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ABSTRACT

The specific fatty acid (FA) profile of colostrum may 
indicate a biological requirement for neonatal calves. 
The objective of this study was to characterize the FA 
profile and yields in colostrum, transition milk, and 
mature milk in primiparous (PP) and multiparous 
(MP) cows. Colostrum was milked from 10 PP and 10 
MP Holstein cows fed the same pre- and postpartum 
rations. Milkings (M) 2 to 5 and 12 were respectively 
termed transition and mature milk. Overall, short-
chain FA (C4:0 and C6:0) were 61 and 50% lower in 
colostrum than mature milk, respectively. A parity 
by milking interaction was also present, with higher 
C4:0 for PP cows at M2 and for MP cows at M12. Ad-
ditionally, higher concentrations of C6:0 were present 
for PP cows at M2 through M4 and for MP cows at 
M12. Palmitic (C16:0) and myristic (C14:0) acids were 
38% and 19% higher in colostrum than mature milk, 
respectively. However, total saturated FA remained 
relatively stable. Branched-chain FA were 13% lower in 
colostrum than mature milk and higher in PP than MP 
cows throughout the milking period. The proportion of 
trans-monounsaturated FA (MUFA) was 72% higher in 
PP cows throughout the milking period, as well as 13% 
lower in colostrum than mature milk. In contrast, cis-
MUFA and total MUFA were not affected by milking 
nor parity. Linoleic acid (LA) was 25% higher in colos-
trum than transition and mature milks, but α-linolenic 
acid (ALA) did not differ. Consequently, the ratio of 
LA to ALA was 29% higher in colostrum than mature 
milk and 33% higher in MP cows. Linoleic acid was 
also 15% higher in MP cows, whereas ALA was 15% 
higher in PP cows. Conjugated linoleic acid (CLA, 
cis-9,trans-11) was 2.7-fold higher in PP cows, and no 

differences between colostrum and mature milk were 
detected. Overall, polyunsaturated FA (PUFA) from 
the n-6 and n-3 series were over 40% higher in colos-
trum compared with transition and mature milk. Milk-
ing by parity interactions were present for arachidonic 
acid (ARA), eicosapentaenoic acid (EPA), docosapen-
taenoic acid (DPA), docosahexaenoic acid (DHA), and 
total n-3 PUFA, translating to higher proportions in 
PP cows in M1 to M3, whereas proportions remained 
relatively stable throughout the milking period in MP 
cows. Despite increasing milk yields throughout the 
subsequent milkings, higher yields of EPA, ARA, DPA, 
and DHA were present in colostrum than in mature 
milk. Greater proportions and yields of n-3 and n-6 FA 
in colostrum may translate to specific requirements for 
newborn calves. Differences were also observed between 
PP and MP cows and may reflect different nutrient 
requirements and partitioning.
Key words: colostrum, fatty acids, transition milk, 
whole milk, Holstein

INTRODUCTION

With more than 400 different fatty acids (FA), 
milk fat is the most complex natural fat and is also 
the most variable macronutrient in milk (Jensen et al., 
1991; Lindmark Månsson, 2008; Moltó-Puigmartí et 
al., 2011). Fat from mature milk is almost exclusively 
present in the form of triglycerides (~98%; Taylor and 
MacGibbon, 2002), consisting of a glycerol backbone 
to which 3 FA following a stereo-specific numbering 
position are attached (Lammi-Keefe and Jensen, 1984). 
Milk fat provides ~50% of the total dietary energy, as 
well as essential FA, presenting important structural 
and metabolic functions to newborn animals (Delp-
lanque et al., 2015; Grote et al., 2016). The FA profile 
of milk fat derives from dietary FA, ruminal biohydro-
genation, and mammary lipogenesis (Wiking et al., 
2004; McFadden and Corl, 2009). Other factors, such 
as breed (Poulsen et al., 2012), parity, stage of lacta-
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tion (O’Callaghan et al., 2020), and feeding practices 
(Moate et al., 2007), are also known to influence the FA 
profile of bovine milk.

Parturition is characterized by metabolic transitions 
that largely modulate the FA profile of colostrum and 
transition milk. For instance, increased feed intake 
following calving increases volatile FA production 
from microbial fermentation in the rumen, serving as 
substrate for de novo FA synthesis in the mammary 
gland (Laliotis et al., 2010; Woolpert et al., 2017). Ad-
ditionally, it is not uncommon for up to 40 kg of body 
fat to be mobilized within the first few weeks around 
calving for modern high-producing cows, resulting in 
an increased proportion of preformed FA (>18 carbon 
atoms) in milk (Bell, 1995; Gross et al., 2011; Daniel et 
al., 2018). In this context, differences between primipa-
rous and multiparous cows, having different energy 
requirements, should also be considered.

Bovine colostrum supports the health and welfare 
of young calves by providing essential bioactives and 
immune factors (Blum and Hammon, 2000; Godden, 
2008). Although the protein fraction of colostrum and 
its immune components have been extensively studied 
in the first days following parturition (Nissen et al., 
2017; Fahey et al., 2020; Honan et al., 2020), knowl-
edge related to the changes occurring in relation to 
fat composition is limited. From a teleological stance, 
elevated concentrations and yields of certain FA in co-
lostrum, compared with transition and mature milk, 
may indicate a biological need of the neonatal calf. 
Previous bovine colostrum research has demonstrated 
an effect of days post-parturition on the FA profile of 
colostrum, transition milk, and mature milk (Contarini 
et al., 2014; O’Callaghan et al., 2020). Colostrum is 
rich in lipid molecules essential for newborns, includ-
ing elevated concentrations of n-3 PUFA, palmitic 
acid (C16:0), phospholipids, and cholesterol (Noble et 
al., 1978; Contarini et al., 2014; O’Callaghan et al., 
2020). In contrast, lower concentrations of trans-FA 
were detected in colostrum compared with mature milk 
(Contarini et al., 2014). These specificities of colostrum 
fat composition have also been observed in human 
colostrum (Moltó-Puigmartí et al., 2011; Floris et al., 
2020; Ramiro-Cortijo et al., 2020).

Developing knowledge regarding milk composition 
during the early stage of lactation can improve our 
understanding of the physiology of the dairy cow and 
the needs of neonatal calves. The hypothesis of this ex-
periment was that colostrum would have a distinct FA 
composition compared with transition milk and mature 
milk. The objective of the study was to characterize the 
FA profile of colostrum, transition milk, and mature 
milk in primi- and multiparous Holstein cows fed the 
same diets pre- and postpartum.

MATERIALS AND METHODS

This study was conducted at Breevliet Farms Ltd. 
(Millet, AB, Canada) between May and June 2017. All 
procedures described in this article complied with the 
Canadian Council of Animal Care (CCAC, 1993) and 
the University of Alberta Animal Care and Use Com-
mittee for Livestock (AUP 00002015).

Experimental Design and Measurements

Companion papers (Fahey et al., 2020; Fischer-
Tlustos et al., 2020; Honan et al., 2020) provide details 
on animal husbandry and experimental design, and, 
as such, the present study will describe these aspects 
in brief. Primiparous (PP, n = 10) and multiparous 
(MP, n = 10) Holstein cows were enrolled in the study 
at calving. Multiparous cows [median parity of 3 (25th 
quartile = 2, 75th quartile = 6); dry period length: 
53.4 ± 3.8 d] were dried off from their previous lac-
tation using Spectramast DC (Zoetis). After calving, 
cows were group-housed and milked twice daily at 0500 
and 1600 h. No cows displayed clinical signs of illness 
or received antibiotics during the 6-d sampling period. 
Homogeneous colostrum and milk samples (2 × 15 mL) 
were collected from the milking system (BouMatic) 
over the first 7 DIM. The colostrum sample was col-
lected at the first milking (M1) following parturition 
(5.3 ± 0.7 h after parturition). Time intervals between 
M1 and subsequent milkings were 12.0 ± 0.3 h. The 
12th milking was thus sampled 6 d (137 ± 0.8 h) after 
calving. Milkings 2 to 5 (M2–5) and milking 12 (M12) 
were respectively termed transition and mature milk 
(Blum and Hammon, 2000). Yield at each milking was 
recorded, and samples were immediately snap-frozen in 
liquid nitrogen and transferred to −20°C storage until 
analysis.

Diets and Feeding

All cattle were fed the same close-up (3 wk prepar-
tum) and fresh rations described in Fischer-Tlustos et 
al. (2020). In brief, the close-up diet included 53.2% 
barley silage, 17.8% brewers grain, 24.1% barley straw, 
and 5.0% dry cow supplement. The lactation ration 
included 12.1% barley silage, 17.6% corn silage, 19.5% 
corn silage, 3.5% brewers grain, 11.6% haylage, 12.1% 
corn distiller, 8.4% alfalfa hay, 0.7% palm fat, and 
14.5% lactating cow supplement.

Fatty Acid Analyses

Total lipids were extracted from milk or colostrum ac-
cording to the method developed by Feng et al. (2004) 
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with modifications. Briefly, 5 to 10 mL of colostrum or 
milk was centrifuged at 15,000 × g for 30 min at 4°C. 
The fat-cake layer was transferred to a 1.5-mL micro-
tube and incubated at room temperature for 20 min, 
followed by incubation in a heating block at 37°C for 2 
min. Thereafter, samples were centrifuged at 19,300 × 
g for 20 min at 22°C using a microcentrifuge (Centri-
fuge 5415 D, Eppendorf) and placed in a heating block 
maintained at 45°C to allow for fat separation. Then, 
the top layer of lipid (~25 mg) was collected, weighed, 
and stored at −80°C and sent to the Lacombe Research 
and Development Centre (Agriculture and Agri-Food 
Canada, Lacombe, AB, Canada). Samples were then 
thawed, freeze-dried, and direct-methylated with sodi-
um methoxide according to Dugan et al. (2007). Fatty 
acid composition was determined via gas-liquid chro-
matography based on a method described by Kramer et 
al. (2008). Gas-liquid chromatography was performed 
on a CP-3800 GC equipped with a flame-ionization de-
tector, autosampler, a split/splitless injector and a CP-
Sil88 column (100 m, 25-µm internal diameter, 0.2-µm 
film thickness). Hydrogen was used as the carrier gas 
(1 mL/min initial flow rate, head pressure 25 psi), and 
the injection port was set at 250°C, with the detector 
set at 260°C. The temperature program was as follows: 
initial temperature at 45°C for 4 min, raised to 175°C 
at a rate of 13 °C/min, and held for 27 min, then raised 
to 215°C at a rate of 4.0°C/min, and finally held at this 
temperature for 35 min (Kramer et al., 2008). For each 
GC analysis, 1 µL of sample was injected and a 20:1 
split was used. Individual peaks were identified using 
reference standards (GLC463, GLC-603, and UC-59 M, 
Nu-Chek Prep Inc.) and according to the peak order 
and retention times reported in the literature (Cruz-
Hernandez et al., 2004; Kramer et al., 2008). Short-
chain FAME were corrected for mass discrepancy based 
on the theoretical response factors defined by Wolff et 
al. (1995).

Statistical Analysis

The sample size of the experiment was selected for 
the original purpose of the study, which was to detect 
a difference between parity in colostrum and milk oli-
gosaccharide concentrations, as described by Fischer-
Tlustos et al. (2020).

All variables were analyzed as repeated measurements 
using PROC GLIMMIX (SAS/STAT 9.4; SAS Institute 
Inc., 2018). The statistical model for the FA profile 
(% total FA) and FA yields (g/d) included the fixed 
effects of parity, milking, and the interaction between 
milking and parity. Milking was treated as a repeated 
measurement, to model the autocorrelation between 
multiple measurements conducted on one experimental 

unit. Cows were blocked by the time interval relative 
to their first milking, to account for the influence of 
lag on colostrum FA composition. Cow and the milking 
by block interaction were included as random effects 
within the model:

 Yhij = µ + Mi + Pj + MPij + MBhi + εhij, 

where Yhij is the dependent variable; µ is the overall 
mean; Mi is the fixed effect of the ith milking; Pj is the 
fixed effect of the jth parity; MPij is the fixed effect of 
the interaction between the ith milking and the jth par-
ity; MBhi is the random effect of the interaction between 
the hth block and the ith milking; and εhij the random 
error associated with the hth block at the ith milk-
ing with the jth parity. At least 4 variance–covariance 
structures suitable for use with unequally spaced mea-
surements were evaluated. These included the variance 
components, compound symmetry, ante-dependence, 
unstructured, and heterogeneous compound symmetry. 
The covariance structure allowing the lowest Schwarz’s 
Bayesian information criterion was selected. Data were 
confirmed as normally, independently, and identically 
distributed using PROC UNIVARIATE (Shapiro-Wilk 
P > 0.05) and the COVTEST statement (Gen. Chi-
Sq. > 0.05) in PROC GLIMMIX. When data were 
nonidentically distributed between primiparous and 
multiparous cattle, heteroscedasticity was controlled 
using the GROUP statement within PROC GLIMMIX. 
Significant differences were declared at P < 0.05. When 
considering the effect of milking, only significant differ-
ences between colostrum, transition milk, and mature 
milk are described.

Principal component analysis (PCA) is a math-
ematical procedure reducing data dimensionality while 
retaining most of the variation in a data set (Ringnér, 
2008). This approach enables visual assessment of 
similarities and differences between samples, bringing 
complementary information to the statistical model 
presented herein, which would otherwise only allow for 
observation of single FA. This analysis was performed 
using the PCA tool in OriginPro (OriginLab Corp., 
2021). All FA presented in Figure 1 were considered for 
this analysis.

RESULTS

Milk Yield and Milk Fat Yield

Results for milk yield and milk composition are de-
scribed in Fischer-Tlustos et al. (2020). In brief, MP 
cows had a 37% greater milk yield per milking over 
the first 7 DIM (P < 0.001). Milk yield was higher in 
M4 onward, compared with colostrum and M2, with 
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Figure 1. Heatmap displaying the fold change difference of individual fatty acids in relation to the fatty acid profile of colostrum (M1). 
Individual values are differentiated by a color contrast going from green (fatty acid percentage decreases from colostrum) to red (fatty acid 
percentage increases from colostrum).
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MP cows having a greater yield than PP cows in M10, 
M12, and M14 (P < 0.001). Fat percentage was 32% 
higher in PP cows (P = 0.002), whereas fat yield was 
19% higher in MP cows over the first 7 DIM (P = 0.03). 
Fat percentage was the highest in colostrum compared 
with all other milkings (P < 0.001) and was also higher 
in colostrum and M2 of PP and MP cows (P < 0.001). 
In contrast, fat yield was lower in colostrum and M2 to 
M3 compared with M6 onward (P < 0.001). Addition-
ally, PP cows had a higher fat yield in colostrum and 
a lower fat yield in M10 compared with MP cows (P 
< 0.001).

Saturated Fatty Acid Profile

Parity affected (P ≤ 0.006; Table 1) C6:0, C15:0, 
C16:0, C17:0, C19:0, and C20:0 concentrations. Primip-
arous cows had higher proportions of these FA, except 
for C16:0, which was present at a lower concentration 
in PP than MP milk (28.1 vs. 33.4% FA, respectively). 
Apart from C15:0 and iso-C15:0, the proportions of all 
individual SFA changed (P ≤ 0.039) with respect to 
milking. The short-chain FA (SCFA) C4:0 and C6:0 
were 61 and 50% lower (P < 0.001) in colostrum than 

mature milk, respectively. Milk C4:0 remained at low 
concentrations from M2 to M5 relative to M12. The 
observed differences in SCFA for each milking rela-
tive to colostrum are illustrated in Figure 1. Overall, 
proportions of SCFA increased with milking period; 
however, milking by parity interactions (P < 0.001) 
indicated differing patterns of increase. For both C4:0 
and C6:0, proportions were higher in transition milk in 
PP cows and higher for MP cows in mature milk. Milk 
C4:0 proportions were greater in PP cows at M2 and in 
MP cows at M12. Similarly, milk C6:0 proportions were 
greater in PP than MP cows at M2 to M4 and in MP 
cows at M12 (Figure 2A and 2B). Similar patterns were 
observed for C8:0, where greater proportions of C8:0 
were present in milk from PP cows at M4 (Figure 2C; P 
< 0.001). Palmitic (C16:0) and myristic acids (C14:0) 
were 19% and 38% higher (P < 0.001) in colostrum 
than in mature milk, respectively. Additionally, C20:0 
and C22:0 concentrations were, respectively, 41% and 
2.4-fold higher (P < 0.001) in colostrum than mature 
milk. Branched-chain FA (BCFA) were 11% lower (P 
≤ 0.002) in colostrum and transition milk than mature 
milk, and higher (P ≤ 0.005) in milk from PP than 
MP cows throughout the milking period (Supplemen-

Wilms et al.: FATTY ACID PROFILES IN BOVINE MILK

Figure 2. Saturated fatty acids (FA), including C4:0 (A), C6:0 (B), C8:0 (C), and C18:0 (D) from colostrum, transition, and mature milks 
of primiparous (PP; n = 10) and multiparous Holstein dairy cows (MP; n = 10) during the first week of lactation. Data are presented as LSM 
and SEM. Significant interactions between milking (M) and parity (P) at each time point are indicated by * (P ≤ 0.05).
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tal Figure S1D; https: / / figshare .com/ articles/ figure/ 
Wilms _et _al _2022 _FA _characterization _in _colostrum 
_transition _milk _and _mature _milk _Supplemental 
_material _docx/ 17277938, Wilms et al., 2021). The to-
tal proportion of SFA did not differ (P = 0.14) between 
colostrum, transition milk, or mature milk but was 6% 
higher (P = 0.049) in milk produced by MP rather than 
PP cows. Interactions between milking and parity (P ≤ 
0.042) were present for all SFA, with the exceptions of 
C14:0 to C16:0, iso-C14:0, and iso-C15:0. Interactions 
between milking and parity resulted in higher propor-
tions of C17:0 (Supplemental Figure S1A), C18:0 (Fig-
ure 2D), C19:0 (Supplemental Figure S1B), and C20:0 
(Supplemental Figure S1C) in PP than MP cows at 
M12 (P ≤ 0.001). Additionally, higher proportions of 
C17:0, C18:0, C19:0, and C20:0 were present in colos-
trum of PP compared with MP cows. Some transition 
milk samples also showed higher FA proportions in PP 
than MP cows; M3 and M5 for C17:0, M2 to M3 and 
M5 for C19:0, and M3 and M5 for C20: 0 .

Monounsaturated Fatty Acid Profile

A higher (P < 0.001; Table 2; Supplemental Fig-
ure S2A; https: / / figshare .com/ articles/ figure/ Wilms 
_et _al _2022 _FA _characterization _in _colostrum 
_transition _milk _and _mature _milk _Supplemental 
_material _docx/ 17277938, Wilms et al., 2021) propor-
tion of trans-C16:1 and lower proportion (P = 0.019) of 
cis-C16:1 were found in milk from PP cows. Colostrum 
differed (P < 0.001) from transition and mature milk, 
having an approximately 41% higher concentration of 
trans-C16:1. Parity effects (P ≤ 0.006) were present 
for all trans-C18:1, except C18:1 trans-10 (P = 0.27); 
thus, parity affected (P < 0.001) the total proportion 
of trans-C18:1 produced (Supplemental Figure S2B). 
Trans-C18:1 was 16% lower (P < 0.001) in colostrum 
than mature milk. Parity did not affect (P ≥ 0.43) the 
proportions of most cis-C18:1 FA, although the propor-
tion of C18:1 cis-11 was greater (P = 0.005) in milk 
produced by PP rather than MP cows. The proportions 
of C18:1 cis-11, C18:1 cis-12, and C18:1 cis-13 were 
lower (P < 0.001) in colostrum than mature milk. The 
total percentage of cis-C18:1 was not affected (P ≥ 
0.055) by parity nor milking. The proportional sum of 
cis-C20:1 was 42% higher (P < 0.001) in milk from PP 
compared with MP cows and 57% higher (P < 0.001) in 
colostrum than mature milk. The proportion of trans-
MUFA was 72% higher (P < 0.001) in milk from PP 
cows and 13% lower (P < 0.001; Supplemental Figure 
S2C) in colostrum than mature milk. For trans-C16:1, 
trans-C18:1, and trans-MUFA, higher proportions were 
detected in milk from PP than MP cows throughout 
the milking period.

Polyunsaturated Fatty Acid Profile

Conjugated linoleic acid (CLA, cis-9,trans-11) was 
2.7-fold higher (P = 0.005; Table 3) in milk from PP 
cows, and no differences between colostrum, transition, 
and mature milk were detected. Linoleic acid (LA) was 
15% higher (P = 0.044) in milk from MP cows, whereas 
α-linolenic acid (ALA, C18: 3n -3) was 15% higher (P 
= 0.034) in milk from PP cows. Proportions of LA 
and arachidonic acid (ARA) were higher (P < 0.001) 
in colostrum than transition milk, and the proportions 
of LA and ARA in whole milk were lower than those 
in transition milk. Primiparous cows produced milk 
that contained larger (P < 0.001) proportions of ARA, 
eicosapentaenoic acid (EPA), docosahexaenoic acid 
(DHA), and docosapentaenoic acid (DPA) than milk 
from MP cows. Proportions of ARA, EPA, and DPA 
were higher (P < 0.001) in colostrum than transition 
milk, and in transition milk than whole milk. The inter-
action between milking and parity indicated greater (P 
≤ 0.01; Figure 3A–D) proportions of ARA (M1–3 and 
M12), EPA (M1–3, M5, and M12), and DPA (M1–3, 
M5, and M12) were produced in milk from PP cows. 
The proportion of DHA was higher in colostrum than 
mature milk (P = 0.005). A milking by parity interac-
tion showed higher DHA concentrations in PP cows 
in M1 through M3 (P = 0.023; Figure 3.D). The n-3 
PUFA were 33% higher (P < 0.001) in milk produced 
by PP cows and were affected (P = 0.012) by interac-
tion between parity and milking. Overall, n-6 and n-3 
PUFA were elevated (P ≤ 0.029) by at least 25% in 
colostrum compared with transition and mature milk. 
However, transition and mature milk did not differ for 
n-3 PUFA or n-6 PUFA. Interactions between milking 
and parity were present (P < 0.001; Figure 3D) from 
M1 to M3, showing higher proportions of n-3 PUFA in 
milk from PP cows relative to MP cows. The ratio of 
n-6 to n-3 PUFA was 39% higher (P < 0.001) in MP 
compared with PP cows.

Fatty Acid Yields

Short-chain FA and C8:0 yields did not differ (P ≥ 
0.18; Table 4) between parities, but higher yields (P 
< 0.001) were produced at M12 relative to M1. How-
ever, the parity by milking interaction translated to 
higher yields of C4:0 for PP cows at M2 and MP cows 
at M12 (P = 0.003; Supplemental Figure S3A; https: 
/ / figshare .com/ articles/ figure/ Wilms _et _al _2022 
_FA _characterization _in _colostrum _transition _milk 
_and _mature _milk _Supplemental _material _docx/ 
17277938, Wilms et al., 2021). Similarly, results showed 
higher yields of C6:0 for PP cows at M2 to M3 and 
for MP cows at M12 (P = 0.005; Supplemental Figure 
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S3B). Higher yields of C8:0 were also present for PP 
cows at M1 and M2 and for MP cows at M12 (P = 
0.005; Supplemental Figure S3C). The production of 
C16:0, C20:0, and C22:0, as well as total SFA, was not 
affected (P ≥ 0.055) by milking. However, parity by 
milking interactions were present. Yields of C16:0 were 
higher in the colostrum of PP cows and in M4 and M12 
of MP cows (P ≤ 0.002; Supplemental Figure S3D). In-
teractions of parity by milking also translated to higher 
C20:0 and C22:0 for PP cows in colostrum (P ≤ 0.014; 
Supplemental Figure S3E and F). Total SFA yield was 
greater in MP cows at M12 (P = 0.002; Supplemental 

Figure S3G). Yield of BCFA was higher (P = 0.009) 
in milk from PP cows, and, although BCFA yield was 
greater (P = 0.002) at M5 and M12 relative to M2 
and M3, it was similar between colostrum and subse-
quent milkings. With the exceptions of cis-C18:1 and 
cis-MUFA, yields of all MUFA were greater (P ≤ 0.003) 
for PP as opposed to MP cows. A parity by milking 
interaction was present for trans-C16:1 and translated 
to higher yields for PP than MP cows throughout all 
milkings (P < 0.001). Although trans-C16:1 was higher 
in the colostrum of PP cows relative to mature milk, 
trans-C16:1 yields in MP cows remained relatively 

Wilms et al.: FATTY ACID PROFILES IN BOVINE MILK

Figure 3. Polyunsaturated fatty acids (FA), including arachidonic acid (ARA; A), eicosapentaenoic acid (EPA; B), docosapentaenoic acid 
(DPA; C), docosahexaenoic acid (DHA; D), and n-3 PUFA (E), from colostrum, transition, and mature milks of primiparous (PP; n = 10) and 
multiparous Holstein dairy cows (MP; n = 10) during the first week of lactation. Data are presented as LSM and SEM. Significant interactions 
between milking (M) and parity (P) at each time point are indicated by * (P ≤ 0.05).
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stable (P = 0.028; Supplemental Figure S3H). Monoun-
saturated FA yields did not differ (P ≥ 0.050) between 
colostrum, transition milk, and mature milk. Yields of 
EPA, ARA, DPA, and DHA differed (P ≤ 0.021) with 
respect to milking. Typically, these yields were greater 
in colostrum and transition milking than in mature 
milk. However, the total yields of n-3 and n-6 PUFA 
were not affected (P ≥ 0.76) by milking. Primiparous 
cows produced milk with greater (P ≤ 0.006) yields of 
EPA, ARA, DPA, and DHA than MP cows. Apart from 
cis-9,trans-11 CLA, a milking-parity interaction was 
present for all PUFA classes and groups (P ≤ 0.003). 
Yields of LA were greater in colostrum of PP cows 
followed by higher yields for MP cows at M4 and M12 
(P = 0.001; Supplemental Figure S3I). Yield of ARA 
(P = 0.003; Supplemental Figure S3J) was greater at 
M2 for PP cows, and yield of n-6 PUFA (P = 0.001; 
Supplemental Figure S3K) was greater at M4 in MP 
cows. Greater yields of EPA (M1 and M3; P = 0.012; 
Supplemental Figure S3L), DHA (M1–M3; P = 0.012; 
Supplemental Figure S3M), DPA (M1–M3; P = 0.002; 
Supplemental Figure S3N), and n-3 PUFA (M1–M2; 
P < 0.001; Supplemental Figure S3O) were present in 
milk of PP cows.

Principal Component Analysis

Results from the PCA are shown in Figure 4, dis-
playing the evolution of the FA profile from colostrum 
through to the subsequent milkings. A clear transition 
is visible between colostrum and mature milk. The co-
lostrum FA profile appeared to be fully distinct from 
M5 and M12. In addition, the M2 FA profile appeared 
to be distinct from that of M12. Additionally, the PCA 
showed that parity did not cause distinct groups.

DISCUSSION

Bovine colostrum supports the health and welfare 
of young calves by providing essential bioactive com-
pounds and immune factors (Blum and Hammon, 
2000; Godden, 2008). Developing knowledge regarding 
changes in FA profile from colostrum and transition 
milk to whole milk is important to understand the 
physiology of the dairy cow and the requirements of 
neonatal calves. As such, our study aimed to evalu-
ate the colostrum FA profile in comparison with either 
transition milk or mature milk. Broadly, we found a 
lower proportion of SCFA in colostrum, whereas pro-
portions of palmitic acid, myristic acid, and n-3 and n-6 
PUFA were elevated in colostrum and transition milk. 
Despite milk yield being greater at M12 compared with 
colostrum (Fischer-Tlustos et al., 2020), the yields of 
n-3 and n-6 PUFA were still greater in colostrum than 

mature milk of PP cows but not MP cows. Indeed, 
parity substantially influenced the FA profile of colos-
trum and subsequent milkings, which has previously 
been described (Bilal et al., 2014; Contarini et al., 2014; 
O’Callaghan et al., 2020). This may be related to differ-
ences in energy requirements and partitioning, as well 
as differences in FA synthesis between PP and MP cows 
(Miller et al., 2006).

Supplementing n-3 and n-6 PUFA in milk replacers 
or whole milk improves health and growth performance 
of calves (Karcher et al., 2014; Garcia et al., 2015; 
McDonnell et al., 2019). Additionally, supplementation 
of n-3 PUFA in colostrum mitigated inflammation in 
calves in the week after birth and may confer long-
term health benefits (Opgenorth et al., 2020a,b). In the 
current study, elevated proportions of PUFA from the 
n-3 (+83%) and n-6 (+61%) series were observed in co-
lostrum compared with mature milk. This is consistent 
with results from Contarini et al. (2014), where higher 
proportions of n-3 (+93%) and n-6 PUFA (+20%) 
were observed in colostrum (24 h after calving) than 
in mature milk (120 h after calving). Polyunsaturated 
FA in milk are mainly derived from desaturation and 
elongation of LA and ALA, which are dietary precur-
sors, although LA and ALA can also originate from adi-
pose tissue mobilization, leading to increases in plasma 
NEFA concentrations in early lactation (Sardesai, 1992; 
Bell, 1995; Gross et al., 2011).

Long-chain PUFA are important for numerous cel-
lular processes. Essential FA and specialized pro-resolv-
ing mediators formed in the cells by the metabolism of 
PUFA are critical for growth, organogenesis, regulation 
of inflammation, and neurodevelopment (Cheruku et 
al., 2002; Helland et al., 2003; Ramiro-Cortijo et al., 
2020). Linoleic acid is primarily elongated to ARA and 
dihomogamma LA (Noble et al., 1978), whereas ALA 
primarily precedes EPA and DHA (Sardesai, 1992). 
In the current study, LA was substantially elevated 
(+15%) in colostrum and transition milk than in ma-
ture milk, supporting previous findings (Leiber et al., 
2011; O’Callaghan et al., 2020). In contrast, ALA con-
centrations remained relatively stable throughout the 
different milkings, indicating that neonatal calves may 
be provided with a larger pool of precursors through 
colostrum for ARA rather than EPA and DHA synthe-
sis. These long-chain PUFA are then used to synthesize 
inflammatory molecules called eicosanoids, including 
prostaglandins, leukotrienes, and resolvins (Schmitz 
and Ecker, 2008). Interestingly, ARA is the precursor of 
proinflammatory eicosanoids, whereas EPA and DHA 
lead to anti-inflammatory eicosanoids (Noble et al., 
1978; Sardesai, 1992; Calder, 2010). This means that 
colostrum could potentially modulate an inflammatory 
response in the neonate. Inflammation is proposed to 

Wilms et al.: FATTY ACID PROFILES IN BOVINE MILK
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have a role in physiological adaptations (Norman, et 
al., 2007; Medzhitov, 2010; Bradford et al., 2015) and, 
speculatively, could aid neonates in the transition from 
the in utero to the ex utero environment. Although 
no effect of milking was detected on the n -6: n -3 ratio, 
the LA: ALA ratio was 29% higher in colostrum than 
mature milk. This higher ratio was the consequence of 
the higher LA concentration of colostrum.

Furthermore, results showed that ARA was 3.6-fold 
higher in colostrum than mature milk. Arachidonic acid 
is essential for infant growth, brain development, and 
health (Jasani et al., 2017); it serves as a precursor 
to eicosanoids, which are important for immunity and 
immune response (Hadley et al., 2016). Similarly, EPA 
was 3.7-fold higher in colostrum than mature milk and 
is used to produce eicosanoids, signaling molecules that 
play numerous roles, including reducing inflammation 
in the body and brain (Meydani, 1996; Endres et al., 
1989). Interestingly, DHA, one of the most important 
n-3 PUFA, was elevated (4.3-fold) only in the colostrum 
of PP cows. The role of DHA in newborn development 
has been associated with cognitive and visual develop-
ment, as well as immune functions (Smith and Rouse, 
2017). Results also showed higher proportions of DPA 
in colostrum and transition milk, as well as relative 
to DHA and EPA. Although the role of DPA in early 
development is not fully known (Li et al., 2016), studies 

have shown that it may partly act as a storage form of 
DHA and EPA (Cao et al., 2006; Kaur et al., 2010). 
Similar to DHA, DPA also showed anti-inflammatory 
and pro-resolving functions (Groeger et al., 2010; Ci-
pollina et al., 2014) and may therefore play a role in 
infant nervous system development (Cheruku et al., 
2002; Helland et al., 2003). In neonates, the maximal 
capacity to elongate LA and ALA does not occur until 
several weeks postnatally; thus, higher proportions and 
yields of long-chain PUFA in colostrum and transition 
milk may have significant benefit to the neonatal calf 
(Sanders and Naismith, 1979). The greater proportions 
of n-3 and n-6 long-chain PUFA in colostrum are con-
sistent between PP and MP cows, which present differ-
ent physiological requirements for these FA. This may 
indicate a preferential uptake by the mammary gland 
that complements the needs of the neonate.

De novo FA are synthesized in the mammary gland 
from acetate and butyrate and are often used as an 
indicator of ruminal function (Woolpert et al., 2017). 
Consistent with the work of O’Callaghan et al. (2020), 
the effect of milking was significant for de novo FA, 
including C4:0 to C15:0. However, no clear differences 
between colostrum, transition, and mature milk were 
detected. Although some FA (C4:0, C6:0, C8:0, C10:0) 
were lower in colostrum, the proportion of myristic acid 
(C14:0) was 38% higher in colostrum compared with 
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Figure 4. Principal component (PC) analysis displaying the changes occurring as milk transition from colostrum to mature milk over the 6 
d following parturition (milkings: M1, black; M2, green; M3, dark blue; M4, light blue; M5, pink; M12, red).
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mature milk. Greater myristic acid proportions may al-
low for increased colostrum intake, as Gutiérrez-García 
et al. (2017) showed that myristic acid resulted in the 
highest appetitive response in neonates. The propor-
tions of C4:0 and C6:0 were, respectively, 61% and 50% 
lower in colostrum than mature milk, as reported in 
previous studies (O’Callaghan et al., 2020). Lower pro-
portions of C4:0 and C6:0 coupled with lower fat yield 
in colostrum than mature milk led to lower yields of 
C4:0 and C6:0 in colostrum. Beyond its role as primary 
nutrient, C4:0 (butyric acid) is also a cellular mediator 
and regulator of gut cell functions, including gene ex-
pression, gut tissue development, immune modulation, 
and oxidative stress reduction in neonates (Bedford 
and Gong, 2018). In artificial rearing systems, where 
calves are fed milk replacers that typically do not con-
tain C4:0, improved growth of calves receiving sodium 
butyrate is attributed to improved insulin sensitivity 
and digestive functions by enhanced production of di-
gestive enzymes and increased absorptive capacities in 
the upper small intestine (as reviewed by Guilloteau et 
al., 2009; Gorka et al., 2011; Kato et al., 2011). Butyric 
acid is important for stimulation of epithelial differ-
entiation and may reduce paracellular permeability 
during the process of gut closure (Hiltz and Laarman, 
2019). The lower proportions of butyrate in colostrum 
and transition milk may prolong the period of intesti-
nal permeability, thereby promoting the permeation of 
immunoglobulins across the gut (Hiltz and Laarman, 
2019).

Proportions of SFA remained stable throughout 
the different milkings and accounted for about 65% 
of total FA. Whereas SFA yield remained relatively 
stable for PP cows, MP cows had greater SFA yields in 
mature milk than colostrum, which is consistent with 
the higher milk yield in mature milk of MP than PP 
cows. Palmitic acid, a major SFA providing about 30% 
of total FA (or 10% of total energy intake), was 19% 
higher in colostrum compared with mature milk. This 
is consistent with previous studies investigating breast 
milk (Floris et al., 2020), goat milk (Marounek et al., 
2012), and bovine milk (O’Callaghan et al., 2020). The 
lactation ration contained 1.3% palmitic acid, whereas 
the dry cow ration contained no added palmitic acid. As 
such, differences of palmitic acid proportions through 
time are a function of palmitic acid intakes. In bovine 
milk, 40 to 45% of palmitic acid is located at the sn-2 
position (β-palmitate) on the glycerol backbone, and 
approximately 75% of palmitic acid is located at the 
sn-2 position in human breast milk (Bracco, 1994; Sun 
et al., 2018). The location of palmitic acid on the glyc-
erol backbone is an important characteristic for diges-
tion, as pancreatic lipase selectively hydrolyzes triglyc-
erides at the sn-1 and sn-3 positions, resulting in free 

FA and 2-monoglycerides (Lien, 1994). Following birth, 
neonates have a sterile intestinal lumen that is rapidly 
colonized by microorganisms (Biedermann and Rogler, 
2013; Douglas-Escobar et al., 2013). Previous research 
underlined the role of β-palmitate configuration in 
intestinal mucosal homeostasis, gut microbiome, and 
immune response (Havlicekova et al., 2015; Jiang et al., 
2018). In addition, research has shown that, although 
to a lesser extent than myristic acid, palmitic acid also 
increased appetitive responses in neonates, potentially 
allowing for greater colostrum uptake (Contreras et al., 
2013; Gutiérrez-García et al., 2017). Another interest-
ing aspect related to palmitic acid is its role as the main 
substrate for de novo ceramide synthesis, which can 
then be used to synthesize sphingomyelin (Rico et al., 
2016; Dei Cas et al., 2020). Both ceramide and sphin-
gomyelin are implicated in numerous cellular functions, 
as well as in brain and immune system development in 
newborn animals (Dei Cas et al., 2020). Such metabolic 
function, as well as the olfactive properties, could ex-
plain why a higher proportion of palmitic acid is found 
in human and bovine colostrum compared with mature 
milk.

Branched-chain FA are usually SFA with one or more 
methyl branches on the carbon chain (Ran-Ressler et 
al., 2008). The proportion of BCFA was 11% lower in 
colostrum and transition milk than mature milk. These 
results are consistent with those of Xin et al. (2020), 
who showed that BCFA were 35% lower in colostrum 
than transition milk and mature milk. Those authors 
attributed lower colostral BCFA percentages to the 
decline in postpartum DMI, which could lead to lower 
substrate availability for FA synthesis. Ran-Ressler et 
al. (2008) showed that BCFA is a major constituent 
of the gastrointestinal tract of newborn infants and 
speculated that BCFA may be involved in gut develop-
ment. Supply of BCFA to neonates originates from the 
ingestion of amniotic fluid in utero and from later milk 
consumption (Nicolaides and Ray, 1965; Sherman et 
al., 1990; Ran-Ressler et al., 2014). In a mouse model, 
dietary BCFA supplementation was shown to reduce 
the incidence of necrotizing enterocolitis in pups, in-
crease the abundance of BCFA-containing bacteria, 
and have an anti-inflammatory response (Ran-Ressler 
et al., 2011). Further research is needed to evaluate the 
potential relevance of BCFA for newborn calves.

Oleic acid (C18: 1n -9) constituted the largest part 
of MUFA and represented approximately 20% of total 
FA in the current study. A trend for milking was ob-
served, with oleic acid tending to be lower in colostrum 
than mature milk. Although cis-MUFA did not differ 
throughout milkings, trans-MUFA (~3.5% of total FA) 
were 13% lower in colostrum than mature milk. These 
results are consistent with findings reported by Paszc-
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zyk et al. (2005) and Contarini et al. (2014), where to-
tal trans-FA increased over the course of lactation and 
the lowest proportion was observed in colostrum. The 
biological implications of lower colostral trans-MUFA 
in calves have not been studied. Overall, the propor-
tions of trans-FA were 72% higher in PP cows. This 
parity difference is consistent with prior observations 
(Contarini et al., 2014). The elevated proportion of 
trans-MUFA was mostly driven (~95%) by trans-C18:1 
FA, with C18:1 trans-11 (vaccenic acid) being present 
in the highest amount (1.5% of total FA). Vaccenic 
acid is a precursor of cis-9,trans-11 CLA (rumenic acid, 
RA), which is mainly synthesized endogenously in the 
mammary gland through the action of the mammary 
Δ-9 desaturase (Griinari et al., 2000; Bauman and 
Lock, 2009). Despite the relationship between vaccenic 
acid and RA, no clear differences between colostrum 
and mature milk were detected for RA. These results 
are inconsistent with the report of O’Callaghan et al. 
(2020), who found lower proportions of RA in colos-
trum samples. Concentration of CLA in milk fat is 
directly affected by the substrate supply and the extent 
of biohydrogenation in the rumen (Kelly et al., 1998; 
Dhiman et al., 1999). One-and-a-half to 5-fold higher 
CLA concentrations were reported in milk fat of pas-
ture-fed dairy cows compared with cows fed TMR or 
concentrates (Stockdale et al., 2003; Rouillé and Mon-
tourcy, 2010; Hurtaud et al., 2014). In the study from 
O’Callaghan et al. (2020), cows were fed TMR before 
calving and were then turned to grass following calving, 
which may explain the lower colostral RA proportions.

The current study showed that parity largely influ-
ences the FA profile and yield of colostrum and sub-
sequent milkings. These findings align with those of 
Contarini et al. (2014), who found that parity substan-
tially affected the proportion of most FA, as well as 
cholesterol and triglyceride composition. Those authors 
attributed their observations to differences in energy 
requirements (Contarini et al., 2014). Primiparous cows 
have an additional nutrient requirement to support 
growth and, thus, altered nutrient partitioning relative 
to MP cows. Additionally, it is well known that PP 
cows have lower DMI and that differences in prepartum 
metabolizable energy intake can alter the colostral FA 
profile (Mann et al., 2016). Unfortunately, DMI was not 
recorded in the present study. Previous research also 
showed that PP cows had a reduced FA synthesized 
expression in the mammary gland compared with MP 
cows (Miller et al., 2006). In the current study, the 
same pre- and postpartum diets were fed to PP and 
MP cows. However, we cannot exclude the possibility 
that the diet fed before the close-up phase did not have 
long-term effects on the FA profile of milk fat when 
cows mobilized their own fat stores. Despite differences 

in FA profiles between PP and MP cows, the FA pat-
tern throughout milkings was similar. For instance, 
this was the case with SCFA, most long-chain PUFA, 
and trans-FA. This could mean a potential biological 
relevance for calf health and development.

Knowledge generated regarding milk fat composition 
from colostrum to mature milk shows the value of feed-
ing transition milk to calves. This knowledge can also 
benefit colostrum and milk replacers, and ultimately 
early-life nutritional management, to better meet the re-
quirements of neonatal calves. Milk replacers for calves 
usually include low levels of fat (<20% DM; Amado 
et al., 2019; Echeverry-Munera et al., 2021) and use 
alternative fat sources (e.g., palm, coconut, lard) with 
an overall FA profile that largely differs from bovine 
milk fat (Hill et al., 2007). Consequently, SCFA and 
long-chain PUFA are usually deficient or absent from 
milk replacers for calves. Literature shows that despite 
C4:0 and C6:0 being critical for gut development and 
immune functions in neonates, concentrations in the 
first days after birth should be moderate. In contrast, 
PUFA content should be elevated in the first days af-
ter birth, when calves have not yet reached their full 
capacity to elongate LA and ALA. Although the n -6: 
n -3 ratio did not differ, the LA: ALA ratio was higher 
in colostrum than mature milk, which may also play 
a substantial metabolic role. Additionally, the PCA 
showed that colostrum and M2 were distinct from M12. 
These findings support the idea that neonatal calves 
may benefit from a gradual transition from colostrum 
to mature milk (van Niekerk et al., 2021), a practice 
that is not common in operations that feed either whole 
milk or milk replacer immediately after the initial co-
lostrum meals. Future research should also investigate 
the FA composition of colostrum of grazing dairy cows, 
which typically have higher proportions of n-3 and n-6 
PUFA than cows that are artificially fed. Benoit et al. 
(2014) showed that a dairy cream from pasture-raised 
cows led to improved metabolic outcomes and gut bar-
rier function compared with a standard dairy cream in 
rats. The FA profile presented in the current paper may 
therefore not represent that of grazing cattle (Moate et 
al., 2007).

CONCLUSIONS

This study showed that colostrum, transition milk, 
and mature milk have distinct FA profiles. Higher pro-
portions of n-3 and n-6 PUFA, as well as palmitic and 
myristic acids, were observed in colostrum and transi-
tion milk. In contrast, proportions of SCFA (C4:0 and 
C6:0), BCFA, and trans-MUFA were lower in colostrum 
than mature milk. These specificities of colostrum may 
highlight specific requirements of newborn calves. For 
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instance, the maximal capacity to elongate and desatu-
rate linoleic and linolenic acids occurs several weeks 
postnatally and could partly explain the higher PUFA 
in colostrum. Lower SCFA, especially butyrate, could 
allow for improved permeation of immunoglobulins 
across the gut. Higher palmitic acid, and more specifi-
cally higher β-palmitate, may play a role in establishing 
the gut microbiome as well as mucosal homeostasis. 
Increased proportions of certain SFA, such as myris-
tic acid, and to a lesser extent palmitic acid, result in 
increased appetitive responses in neonates, potentially 
to enhance colostrum consumption. The FA profile dif-
fered between primi- and multiparous cows and may 
reflect different nutrient requirements and altered nu-
trient partitioning.
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