
Passive immunity transfer: Factors 
impacting passive immunity transfer 
and strategies to optimize colostrum 
quality and animal production.

Terry Engle
Colorado State University
Department of Animal Science



Outline

1) Review cattle immunity
2) Colostrum functions and synthesis
3) Calf absorption of colostrum
4) Possible reasons for failure of passive transfer
5) Nutritional strategies to improve colostrum synthesis, 

components, and animal production



Palomares, 2022.

Cattle Immunity: Innate, adaptive, and passive

https://microbeonline.com/differences-between-primary-secondary-immune-response/



Colostrum synthesis (passive immunity for the calf) 

Adapted from Dairy Science and Technology: Goff, Hill, and Ferrierhttps://books.lib.uoguelph.ca/dairyscienceandtechnologyebook/

An image showing the macro and microstructure of the bovine mammary gland. (A) The glandular tissue, ducts, 
glandular cisterns, annular cistern, and teat cistern. (B) A cross-section of an alveolus. (C) A diagram of the anatomy of 
the teat and its components: teat cistern, ridge of Furstenberg, teat canal, and teat sphincter muscle. Created with 
BioRender (https://www.biorender.com/ (Accessed on 25-Jan-2026)

https://www.biorender.com/


Colostrum synthesis

Adapted from Dairy Science and Technology: Goff, Hill, and Ferrierhttps://books.lib.uoguelph.ca/dairyscienceandtechnologyebook; Raumrucker et al. 2022. 



Key bioactive components in colostrum

Adapted from Sangild et al., 2021

Definition: Bovine colostrum is 
produced by cows in the first 
days after calving and
provides nutrition and 
immunological protection to 
newborn calves (Hammon et al. 2020).



Other key bioactive components in colostrum

1) Vitamins: 

From: Silva et al., 2024



Other key components in colostrum

2) Minerals:
• Essential macro minerals like calcium, phosphorus, and magnesium 

are approximately 2 times more abundant in colostrum than in 
mature milk. 

• Certain micro minerals can be 4 to 10 times greater in colostrum

• ***Note: Copper is typically low in colostrum and milk.



Lashkari et al., 2025

Nutritional composition of colostrum vs. milk (impact of time)



Absorption of colostrum by the calf (passive immunity)

➢ Goals with passive immunity:

➢ Increase serum IgG antibodies in the calf within 12-
24h post birth.

➢ Minimize the time between passive immunity and 
active (adaptive) immunity.
• Management, vaccination programs, nutrition, 

minimizing stress, etc. 

Chase et al., 2008



Absorption of colostrum by the calf: Key benchmarks

https://www.aphis.usda.gov/sites/default/files/colostrum-feeding-passive-immunity-heifer-
calves.pdf

Transfer of passive immunity guidelines for dairy heifers

Recent 2025 review - Concluded for beef
calves:
➢ Serum IgG concentrations:

• Above 16 mg/mL → adequate 
passive transfer.

• At or above 24 mg/mL → has been 
increasingly accepted as optimal, 
based on studies linking it to 
improved health outcomes. 

2025. Animals; doi.org/10.3390/ani15142072.



Calf survival by serum IgG concentrations

The relationship between colostral IgG intake and serum IgG concentration in calves. [From 
Hopkins and Quigley, 1997.

Calf survival by serum IgG concentration. (From National animal health monitoring system. National dairy heifer 
evaluation project. Dairy herd management practices focusing on preweaned heifers. Ft. Collins, (CO): USDA-APHIS 
Veterinary Services; 1993.)
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A schematic of the transfer of specific bioactive compounds from 
colostrum in the neonatal calf enterocyte and circulatory system

• After birth, the calf gut is considered “open,” as enterocytes possess the ability to non-selectively absorb large 
molecules, such as IgG and IgA, by pinocytosis from the intestinal lumen into blood circulation (Fischer et al., 2019). 

• Approximately 24 h after birth, “gut closure” takes place: defined as “the cessation of absorption of macromolecules 
from the gut into blood in neonates” (Lecce and Morgan, 1962; Stott et al., 1979).

IgG- ?

X

(Adapted from Fischer-Tlustos et al., 2020)



Fischer-Tlustos et al., 2020



Possible reasons for failure of passive transfer
• Factors related to colostrum 

➢ Quantity/volume
➢ IgG concentration
➢ Timing of colostrum feeding
➢ Method of colostrum feeding (suckling vs bottle/tube feeding) 
➢ Microbial composition of colostrum

• Factors related to calves
➢ Calf sex or twins
➢ Calf vigor at birth
➢ Month of birth, reproductive technologies used at breeding, calf 

cortisol and epinephrine concentrations, and nonsteroidal anti-
inflammatory drugs after a difficult calving.

➢ Calf birth weight
• Factors related to the dam

➢ Dam body condition score or udder conformation
➢ Dam breed
➢ Dam prepartum vaccination
➢ Dam parity
➢ Calving area, calving difficulty, and non-steroidal anti-

inflammatory drugs for dystocia
➢ Dam prepartum nutrition



Factors impacting colostrum production and quality

Adapted from Erickson et al., 2024



Nutrition impacts colostrum yield and composition 

Adapted from Hare et al., 2023

Hare et al., 2023



Nutritional strategies to improve colostrum synthesis 
and quality in beef cattle

• Optimize Late-Gestation Nutrition
 

➢ Nutrition during the final 60 days of pregnancy is the most critical factor for colostrum quality.
➢ Maintain body condition score (BCS): Aim for a BCS of 5 or 6  for beef cows at calving. Cows with a BCS 

below 4 often produce lower volumes and poorer quality colostrum.
➢ Balance energy and protein: High-energy diets in late gestation increase colostrum yield and total 

antibody (IgG) mass.
➢ Maintain a total digestible nutrients to crude protein ratio of 8:1 or lower to ensure rumen microbes 

function efficiently.
➢ Mineral Supplementation: Supplementing with trace minerals—specifically zinc, manganese, copper, 

and selenium—improves immunoglobulin concentrations in cows and calves. 



Brief summary of the impacts of vitamins, certain 
trace minerals, and phytogens on colostrum 
quality.

➢Vitamins
➢Trace minerals
➢Phytogens



Research summary of impacts of nutrition 
and feed additives on colostrum quality and 
calf health.

Vitamin D:
• 1-3 mg/d of supplemetal vitamin D (calcidiol) tended to increase colostrum yield, fat protein and total solids (Martinez et 

al., 2018; Silva et al., 2022; Poindexter et al., 2023) → Vitamin D may have direct effects on epithelial cell proliferation 
through hormonal control or calcium and substrate availability.

B vitamins (Biotin-B8, folate-B9, cobalamin-B12, and nicotinic acid-B3):
• Increased colostrum IgG concentration (Aragona et al., 2016, 2020).
• Biotin (B8) altered fatty acid composition (decreased biohydrogenation intermediates and increased certain n-6 FA C18:3, 

C20:3 and 20:4) in colostrum (Duplessis et al., 2022).

Cobalt: 
• Cobalt supplementation has been reported to increase or tended to increase colostrum and milk vitamin B12 and IgA 

concentrations (Akins et al., 2013; cofactor for methylmalonyl-CoA mutase → gluconeogenesis via propionate and 
methionine synthase → methyl transfer and protein metabolism).



Vitamin E

Dairy cattle:
• The meta-analysis 10 trials showed an effect 

size of −0.045 (P = 0.74) for IgG concentration 
in colostrum, indicating no effect of vitamin E 
supplementation or dose on colostrum IgG 
status.

• Vitamin E supplementation and dose 
improved vitamin E status in serum of calves 
but did not impact colostrum quality or IgG 
concentrations.

• However, supplementing vitamin E improved 
reproductive performance of transition cows 
and cow and calf immunity later in life.  

Beef cattle:
• Vitamin E supplementation to beef cows 60 days prior to 

calving had no impact on calf birth weight, ADG, weaning 
body weight, calf serum total IgG or cow colostrum total IgG 
at 24 h post calving. 

• Calves nursing cows supplemented with vitamin E had 
increased circulating concentrations of alpha-tocopherol at 
24 h, which appeared to continue throughout maternal 
supplementation and improved immunity later in life.



• Calves born to cows fed selenium-biofortified (3.0 
mg/hd/d vs > 27.0 mg/hd/d) alfalfa hay in the last 
trimester of pregnancy and received colostrum within 
the first 12 h of age had higher serum ovalbumin (a 
surrogate protein marker for IgG absorption) 
concentrations at 24 and 36 h of age compared to 
control calves → suggests that selenium 
supplementation to dams can improve passive transfer 
(Apperson et al.,2018). 

• Feeding selenium-biofortified hay to beef cows during 
the last 8 to 12 weeks of gestation improved selenium 
status in cows and their offspring, as well as the IgG1 
concentrations in colostrum compared to cows receiving 
control hay (Wallace et al., 2017). 

Mechanism:
• The underlying mechanism for improved passive 

transfer is unknown.
➢ Selenium has been postulated to act directly 

on intestinal epithelial cells to activate 
pinocytosis (Kamada et al., 2007).

➢ Supranutritional concentrations of Se may 
delay enterocyte replacement by a more 
mature population of intestinal epithelial 
cells, which have been shown to be incapable 
of passive transfer (Broughton et al., 1970; 
Smeaton et al., 1985).

Selenium



Vet. Sci. 2024, 11, 635. https://doi.org/10.3390/vetsci11120635

Objective: Investigate the effects of providing a vitamin and 
mineral supplement to gestating beef heifers on 
concentrations of immunoglobulins (Ig) in colostrum and calf 
serum 24 h after feeding maternal colostrum.

• Angus-based heifers (n = 31) were fed a basal diet (Control) 
or were fed a basal diet plus a vitamin and mineral 
supplement (VTM ) from breeding (Exp. 1) through calving.

• Colostrum was collected at calving, and serum was collected 
from calves 24 h after colostrum consumption to evaluate 
passive transfer. 

• No treatment impact on [IgG, IgM, or IgA] in 
colostrum or in calf serum at 24 h.

• Calves born to VTM heifers had greater 
antibody titers at birth, pasture turn out, and 
weaning to vaccine components (IBR, BVD-2, 
and BRSV), respectively. 

• These data indicate that supplementary 
vitamins and minerals to gestating beef 
heifers may be a critical factor in 
programming offspring immune system 
development.



Phytogens 





Objective: Evaluate an essential oil blend fed for growth performance and carcass characteristics to 
feedlot steers.

Treatments
1) Control: no added feed additives
2) EO: Essential oil targeted rate of 6 g/hd/d.
3) M+T+EO: Monensin, Tylosin and EO
4) M+T: Positive control
5) M+EO: Monensin and EO (no Tylosin)

• 400 steers total → with 8 weight block replicates per treatment.
• Standard high concentrate finishing diet.

Results
• EO improved receiving cattle weight gains (d 0-56). 
• EO improved dressing percentage.
• No impact on liver abscess rates.
• No impact on overall animal performance 

compared to treatments 3-5.

Phytogens as an alternative to antibiotics



Phytogens: Pre- and post-calving in beef cattle

Conducted at South Dakota State University

• 23 Angus-based 3 yr. old cows (532 kg.)

• Group housed in a dry-lot pen

• Corn silage/grass hay/DDGS ration fed @ 2% BW (DMB)

• 3 treatments fed 30 d pre-calving to 60 d post-calving
• Control: No added FA
• 250: PHYT06 @ 250 mg/hd/d
• 500: PHYT06 @ 500 mg/hd/d

• PHYTO06: formulated blend of turmeric, capsicum, 
and black pepper extract

Jordan et al., 2025
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Phytogens: Pre- and post-calving in beef cattle

Jordan et al., 2025

Treatments P-value

Item CON PHYT250 PHYT500 SEM Linear Quadratic

Fat, % 3.29b 4.23a 4.17a 0.29 0.05 0.19

Protein, % 7.80 7.33 8.24 0.34 0.36 0.09

MUN, mg/100g 4.51 5.84 4.58 0.87 0.96 0.21

Other solids, % 4.71 4.60 4.52 0.09 0.16 0.89

Lactose, % 3.66 3.57 3.48 0.10 0.21 0.96

Total colostrum, ml 1441.43 1281.25 1683.75 243.73 0.48 0.33

Colostrum composition and volume



Treatments P-value

Item CON PHYT250 PHYT500 SEM Linear Quadratic

Fat, % 3.84 4.05 4.71 0.35 0.07 0.56

Protein, % 3.36 3.45 3.36 0.07 0.95 0.29

MUN, mg/100g 16.92 16.23 14.99 0.73 0.06 0.73

Other solids, % 5.27 5.23 5.18 0.11 0.55 0.97

Lactose, % 4.35 4.31 4.28 0.12 0.67 0.96

Total milk, ml 4639.44 5616.67 5564.58 426.86 0.12 0.28

Milk composition and volume

Jordan et al., 2025

Phytogens: Pre- and post-calving in beef cattle



Jordan et al., 2025

Phytogens: Pre- and post-calving in beef cattle
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Colostrum IgM 
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• Increased doses of Fytera Lacteco resulted in a linear increase in fat of colostrum 
and IgA in calf serum.

• Increased doses of Fytera Lacteco tended to linearly increase IgM in colostrum, 
concentrations of fat in milk as well as total milk. 

• A quadratic response was observed for calf ADG (p = 0.03), where CON (0.99 ± 
0.03 kg/d) was less than PHYT250 (1.10 ± 0.03 kg/d), and intermediate values 
were observed for PHYT500 (1.01 ± 0.03 kg/d).

Summary



• Why the variation in the literature around the impact of minerals, 
vitamins, and phytogens on production, immunity, and colostrum 
quality? 

• Source, quality, composition and external factors (e.g., cattle breed, 
environmental and dietary factors, etc.).

• Interface between passive, innate, and active immunity.
• IgG, IgA, IgM and other bioactive components?

Future Opportunities:
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