopherol —0.479 ** —0.502 ** 0.480 **
Lutein 0.658 ** 0.749 ** —0.530 ** —0.698 ** —0.565 ** —0.647 **
Zeaxanthin 0.476 ** 0.548 ** —0.536 ** —0.449 ** —0.495 **
B-Cryptoxanthin —0.454 **
all-trans-B-Carotene 0.456 ** 0.645 ** —0.600 ** —0.475 ** —0.543 **
13-cis-p3-Carotene 0.467 ** 0.662 ** —0.423 ** —0.602 ** —0.473 ** —0.547 **

@ Tt only includes significant correlations and with r > 0.4. %) Forage consumed fresh (pastures). ) Fresh forage + preserved forages
obtained from that pasture (grass silage and hay). ** The correlation is significant at the 0.01 level.

As previously noted, the fresh forage content, but especially the total forage content
(i.e., fresh grass plus GCF), along with the total concentrate in the diet, are the factors
most related with the FSA milk content. Milk FSA are derived especially from green
forage [32]. The more forage in the diet, the more FSA content, excluding Y—tocopherol.
In particular, this latter compound presents inverse correlations with the other FSA for
every diet component. The (3-carotene content of milk is highly dependent on its presence
in the diet. Fresh forage is rich in carotenes, although this content decreases during grass
conservation processes, especially depending on the exposure time of the forage to light [4].
Maize silage is poor in (3-carotene and vitamin E [31]. These results agree with Agabriel
et al. (2007) [4], who found that lutein and 3-carotene were linked to wet forage in the diet
(that is, grass and grass silage), although the correlations were slightly higher (r = +0.69
and r = +0.66; p < 0.001, respectively). They also found that there was a positive correlation
with vitamin E (r = +0.51; p < 0.001), which is an outcome similar to our results.

The lack of correlation between dry forage content per ration and the content in all-
trans-f3-carotenes, other carotenoids, and vitamin E may be due to the fact that, even if
pastures are rich in these components, they decrease drastically during the drying process
and storage. This decrease is proportional to the degree of light exposure. Unlike our
results, Larsen et al. (2010) [29] found higher contents in carotenoids in milks from farms
located in central Sweden compared with southern farms. These differences are again
linked to a greater usage of maize in the southern part of this country.

Although concentrate is fortified with vitamins A and E (the latter is usually added
as «-tocopherol), there are no important correlations between the supply of vitamins
proceeding from concentrate in the diet and the content of those vitamins in milk. The
correlation between the ingestion of vitamin A per cow per day (in concentrate) and
the content of retinol in milk is quite low (r = +0.13; p> 0.01) (data not provided). The
correlation between the ingestion of vitamin E present in concentrate and the content of
a-tocopherol in milk is very low and is negative (r = —0.26. p < 0.01) (data not provided).
This means that the presence of those vitamins in milk is mainly due to forage consumption
and not because of concentrate consumption. In fact, the correlation between concen-
trate content and x-tocopherol is negative (r = —0.468; p < 0.01). Vitamin A, along with
9-cis-3-carotene, presents correlations smaller than 0.4 with every component of the diet.
Agabriel et al. (2007) [4] also found no correlation between diet forages and vitamin A
content (p > 0.05). Lucas et al. (2006) [33] discovered that during periods of low forage
intake, the content of vitamins A and E in milk is more dependent on supplementation.

Again, the intake volume (kg of dry matter consumed by each cow in a day) and the
produced milk volume are related to FSA content and are inverse to their relationship with
fresh forage or forages in the diet. This translates to the fact that the more the production
there is (or the more intensive a diet is), the lesser the presence of carotenes and FSA is
in general.
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3.7. Correlations between Diet and Farm Characteristics

The diet supplied to lactating cows is not correlated with the size of the farm (UAA).
Similarly, the total livestock units and livestock units ha~!, or annual milk production,
have lower correlation coefficients (r < 0.4) in diet. Only daily production per cow
(liters cow ! day 1) presents relevant correlations (r > 0.6; p < 0.01) with diet components
(Table 8).

Table 8. Correlation (U between diet components and some productive and herd characteristics.

Composition of Diet of Li « Unite ® Livestock Units Aanc.llal i\./hlk ESIt)lmstec:.AveragE Milk
Lactating Dairy Cows ivestock Units per ha rodue 10{11 rocuc 10n71:;er 07“11
(Liters Year—1) (Liters Cow—! Day—1)
kg DM @ day ! per cow 0.441 ** 0.836 **
% ration DM
%DM Fresh forage () —0.402 ** —0.486 ** —0.414 ** —0.622 **
% Forage ©) —490 ** —0.489 ** —0.502 ** —0.735 **
%DM Maize silage 0.511 ** 0.501 ** 0.637 **
%DM Concentrate 0.612 **

@ It only includes significant correlations and with r > 0.4. @ DM = dry matter. ® Livestock units calculated as: 1 x (N adult cows) +
0.6 x (N heifers) + 0.2 x (N calves). @ Forage consumed fresh (pastures). © Fresh forage + preserved forages obtained from that pasture
(grass silage and hay). ** The correlation is significant at the 0.01 level.

Table 8 shows high correlation (r = +0.836; p < 0.01) between daily ingestion of dry
matter and milk production per cow (liters cow ! day!). Maize-rich diets, presumably
linked to intensive farms that grow maize, are in fact related to bigger herds, whereas
fresh forage-rich diets and forages are related to smaller herds. In a more consistent way;,
it is deduced that fresh forage and forage-rich diets are linked to low production cows
(r=—-0.622, p < 0.01 and r = —0.735, p < 0.01; respectively); similarly, it is also inferred
that diets rich in maize and concentrate are associated with cows with high intake and
high milk production (r = +0.637, p < 0.01 and r = +0.612, p < 0.01; respectively). Slots
et al. (2009) [3] link extensive systems (associated with low milk production) with an FSA
increase (associated with a dilution effect).

3.8. Correlations between FA and FSA Milk Content and Farm Characteristics

Total useful agricultural area (UAA) and UAA dedicated exclusively to milk produc-
tion show very low correlations with FA and FSA in milk (r < 0.4). Other farm characteris-
tics, such as herd size (total livestock units—LU), the stocking rate (LU ha™!), or annual
herd production (liters year~1!), present low correlations (r < 0.5). Only daily production
per cow (liters cow ! day ') presents relevant correlations (r > 0.5; p < 0.01) with the FA
and FSA profile of milk (Table 9).

Big herds, high stocking rate (intensity), high milk production by farm, and partic-
ularly high production per cow are all linked to higher values of C11:0, C12:0, C13:0,
c12-C18:1, and omega-6 isomers (except C22:2-n6), as well as smaller values in every FSA
with the exception of ¥-tocopherol. However, smaller herds and low milk production at
farm and cow level are linked to milk which is richer in t11-C18:1, rumenic acid, CLA
isomers sum, C23:0, C24:0, most of the omega-3 isomers (except C20:3-n3), branched FA,
a-tocopherol (vitamin E), carotenes, and lutein (Table 9). From this, we can deduce that
forage-rich diets (FG and FG + GCF diets) are linked to low-production cows that provide
milk with higher contents in fatty acids and FSA that are considered healthy.
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Table 9. Correlation D between the composition in FA and FSA in milk and some productive and herd characteristics.

Estimated Average

Fatty Acid (g~108)g ' Livestock Units ® Livestock Units per ha Anr}ual Milk _ Milk Production per
of Total FA) Production (L Year—1) - -
Cow (L Cow~1 Day—1)
FA
C10:0 0.488 **
C11:0 0.412 ** 0.443 ** 0.556 **
C12:0 0.510 **
C13:0 0.400 ** 0.455 **
C14:0-iso —0.647 **
C15:0-iso —0.605 **
C15:0-anteiso —0.491 **
t10-C18:1 0.402 **
t11-C:18:1 —0.446 ** —0.625 **
c11-C18:1-n7 0.542 **
c12-18:1 0.486 ** 0.414 ** 0.500 ** 0.567 **
cC18:2-n6 ©) 0.495 **
C18:3-n3 —0.452 ** —0.559 **
C20:0 —0.429 **
c9,t11-CLA —0.449 ** —0.624 **
C20:3-n3 0.412 ** 0.460 **
C22:0 —0.576 **
C22:2-n6 —0.551 **
C23:0 —0.540 **
C24:0 —0.584 **
C22:5-n3 —0.422 ** —0.578 **
Main relationships between FA
Total saturated FA
(SFA)
Total gérl‘:i‘)ed FA 0428 % 0438 * 0684 "
Total trans
mono-unsaturated FA —0.436 **
(t-MUFA)
Ratio t11/t10-C18:1 —0.450 ** —0.694 **
CLA isomers sum —0.440 ** —0.626 **
né6 isomers sum 0.495 **
n3 isomers sum —0.427 ** —0.533 **
n6/n3 ratio © 0.404 ** 0.469 ** 0.422 ** 0.614 **
FSA® (ppbv (ng mL))
a-Tocopherol (Vit. E) —0.502 **
- Tocopherol 0.429 **
Lutein —0.408 ** —0.647 **
Zeaxanthin —0.495 **
all-trans-3-Carotene —0.543 **
13-cis-f3-Carotene —0.547 **

@ 1t only includes significant correlations and with r > 0.4. @ FA = fatty acid. ©) Livestock units calculated as: 1 x (N adult cows) + 0.6 x
(N heifers) + 0.2 x (N calves). ¥ FSA = fat-soluble antioxidants. ® n = omega-n isomer. ©) Omega-6 isomers/omega-3 isomers ratio. ** The
correlation is significant at the 0.01 level.

3.9. Differences in FA and FSA Profiles Depending on Whether or Not Fresh Forage Is Present in
the Diet and How to Supply That Grass: Grazing vs. Cut and Carry (Zero-Grazed)

Milk obtained from cows eating fresh forage (84 samples) presents significantly higher
mean concentrations of vaccenic acid, linolenic acid, omega-3 isomers sum, rumenic acid,
t11/t10 C18:1 ratio, and a lower n6/n3 relationship (Table 10).
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Table 10. Fatty acid and fat-soluble antioxidant profiles identified in the 174 bulk tank milk samples obtained in autumn
2016 and spring 2017, depending on how the grass was supplied: grazing vs. cut and carry (zero-grazed). Only parameters
with significant differences between handling systems are indicated.

Milk Samples Milks Samples from Diets with Fresh Grass @
from Diets Zero-Grazed . @
Parameter without Fresh Grazing (Cut and Both Ways Total Sig.
Grass Carry)
N =90 N =48 N=22 N=14 N=84
FA ) (g-100 g~ ! of total FA)
C12:0 347 a 3.08b 3.04b 290b 3.04 e
C14:0 11.47 10.98 11.15 10.92 11.02 ns
C16:0 31.19a 28.62b 30.43 ab 28.62b 29.09 *
t10-C18:1 0.51a 0.32b 0.31b 0.30b 0.31 *
t11-C:18:1 1.02b 254 a 1.95a 238 a 2.36 #*
c12-18:1 0.28 a 0.15b 0.16 b 0.11b 0.09 *
C18:3-n3 ) 0.43 ¢ 0.81a 0.59b 0.75 ab 0.74 **
c9,t11-CLA 0.49b 1.07 a 0.84 a 1.00 a 1.00 **
C22:5-n3 0.07 ¢ 0.11a 0.09b 0.11a 0.11 *
Main relationships between FA (1
Total sf‘st;‘;a;ted FA 69.78 a 67.24Db 68.02 ab 67.25b 67.45 *
Total branched FA x
(BCFA) 0.82b 1.01la 1.00 a 1.05a 1.01
Total
mono-unsaturated 2546 b 2721 a 26.79 ab 27.48 ab 27.15 **
FA (MUFA)
Ratio t11/t10- C18:1 2.60b 954 a 691 a 994 a 8.92 >
Total
poly-unsaturated FA 3.93b 454 a 4.19 ab 4.22 ab 4.39 *
(PUFA)

CLA isomers sum 0.61b 121a 0.99 a 1.14a 1.14 **
n6 isomers sum 2.60 a 2.23 ab 2.31 ab 2.04b 2.22 *
n3 isomers sum 0.72 ¢ 1.09 a 0.89b 1.03 ab 1.03 *

PUFA /SFA 0.06 b 0.07 a 0.06 ab 0.06 ab 0.07 *
n6/n3 ratio @ 3.69a 2.15¢ 2.77b 2.14c 2.31 *
Total unsaturated FA .

(UFA)/SFA 0.42b 0.48 a 0.46 ab 047 a 047
FSA © (ppbv (ng/mL))
Retinol 883.26 997.04 1039.50 940.57 998.75 ns
a-Tocopherol (Vit. E) 1181.90 b 1622.03 a 1691.19 a 1825.45 a 1674.04 *
v-Tocopherol 54.28 b 32.23a 39.33 a 29.89 a 33.70 *
Lutein 8.64b 22.00a 17.16 a 22.64a 20.84 o
Zeaxanthin 0.82b 1.63a 0.86b 1.14 ab 1.35 **
B-Cryptoxanthin 1.66 b 2.39a 1.73b 231la 2.20 xEx
all-trans-B-Carotene 135.70 b 243.60 a 195.74 a 27181 a 235.77 **
9-cis-p3-Carotene 1.34 1.80 1.36 1.84 1.69 ns
13-cis-f3-Carotene 4.87b 9.19 a 7.59 a 11.03 a 9.08 **
Average ration
@ -1
Kg DM day™ per 2276a 19.93b 20.64b 19.55b 20.06 *

coOw
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Table 10. Cont.
Milk Samples Milks Samples from Diets with Fresh Grass @)
from Diets Zero-Grazed ®
Parameter without Fresh Grazing (Cut and Both Ways Total Sig.
Grass Carry)
N =90 N =48 N =22 N=14 N=84
% ration DM ©
Fresh forage ©) 0.00 a 43.68b 34.03b 52.28 b 42.59 ok
Maize silage 25.49 a 6.37b 4.05b 1.20b 4.90 b
Grass silage 21.23 a 14.24 ab 10.94b 11.94Db 12.99 *
Dry forage 9.12b 10.03 ab 13.13 a 10.19 a 10.87 ns
Concentrate 44.16 a 25.68 ¢ 37.85b 24.39 ¢ 28.65 *(?)

M) FA = fatty acid. ® Omega-6 isomers/omega-3 isomers. ) FSA = fat-soluble antioxidants. ®» DM = dry matter. ® Percentage of dry
matter intake (DMI) of each component of the ration. ©) Forage consumed fresh (pastures). () Different letters within the same row indicate
statistically significant differences between samples. () Statistical significance between milk samples with (N = 84) or without fresh grass
(N =90): *: p <0.05; **: p < 0.01; ***: p < 0.001; ns: non-significant differences. O n= omega-n isomer.

Milk from grazing cows presents significantly higher concentrations of omega-3
fatty acids (omega-3 isomers sum), especially C18:3-n3 and C22:5-n3, and a lower n6/n3
relationship (represented by a different letter in the same row) than milk obtained from
cows that were fed fresh forage indoors. This milk also shows a numerically higher t11/t10-
C18:1 ratio compared to cows fed indoors, although this lacks statistical significance.
Regarding FSA contents, milk from cows on pasture presents statistically superior contents
of zeaxanthin and (-cryptoxanthin; however, there are no differences when analyzing
other carotenoid content (all-trans-f-carotene and 13-cis-f3-carotene).

In terms of analyzing the mean composition of diets in each group (Table 10), it is
shown that farms supplying fresh forage indoors to lactating cows (N = 22) consume 22%
less fresh forage and 54% more concentrate than the ones with pasture grazing (N = 48).
Therefore, the results obtained are linked to differences in food management in the farms
that collaborated in this study. In particular, the farms feeding fresh grass indoors provide
rations significantly richer in concentrate and with a slightly lower relative consumption of
FF than the ones that take cows out to pasture.

In our study, the way of ingesting fresh forage affects the content of ¢18:3-n3 more
than the content of CLA. However, Offer (2002) [34], who compared milk produced by
grazing cows and by cows fed fresh grass indoors from the same land, finds a reduction in
the omega-3 content in milk in the latter, but especially in rumenic acid.

Some authors also point out a better fatty acids profile in grazing cows compared
to zero-grazing [1,18,27]. This fact may be explained by the higher floristic diversity in
grazing periods (when this study was performed). They also suggest this may be due
to the changes suffered by fresh forage since the harvest (lipolysis) and during the time
spent in the barn before its consumption. Losses in polyunsaturated fatty acids have been
reported in grass immediately after cutting herbage due to the oxidative processes of plant
tissues [35]. Another explanation may be that during grazing, the cows themselves select
the most tender herbs.

Elgersma et al. (2008) [36] demonstrate the existence of a vertical gradient in FA
concentration in grass canopies related to leaf blade ratio. These findings would explain
why cows with access to upper sward horizons had higher CLA concentrations in their
milk than cows offered pre-grazed swards.

4. Conclusions

Results show great variability in FA and FSA profiles among milk samples. This
reflects the diversity among feeding systems in the geographic area of the study. The most
variable FA are the ones linked to the consumption of fresh forage (FF) and other forages
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obtained from pastures. It has been verified that higher levels of fresh forage result in
higher PUFA, vitamin, and carotenoid content.

The type of diet affects mainly the proportion of vaccenic, CLA, and omega-3 acids, as
well as the t11/t10-C18:1 ratio. This stands out clearly as a good possible indicator of the
presence of fresh forage. In the same way, excluding vitamin A, every FSA is linked to the
presence of fresh forage, although FSA correlations with diet are lower than those of FA.

Milk from fresh forage-fed cows, either grazing or indoors, presents higher content of
this FA than the milk from cows that do not consume FF. Differences are shown in the FA
and FSA profiles between herds where lactating cows are grazing and herds where cows
are fed indoors. However, in this study, it is not possible to deny that it is partly because of
the latter’s consumption of less FF and more concentrate in the ration.

Choosing milk from fresh forage and forage-fed herds could allow for milk which is
rich in PUFA, carotenoids, and other potential antioxidants to be put on the market. This
would confer added value on milk produced on farms using more extensive traditional
systems and from cows with grass-rich diets and fewer cereals.
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