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ABSTRACT

Our objective was to characterize the effects of sup-
plementing newborn calves with n-3 fatty acids (FA) 
and α-tocopherol on blood lipid profiles and oxidant 
status in early life. Sixteen calves received 0 or 60 mL 
of 1:1 fish and flaxseed oil with 200 mg of α-tocopherol 
in 2.8 L of colostrum within 6 h after birth. Colostrum 
was >22% on the Brix scale. Blood was sampled on d 1, 
2, 4, 7, 14, and 21 after birth for assessment of plasma 
polyunsaturated FA, α-tocopherol, total serum pro-
tein, and oxidant status index, an indirect indicator 
of oxidative stress that examines the balance between 
the concentration of reactive oxygen and nitrogen spe-
cies and antioxidant capacity in serum. Health was ob-
served daily. Weight and hip height were recorded at 
birth, 3 wk, and 8 wk. Data were analyzed with a 
Mixed procedure of SAS 9.4 (SAS Institute Inc., Cary, 
NC). Treatment did not alter concentration of total 
protein in blood serum, prevalence of diarrhea or other 
signs of disease, or rate of growth. Feeding n-3 FA and 
α-tocopherol increased plasma concentrations of the 
n-3 FA, including α-linolenic, eicosapentaenoic, and 
docosahexaenoic acids, with a concomitant decrease in 
oxidant status index during the first week of life. Con-
centrations of α-tocopherol decreased with supplemen-
tation, but all calves maintained adequate concentra-
tions. Oxidant status index of treated calves returned 
to the level of control calves by d 14. We conclude that 
a colostrum supplement of n-3 FA and α-tocopherol is 
safe to administer to newborn calves, reduces oxidant 
status in the first week of life, and may improve health 
and performance.
Key words: oxidative stress, neonatal health, 
colostrum, n-3 fatty acid, dairy calf

INTRODUCTION

Calves are especially vulnerable in the days following 
birth, due in part to physiological stress at birth and 
suboptimal immunocompetence (Murray and Leslie, 
2013). Maternal stress in late gestation, onset of oxygen 
respiration, and dystocia can plague newborn calves by 
instigating oxidative stress and a prolonged state of in-
flammation (Saugstad, 2003; Hulbert and Moisá, 2016; 
Ling et al., 2018). In fact, this major stress period has 
been called the “birth critical window” (Hulbert and 
Moisá, 2016). Our long-term goal is to improve health 
of calves in the first 2 wk of life without the use of 
antibiotics to enhance feed efficiency and growth.

In cattle, daily dietary supplements of n-3 fatty ac-
ids (FA) have been recognized for their influence on 
health (Moallem, 2018), inflammation, and oxidative 
stress (Mavangira and Sordillo, 2018). Previous studies 
indicate that n-3 FA supplementation to milk replacer 
improved growth, health, or indicators of immune func-
tion in calves (Ballou et al., 2008; Ballou and DePeters, 
2008; Karcher et al., 2014). This is accomplished in part 
by production of anti-inflammatory n-3 FA metabolites 
coupled with antioxidant properties (Mavangira and 
Sordillo, 2018). Feeding diets that enhance growth rates 
during the preweaning period affects age of first service, 
conception, and first-lactation milk yield (Brown et al., 
2005; Davis Rincker et al., 2011). All preweaned calf 
studies involving n-3 FA supplementation to date have 
relied on milk replacer or calf starter as the vehicle, 
but to our knowledge none supplemented these FA to 
colostrum in a one-time dose. Such a burst in supple-
mental n-3 FA could boost blood n-3 FA and mitigate 
oxidative stress experienced in the first 2 wk of life.

Increasing plasma PUFA concentrations in young 
calves was previously attempted through supplement-
ing prepartum dams, but results indicate that placental 
selectivity of FA is regulated beyond additional dietary 
modifications (Garcia et al., 2014). Mixed results are 
reported on the ability of maternal colostrum to mirror 
an increase in prepartum PUFA dietary intake (Leiber 
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et al., 2011; Jolazadeh et al., 2019). Thus, we chose to 
supplement maternal colostrum directly with n-3 FA-
enriched oils instead of relying on late-gestation dam 
supplementation.

Our hypothesis was that supplementing maternal 
colostrum directly with 60 mL of a blend of fish and 
flaxseed oils rich in n-3 FA and α-tocopherol, often 
included with PUFA supplementation, would increase 
plasma concentrations of n-3 FA and decrease oxidant 
status index (OSi; an indicator of oxidative stress in 
the days following birth) to potentially improve calf 
health and growth during the first 3 wk of life. How-
ever, if added n-3 FA hinder absorption of nutrients or 
immunoglobulins in colostrum, mortality and morbid-
ity rates may increase. Our specific aim was to conduct 
a study focused on monitoring health, passive transfer, 
indicators of oxidative stress, and n-3 FA plasma con-
centrations following colostrum n-3 FA supplementa-
tion during the first week of life.

MATERIALS AND METHODS

Experiment Design

The study was conducted from March to May 2018 at 
the Michigan State University Dairy Teaching and Re-
search Center (East Lansing) and was approved by the 
Institutional Care and Use Committee (approval no. 
03/18-035-00). Outside temperature averaged 12.5°C. 
Throughout the course of the study, the maximum 
temperature reported was 30°C and the minimum was 
−10°C.

Sixteen calves (8 bulls and 8 heifers) were blocked 
by sex and randomly assigned to control or treatment 
groups at birth. The ratio of calves born from mul-
tiparous cows to those born from primiparous cows 
was the same. Control (CON) calves received 2.8 L 
of maternal colostrum within 6 h after birth without 
any additional supplementation. Treatment (FFE) 
calves received colostrum supplemented with 60 mL of 
a 1:1 mixture of fish and flaxseed oils and 200 mg (134 
IU) of α-tocopherol oil. Additionally, the supplement 
included 12 mL of Tween 80 to function as an emulsi-
fier by incorporating the hydrophobic n-3 FA-enriched 
oils into the colostrum suspension and to facilitate FA 
absorption. Colostrum was not pooled and CON calves 
received no placebo supplementation, so treatments 
were not isocaloric.

All colostrum was from dams at the Michigan State 
University dairy that had met quality standards (>50 
g of immunoglobulin/L). Colostrum was stored fro-
zen, and servings were retrieved at random as calves 
were born and sampled for PUFA analysis (Table 1). 
Calves were bottle fed unless esophageal tube feeding 

was necessary. After colostrum feeding, calves received 
a bovine rotavirus and coronavirus prevention vaccine 
and intramuscular injections of 1 mL of vitamins A and 
D, 200 mg of α-tocopherol, and 2 mg of selenium. All 
calves at 12 to 18 h after birth received a second feeding 
of 1.9 L of colostrum without supplementation.

Calves were housed outside following their first day 
of life in individual calf hutches bedded with straw and 
had no physical contact with other calves. They were 
provided with access to water and calf starter grain ad 
libitum and fed with milk replacer at 0900, 1600, and 
2100 h. Table 2 shows the Land O’ Lakes (Arden Hills, 
MI) Cow’s Match Cold Front milk replacer composition 
according to the manufacturer’s specifications. Table 3 
lists the feeding schedule and amounts fed. Calves were 
then followed for 3 wk after birth for assessment of 
health indicators and growth.

Weights and hip heights were measured on d 1, 7 
(±1), 14 (±1), and 21 (±1) of age. Before weaning 
at 8 wk, calves were again weighed to monitor ADG 
during the preweaning period. Calves were observed 
daily before the morning milk replacer feeding to visu-
ally score feces, eyes, nose, and ears to assess general 
health. Health scoring was based on the University of 
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Table 1. Least squares means of PUFA concentrations (nM) in 
randomly assigned maternal colostrum of first feeding before FFE 
supplementation

Colostrum 
PUFA

Treatment1

SEMCON FFE

C18: 2n -6 352 261 57.1
C18: 3n -3 22.9 20.9 3.53
C20: 3n -6 41.9 26.6 27.9
C20: 4n -6 110 72.6 22.1
C20: 5n -3 17.5 17.7 2.94
C22: 4n -6 32.3 17.2 8.60
C22: 5n -3 111 93.5 12.8
C22: 6n -3 1.68 2.27 0.396
1CON = control (no supplement added to colostrum); FFE = 60 mL 
of a 1:1 fish oil: flaxseed oil blend with 200 mg of α-tocopherol added 
to colostrum.

Table 2. Composition (air-dry basis) of Cow’s Match Cold Front milk 
replacer (Land O’ Lakes, Arden Hills, MI) fed to calves during the 
preweaning period according to the manufacturer’s specifications

Item  Value

CP Not less than 28%
Crude fat Not less than 10%
Crude fiber Not more than 0.20%
Calcium Not less than 0.75% or more than 1.25%
Sodium Not more than 1.20%
Phosphorus Not less than 0.70%
Vitamin A Not less than 9,072 IU/kg
Vitamin D3 Not less than 2,268 IU/kg
Vitamin E Not less than 68 IU/kg
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Wisconsin–Madison’s calf health scoring chart (https: 
/ / www .vetmed .wisc .edu/ dms/ fapm/ fapmtools/ 8calf/ 
calf _health _scoring _chart .pdf).

Sample Collection

Blood was collected from the jugular vein of calves 
on d 1 (24 ± 4 h), 2 (48 ± 4 h), 4 (±1 d), 7 (±1 d), 
14 (±2 d), and 21 (±2 d) after birth in 2 tubes con-
taining serum separator or EDTA. Serum and plasma 
were collected after centrifugation at 1,700 × g for 15 
min at 4°C. Plasma collected from EDTA tubes after 
centrifugation was stored at −20°C before FA analysis. 
Serum aliquots designated for oxidant status assess-
ment were immediately flash frozen in liquid nitrogen 
and transported in dry ice before storing at −80°C. 
Remaining serum was tested with a digital Brix re-
fractometer for serum total protein concentrations and 
stored at −20°C. Colostrum was sampled from each 
calf’s first feeding and stored at −20°C. Frozen serum 
and collected colostrum samples were shipped to Saska-
toon Colostrum Company (Saskatoon, SK, Canada) for 
further analysis of immunoglobulin concentrations with 
radial immunodiffusion. Colostrum was also assessed 
for PUFA composition using liquid chromatography–
MS quantification after hydrolysis and FA solid-phase 
extraction. Plasma concentrations of α-tocopherol were 
analyzed using ultra-performance liquid chromatogra-
phy by the Michigan State University Veterinary Diag-
nostics Laboratory (East Lansing).

Colostrum PUFA Analysis

An antioxidant-reducing agent of 50% methanol, 25% 
ethanol, and 25% water with 0.9 mM butylhydroxy-
toluene, 0.54 mM EDTA, 3.2 mM triphenylphosphine, 
and 5.6 mM indomethacin, as described in Kuhn et 
al. (2018), was added at 20 µL to 125 µL of thawed 
colostrum. Samples underwent lipid hydrolysis via the 
addition of 178 µL of KOH and incubating for 45 min 
at 45°C. Once samples cooled to room temperature, 
they were centrifuged at 4,800 × g for 10 min at 4°C. 
Then, 6 M HCl was added to the removed supernatant 

in increments of 10 µL until the supernatant pH was 
decreased to 4 or less. An internal standard mixture of 
15 µL was added before undergoing solid-phase extrac-
tion with Oasis HLB 12-cm3 LP extraction columns 
(Waters, Milford, MA) via a Biotage (Charlotte, NC) 
ExtraHera, further described in Kuhn et al. (2018). 
Samples were then dried in a Savant SpeedVac (Thermo 
Fisher Scientific, Waltham, MA) and reconstituted in 
1.5:1 methanol: HPLC water. After filtration, samples 
were placed in glass vials with inserts and stored at 
−20°C until liquid chromatography–MS analysis.

Plasma PUFA Analysis

Extraction and analysis of plasma PUFA followed 
methods modified from Mavangira et al. (2015). In 
brief, 1 mL of plasma was thawed on ice and 1 mL of 
4% formic acid and 4 µL/mL of an antioxidant-reducing 
agent to protect samples from lipid peroxidation during 
processing (O’Donnell et al., 2008) were added to the 
plasma. A mixture of internal standards (15 µL) was 
added to each sample mixture as well, consisting of 0.25 
µM 5(S)-HETE-d8, 0.25 µM 15(S)-HETE-d8, 0.5 µM 
8(9)-EET-d11, 0.5 µM PGE2-d9, and 0.25 µM 8,9-DHET-
d11. Waters Oasis Prime HLB 3-cm3 solid-phase extrac-
tion columns were used for solid-phase extraction, 
which was performed using Biotage ExtraHera. After 
samples were loaded onto columns and excess infrana-
tant was discarded with nitrogen, columns were washed 
with 3 mL of 5% methanol and then 2.5 mL of 90:10 
acetonitrile: methanol eluted samples. Leftover solvents 
were evaporated with a Savant SpeedVac. A mixture of 
1.5:1 methanol: HPLC water brought the PUFA back 
into solution before filtering and dispensing into glass 
chromatography vials with inserts. Vials were stored at 
−20°C until analysis with liquid chromatography–MS. 
A 6-point standard curve was used with the internal 
standards previously mentioned for quantification of 
PUFA concentrations.

OSi

Oxidant status, an indirect indicator of oxidative 
stress, was assessed with 2 separate assays and calcu-
lated as a ratio of reactive oxygen and nitrogen species 
(RONS) to antioxidant capacity. The concentrative 
balance of RONS and antioxidants together may affect 
the potential for oxidative stress to occur, and as such, 
oxidant status requires the measurement of both effec-
tors concurrently.

The RONS concentrations in serum were measured 
by counting the relative fluorescent units per microliter 
using the Cell Biolabs Inc. (San Diego, CA) Oxiselect 
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Table 3. Milk replacer1 feeding schedule (L/feeding) of all calves in 
the study starting at d 1 of age

Calf age (wk)

Feeding

0900 h 1600 h 2100 h

0–1 2.4 2.4 2.8
1–6 2.8 2.8 3.8
6–8 3.8 0 0
1Each liter contained 0.13 kg of milk replacer powder.

https://www.vetmed.wisc.edu/dms/fapm/fapmtools/8calf/calf_health_scoring_chart.pdf
https://www.vetmed.wisc.edu/dms/fapm/fapmtools/8calf/calf_health_scoring_chart.pdf
https://www.vetmed.wisc.edu/dms/fapm/fapmtools/8calf/calf_health_scoring_chart.pdf
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in vitro ROS/RNS assay kit. Briefly, a fluorogenic 
probe is added to samples where free radicals react 
to form 2’,7’-dichlorodihydrofluorescein diacetate, the 
fluorescence intensity of which can be related to the 
concentration of free radicals in the sample. Samples 
were then measured at 530-nm excitation and 480-nm 
emission where blank sample fluorescence was subtract-
ed from sample value (Ling et al., 2018). Antioxidant 
potential of the same samples was quantified through 
the units of Trolox equivalents, a synthetic analog of 
α-tocopherol, where values of antioxidant potential were 
compared using a photometric plate reader. 2,2’-Azino-
bis-3-ethylbenzothiazoline-6-sulfonic acid was used as 
a radical cation to be reduced by antioxidants. The 
reduction potential of each sample, compared as Trolox 
equivalents, was compared using a photometric plate 
reader. This decolorization assay is further described 
in Re et al. (1999). Both assays used to assess oxidant 
status are detailed further by Putman et al. (2018).

Statistical Analysis

Data were analyzed with a mixed-effects model using 
SAS 9.4 (SAS Institute Inc., Cary, NC). Fixed effects 
were sex, treatment, and repeated measure of day. 
Random effects were block within sex and calf within 
block, sex, and treatment. Differences in preweaning 
daily gains, health observations, and colostrum IgG 
count were analyzed with the t-test procedure in SAS 
9.4 to compare treatment means. Normality was as-
sumed if P > 0.05 with the general linear model pro-
cedure’s Bartlett test for homogeneity of variance. If 
a data set was not considered normal, the data were 
log-transformed and least squares means (LSM) were 
back-transformed to original units for interpretation of 
tables and figures. Standard errors (SE) of log-trans-
formed data were calculated as follows:

 positive SE = 10(transformed LSM + transformed SE)   

− back-transformed LSM;

 negative SE = back-transformed LSM   

− 10(transformed LSM − transformed SE).

Differences in main effects were significant if P ≤ 0.05 
and tendencies if 0.05 < P ≤ 0.10. Differences in inter-
actions were significant if P ≤ 0.10 and tendencies were 
reported if 0.10 < P ≤ 0.15.

We tested for effects of ambient temperature and 
temperature swing during the first 3 d of age for each 
calf, and no differences were observed between CON 
and FFE (P = 0.56). Temperature swing did not influ-

ence analysis of variables, so the effect of temperature 
was not included in the mixed model as a random fac-
tor. The percentage of calves from primiparous dams 
was similar for CON and FFE (P = 0.64); likewise, 
parity was not considered necessary to include in the 
analysis.

RESULTS

Health and Growth

The FFE treatment did not alter the number of diar-
rheal medications given per calf during the first 3 wk 
of life (1.3 and 2.3 for CON and FFE, respectively; P 
= 0.18). Calves maintained generally healthy disposi-
tions across treatment groups, with CON averaging 1.4 
diarrheal treatment per calf and FFE averaging 1.0 
diarrheal remedy per calf (P = 0.59) in the first 3 wk 
of life. By 3 wk of age, the average number of refusals, 
or incomplete milk replacer meals, per calf for each 
treatment group was 1.3 and 2.3 for CON and FFE, 
respectively (P = 0.18).

Overall, calves were healthy with little incidence of 
disease in the first 3 wk of life. Health scores did not 
differ between CON and FFE. On a scale of 0 to 3 (0 
= normal and 3 = most unhealthy), FFE nasal scores 
tended to be lower (P = 0.07) than CON scores (0.1 
and 0.4, respectively).

Across all calf first feedings, IgG concentrations in 
colostrum were greater than 50 g/L, indicating that all 
calves received colostrum of acceptable antibody qual-
ity. Calf serum IgG concentrations during the first week 
of life were similar for CON and FFE (36 and 31 g/L, 
respectively). Apparent efficiency of IgG absorption 
was not different in CON and FFE as calculated using 
the Penn State colostrum calculator spreadsheet (Jones 
and Heinrichs, 2016). Colostrum and calf serum Brix 
readings were similar in feeding groups.

The FFE calves tended to have higher birth weights 
(46 kg) compared with CON calves (42 kg; P = 0.09). 
Daily gains during individual wk 1, 2, and 3 of age 
did not differ (P ≥ 0.92). Overall, ADG from birth to 
3 wk was not different (P = 0.55; 0.44 and 0.39 kg/d 
for CON and FFE, respectively), and growth was not 
different during the preweaning period from birth to 8 
wk (0.63 and 0.55 kg/d for CON and FFE, respectively; 
P = 0.35).

During the first week of life, all calves maintained 
average serum protein concentrations above 52 g/L. 
One calf had serum concentrations below 52 g/L and 
experienced acute infection of the hindgut during the 
second week of life. Removal of this calf from the study 
did not influence results.

Opgenorth et al.: N-3 FATTY ACID COLOSTRUM SUPPLEMENTATION IN CALVES
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PUFA Profile and α-Tocopherol in Plasma

n-3 FA. The concentration of nonesterified doco-
sahexaenoic acid (DHA) in plasma was increased (P 
= 0.01) during the first week after supplementation. 
Concentrations of eicosapentaenoic acid (EPA) and 
α-linolenic acid (ALA) increased with FFE (P < 0.001) 
during the first week of life (Figure 1). Concentration 
of EPA was exacerbated (P ≤ 0.01) by the differences 
in treatment × day effect on d 1, 2, and 4 after birth. 
On d 7 after birth, FFE also tended (P = 0.09) to 
exhibit increased free EPA concentrations compared 
with CON.

n-6 FA. Flaxseed oil contains 16.5% linoleic acid, 
which is a precursor to proinflammatory arachidonic 
acid (ARA). The FFE treatment did not increase 
linoleic acid in plasma of FFE compared with CON 
(P = 0.18). However, FFE increased ARA and dihomo-
γ-linolenic acid during the first week of life (P = 0.03 
and P = 0.02, respectively), both of which result from 
downstream metabolism of linoleic acid. The ratio of n 
-6: n -3 FA over the same time period was decreased by 
FFE in the first week (P < 0.0001). This was especially 

true on sample d 1 and 2 of age with a strong treat-
ment × day interaction (P < 0.002). Values are given 
in Table 4.

α-Tocopherol. Concentrations of plasma 
α-tocopherol during the first week of life were lower in 
FFE than in CON (P = 0.02). All calves maintained 
similar α-tocopherol concentrations at 1 d of age, but 
FFE exhibited lower concentrations the following days 
in wk 1. This change corresponded to increased n-3 FA 
concentrations during wk 1 (Figure 1).

OSi

Oxidant status index was decreased by FFE during 
the first week of life (Figure 2). Because OSi is de-
termined by combining 2 separate assays, values are 
considered arbitrary units (AU). The CON treatment 
increased OSi values from 49 to 73 AU from 1 to 2 d 
of age. The difference between CON OSi values on 4 
and 7 d of age was even more evident, with an increase 
from 67 to 108 AU. The main effect of day in the model 
varied greatly (P < 0.001) as OSi increased over time. 
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Figure 1. Changes in plasma concentrations of (A) α-linolenic acid (ALA; nM), (B) eicosapentaenoic acid (EPA; nM), (C) docosahexaenoic 
acid (DHA; nM), and (D) plasma α-tocopherol (µg/mL) as calf age increased. CON = control (no supplement added to colostrum); FFE = 60 
mL of a 1:1 fish oil: flaxseed oil blend with 200 mg of α-tocopherol added to colostrum. Fatty acid data are shown as LSM back-transformed from 
the model ± SE. Calves given FFE had increased plasma n-3 fatty acid concentrations (P ≤ 0.01) and decreased α-tocopherol concentrations 
(P = 0.02) during the first week of age.
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After the first week of life, OSi decreased to 76 AU at 
14 d and increased again to 92 AU at 21 d.

The OSi values for FFE generally exhibited greater 
stability with less fluctuation between days. Contrast-
ing with CON, FFE decreased OSi values from 41 to 32 
AU at 1 to 2 d. The FFE OSi gradually increased from 
32 to 79 AU on 2 to 7 d, but this increase was lower 
and gradual compared with CON. Furthermore, FFE 
OSi remained relatively constant from d 7 to 21 of age, 
with daily OSi means varying by only 8 AU. Overall, 
treatment × day effect was not different between CON 
and FFE (P = 0.45).

The decreased OSi in FFE was not attributable to 
antioxidant potential in serum (P = 0.14). The average 
of treatments during the first week of life for CON and 
FFE was 6.5 and 7.1 Trolox equivalents, respectively. 
The concentration of RONS tended to decrease (P = 
0.08) in FFE calves (452 and 344 relative fluorescent 
units/µL in CON and FFE, respectively).

DISCUSSION

This is the first study to show that a dietary supple-
ment in colostrum containing n-3 FA and α-tocopherol 
improves oxidant status and reduces the accumulation 
of RONS that is prevalent in newborn calves. The 
mechanism for this may be due to the altered ratio of 
free plasma n -6: n -3 FA of 23 with CON to 9 with FFE.

Newborns experience high levels of RONS produc-
tion at birth through maternal oxidative stress in late 
gestation (Ling et al., 2018), placental preference for 
pro-RONS biomolecules (Braekke et al., 2006), and 
abrupt increase in oxygen exposure at birth (Frank, 
1985). These contributing factors may lead to oxida-
tive stress around birth when the calves’ antioxidant 
capacity is inundated (Saugstad, 2003). Abuelo et al. 

(2014) showed that OSi increased from birth to 6 d of 
age and suggested that this increase was possibly due 
to metabolic demands adapting to the extrauterine en-
vironment. Our results showed RONS concentrations in 
both CON and FFE calves (P = 0.02), and antioxidant 
capacity tended to decrease over the same time frame 
(P = 0.06), which confirmed that OSi increased during 
the first week of life. An increase in OSi occurred at 2 
d, but FFE delayed this increase.

Although FFE improved OSi during the first week of 
life compared with CON, OSi increased over the first 
week of life in all calves. Abuelo et al. (2014) found 
that OSi remained elevated compared with the first 
day of life at a consistent level from 6 to 29 d of age in 
calves. The current study sampled only to 21 d of age, 
but our data were consistent with past results. Oxidant 
status index has not been measured in previous studies 
supplementing milk replacer with n-3 FA. Therefore, a 
future experiment observing effects of OSi from n-3 FA 
supplementation in milk replacer may be of interest.

The mechanisms by which FFE decreased OSi re-
sulted more from decreased RONS production (P = 
0.08) than from a large increase in antioxidant capac-
ity (P = 0.14); however, in both cases, FFE averaged 
lower RONS and higher antioxidant capacity than 
CON, yielding a decreased OSi (P < 0.01). One pos-
sible mechanism is through increased n-3 FA, which 
compete for the same enzymatic reactions n-6 FA use 
to produce a large variety of known proinflammatory 
metabolites (Sordillo, 2018). Cytochrome enzymes, for 
example, use both n-3 and n-6 FA as substrates but, 
with increasing concentrations of n-3 FA, will some-
times favor EPA over ARA as a substrate (Arnold et 
al., 2010). Notably, EPA and DHA produce oxylipids 
with anti-inflammatory properties and oxylipids with 
lower proinflammatory potential than the competing 
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Table 4. Least squares means of plasma PUFA concentrations (nM) on d 1, 2, 4, and 7 of age1

Plasma PUFA 

Treatment2  95% CI

CON FFE CON FFE

C18: 2n -6 1,220 1,500 930–1,500 1,190–1,760
C18: 3n -3*** 30.9 96.5 23.2–41.1 72.5–129
C20: 3n -6* 0.259 0.405 0.163–1.43 0.309–1.65
C20: 4n -6* 3.97 5.75 2.62–5.33 4.40–7.10
C20: 5n -3*** 0.434 2.39 0.222–0.847 1.22–4.66
C22: 4n -6 0.0235 0.0263 0.015–0.037 0.017–0.041
C22: 5n -3† 1.46 1.98 0.914–2.01 1.43–2.53
C22: 6n -3** 1.8 4.5 0.977–2.50 2.79–7.16
Σn-6 FA: n -3 FA*** 20.5 8.85 15.7–26.8 6.80–11.5
1Values are back-transformed for interpretation. Confidence intervals for CON and FFE are calculated from 
transformed SE. FA = fatty acid.
2CON = control (no supplement added to colostrum); FFE = 60 mL of a 1:1 fish oil: flaxseed oil blend with 
200 mg of α-tocopherol added to colostrum.
†P ≤ 0.10; *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; difference between CON and FFE.
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ARA substrate; subsequently, greater metabolism of 
EPA will result in decreased RONS production. Thus, 
a prolonged response in decreased oxidant status such 
as that observed may have been assisted by n-3 FA 
catabolism. Some metabolites such as resolvins and 
protectins act as anti-inflammatory signaling molecules 
and are not only effective at decreasing inflammation 
but also protect against hyperinflammatory conditions 
(Calder, 2010). A definitive association of downregu-
lated inflammation with decreased RONS production 
has been observed after supplementation with n-3 FA 
(Takahashi et al., 2002). A future study should examine 
what products of n-3 FA metabolism may affect the 
oxidant balance after a one-time dose in colostrum as 
reported in the current study.

Our observation of decreased RONS production by 
the n-3 FA in FFE may have further improved with 
the addition of 200 mg (334 IU) of α-tocopherol, 
which was included to protect n-3 FA from peroxida-
tion (Wang et al., 2010). In our study, we observed 
decreased α-tocopherol concentrations in FFE calves 

during wk 1. Supplementation of PUFA is known to 
decrease α-tocopherol concentrations in blood (Raed-
erstorff et al., 2015), and we speculate that the de-
pressed α-tocopherol concentrations observed in FFE 
calves were due to depletion by n-3 FA to prevent 
peroxidation. Incorporating 200 mg of α-tocopherol in 
the FFE treatment, which is greater than the minimum 
recommendation of 0.6 mg of α-tocopherol/g of PUFA 
(Harris and Embree, 1963), was not enough to sustain 
plasma α-tocopherol concentrations of FFE calves at 
the same concentrations as in CON calves; nevertheless, 
FFE calves did not show visible signs of α-tocopherol 
deficiency, and plasma concentrations remained within 
recommended levels (Reddy et al., 1987).

We cannot discern whether n-3 FA alone, α-tocopherol 
alone, or their combination was responsible for the de-
creased oxidant status of the FFE treatment. However, 
all calves received an intramuscular injection of 100 mg 
of α-tocopherol and 2 mg of selenium at birth, and this 
supplement alone was unable to attenuate oxidative 
stress as much as the addition of FFE. The possibility 

Opgenorth et al.: N-3 FATTY ACID COLOSTRUM SUPPLEMENTATION IN CALVES

Figure 2. Changes in (A) antioxidant potential (AOP), (B) reactive oxygen and nitrogen species (RONS), and (C) oxidant status index (OSi) 
as calf age increased, given in Trolox equivalents (TE), relative fluorescent units (RFU) per microliter, and arbitrary units (AU), respectively. 
CON = control (no supplement added to colostrum); FFE = 60 mL of a 1:1 fish oil: flaxseed oil blend with 200 mg of α-tocopherol added to 
colostrum. Data are shown as LSM ± SE predicted from the model. During the first week of age, FFE did not alter antioxidant potential (P = 
0.14) and tended to decrease RONS (P = 0.08). Overall, FFE decreased OSi in wk 1 (P = 0.01).
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that calves would benefit from additional antioxidants 
above 100 mg of α-tocopherol and 2 mg of selenium 
should be explored.

Transfer of IgG from colostrum to calf is a primary 
mediator of calf disease resistance and resilience. Fail-
ure of passive transfer (<52 g of protein/L of serum) 
puts the calf at risk for poor vitality and immune func-
tion. To our knowledge, no one has published effects 
of a lipid supplement to colostrum. We found that 
FFE did not alter normal absorption of IgG. Serum 
protein concentrations remained similar across CON 
(65 g/L) and FFE (64 g/L), where P = 0.35. Kamada 
et al. (2007) observed increased IgG concentrations in 
calves fed selenium-supplemented colostrum. Based 
on this finding, one might expect that the presence of 
α-tocopherol in our supplement might also increase IgG 
concentrations, but we did not observe this.

CONCLUSIONS

A colostrum supplement of 60 mL of a 1:1 fish oil: 
flaxseed oil blend with 200 mg of α-tocopherol is safe 
to feed calves with no negative effects on passive trans-
fer, growth, or indicators of health. The supplement 
increased plasma concentrations of ALA, EPA, and 
DHA, decreased the n -6: n -3 FA ratio in plasma, and 
decreased oxidant status index during the first week of 
life. We speculate that this change in n -6: n -3 FA ratio 
and decreased oxidant status may potentially improve 
health and growth.
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