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Introduction 
 

Ingestion of an adequate volume of high-quality colostrum is essential for the 
growth and health of newborn calves (Godden et al., 2019). Colostrum quality and yield 
have been reported to vary by cow, month of calving, and season (Conneely et al., 
2013, Gavin et al., 2018, Borchardt et al., 2022); however, the mechanisms regulating 
colostrum production in dairy cattle remain poorly understood. Cows entering parity ≥ 3 
are reported to have higher immunoglobulin G (IgG) concentration compared to cows in 
parity 1 or 2 (Bartier et al., 2015). Shortening the dry period does not appear to affect 
colostrum quality but reduction in colostrum yield has been reported (Mansfeld et al., 
2012, Mayasari et al., 2015, O'Hara et al., 2019). Maximum temperature humidity index 
(THI) and photoperiod (Gavin et al., 2018) as well as season (Conneely et al., 2013, 
Borchardt et al., 2022) have been associated with changes in colostrum production and 
quality. Other studies, however, have shown colostrum quality not to be associated with 
season or month of calving (Pritchett et al., 1991, Bartier et al., 2015, Dunn et al., 2017). 
In addition, experimental manipulation of the photoperiod during the dry period did not 
affect colostrum yield or IgG concentration (Morin et al., 2010).  
  

Prepartum nutrition and management affect postpartum health and production 
(Van Saun and Sniffen, 2014, Cardoso et al., 2020), yet we lack knowledge of the 
influence of these nutritional and management strategies on colostrum yield and Brix %. 
Feeding a controlled energy or low starch prepartum diet has been reported to increase 
colostrum IgG concentration and numerically decrease colostrum yield (Mann et al., 
2016, Fischer-Tlustos et al., 2021). Altering prepartum protein supply does not appear 
to affect colostrum yield or IgG concentration in beef and dairy cattle (Farahani et al., 
2017, Farahani et al., 2019, Hare et al., 2019). Previous authors reported DCAD does 
not influence IgG concentration; however, results on colostrum yield are mixed (Weich 
et al., 2013, Martinez et al., 2018, Graef et al., 2021). Additionally, colostrum yield has 
been weakly positively correlated with postpartum BHB at 1 and 7 DIM (r = 0.19 and 
0.16), respectively (Sawall and Litherland, 2013). There is a lack of data available to 
understand variables that are associated with colostrum production in herds with 
management systems typical to commercial dairies in the United States.  
 
 We hypothesized that colostrum yield and Brix % are associated with cow, farm 
management, nutritional, and environmental factors. Our objectives of this work 
performed on NY Holstein dairy farms were to 1) describe colostrum production and 2) 
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identify individual cow, herd management, nutritional, and environmental factors 
associated with colostrum production. 
 

Materials and Methods 
 

Farm selection, enrollment, and data collection 
 

A list of farm contacts was compiled by the investigators based on previous NY 
statewide research projects, as well as by contacting NY veterinarians and nutritionists. 
Inclusion criteria included: 1) ability to collect and record individual colostrum weight or 
volume and a composite sample Brix % reading, 2) minimum herd size of 500 lactating 
Holstein cows, 3) use of dairy management software DairyComp 305 (DC305, Valley Ag 
Software), and 4) heifer calves housed on site for at least the first week of life. During 
an enrollment period, owners or herd managers were asked, by phone or email, if the 
farm met the inclusion criteria and if they were interested in participating in the study. At 
the end of the enrollment period, a convenience sample of 19 New York Holstein dairy 
farms were included in this observational study between October 2019 and February 
2021.  

 
Farm personnel harvested individual cow colostrum according to existing farm 

protocols. Colostrum yield was either collected as a volume or as a weight. Weight was 
measured on a digital scale and volume was determined using volume markers on 
commercial bottles or milking buckets. For farms choosing to collect colostrum yield in 
weight (n = 15), colostrum collection buckets were labeled, and empty weights were 
recorded for each bucket. Farm personnel were then instructed to record the bucket ID 
and the total weight of the colostrum bucket such that the colostrum yield could be 
calculated. A digital Brix refractometer was used for composite sample Brix % reading. 
Colostrum record binders were provided to each farm to record cow ID, date and time of 
colostrum harvest, bucket ID, colostrum yield, Brix %, notes, and the initials of the 
individual responsible for colostrum collection. Final colostrum yield was calculated by 
subtracting the recorded weight of the bucket from the total weight. For farms collecting 
colostrum yield as volume (n = 4), farm personnel recorded volume in pints or liters. 
Colostrum volume was converted to liters then to weight using the equations 𝐿 =
𝑃 𝑥 2.1134 and 𝑘𝑔 = 𝐿 𝑥 1.0524, where L = colostrum volume in liters, P = colostrum 
volume in pints, kg = colostrum weight in kilograms, and 1.0524 as the density of 
Holstein colostrum (Morin et al., 2001). 
 

Two environmental data loggers measuring light intensity (Lum/ft2) and ambient 
temperature/relative humidity (HOBO Models MX2202/MX2301A, respectively, Onset 
Computer Corp.) were mounted facing the length of the barn, approximately 3 m above 
ground, directly above the resting area in the close-up dry cow pen at each farm. Light 
intensity and temperature/relative humidity were recorded in 15- and 30-min intervals 
during the entire study period, respectively. Temperature-humidity index (THI) and Lux 
were calculated for heat and humidity exposure and light intensity, respectively. 
 



Farms were visited 4 times, approximately 3 months apart, during the data 
collection period. At each visit, colostrum records and a DC305 backup was collected. 
Diets fed to animals from -60 to 0 d relative to parturition were evaluated for particle size 
using a Penn State Particle Separator (PSPS) and submitted to a commercial laboratory 
(Dairy One Cooperative Inc.) for analysis of chemical composition by near-infrared 
reflectance spectroscopy and wet chemistry analysis of minerals. Physically effective 
NDF (peNDF) was calculated by multiplying diet aNDF (% of DM) by the proportion of 
the diet ≥ 4 mm. Stocking density was recorded for the far-off and close-up pens as the 
number of cows in the pen divided by the number of useable stalls or by 9.3 m2 of lying 
space in a bedded pack (Nordlund, 2009). Blood samples were collected from a 
convenience sample of 8 primiparous and 16 multiparous postpartum cows (3-14 DIM) 
to determine BHB concentrations on a handheld meter (Nova Biomedical).  
 
Analytical Approach 
 

For primiparous cows, animal-level variables considered for associations with 
colostrum yield and Brix % included sex of the calf, age at first calving, whether the calf 
was a stillbirth (defined as DC305 code “dead on arrival” (DOA)), colostrum yield and 
Brix %, gestation length, heat and humidity exposure, and light intensity. For 
multiparous cows, animal-level variables included in univariable screening for 
associations with colostrum yield and Brix % included sex of the calf, whether the calf 
was a stillbirth, parity, colostrum yield and Brix %, gestation length, days dry, heat and 
humidity exposure, light intensity, and previous lactation length and 305ME. Close-up 
pen-level variables evaluated for associations with colostrum yield and Brix % included 
pen stocking density, proportion of fresh cows with BHB ≥ 1.2 mmol/L, if the pen housed 
primiparous and multiparous cows, parity (1 vs ≥ 2), and diet starch, aNDF, crude 
protein, DCAD, peNDF, and proportion of the diet in ≥ 19-mm sieve of the PSPS.  
 

Continuous variables were first assessed for a linear relationship with colostrum 
yield and Brix %, respectively. If the assumption of a linear relationship was not fulfilled 
(defined as an absolute correlation coefficient ≥ 0.20), variables were categorized for 
subsequent analysis. Individual cow records with a recorded gestation length greater or 
less than 15 d of the mean were removed to limit inclusion of animals with incorrect 
records of breeding dates or abortions (Norman et al., 2009). Gestation length was 
categorized for both primiparous (PP) and multiparous (MP) into 3 categories: short 
(PP=261-271, MP=263-273 d), normal (PP=272-280, MP=274-282 d), or long (PP=281-
291, MP=283-293 d). Brix % was grouped into 4 categories: ≤ 22.0, 22.1-24.4, 24.5-
27.0, and > 27.0%. Colostrum yield was dichotomized at < 6 and ≥ 6 kg as the amount 
of colostrum needed for two colostrum feedings (3.78 and 1.89 L at first and second 
feeding). Age at first calving and dry period length were grouped into 3 categories: (≤ 
20, 21-24, > 24) m and (< 47, 47-67, > 67) d, respectively. Quartiles 1 and 3 were used 
as cut points for 3 categories of previous lactation length (< 297, 297-344, > 344) d and 
previous lactation 305ME (≤ 13,090, 13091-15,862, > 15,862) kg. Due to fewer animals 
entering parities 6 to 10 they were grouped together resulting in parity categories 1, 2, 
3, 4, or ≥ 5 (5+). Given the low number of twin calvings, twins were not further 
categorized by sex, resulting in the three calf categories singleton female, singleton 

For primiparous cows, animal-level variables considered for associations with colostrum yield and Brix % included sex of 
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period length were grouped into 3 categories: (less than or equal to 20, 21-24,  greater than 24) m and (less than 47, 
47-67, greater than 67) d, respectively. Quartiles 1 and 3 were used as cut points for 3 categories of previous lactation 
length ( less than 297, 297-344, greater than 344) d and previous lactation 305ME (less than or equal to 13,090, 
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resulting in parity categories 1, 2, 3, 4, or greater than or equal to 5 (5+). Given the low number of twin calvings, 
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male, or twins. Pen stocking density, proportion of fresh cows with BHB ≥ 1.2 mmol/L, 
and proportion of the diet in ≥ 19-mm sieve in the PSPS were grouped into 4 categories: 
(≤ 80, 81-100, 101-120, > 120) %, (≤ 5.0, 5.1-10.0, 10.1-15.0, > 15.0) %, and (≤ 11.2, 
11.3-15.2, 15.3-19.1, > 19.1) %, respectively. Diet composition was categorized for 
starch (≤ 18.5, 18.6-22.5, > 22.5) % of DM, aNDF (≤ 39.0, 39.1-43.5, > 43.5) % of DM, 
crude protein (≤ 13.5, 13.6-15.5, > 15.5) % of DM, DCAD (≤ -16.0, -15.9 to -8.0, > -8.0) 
mEq/100g, and peNDF (≤ 27.0, 27.1-32.0, > 32.0). 
 

To account for the total exposure to light intensity (lux), as well as heat and 
humidity exposure (THI) during the close-up period, total area under the curve (AUC) 
was calculated separately for 5 different periods in the last 3 wk of the prepartum 
period: -21 to -1, -14 to -1, -21 to -15, -14 to -8, and -7 to -1 d relative to calving. Light 
intensity AUC was categorized into 3 groups using quartiles 1 and 3 as cut points for 
each prepartum period. Heat and humidity exposure (THI) AUC was categorized for 
each prepartum period for an average THI per 30-m interval of ≤ 40.2, 40.3-50.1, 50.2-
60.0, 60.1-69.2, and > 69.2. To prevent multicollinearity, each prepartum period was 
screened in univariable models with dependent variables colostrum yield and Brix %. 
The prepartum period with the lowest Akaike information criterion (AIC) was then 
selected for further analysis.  
 

Following univariable screening, animal-level mixed effects multivariable models 
were generated in PROC MIXED (SAS 9.4, SAS Institute Inc.), for the following four 
outcomes of interest: colostrum yield from primiparous cows, Brix % from primiparous 
cows, colostrum yield from multiparous cows, and Brix % from multiparous cows. All 
mixed models included the random effects of herd and month of calving. All variables 
with P ≤ 0.10 in univariable screening were included in the initial multivariable model. 
Stepwise manual backwards elimination was used until a final model was defined as all 
remaining variables having P < 0.05. Biologically plausible 2-way interactions were then 
tested and retained in the model if P < 0.05. Tukey’s post hoc test was used to adjust 
pairwise comparisons for the number of multiple comparisons. Data reported as least 
squares means (LSM) and 95 % confidence interval where different superscripts differ 
(P < 0.05; Tukey’s test). 
 

For pen-level analysis, mixed effects multivariable models with repeated 
measures were generated using PROC MIXED (SAS v. 9.4) for the outcome variables 
colostrum yield and Brix %. Explanatory variables were applied to all animals calving ± 
14 d of the farm visit. Models included the repeated effect of visit, subject of farm, and 
the random effects of month of calving and month of visit. Far-off pen stocking density, if 
the pen housed primiparous and multiparous cows, and far-off diet starch, crude 
protein, aNDF, DCAD, peNDF, and proportion of the diet in the ≥ 19-mm sieve of the 
PSPS were included as covariates. Variables with P ≤ 0.20 in univariable screening 
entered the initial multivariable model. Stepwise manual backwards elimination was 
used until all remaining variables had P ≤ 0.05. Biologically plausible 2-way interactions 
were then tested and retained in the model if P < 0.05.  
 

 

male, or twins. Pen stocking density, proportion of fresh cows with BHB greater than or equal to 1.2 mmol/L, and proportion of the diet in greater 
than or equal to 19-mm sieve in the PSPS were grouped into 4 categories: (less than or equal to 80, 81-100, 101-120, greater than 120) 
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3 as cut points for each prepartum period. Heat and humidity exposure (THI) AUC was categorized 
for each prepartum period for an average THI per 30-m interval of less than or equal to 40.2, 
40.3-50.1, 50.2- 60.0, 60.1-69.2, and greater than 69.2. To prevent multicollinearity, each prepartum 
period was screened in univariable models with dependent variables colostrum yield and Brix 
%. The prepartum period with the lowest Akaike information criterion (AIC) was then selected for 
further analysis.

Following univariable screening, animal-level mixed effects multivariable models were generated in PROC 
MIXED (SAS 9.4, SAS Institute Inc.), for the following four outcomes of interest: colostrum yield 
from primiparous cows, Brix % from primiparous cows, colostrum yield from multiparous cows, and 
Brix % from multiparous cows. All mixed models included the random effects of herd and month of 
calving. All variables with P less than or equal to 0.10 in univariable screening were included in the initial 
multivariable model. Stepwise manual backwards elimination was used until a final model was defined 
as all remaining variables having P less than 0.05. Biologically plausible 2-way interactions were 
then tested and retained in the model if P less than 0.05. Tukey�s post hoc test was used to adjust 
pairwise comparisons for the number of multiple comparisons. Data reported as least squares means 
(LSM) and 95 % confidence interval where different superscripts differ (P less than 0.05; Tukey�s 
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For pen-level analysis, mixed effects multivariable models with repeated measures were generated using 
PROC MIXED (SAS v. 9.4) for the outcome variables colostrum yield and Brix %. Explanatory variables 
were applied to all animals calving plus or minus 14 d of the farm visit. Models included the repeated 
effect of visit, subject of farm, and the random effects of month of calving and month of visit. Far-off 
pen stocking density, if the pen housed primiparous and multiparous cows, and far-off diet starch, 
crude protein, aNDF, DCAD, peNDF, and proportion of the diet in the greater than or equal to 19-mm 
sieve of the PSPS were included as covariates. Variables with P less than or equal to 0.20 in univariable 
screening entered the initial multivariable model. Stepwise manual backwards elimination was 
used until all remaining variables had P less than or equal to 0.05. Biologically plausible 2-way interactions 
were then tested and retained in the model if P less than 0.05.



Results 
 
 Monthly colostrum yield from 5,790 primiparous and 12,553 multiparous cows is 
illustrated in Figure 1. Median (range) colostrum yield was 4.1 (0.1-38.6) kg for 
primiparous and 5.0 (0.1-43.8) kg for multiparous cows. Average (± SD) colostrum Brix 
% was 24.6 ± 3.9 and 25.7 ± 4.4 for primiparous and multiparous cows, respectively.   
 

 
Figure 1. Box and whisker plot of monthly colostrum yield (kg) from 5,790 primiparous 
and 12,553 multiparous Holstein cows from 18 NY farms.  
 
Animal-level analysis 
 
 A total of 5,790 primiparous cows from 18 NY farms were included in the final 
analysis. Colostrum yield from primiparous cows was associated with sex of the calf (P 
< 0.01) and categorized colostrum Brix % (P < 0.01). Colostrum yield, LSM (95 % CI), 
for twin, bull, and heifer calves were 4.9 (3.7-6.4)xy, 4.1 (3.5-4.8)x, and 3.9 (3.4-4.5)y kg, 
respectively. Colostrum yield for categorized colostrum Brix % ≤ 22.0, 22.1-24.4, 24.5-
27.0, and > 27.0 % were 3.9 (3.3-4.6)z, 4.5 (3.8-5.3)xy, 4.5 (3.8-5.3)x, and 4.2 (3.6-5.0)y 
kg, respectively. Colostrum Brix % from primiparous cows was associated with sex of 
the calf (P < 0.01), whether the calf was a stillbirth (P = 0.01), and categorized light 
intensity AUC 14 d before calving (P = 0.01). Colostrum Brix % for twin, bull and heifer 
calves were 25.2 (23.7-26.7)xy, 24.6 (23.8-25.5)x, and 24.2 (23.4-25.1)y %, respectively. 
A dead calf was associated with a lower Brix % compared to an alive calf [24.4 (23.4-
25.4) vs. 25.0 (24.1-25.9) %; P = 0.01], respectively. Brix % for an average light 
intensity per 15-min interval 14-d before calving of ≤ 64.0, 64.1-154.2, and >154.2 lux 
were 25.0 (24.0-25.9)x, 24.5 (23.6-25.5)y, and 24.6 (23.6-25.5)xy %, respectively.   
 

Monthly colostrum yield from 5,790 primiparous and 12,553 multiparous cows is illustrated in Figure 1. Median (range) colostrum 
yield was 4.1 (0.1-38.6) kg for primiparous and 5.0 (0.1-43.8) kg for multiparous cows. Average (plus or minus 
SD) colostrum Brix % was 24.6 plus or minus 3.9 and 25.7 plus or minus 4.4 for primiparous and multiparous cows, 
respectively.

A total of 5,790 primiparous cows from 18 NY farms were included in the final analysis. Colostrum yield from primiparous cows 
was associated with sex of the calf (P less than 0.01) and categorized colostrum Brix % (P less than 0.01). Colostrum 
yield, LSM (95 % CI), for twin, bull, and heifer calves were 4.9 (3.7-6.4)xy, 4.1 (3.5-4.8)x, and 3.9 (3.4-4.5)y kg, 
respectively. Colostrum yield for categorized colostrum Brix % less than or equal to 22.0, 22.1-24.4, 24.5- 27.0, and greater 
than 27.0 % were 3.9 (3.3-4.6)z, 4.5 (3.8-5.3)xy, 4.5 (3.8-5.3)x, and 4.2 (3.6-5.0)y kg, respectively. Colostrum Brix 
% from primiparous cows was associated with sex of the calf (P less than 0.01), whether the calf was a stillbirth (P = 0.01), 
and categorized light intensity AUC 14 d before calving (P = 0.01). Colostrum Brix % for twin, bull and heifer calves 
were 25.2 (23.7-26.7)xy, 24.6 (23.8-25.5)x, and 24.2 (23.4-25.1)y %, respectively. A dead calf was associated with 
a lower Brix % compared to an alive calf [24.4 (23.4- 25.4) vs. 25.0 (24.1-25.9) %; P = 0.01], respectively. Brix % for an 
average light intensity per 15-min interval 14-d before calving of less than or equal to 64.0, 64.1-154.2, and greater than 
154.2 lux were 25.0 (24.0-25.9)x, 24.5 (23.6-25.5)y, and 24.6 (23.6-25.5)xy %, respectively.



Final mixed effects multivariable models for variables associated with colostrum 
yield and Brix % from 12,553 multiparous cows are reported in Table 1. Colostrum yield 
from multiparous cows was associated with sex of the calf (P < 0.01), whether the calf 
was a stillbirth (P < 0.01), parity (P < 0.01), categorized colostrum Brix % (P < 0.01), dry 
period length (P < 0.01), previous lactation 305ME (P < 0.01), gestation length (P < 
0.01), previous lactation length (P < 0.01), heat and humidity exposure AUC 7 d before 
calving (P < 0.01), and light intensity AUC 14 d before calving (P = 0.01). Greater 
colostrum yields were associated with 2nd parity, twins, alive calves, and increasing dry 
period and gestation length categories. Colostrum Brix % from multiparous cows was 
associated with whether the calf was a stillbirth (P < 0.01), parity (P < 0.01), heat and 
humidity exposure AUC 7 d before calving (P < 0.01), dry period length (P < 0.01), 
previous lactation 305ME (P < 0.01), gestation length (P = 0.01), and colostrum yield (P 
< 0.01). Brix % was lowest in 2nd parity, with colostrum yield ≥ 6 kg, and with a dry 
period ≤ 67 d. 
 
Table 1. Mixed effects multivariable models for variables associated with colostrum yield 
(kg) and Brix % in Holstein multiparous (n = 12,553) cows from 18 NY farms. 
  Colostrum yield (kg)1 Colostrum Brix % 
 Variable LSM (95% CI)2 P LSM (95% CI)2 P 
Colostrum yield (kg)    <0.01 

<6   26.7 (25.9-27.5)a  
≥6   25.1 (24.3-25.9)b  

Brix % 
 

<0.01   
≤22 6.0 (5.3-6.8)a 

   

22.1-24.4 5.7 (5.0-6.5)b 
   

24.5-27 5.0 (4.4-5.7)c 
   

≥27 4.1 (3.6-4.6)d 
   

Calf Sex 
 

<0.01   
Female 4.6 (4.0-5.2)c 

   

Male 5.0 (4.4-5.7)b 
   

Twin 6.0 (5.2-7.8)a 
   

Dry period length (d) 
 

<0.01  <0.01 
<47 4.2 (3.7-4.7)c 

 
25.6 (24.7-26.4)b  

47-67 5.1 (4.5-5.7)b 
 

25.7 (24.9-26.5)b  
>67 6.5 (5.7-7.4)a 

 
26.4 (25.6-27.3)a  

Prev. lactation 305ME (kg) 
 

<0.01  <0.01 
≤13,090 4.9 (4.4-5.6)b 

 
26.0 (25.2-26.9)a  

13,091-15,862 5.2 (4.6-5.9)a 
 

25.9 (25.1-26.8)a  
>15,862 5.3 (4.7-6.0)a 

 
25.7 (24.9-26.5)b  

Gestation length (d) 
 

<0.01  0.01 
263-273 4.8 (4.2-5.4)c 

 
25.8 (25.0-26.7)ab  

274-282 5.2 (4.6-5.8)b 
 

26.0 (25.2-26.9)a  
283-293 5.5 (4.9-6.3)a 

 
25.8 (25.0-26.6)b  

Stillbirth 
 

<0.01  <0.01 
Alive 5.5 (4.9-6.1)a 

 
26.2 (25.4-27.0)a  

Dead 4.9 (4.2-5.6)b 
 

25.6 (24.6-26.5)b  

Final mixed effects multivariable models for variables associated with colostrum yield and Brix % from 12,553 multiparous 
cows are reported in Table 1. Colostrum yield from multiparous cows was associated with sex of the calf (P less 
than 0.01), whether the calf was a stillbirth (P less than 0.01), parity (P less than 0.01), categorized colostrum Brix % (P 
less than 0.01), dry period length (P less than 0.01), previous lactation 305ME (P less than 0.01), gestation length (P less 
than 0.01), previous lactation length (P less than 0.01), heat and humidity exposure AUC 7 d before calving (P less than 
0.01), and light intensity AUC 14 d before calving (P = 0.01). Greater colostrum yields were associated with 2nd parity, 
twins, alive calves, and increasing dry period and gestation length categories. Colostrum Brix % from multiparous cows 
was associated with whether the calf was a stillbirth (P less than 0.01), parity (P less than 0.01), heat and humidity exposure 
AUC 7 d before calving (P less than 0.01), dry period length (P less than 0.01), previous lactation 305ME (P less 
than 0.01), gestation length (P = 0.01), and colostrum yield (P less than 0.01). Brix % was lowest in 2nd parity, with colostrum 
yield greater than or equal to 6 kg, and with a dry period less than or equal to 67 d.

LSM (95% CI) (see endnote 
2 on page 7)

LSM (95% CI) (see endnote 
2 on page 7) less than 0.01

less than 6
greater than or equal to 6

less than 0.01
less than or equal to 22

greater than or equal to 27
less than 0.01

less than 0.01 less than 0.01
less than 47

greater than 67
less than 0.01 less than 0.01

less than or equal to 13,090

greater than 15,862
less than 0.01

less than 0.01 less than 0.01



Prev. lactation length (d) 
 

<0.01   
<297 4.9 (4.3-5.5)b 

   

297-344 5.0 (4.4-5.7)b 
   

>344 5.6 (4.9-6.3)a 
   

Parity 
 

<0.01  <0.01 
2 5.4 (4.8-6.2)a 

 
24.4 (23.6-25.2)d  

3 5.2 (4.6-5.9)b 
 

25.6 (24.7-26.4)c  
4 4.9 (4.3-5.5)c 

 
26.3 (25.5-27.2)b  

5+ 5.0 (4.4-5.7)bc  
 

27.3 (26.4-28.1)a  
Heat and humidity exposure 
AUC 7 d before calving 
(Average THI per 30 min 
interval)3 

 

<0.01  <0.01 

≤40.2 4.7 (4.1-5.4)c 
 

26.3 (25.5-27.2)a  
40.3-50.1 4.9 (4.3-5.5)c 

 
26.2 (25.4-27.0)a  

50.2-60.0 5.1 (4.5-5.8)bc 
 

25.7 (24.9-26.6)b  
60.1-69.2 5.4 (4.7-6.1)ab 

 
25.7 (24.9-26.6)ab  

>69.2 5.7 (5.0-6.5)a 
 

25.5 (24.6-26.3)b  
Light intensity AUC 14 d before 
calving (Average Lux per 15 
min interval)4 

 

0.01   

≤64.0 5.0 (4.4-5.7)ab 
   

64.1-154.2 5.0 (4.5-5.7)b 
   

>154.2 5.4 (4.7-6.1)a     
1Data natural logarithm transformed before analysis. Reported as back-transformed LSM (95% CI). 
2LSM (95% CI) with different superscripts differ (P < 0.05; Tukey’s test). Model included random effects of 
herd and month of calving. 
3Area under the curve (AUC) was calculated for temperature-humidity index (THI) 7 d before calving in 30-
min intervals. THI was collected from the close-up dry cow pen at each farm.  
4Area under the curve (AUC) was calculated for light intensity (Lux) 14 d before calving in 15-min intervals. 
Lux was collected from the close-up dry cow pen at each farm. 

 
Pen-level analysis 
 
 Cows (n=4,396) from 17 farms were included in the pen-level analysis. Variables 
associated with colostrum yield and Brix % are reported in Table 2. Colostrum yield was 
associated with diet starch (P = 0.01), peNDF (P = 0.04), proportion of the diet in ≥ 19-
mm sieve of the PSPS (P < 0.01), crude protein (P < 0.01), DCAD (P = 0.03), proportion 
of fresh cows with BHB ≥ 1.2 mmol/L (P < 0.01), and parity (P < 0.01). Colostrum yield 
was numerically lowest in 1st parity, and with diet starch ≤ 18.5 % of DM, and peNDF ≤ 
27.0. Colostrum Brix % was associated with diet starch (P < 0.01), peNDF (P < 0.01), 
DCAD (P < 0.01), stocking density (P < 0.01), and parity (P < 0.01). Colostrum Brix % 
was numerically greatest with diet starch ≤ 18.5 % of DM, stocking density ≤ 80.0 %, 
and in 2nd or greater parity. 
 

less than 0.01

less than 297

greater than 344
less than 0.01 less than 0.01

Heat and humidity exposure AUC 7 d before 
calving (Average THI per 30 min interval) 
(see endnote 3 on page 7)

less than 0.01 less than 0.01

less than or equal to 40.2

greater than 69.2
Light intensity AUC 14 d before calving (Average 
Lux per 15 min interval) (see endnote 
4 on page 7)
less than or equal to 64.0

greater than 154.2

Endnote 1. Data natural logarithm transformed before analysis. Reported as back-transformed LSM (95% CI).

Endnote 2. LSM (95% CI) with different superscripts differ (P less than 0.05; Tukey�s test). Model included random effects of herd and month of 
calving.

Endnote 3. Area under the curve (AUC) was calculated for temperature-humidity index (THI) 7 d before calving in 30- min intervals. THI was collected 
from the close-up dry cow pen at each farm.

Endnote 4. Area under the curve (AUC) was calculated for light intensity (Lux) 14 d before calving in 15-min intervals. Lux 
was collected from the close-up dry cow pen at each farm.

Cows (n=4,396) from 17 farms were included in the pen-level analysis. Variables associated with colostrum yield and Brix % 
are reported in Table 2. Colostrum yield was associated with diet starch (P = 0.01), peNDF (P = 0.04), proportion of the diet 
in greater than or equal to 19- mm sieve of the PSPS (P less than 0.01), crude protein (P less than 0.01), DCAD (P = 0.03), 
proportion of fresh cows with BHB greater than or equal to 1.2 mmol/L (P less than 0.01), and parity (P less than 0.01). 
Colostrum yield was numerically lowest in 1st parity, and with diet starch less than or equal to 18.5 % of DM, and peNDF 
less than or equal to 27.0. Colostrum Brix % was associated with diet starch (P less than 0.01), peNDF (P less than 
0.01), DCAD (P less than 0.01), stocking density (P less than 0.01), and parity (P less than 0.01). Colostrum Brix % was 
numerically greatest with diet starch less than or equal to 18.5 % of DM, stocking density less than equal to 80.0 %, and 
in 2nd or greater parity.



Table 2. Mixed effects multivariable models for close-up diet and pen level variables 
associated with colostrum yield and Brix % in Holstein cows (n=4,396) from 17 NY 
farms.  
  Colostrum yield (kg)1 Colostrum Brix %2 

Variable LSM (95% CI)3 P LSM (95% CI)3 P 
Starch (% of DM)  0.01  < 0.01 
≤ 18.5 4.0 (3.3-4.8)b  26.5 (25.5-27.6)a  
18.6-22.5 4.7 (4.0-5.6)a  25.2 (24.2-26.1)b  
> 22.5 4.3 (3.5-5.2)ab  24.9 (23.8-25.9)b  
peNDF4  0.04  < 0.01 
≤ 27.0 3.9 (3.3-4.7)b  25.4 (24.4-26.5)ab  
27.1-32.0 4.5 (3.8-5.3)a  26.0 (25.0-26.9)a  
> 32.0 4.6 (3.8-5.5)ab  25.2 (24.1-26.2)b  
19 mm PSPS (% AF)5  < 0.01   
≤ 11.2 4.4 (3.6-5.4)ab    
11.3-15.2 4.8 (4.0-5.7)a    
15.3-19.1 3.9 (3.3-4.7)b    
> 19.1 4.2 (3.5-5.0)ab    
Crude protein (% of DM)  < 0.01   
≤ 13.5 4.3 (3.6-5.2)b    
13.6-15.5 5.0 (4.2-5.9)a    
> 15.5 3.7 (3.1-4.5)b    
DCAD (mEq/100g)  0.03  < 0.01 
≤ -16.0 4.1 (3.4-5.0)ab  25.0 (24.0-26.1)b  
-15.9 to -8.0 4.1 (3.4-4.8)b  26.0 (25.1-27.0)a  
> -8.0 4.8 (4.0-5.8)a  25.5 (24.5-26.5)ab  
BHB ≥ 1.2 mmol/L (%)6  < 0.01   
≤ 5.0 4.0 (3.3-4.7)b    
5.1-10.0 4.0 (3.3-4.8)b    
10.1-15.0 5.0 (4.1-6.0)a    
> 15.0 4.4 (3.6-5.4)ab    
Stocking density (%)7    < 0.01 
≤ 80   26.1 (25.1-27.2)a  
81-100   25.2 (24.3-26.2)bc  
101-120   24.8 (23.7-25.8)b  
> 120   25.9 (24.8-27.1)ac  
Parity  < 0.01  < 0.01 
1 4.1 (3.4-4.8)b  24.8 (23.9-25.8)b  
2+ 4.6 (3.9-5.4)a   26.2 (25.2-27.1)a   
1Data natural logarithm transformed before analysis. Reported as back-transformed LSM (95% CI). 
2Colostrum yield was included as a covariate. 
3LSM (95% CI) with different superscripts differ (P < 0.05; Tukey’s test). Model included random effects of 
month of calving and month of farm visit with a repeated effect of farm visit with subject of farm. Far-off pen 
level variables stocking density, percent of diet in the 19 mm sieve of the Penn State Particle Separator, if 
the pen housed primiparous and multiparous cows, and far-off diet starch, aNDF, crude protein, DCAD, 
and peNDF were included as covariates.  
4Physically effective NDF calculated by multiplying diet aNDF by percent of diet ≥ 4 mm. 
5Percent of diet in the 19 mm sieve of the Penn State Particle Separator. 

Colostrum yield (kg) (see endnote 1 on page 
8)

Colostrum Brix % (see endnote 2 on page 
8)LSM (95% CI) (see endnote 

3 on page 8)
LSM (95% CI) (see endnote 
3 on page 8)

less than or equal to 18.5

greater than 22.5
peNDF (see endnote 4 on page 8) less than 0.01
less than or equal to 27.0

greater than 32.0
19 mm PSPS (% AF) (see endnote 5 on 
page 8)

less than 0.01
less than or equal to 11.2

greater than 19.1
less than 0.01

less than or equal to 13.5

greater than 15.5
less than 0.01

less than or equal to -16.0

greater than -8.0
BHB e 1.2 mmol/L (%) (see endnote 6 on 
page 9)

less than 0.01
less than or equal to 5.0

greater than 15.0
Stocking density (%) (see endnote 7 on 
page 9)

less than 0.01
less than or equal to 80

greater than 120
less than 0.01 less than 0.01

Endnote 1. Data natural logarithm transformed before analysis. Reported as back-transformed LSM (95% CI).

Endnote 2. Colostrum yield was included as a covariate.

Endnote 3. LSM (95% CI) with different superscripts differ (P less than 0.05; Tukey�s test). Model included random effects of month of calving and 
month of farm visit with a repeated effect of farm visit with subject of farm. Far-off pen level variables stocking density, percent of diet in the 19 
mm sieve of the Penn State Particle Separator, if the pen housed primiparous and multiparous cows, and far-off diet starch, aNDF, crude protein, 
DCAD, and peNDF were included as covariates.

Endnote 4. Physically effective NDF calculated by multiplying diet aNDF by percent of diet greater than 4 mm.
Endnote 5. Percent of diet in the 19 mm sieve of the Penn State Particle Separator.



6Percent of fresh cows (3-14 DIM) with BHB ≥ 1.2 mmol/L. 
7Stocking density calculated by dividing number of cows by number of usable stalls or 9.3 m2 of lying space 
in the pen during the farm visit.  

 
Conclusions and Implications 

 
 Colostrum yield and Brix % were associated with cow, farm management, 
nutritional, and prepartum environmental factors. Although future studies are needed to 
determine the cause-effect relationship between the observed variables that were 
associated with changes in colostrum yield and Brix %, recognizing these factors 
associated with colostrum production remains a strategic opportunity to review current 
nutritional and management practices on farms struggling with period of low colostrum 
supply. In agreement with other authors (Mansfeld et al., 2012, Mayasari et al., 2015, 
O'Hara et al., 2019), these data suggest colostrum yield is reduced when shortening the 
dry period. Our results support a numerical decrease in colostrum yield when feeding 
low starch prepartum diets reported previously (Mann et al., 2016). Additionally, other 
nutritional and management variables associated with colostrum production should be 
considered.  
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