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Abstract

Prebiotics are nondigestible dietary ingredients, usually oligosaccharides (OS), that provide a
health benefit to the host by directly modulating the gut microbiota. Although there is some
information describing OS content in dairy-source milk, no information is available to describe the
OS content of beef-source milk. Given the different trait emphasis between dairy and beef for milk
production and calf survivability, it is plausible that OS composition, diversity, and abundance
differ between production types. The goal of this study was to compare OS in milk from
commercial dairy and beef cows in early lactation. Early-lactation multiparous cows (5-12 d in
milk) from 5 commercial Holstein dairy herds and 5 Angus or Angus hybrid beef herds were
sampled once. Milk was obtained from each enrolled cow and frozen on the farm. Subsequently,
each milk sample was assessed for total solids, pH, and OS content and relative abundance.
Oligosaccharide diversity and abundance within and between samples was transformed through
principal component analysis to reduce data complexity. Factors from principal component
analysis were used to create similarity clusters, which were subsequently used in a multivariate
logistic regression. In total, 30 OS were identified in early-lactation cow milk, including 21
distinct OS and 9 isomers with unique retention times. The majority of OS detected in the milk
samples were present in all individual samples regardless of production type. Two clusters
described distribution patterns of OS for the study sample; when median OS abundance was
compared between the 2 clusters, we found that overall OS relative abundance was consistently
greater in the cluster dominated by beef cows. For several of the structures, including those with
known prebiotic effect, the difference in abundance was 2- to 4-fold greater in the beef-dominated
cluster. Assuming that beef OS content in milk is the gold standard for cattle, it is likely that
preweaning dairy calves are deprived of dietary-source OS. Although supplementing rations with
OS is an approach to rectify this deficiency, understanding the health and productivity effects of
improving OS abundance being fed to preweaning calves is a necessary next step before
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recommending supplementation. These studies should account for the observation that OS
products are variable for both OS diversity and structural complexity, and some products may not
be suitable as prebiotics.
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INTRODUCTION

Diarrhea is a significant cause of morbidity and mortality in dairy calves (USDA, 2010,
2012), and there is considerable interest in approaches to reduce this disease. One idea is to
affect the intestinal microbiota via the use of prebiotics to support and improve gut health
(Barile and Rastall, 2013). Prebiotics are nondigestible dietary ingredients, usually
oligosaccharides (OS), that provide a health benefit to the host by modulating the gut
microbiota (Gibson et al., 2010; Barile and Rastall, 2013; Rastall and Gibson, 2015).

Studies of human infant intestinal microbiota have reported that infants exclusively fed
breast milk develop a different bacterial profile from that of infants receiving formula milk
(Harmsen et al., 2000; Jost et al., 2012; Azad et al., 2013). The difference is the relative
dominance of anaerobic bacteria, with Bifidobacterium spp. being dominant in breast-fed
infants and Bifidobacterium spp. sharing dominance with Bacteroides spp. in formula-fed
infants (Harmsen et al., 2000). The dominance of putative health-beneficial bacteria such as
Bifidobacterium spp. in the infant microbiome is driven by their ability to metabolize a
variety of OS structures found in mammalian milk (Jost et al., 2012; Ruiz-Moyano et al.,
2013). Humans lack enzymes to digest OS; consequently, these molecules pass to the
hindgut where they promote growth of Bifidobacterium spp. that metabolize OS into short-
chain fatty acids that are utilized by the host. Oligosaccharides in human milk are produced
in the mammary gland, where 5 types of monosaccharides—glucose and galactose (hexose,
Hex), A-acetylglucosamine (GIcNAc), fucose (Fuc), and sialic acid (A-acetylneuraminic
acid, NeuAc)—are added to a lactose core by action of specific glycosyltransferases. The 5
monosaccharides that comprise OS are attached in various ways through at least 12 possible
linkages, resulting in many possible structural combinations (Smilowitz et al., 2014).

Significant analytical efforts have generated a human milk OS library with over 200 entries
and 100 fully elucidated structures (Wu et al., 2011, 2010). In contrast, information about
OS in bovine colostrum is still developing, although over 40 OS structures have been
described (Tao et al., 2008; Barile et al., 2010; Marifio et al., 2011). Recent studies have
identified 13 OS in bovine milk that overlap with OS structures found in human milk,
including several fucosylated OS (Aldredge et al., 2013; Albrecht et al., 2014). The
structural complexity of OS is a key factor determining their selective prebiotic activity. In
particular, the monosaccharide sialic acid is crucial to the ability of OS to enrich beneficial
bacteria while being less than ideal substrates for undesirable and pathogenic bacteria (Sela
etal., 2011; Lane et al., 2012; Pacheco et al., 2015). Based on the high structural homology
of several bovine acidic and neutral OS with human milk OS molecules, we predict that a
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similar activity will be demonstrated in bovine milk. All of the work describing OS in
bovine milk is focused on dairy cattle and relatively few animals are included in these
studies (Tao et al., 2008; Barile et al., 2010). Bovine milk has a lower abundance of OS
compared with bovine colostrum and several structures remain to be elucidated (Tao et al.,
2008). Oligosaccharides in animal milk also contain N-acetylgalactosamine (Gal-NAc)
besides GIcNAc; therefore, the monosaccharide is referred to as A-acetylhexosamine
(HexNAc), which is comprehensive of both the galactose and glucose modified form.
Additionally, animal milk contain a second form of sialic acid, known as N-
gylcolylneuraminic acid (NeuGc). Similar to what is observed for human milk (Nifionuevo
et al., 2008), OS abundance and structure are heterogeneous between dairy animals and
breeds (Tao et al., 2009) and change over the course of lactation (Barile et al., 2010;
Sundekilde et al., 2012). No information is available about the OS content of beef cow milk.
Given the different trait emphasis between dairy and beef for milk production and calf
survivability, it is plausible that OS composition, diversity, and abundance differ between
production types. The goal of this study was to compare OS in milk from commercial dairy
and beef cows in early lactation. Our hypothesis was that early-lactation beef cows will have
a more abundant and diverse OS population compared with dairy cows in early lactation.

MATERIALS AND METHODS

Herd Selection

Five commercial Holstein dairy herds and 5 Angus or Angus hybrid beef herds were
recruited as a convenience sample. The herds were all from Washington State and enrolled
in the study between January and April 2014.

Animal Enrollment

From each enrolled herd, 5 to 8 multiparous cows between 5 and 12 d postcalving were
identified and sampled with the help of on-farm personnel. Cows with overt clinical
evidence of disease, history of recent antibiotic treatments, or reported with dystocia were
excluded from the study. All experimental procedures involving cows were approved by the
Washington State University, Office of Research, Institutional Animal Care and Use
Committee (04497-002).

Demographic Data and Biological Sample Collection

The identification of each enrolled cow was collected along with demographic data
including age or parity, production type (beef or dairy), body condition, and calving
information. Body condition scoring for dairy cows was based on a score between 1 and 5
(Ferguson et al., 1994), and that for beef cows was based on a score between 1 and 9 (http://
beef.unl.edu/learning/condition1b.shtml). For most beef herds, age was estimated by herd
owner. Information describing herd-level feeds was collected for each farm.

From each cow, a 10- to 20-mL composite milk sample was aseptically collected. Before the
sample was collected, the cow’s teat ends were cleaned and disinfected. Then, after
discarding any milk in the teat canals and 1 to 2 mL of cisternal milk, approximately 4 mL
of milk was collected into a sterile screw-cap tube from each quarter and mixed to create a
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single composite sample per cow. From this sample, a 4-mL aliquot was immediately
transferred to another tube. The larger volume sample was directly placed in a container with
dry ice for transport to the laboratory. The smaller sample was used for an evaluation of pH
and total solids. Once milk samples arrived at the laboratory, they were stored at -80°C. A
10-mL blood sample was also obtained from each enrolled cow via the coccygeal vein into a
serum tube.

Milk Quality Assessments

Quality assessment for total solids used a Brix refractometer as described by Moore et al.
(2009). Brix measures were converted to percent solids using the following equation:
percent solids = 0.997 x Brix value + 2.077. We determined pH using a pH meter.

Assessing Serum BHB

From the blood samples, BHB was analyzed using the cowside Precision Xtra BHB
measuring system (Abbott Laboratories, Abbott Park, IL). The test is a strip-based rapid
system that requires a drop of blood to analyze BHB. Results were reported in millimoles
per liter.

Oligosaccharide Purification

For oligosaccharide purification, 0.5-mL milk samples were diluted with an equal amount of
nanopure water (Milli-Q purified water, 18.2 MQ-cm at 25°C, EMD Millipore, Billerica,
MA\) and defatted by centrifugation at 14,000 x g for 30 min at 4°C. The skim milk was
collected and treated with 4 volumes of 2:1 (vol/vol) chloroform: methanol. Samples were
centrifuged at 4,255 x gfor 30 min at 4°C and the upper methanol layer was collected. To
precipitate the protein, 2 volumes of cold ethanol were added to the skim milk, stored in the
freezer for 1 h, and the samples were centrifuged at 4,255 x g for 30 min at 4°C. Protein-free
supernatant was collected and dried overnight in a vacuum centrifuge at 37°C (Quattro
miVac SpeedVac, Genevac Technology, Ipswich, UK). Dried samples were rehydrated with
0.5 mL of nanopure water. Oligosaccharides were reduced to alditols by adding 0.05 mL of
1 M sodium borohydride (NaBH,) and incubated at 65°C for 1 h. This step is used to avoid
peak splitting [due to the separation of anomers on the porous graphitized carbon (PGC)
column] and thus to facilitate automated peak assignments with the library after mass
spectrometry analysis. To purify OS, samples were loaded on a PGC solid-phase extraction
plate (Glygen, Columbia, MD) that was activated by washing 3 times with 100 OuL of 80%
acetonitrile containing 0.1% trifluoroacetic in water followed by 3 washings with 100 uL of
nanopure water. The temperature of the centrifuge was set to 23°C and the speed was
adjusted to 241 x g for each run. After loading the samples, wells were washed 6 times with
200 pL of nanopure water, and OS were eluted 3 times with 40% acetonitrile containing 1%
trifluoroacetic acid in water. The concentrated OS were dried in vacuum centrifuge at 35°C.
Dried samples were rehydrated in 50 uL of water, vortexed, sonicated, and vortexed again
(for 20, 15, and 15 min, respectively).
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Analysis of Oligosaccharides

Before MS analysis, concentrated OS were diluted 100 times with nanopure water and
spiked with 2 uL of 2-fucosyllactose standard solution (1 mg/mL). The diluted samples were
injected in an Agilent 6520 accurate-mass quadrupole time of flight (Q-TOF) liquid
chromatograph/mass spectrometer with a microfluidic nano-electrospray chip (Agilent
Technologies, Santa Clara, CA) and processed according to a previously published protocol
(Aldredge et al., 2013). Briefly, the microfluidic chip consisted of a 9- x 0.075-mm (internal
diameter, i.d.) enrichment column and a 43- x 0.075-mm i.d. analytical column, both packed
with 5-um porous graphitized carbon as the stationary phase. For sample loading, the
capillary pump delivered 0.1% formic acid in 3.0% acetonitrile/water (vol/vol) isocratically
at 4.0 uL/min. The injection volume was 2.0 pL for each sample. The nanopump gradient
was delivered at 0.4 uL/min using (A) 0.1% formic acid in 3.0% acetonitrile/water (vol/vol),
and (B) 0.1% formic acid in 90.0% acetonitrile/water (vol/vol). Samples were eluted with
0% B, 0.00-2.50 min; 0-16% B, 2.50-20.00 min; 16-44% B, 20.00-30.00 min; 44-100%
B, 30.00-35.00 min; and 100% B, 35.00-45.00 min. The elution gradient was followed by a
column re-equilibration at 0% B for 20 min.

Data were acquired within the mass range of 450 to 2,500 neutral alditol in positive
ionization mode with an acquisition rate of 1 spectrum/s. An internal calibration ion of 2
reference masses: 992.009798 and 1221.990637 (ESI-TOF Tuning Mix G1969-85000,
Agilent Technologies) was used for continual mass calibration.

Oligosaccharide Identification

Oligosaccharides were identified from chromatograms using Mass Hunter Qualitative
Analysis software version B.06.00 (Agilent Technologies). The software matched OS
masses with those from an in-house annotated bovine milk OS library and generated a list of
deconvoluted masses with their specific retention time using mass tolerance of 20 ppm. The
identified OS compounds were extracted with a minimum abundance of 1000 counts with a
maximum charge state of 2. The individual peaks for each OS type were automatically
integrated using the Batch Targeted Feature Extraction from Mass Hunter Profinder software
version B.06.00 (Agilent Technologies).

Statistical Analyses

Descriptive statistics for herd and animal demographics were based on frequency tabulations
or measures of central tendency and variation. For multivariate analyses, the abundance
values of each OS component were standardized by Z-score scaling so that, within a
component, p =0 and SD = 1. As in a previous study of OS in dairy cows, this allowed for
relative equal weighting of each component in subsequent analyses (Sundekilde et al.,
2012). The standardized set of OS values for each sample were transformed using principal
component analysis (PCA) using Proc PRINCOMP in SAS (version 9.4; SAS Institute Inc.,
Cary, NC). This enabled us to reduce data dimensions and within-sample OS dependency
(Lattin et al., 2003). Components from PCA that accounted for >80% of OS variation and
had absolute eigenvalues >1 (Kaiser, 1959) were used to create similarity clusters based on
partitional clustering methods (Proc FASTCLUS in SAS). Cluster membership was used as
a dependent variable in logistic regression (Proc GENMOD in SAS) to assess the
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association between cluster and animal production type (beef or dairy) and animal-specific
covariates.

RESULTS

Description of Study Herds and Cows

Sixty-five cows from 10 herds, 5 beef (n = 32 cows) and 5 dairy (n = 33 cows) commercial
operations, in Washington State were sampled. All enrolled dairy cows were Holsteins, and
beef-source cows were Angus or Angus hybrids plus 4 non-Angus animals. All study cows
were multiparous and ranged in age from 4 to 10 yr, with a mean age of 5.4 yr and median
age of 5 yr (Table 1). Enrolled dairy cows were mainly distributed between 3 and 5 yr,
whereas enrolled beef cows were distributed more evenly across age groups. Days in milk
ranged from 4 to 13 d and 5 to 13 d for beef and dairy, respectively. Body condition scores
for dairy cows ranged from 2.00 to 3.25 with a median of 2.25. Body condition scores for
beef cows ranged from 3.5 to 8.0 with a median of 5.0. p-Hydroxybutyrate for dairy cows
ranged from 0.4 to 4.2 mmol/L with a mean of 0.99 mmol/L; BHB in beef cows ranged
between 0.1 and 1.1 mmol/L with a mean of 0.38 mmol/L. Using a decision point value of
>1.4 mmol/L, 4 dairy cows from 3 herds and no beef cows were classified as ketotic. All
sampled dairy cows received similar rations, a corn-silage and alfalfa hay-based TMR. All
sampled beef cows received an alfalfa and grass hay ration, with one herd (farm 2) receiving
an alfalfa and wheat stubble ration.

Milk Quality
Milk quality was measured as percent milk solids and pH. Mean percent solids were similar
between dairy and beef cows, at 12.9 and 12.8, respectively. Dairy cows had more variability
in solids content with a range of 7.6 to 15%, whereas solids in beef cows ranged from 11.1
to 14.1%. Mean milk pH was the same in dairy and beef cows, 6.4, and similar variability,
ranging from 6.1 to 6.8.

Milk Oligosaccharides

A total of 30 OS were identified in early-lactation cow milk, including 21 distinct OS plus 9
isomers with unique retention times (Table 2). These OS were present in all milk samples
regardless of production type. Three OS, with composition3 1 0 0 0,2 2 0 1 0, and

4 1 0_1 0 (composition denoted by the order of monosaccharides Hex-GIcNAc-Fuc-
NeuAc-NeuGc), were more prevalent in beef cows than in dairy cows (Table 2). Four OS
were detected in equivalently low prevalence in beef and dairy cows. Ten OS found in this
study are also prevalent in human milk.

Using PCA, the 30 OS structures were reduced to 8 principal components with eigenvalues
>1 and explaining >80% of the total OS variance. These were used to create similarity
clusters. From these data, 2 clusters described distribution patterns of OS for our study
sample (Table 3). When we compared median OS abundance between the 2 clusters, we
found that overall OS abundance was consistently greater in cluster 2 (Table 4).
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Because values of abundance within individual OS components varied by factors of 10,
relative median abundance was calculated for each OS component. Relative median OS
values between the 2 clusters were calculated for each OS using cluster 1 abundance value
as the denominator. The ratios were >2 for 14 of the components, and 4 components had >4-
fold higher values in cluster 2 compared with cluster 1 (Table 4, highlighted). Three OS
identified in cluster2 (3.1 0 0 0,2 2 0 1 0,and4_1 0_1 0) were more abundant for
both neutral and sialylated molecular structures, which are notable for their bifidogenic
potential, compared with the abundance observed in cluster 1.

Multivariate logistic regression using cluster membership as the dependent variable found 2
important associations: the odds ratio of beef cows belonging to cluster 2 was 20.8 (95% CI:
3.8-113.0) compared with being a dairy cow, and the odds ratio of 5- to 6-yr-old cows
belonging to cluster 2 was 7.0 (95% CI, 1.2-39.4) compared with 3- to 4-yr-old cows (Table
5). This latter effect was independent of cow production type. We found no associations of
BHB category or milk quality parameters with cluster membership.

DISCUSSION

The major finding of this study was that although OS structures prevalent in early lactation
beef and dairy fresh milk were observed in both production types, the relative abundance of
most components was greater in the beef-dominated OS cluster 2 compared with those
observed in the dairy-dominated OS cluster 1. A previous study comparing dairy breeds
(Jersey vs. Holstein-Friesian) also found qualitative and quantitative differences in OS
between the breeds (Sundekilde et al., 2012). Jersey breed cows, which tend to have lower
milk yield and greater relative milk solids compared with Holsteins, had more complex and
abundant sialylated OS compared with Holsteins. Additionally, Jersey milk contained
greater levels of neutral OS associated with prebiotic effects for Bifidobacterium spp.
(LoCascio et al., 2007; Barile et al., 2010). In our study, OS identified in the beef-dominated
cluster were more abundant for both neutral and sialylated OS and for bifidogenic neutral
OS compared with those observed in the dairy-dominated cluster. In fact, the beef-
predominant oligosaccharides3 1 0 0 0,2 2 01 0,and4_1 0 1 0 contain structural
elements that make them potential prebiotics. Oligosaccharide 3_1_0_0_0 contains A-
acetylglucosamine and belongs to the “lacto- A-tetrose/lacto- A~neotetraose-type,” which is
also known as “bifidus factor” (Jao et al., 1978). Jao et al. (1978) demonstrated that human
and bovine milk contain growth factors required for growth of Bifidobacterium bifidum to
high cell densities. By studying the growth of B. bifidum in the presence of various
carbohydrates that are known components of milk OS, they demonstrated that the growth-
promoting effect of A-acetylglucosamine was superior to that of A-acetylgalactosamine and
N-acetylmannosamine. Therefore, OS grouped as lacto- A-tetrose and lacto- A-neotetraose
are called bifidus factors, referring to their ability to promote growth of bifidobacteria.
Oligosaccharides2 2 0.1 0Oand4_1 0 1 0 both contain bound sialylic acid (NeuAc),
which has been demonstrated to be a key factor in determining selective prebiotic activity
(Yu et al., 2013). Considering that the mucosal immune system is not mature at birth, milk
OS play an important means of providing passive immunity and affecting development of
the mucosal immune system. Across host species, the first bacteria to be established in the
gut affect immune response, making the gut environment more favorable to their own
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survival and less favorable to competing species (Gensollen et al., 2016). Thus, the first
bacteria to colonize the gut are important in determining life-long benefits, and the OS
present in milk play a key role in establishing the makeup of such microbiota.

In this context, our results may suggest that the selection process for beef to optimize
survivability of calf crop may also optimize milk components for calf health compared with
dairy cows, which are selected to maximize milk production and optimize milk components
for commercial use. It is also notable that cluster 2 included some dairy cows and cluster 1
some beef cows, so OS profiles are not solely driven by selection for production type.

As observed previously (Barile et al., 2009, 2010; Albrecht et al., 2014), there are OS
structures in common between cattle and humans. Of the 30 OS identified in our study, 10
have been observed in human milk (Table 2).

This study did not directly measure fat, protein components, lactose, or milk volume but we
observed no difference in percent total solids between beef and dairy cows, although the
range for total solids was greater for dairy compared with beef. Differences in milk
components between dairy and beef breeds are noted. In one report, beef cattle at 30 DIM
produced 10.6 kg/d of milk with 2.1% fat, 3.0% protein, and 5.4% lactose (Radunz et al.,
2010). For comparison, a metaanalysis that summarized more than 800 data means from
studies involving primarily Holsteins at 50 to 337 DIM reported, on average, 31.1 kg/d of
milk with 3.6% fat, 3.1% protein, and 4.8% lactose (Daniel et al., 2016). The most notable
difference was in production volume and, to a lesser degree, percent fat, with both being
greater in dairy cows. The relative differences in components (fat, protein, and lactose) were
much smaller than we observed for the relative differences for OS abundance between beef
and dairy.

We detected diet composition differences between production types, although diet
composition was consistent within production type. These differences may explain in part
(but not fully) the observed differences in OS abundance between cattle production types. As
seen in Table 3, dairy cows were observed in beef-dominated cluster 2 and beef cows were
observed in dairy-dominated cluster 1. In addition, cows within herds did not always cluster
together (data not shown). Both of these observations suggest that diet exposure by itself
was not the sole driver of OS diversity and abundance.

Age was independently associated with OS cluster membership: 5- to 6-yr-old cows were
more likely to be associated with the beef-dominated cluster compared with 3- to 4-yr-old
cows. The oldest category of cows (7 to 10 yr old) did not differ in OS cluster membership
compared with the youngest cows in this study. Age does influence milk quality; older
animals produce milk and colostrum with higher levels of protein and fat, and studies in
dairy cows suggest that peak milk production efficiency occurs in lactation 5, at
approximately 7 yr of age (Ray et al., 1992).

The significance of our study findings is based on identifying 30 prevalent OS that were
observed in both dairy and beef animals with consistent relative abundance differences
favoring beef cattle. In addition, the data suggest a functional prebiotic advantage for the OS
in beef-source early lactation milk. Assuming that beef OS content in milk is the gold
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standard for cattle and ad libitum milk consumption for beef calves is approximately 7 kg/d
(Fiems et al., 2008; Liu et al., 2015) and for dairy calves approximately 9 kg/d (Jasper and
Weary, 2002), then a dairy calf fed ad libitum is likely deprived of dietary-source OS.
Because many calves are restricted in milk consumption to 4 to 5 kg/d, these calves are
severely deprived of dietary-source OS.

These findings suggest an opportunity to provide a health benefit to dairy calves through OS
supplementation. The human literature highlights the importance of a diverse and abundant
OS profile to promote gut colonization by health-beneficial bacterial species such as
Bifidobacterium spp. (Jost et al., 2012; Ruiz-Moyano et al., 2013). The challenge in finding
appropriate and effective supplementation is that many available supplements are simple
structures from yeast cell walls or a product of bacterial or fungal-derived enzymatic trans-
glycosylation of lactose and do not mimic the diversity of natural OS. In contrast to the
prebiotic benefits, some OS have the potential to exert exclusionary effects due to receptor
analog functions and thus may promote gut health by preventing binding of pathogens and
their effector molecules to the gut (Crane et al., 1994; Shoaf-Sweeney et al., 2009). Some
studies have looked at OS supplementation to support transfer of passive immunity in
neonatal animals. This strategy is also aimed at leveraging OS bacterial binding attributes to
mitigate the adverse effects of bacterial contamination of colostrum on absorption of
maternal 1gG in the neonatal gut. One study comparing OS colostrum supplementation with
3 OS (a mannan-oligosaccharide and 2 galacto-oligosaccharides) did demonstrate an
improvement in IgG absorption in the face of bacterial contamination compared with a
lactose control (Short et al., 2016). Another study did not find a similar effect following
mannan-oligosaccharide supplementation to colostrum replacer. This difference may have
been related to differences in bacterial contamination between the studies and therefore to
the lesser opportunity for OS to exert a benefit (Brady et al., 2015). Relatively few studies
have evaluated dairy calf health outcomes following OS supplementation and these have
reported mixed outcomes (Quigley et al., 1997; Uyeno et al., 2015). Some differences in
study outcomes, particularly with galacto-oligosaccharide supplementation, are likely
because these products are not identical with respect to composition or complexity. A
comparison of 7 commercial galacto-oligosaccharides found a difference between
preparations in number and types of detected structures, degree of polymerization, and
distribution of glycosidic linkages (van Leeuwen et al., 2014, 2016). Given the importance
of complexity and diversity for the effectiveness of OS as a prebiotic, it is important to
remember that different supplements may elicit different responses.

CONCLUSIONS

The relative abundance of OS, particularly those structures with prebiotic potential, were
greater in beef-source milk compared with dairy-source milk, which suggests that dairy
calves are likely deprived of diet-source OS.
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Farms and animals sampled to evaluate the comparative diversity and abundance of oligosaccharides in beef
and dairy early lactation milk

Production type

FarmID Animalsenrolled (no.) Mean age (yr)

Median age (yr)

Beef

Dairy

Total

1

a B~ W N P OO B 0N

6 5.8
44
8.2
53
6.3
4.8
5.2
4.6
4.7

» 0 N o o o N o1

6.2

D
o

5.4

5.5
4

©

o

3, T~ S NSRS S I I )
o

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



Page 14

Sischo et al.

820 120 820 N 67T €266 000009
01T 160 86'0 N 8'€T vE'CT6 000¢E
01T 0T 01T N 0'GT 2€'TL8 000TV
01T 160 860 v 0T T€'8€8 0To0T?

0 050 SE0 N GeT 62°0c8 500006
0T 0T 0T N T 62068 000065
01T 01T 01T N STl 0£¥18 00TOV
0T 0T 01T v Lee 82'16. 0TO00¢€
01T 0T 0T N 9T 62°05. 000¢¢

160 9190 g0 N 0 92'60L g000TE
071 071 0T N 4! 92'60. g000TE
0T 01 01 SoA N 61T 9Z'60L s000TE€

80 8.0 80 SIA N 60T 9Z'60L 000Te
01T 60 160 SOA v Vel §2'9/9 0TO0TT

S0 9,0 G0 N VLT ¥2'899 0000W
0T 0T 0T SOA v 12 €2'6€9 g0T00¢
01 01 01 EN v 6ET £2'5€9 s0T00¢
0T 0T 0T N T2 12245 s000T¢

2L0 880 80 N G0T 12°1%5 G000T¢
0T 0T 0T N 06 12145 g000Te
0T 0T 0T N 0T 8905 G0000€

01 01 01 SoA N 80T 8T°905 s0000¢€
0T 01 0T SaA N 56 81°905 gooooe
0T 01 01 SOA v ez sT'S5Y pOT00T

90INn0s Jgdg 924ncs Alreq | BAO gliw tewny ul puno Nmm_m:o (ulw)swn uonuePY (0P[R [eJINBU) SSB N H“cw:ogc._oomo

ERIEIEEICEIRNES

8Jel1S
uo1BuIySeAA Ul suonelado [erdsswiwod 0T wouy (€ = u) smod Alrep pue (g€ = u) Joaq uoie1oe| AjJes G9 WoJ) MIw ul painuapl (SO) sapLeyasesobi|o

¢ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



Page 15

Sischo et al.

'(50°0 5¢/) smo2 Jaaq pajdures ul ueyl smod Asrep pajdures ui yuatayip Apuediiubis sem aousfensid SO

9

"SI3WOs|
g

‘0 T 0 0 ¢403uawbely [enusiod

14

(0TOZ) "I 38 NAA AQ XJ1w uBwINy Ul paiiuapl ose Jusuodwod mo.m

*0IpIJe = W/ ‘|ednau = N

4

.921n0S Paalq §33q pue Aliep Aq paness

sI aouafenald Juauodwo) “(pioe a1feIs) p1oe dlulweInaujAj0aA|6-+y = 99NN pue ‘(pIde d1feIs) pIoe dlulWeINaUjA1ade-\ = I%NaN ‘8500N) = IN4 ‘aUIWEBSOXay|A1ade-y = IWNXaH ‘(aso1oefeb 1o asoan|B)
9S0X3Y = X8H 3Jaym ‘09NaN-0NBN-0N4-0WNX3H-X8H J3pJ0 3y} Ul SIPLIBYIIBSOUOW [BNPIAIPUI JO JSQUINU SB UMOYS SI UoRisodwod SO ay L "ssew Buisealoul o Japlo Ul palsi| ale sjusuodwod SO \€E¢

0T 0T 0T N AN 95'vor'T 00TVE
0T 160 860 SOA v 9vg 67'G9E'T 0To0CY

0T 99L0 880 v et T7'Z9T'T 0TO0TY

0T 0T 0T N 1A%)! rSIT'T ooo€e

0T 0T 0T SaA N 08T or'7.0'T 000¢CtV

880 9¢v’0 590 v 91z 6ETV0'T 010¢z¢e

204N0s jgog 90unos Alreg  |ROAO gliw Uewny ur punod Nmmaco (ul)awn uonuerY  (jo1p[e [eJINBU) SSe N HEmcon:coo SO

Qouaens ud a|dwes

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Sischo et al. Page 16

Table 3

Distribution of early lactation cows stratified by production type (beef and dairy) to oligosaccharide (OS)
clusters?

OScluster Beef Dairy Total

1 8 22 30
2 24 11 35
Total 32 33 65

Clusters were formed using the first 8 principal components (which explained 80% of the total OS variability and eigenvalues for components >1).

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



Page 17

Sischo et al.

44
T¢e

6V
9¢
o4

60
1
6T
0T
9y
'’
0¢
ST
L'y
0¢
91
L'e
6'T
91
€¢
[
€1
Te

91T

GZy'syT
L8L'TET
G60°L

0
128'67T
0£0°2EY
LyE'8e
0
rr1TeT
19.'82
096'v6¢
88v'05
L€0'9
289'L6¢
TLT'TS
78€'8T
9%2'99
695,
0£6'282'T
82.'%80'T
9€6'€9
078'616
STT'6C
9Zv'95¢
T6v'87S
€58'89

T8€'9T0°C

120'89
eov'ey

0

0
eTv'oe
609°29T
0TT'2T
0
T6T'8ET
126'Se
8yT'TST
€59°05
9ze'T
YET'ETT
98€'Ge
862°CT
€L6'ET
€052
LT8'v6L
219's0y
18T'€E
[ANATI
LESTT
¥61'20¢
905'LTY
1102

0.2'v62'T

4}
08T
9'T¢
6'vT
8'€l
09T
0vT
S'€T
Ay
STT
L'ee
9¢T
0S¢
€Vl
6'TT
60T
v'eT
v'LT
€T¢
6'¢T
et
S0T
06

0vT
80T
§'6

€T¢

rSTT'T
or'vL0'T
6ETY0'T
¥€'266
ve'C16
[ASRWAS]
1€'8€8
62'0€8
6¢°0€8
0E'vT8
8¢'16L
6¢°05L

9¢'60L
9¢'60L
9¢'60L
9¢'60L
§¢'9/9
¥2'899
€¢'5E9
€¢'GE9
1¢'L¥S
1¢'L¥S
T¢'L¥S
81'90S
81'90S
81'909

ST'esy

0o00¢€ €

0o00cv¥

g0TO0Ce

00009

000c¢

000TV¥

0TO0T¢

00008

000089

00TOV¥

0T00¢€

000¢c¢

g000TE

000TE

000TE

000TE€E

0TO0TT

0000V

0T00¢C

0T00¢C

000T¢

000Tc¢

000Tc¢

0000¢€

0000¢€

0000¢€

Z0T00T1

souepunde anlleRY

(e =u) g BBNPSO

(,e=u)T oBNPSO  (UIW)aw UowePY

souepuUNde Uelps N

(jo1pfe fesineu)sse N 1ueUOdWod SO

91e1S U0)BUIYSEAN UI Suolesado [elo1awiwod QT WOy SM0D Allep pue Jaag Uolje)oe] Aies Wy 3|IW ul paiiuapl (SO) sepLieyadesobljo

Author Manuscript

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



Page 18

Sischo et al.

‘Tenuaiod onoigaid yim SO,

‘0 T 0 0 ¢joswbey _m_EBon_N

‘3ouepuNge UBIPaW T J3ISN|J 0} Z J81SN|d JO O13eJ 3Y} S UMOYS SI 8duBpuNnge UeIpaWw aAIe|aY “(p1oe
21je1s) pioe dluiweInaulAj09A16+y = 29naN pue ‘(p1oe d1fels) PIde dIUIWRINAUIAIBdR-Y IWNaN ‘8S09N) = 9N ‘BUIWESOXaY|A180e-V = IWYNXaH ‘(8s019e[eh 10 8500Nn|6) asoxay = XaH aJ8yM ‘99N3N-IVNaN
-ON4-0YNX8H-XaH J8pJo 8y} Ul Sap1IeyIIBSOUOW [ENPIAIPUI JO JAQUINU Se UMOUS SI uoiisodwod SO 8y "Palsl] aJe J8lsn|d Ag sjusuodwod SO paldslap OE aU3 JO Yaea Joj eate yead Jo aduepunge %_E_\,_N

90 282'75¢ 965'0vY T 95'¥9¥'T 00TVE
8¢ 605'95 67971 92 67'G9€'T 0T0C¥
£ 08v'9T 160'€ 55z 29Tt g0TOTY

souepunqeanireRy  (GE=Uu)z BBNPSO (0e=Uu)T BBNPSO  (Ulw)swiiuonueey  (jolpfe [eaneu)sseN  JusUOdwod SO

souepuNnqe ueips N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



Page 19

Sischo et al.

Author Manuscript

waseped  (Gz=u)hy-¢
€ 10 90 v'0- (LT =u) K0T,

7'6€ 21 L 0c (ez=u)1A9-5 aby
Juslasey Aieq@

eTT 8¢ 8'0¢ 0¢ Jjeag  adAy uononpolid

6'T- 1daduaiu)

1D %S6 oddn 1D %G6 MO olelISppO  drewis3 Kiobered a|qel rep

T 431SN|2 yum paredwod g 4aisnjo ui diysiaquiawl Jo sppo ayr Buiewss sem |apow ay L
‘A10Ba1ed abe pue (Airep pue y9aq) adA1 uonanpoud [ewiue pue diysiaquisw Ja1sn|o apiieydesohil|o usamiaq uoleidosse ayl Buljpow uolssalbias onsibo]

G 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Dairy Sci. Author manuscript; available in PMC 2017 August 15.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Herd Selection
	Animal Enrollment
	Demographic Data and Biological Sample Collection
	Milk Quality Assessments
	Assessing Serum BHB
	Oligosaccharide Purification
	Analysis of Oligosaccharides
	Oligosaccharide Identification
	Statistical Analyses

	RESULTS
	Description of Study Herds and Cows
	Milk Quality
	Milk Oligosaccharides

	DISCUSSION
	CONCLUSIONS
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

