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Colostrum Intake

2 L 4 L

n 37 31

ADG, kg 0.80 1.03 *

Age at conception, (months) 14.0 13.5 ns

Survival through 2nd lact., (%) 75.7 87.1 *

Milk yield through 2nd lact., (kg) 16,015 17,042 *

2 L 
colostrum

4 L 
colostrum

*P<0.05; ns P>0.1

(Faber et al., 2005)

▪ Inadaquate colostrum intake reduces lifetime production



Failure in passive immune 
transfer...

▪ Delayed age at first calving (Waltner-Toews et al., 1986)

▪ Decreased milk and fat production at first lactation (Nocek
et al., 1984; Robinson et al., 1988; Faber et al., 2005)

▪ Decreased average daily gain to 180 days (DeNise et al., 
1989; Soberon et al., 2011)

▪ Negatively impacts feed efficiency (Soberon et al., 2011)



Effects on growth 
and efficiency...

Treatment HH LH

n 34 26

Birth wt, kg 44.0 41.7

IgG concentration, g/L 27.5a 14.7b

Weaning wt, kg 78.0a 72.1b

ADG pre-weaning 0.789a 0.671b

ADG birth to 80d, kg 0.780a 0.662b

Total CMR intake, kg DM 44.5a 40.8b

Grain intake pre-weaning, kg 2.5a 2.1b

ADG post-weaning, kg 1.089a 0.862b

DMI post-weaning, kg/d 2.903a 2.585b

HH – high colostrum, high milk replacer LH – low colostrum, 
high milk replacer

(Soberon et al., 2011)



Evaluating colostrum absorption in calves

▪ 5.0 – 5.2 g/dl
Serum total protein = 5.0 – 5.2 g/dl ~ 
Serum IgG >10mg/ml

▪ Brix refractometer classifies about 
85% of samples correctly for MC or 
Colostrum- derived CR 



Failure of Passive Transfer

(Trotz-Williams, 2008)



What’s in colostrum?

Immunoglobulins (>100:1)
Lactoferrin (>15:1) 

IGF-I (80:1)

IGF-II (20:1)
Epidermal growth factor (2:1)

Insulin (100:1) 

Interleukines (> 100:1)
Relaxin (19:1)

Prolactin

TGFα and TGFβ (> 100:1)
Leptin

Leucocytes 

....

(immune function)
(local immunity effect in gut)

(local gut effects)

(reproductive development)

(little data)

(hypotahlamic pituitary axis)

(immune function)



Colostrum –Is it all the same?

Fresh Colostrum

Pros

▪ Tailored for the calf

▪ All bioactive molecules 
and cells

Cons
▪ Opportunity for 

contamination
▪ Difficult to test quality

Pasteurized Colostrum

Pros

▪ Can assess the quality

▪ Reduce bacterial load

Cons
▪ Destroys healthy bacterial 

and immune/developmental 
cells 

▪ Bioactive molecules may 
become less active (if not 
managed properly)

Dried Colostrum

Pros

▪ Convenient

▪ Clean and consistent

Cons
▪ Destroys healthy bacterial 

and immune/developmental 
cells

▪ Bioactive molecules may 
become less active

▪ Some products  are missing 
major macronutrients



Components of Colostrum 
Management 

Successful 
Colostrum 
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Quantity

QualityQuickness

Cleanliness



Bacterial Contamination of 
Colostrum
▪ Cut point is bacterial count < 100,000 cfu/ml

Total Bacterial 
Count

% of 
Samples12

< 100,000 54.8

100,000-300,000 12.1

300,000-500,000 6.3

500,000-1,000,000 9.9

>1,000,000 16.9

(Morill, 2012)



Cleanliness of colostrum handling 
equipment 

(Stewart et al., 2005)

Total Coliform Count

Total Plate Count

乳房 バケツ チューブ

サンプル採取ポイント

細
菌
数

/
m

l 
対
数

Mean log10 total plate count and mean log10 total coliform count for colostrum 
samples collected from the udder, milking bucket and esophageal feeder tube 
within bacteria type group.



Where does contamination occur?

Udder

Stewart, 2005



Where does contamination occur?

Udder

Collection 
bucket

Stewart, 2005



Where does contamination occur?
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Collection 
bucket
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Where does contamination occur?

Udder

Collection 
bucket

Storage
Feeding 
Equipment

Stewart, 2005



(Sharifi et al., 2009)

Bottle Tube

Colostrum Feeding Method
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Delayed Colostrum Feeding 
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Colostrum deprived calf Colostrum fed calf 

Dark areas  represent 
absorbed Ig

E. coli entering  intestine 
epithelial cell 

Destruction of microvilli 
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▪ Delaying the first colostrum meal may delay the colonization of 

beneficial bacteria to the calf intestine   

(Fischer et al., 2018)

Delayed Colostrum Feeding 



On farm batch pasteurizers 

Plevnik – Slovenia Dairy Tech –U.S. 



Heat Treatment of Colostrum
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▪ Heat-treated colostrum increases Bifidobacterium and reduced the 
colonization of E. coli in the small intestine (Malmuthuge et al., 2015 )
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▪ Heat-treatment may cleave prebiotic oligosaccharides from 
colostral proteins and lipids

(Fischer et al., 2018)

Heat Treatment of Colostrum



▪ Colostrum contains ~40 different 
types of oligosaccharides 
 Bovine colostrum oligosaccharides (bCOs)

▪ The primary acidic 
oligosaccharides is a prebiotics 
for beneficial gut microbiota

▪ Binds harmful bacteria in the gut 
and enhances passive transfer of 
Ig (Yu et al., 2018) 
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▪ Bovine colostrum oligosaccharides (bCOs) produced in higher 
concentrations immediately after parturition (Fischer et al., 2018)

Oligosaccharides – Transition
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▪ Improved health status in calves fed transition milk 

(Conneely et al., 2014)

Unit

Colostrum Milking

1           2              3              4               5 
Mature 
Milk

Dry Matter % 24.5 19.0 16.0 15.5 15.3 12.2

Fat % 6.4 5.6 4.6 5.0 5.0 3.9

Protein % 13.3 8.5 6.2 5.4 4.8 3.2

Essential Amino 
Acids

mM 390 230 190 140 115 ND

Lactoferrin g/L 1.84 0.86 0.46 0.36 ND ND

Insulin µg/L 65 35 16 8 7 1

Growth Hormone µg/L 1.5 0.5 ND ND ND ND

Insulin-like growth 
factor I

µg/L 310 195 105 62 49 ND

From Colostrum to Milk



▪ All calves fed one meal of colostrum followed by:

▪ Milk

▪ 50% milk/ 50% colostrum (Transition)

▪ Colostrum                                                (Pyo et al., 2018)

Milk 50%/50% Colostrum 

From Colostrum to Milk



(Pletts et al., 2018)
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Passive Transfer  
▪ Trancytosis of immunoglobulins        

(Jochims et al., 1997)

▪ Receptor mediated and highly 
regulated

▪ Trancytosis (to blood)

▪ Recycling (back to lumen)

▪ Metabolism (endosome)

▪ Regulation of these pathways in 
calves is unclear

Endosome 
Formation

Basal 
Membrane 
Release

Recycled to 
Lumen

Metabolized

Pinocytosis

Endosomes in 2 day old calf



Passive 
Transfer  

Enterocyte from 3-
day old calf with 
endosomes and 
vacuoles



Take Home Messages
▪ There are still some basic concepts in calf biology and 

nutrition that we do not understand

▪ No difference between tube vs. bottle feeding 
colostrum for passive transfer

▪ Delaying colostrum by six hours can impact passive 
transfer and gut microbiology

▪ Pasteurizing colostrum may help to improve calf gut 
health if managed properly



Take Home Messages
▪ An abrupt transition from colostrum to milk can 

compromise gut development 

▪ Elevated planes of milk can be fed early in life 



Industry Collaborators 



Academic Collaborators 



Thanks to my Team



Recruiting Starts Early

▪ Hazel Steele, Age: 4, Interests: Cows and Coloring



Early-life programming: Case Study



Early-life programming: Case Study



Questions


