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Peripheral blood mononuclear cell mitochondrial enzyme activity
in calves is associated with average daily gain, reproductive
outcomes, lactation performance, and survival

A. M. Niesen* ® and H. A. Rossow*'

*Department of Population Health and Reproduction, University of California, Davis, CA 95616

ABSTRACT

Mitochondria are central to metabolism and are
the primary energy producers for all biosynthesis.
The objective of this study was to determine if the
mitochondrial enzyme activity of peripheral blood
mononuclear cells in heifers were associated with ADG,
reproductive outcomes, first lactation milk production
and survival. Twenty-three Holstein and 23 Jersey
heifer calves were enrolled, and blood and body weight
data were collected at 1, 2, 8, 36, 52 and 110 wk of
age. Respiratory and fecal scores were recorded daily
for the first 30 d of life. Milk production data were
collected from herd management software through first
lactation and health events were tracked to the fourth
lactation on surviving animals. Mitochondrial isolation
and enzyme activities for citrate synthase, complex I,
complex IV, and complex V were determined using kits
from Abcam. Data were analyzed using GLM and the
Logistic procedure of SAS (Version 9.4). Multivariate
regression analyses were conducted to determine if calf
mitochondrial enzymatic activity and covariate health
indices (fecal and respiratory scores, number of treat-
ments, hematology) were associated with ADG (8, 36,
52 and 110 wk), lactation performance (milk yield, fat
yield, solids yield, ECM, 305ME and relative value)
and reproduction (age at first service, age at first con-
ception, age at first calving and number of services).
For Holsteins and Jerseys, mitochondrial enzyme ac-
tivities and health indices were correlated to all ADG
and milk production outcomes (R2 > 0.63, and R >
0.45, respectively). Reproduction outcomes were cor-
related with bodyweight gain, mitochondrial function
and red blood cell traits for Holsteins and Jerseys (R’
> 0.47, and R? > 0.55, respectively). Logistic regres-
sion analyses were performed to determine if early life
enzymatic activity impacted survival outcomes in the
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herd. Calves below the median for complex V enzyme
activity at 1 wk were more likely to be removed from
the herd compared with calves above the median by
lactation 1, 2, 3 and 4 (odds ratio = 4.7, 7.7, 7.0 and
6.9, respectively). Calves below the median for the dif-
ference in hematocrit from 2 to 1 wk were more likely to
be removed from the herd compared with calves above
the median by lactation 1, 2, 3 and 4 (odds ratio = 13,
10, 5.2 and 4.7, respectively). These findings suggest
that predictions of cow performance could be improved
by considering the impact of early life mitochondrial
enzymatic activity and health indices.

Key words: Mitochondria, survival, production,
reproduction, growth
INTRODUCTION

One opportunity for cutting expenses and maintain-
ing profitability on dairy farms is to focus resources on
heifers with high-performing mitochondria. Mitochon-
dria are central to metabolism and health and offer
a novel approach to assess cow performance. Mito-
chondrial traits have been shown to influence bovine
bodyweight gain and milk production (Brown et al.,
1988; Niesen and Rossow, 2019; Niesen and Rossow,
2022) and reproduction (Iwata et al., 2010; Ferreira
et al., 2016; Kansaku et al., 2017). Additionally, early
works by Bell et al. (1985) and Brown et al. (1988) sug-
gested that cow cytoplasmic inheritance could indicate
future milk production in progeny, since mitochondria
are maternally inherited. The use of peripheral blood
mononuclear cells (PBMC) offers a high throughput
method of assessing mitochondrial function in cattle, as
the mitochondria can be obtained from blood samples
(Niesen and Rossow, 2019; Niesen and Rossow, 2022).
Assays of PBMC mitochondrial enzymes of the respi-
ratory chain complexes and citric acid cycle enzymes
are minimally invasive and can identify mitochondrial
impairment (Rustin et al., 1994; Hsiao et al., 2018).
Dysfunction of the respiratory chain complexes can re-
sult from mutations in mitochondrial or nuclear DNA,
aging, and may result in increased reactive oxygen
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species, cell death and disease (DiMauro and Schon,
2003; Balaban et al., 2005; Moran et al., 2012). The
mitochondrial enzymes of the respiratory chain com-
plexes and citric acid cycle enzymes are central to the
production of ATP and impact an animal’s ability to
produce the energy necessary to meet the demands of
growth, health, and production.

If mitochondria could be screened for performance,
heifer merit could be determined early in life and im-
prove farm economic outcomes by meeting production
goals with fewer heifers raised. Care and management
for a replacement heifer can be as high as 20% of the
total cost associated with dairy production (Fetrow,
1987; Lehenbauer & Oltjen; 1998; Gabler et al., 2000)
and has been estimated to be between $1700 — $2400
per heifer (Overton & Dhuyvetter, 2020). Heifer culling
and mortality are highest in the first 2 years of life.
Producers often battle high pre-wean calf mortality,
where 13 — 22% of heifers fail to reach first calving and
up to 26% are culled after their first lactation (Hadley
et al., 2006; Brickell and Wathes, 2011; Cooke et al.,
2013).

The selection of dairy cows based on genetic milk
yield traits, has adversely affected their lifespan, due to
the increased metabolic demand (Essl, 1998; Ingvartsen
et al., 2003; Oltenacu and Broom, 2010). When cows
undergo negative energy balance, they are more sus-
ceptible to metabolic problems, exhibit poor physical
condition, have decreased reproductive ability, and are
present in the herd for a shorter period (Bauman and
Currie, 1980; Rauw et al., 1998; Walsh et al., 2011).
Since mitochondrial respiratory chain enzymes are
central to energy production pathways, heifer selection
based on mitochondrial enzyme function may select for
animals that are less prone to metabolic problems. Mi-
tochondrial function assays could be used as a screening
tool to help farms make strategic breeding and culling
decisions before costs associated with feed, treatments
and labor are incurred. Therefore, the objective of this
study was to determine if PBMC mitochondrial enzyme
activities of citrate synthase, complex I, complex IV and
complex V in Holstein and Jersey dairy cows change
with time and are associated with ADG, reproductive
outcomes, first lactation milk production and survival.

MATERIALS AND METHODS
Study design

This prospective observational study was approved
by the University of California, Davis Animal Care and
Use Committee, Protocol # 21157.

Twenty-three Holstein and 23 Jersey heifer calves
from a California commercial dairy were enrolled be-
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tween December 2016 and February 2017 and data were
collected from 1 to 110 wk on animals that survived
to each time point. This study did not interfere with
farm management practices or cow culling, reasons
cows were removed from the herd are shown in Table
1. A minimum sample size of 8 cows per treatment as
estimated based on a 2 tailed test with a difference of
30% between electron transport chain enzyme complex
activities with a power of 0.90 and an o of 0.05 using
data from past studies involving mitochondrial mea-
surements (Lancaster et al., 2014; Acetoze et al., 2015).
Cows were sampled at 5 time points throughout the
study. The first samples were collected at 1 wk, as this
was the earliest window that PBMC could be obtained
for mitochondrial enzyme analyses due to immature
cell differentiation. The second time point, 2 wk, was
selected as it was near the onset of immune challenge in
the form of diarrhea. The third time point was at 8 wk,
before weaning and the fourth time point was at 52 wk,
before the first breeding. Lastly, the fifth time point
was 110 wk of age in early lactation (55 to 75 DIM).

Animal management and housing

Detailed pre-wean calf management and housing
methods were presented in Niesen and Rossow (2019).
In short, calves were enrolled with inclusion criteria
being a respiratory score of 1, general appearance score
of 1 and fecal score of 3 or less following the CalfTrack
scoring system (Heinrichs et al., 2003). Calves were
housed in raised individual wooden hutches with ce-
ment flush lanes and ad libitum access to water. Wean-
ing occurred at roughly 60 d at the discretion of the calf
manager and depending on heifer size. Upon leaving the
hutches, post-wean heifers were grouped in mixed breed
pens according to frame size in dry lots with shade cov-
ers and fed a TMR once daily at approximately 0700

Table 1. The number of Holstein and Jersey cows removed at each
time point and reasons for exiting the herd

Item 8 wk 52 wk 110 wk

Holstein (n = 23)

Death 1 2
Sold Tllness

Sold Repro — —
Sold Unknown'

Sold Farm? — —
Jersey (n = 23)

Death 4 — —
Sold Illness
Sold Repro — — —
Sold Unknown

Sold Farm — — 1

‘ N o

[

1 . R
Farm records do not indicate a reason for sale.
2 o .
Farm records indicate sold to another dairy.
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h. Heifers nearing parturition were moved to a close-up
pen and remained there from approximately —21 to
0 DIM where they were fed a TMR at approximately
0530 h. Upon leaving the close-up pen, heifers were
moved into milking pens sorted by stage of lactation
and fed a TMR at approximately 0600 h. Both the
close-up and milking pens had freestalls with attached
flush lanes and were mixed by breed.

Health events, treatments, milk production,
and body weight measurements

Respiratory and fecal scoring were performed daily
for the first 30 d of life in pre-wean calves following
methods defined by Niesen and Rossow (2019) to be
used as model covariates. Pre-wean treatments were
collected from treatment records on the hutches. Post-
wean events (treatments, breeding, conception, illness,
sold, died) and first lactation milk production data were
collected from DairyComp305 (Valley Ag Software).
Milk production data were collected through the first
lactation and events were tracked to fourth lactation
on surviving animals. Production data were recorded
once monthly by Tulare DHIA and analyzed for milk
yield, total fat yield, total solids yield, ECM, 305ME
and relative value. Pre-wean calves were weighed at 1,
2, and 8 wk according to Niesen and Rossow (2019).
Post-wean body weight measures were measured at 36,
52, and 110 wk with a Coburn breed specific weigh tape
(Coburn Company Inc.).

Blood collection, hematology and PBMC isolation

Blood samples were collected at 1, 2, 8 and 52 wk
via jugular venipuncture and 110 wk via coccygeal
tail vein. Two sets of whole blood (30 mL and 4 mL)
were collected into vacutainer tubes (BD Biosciences)
containing K2 EDTA as an anticoagulant at each time
point and processed within 2 h of sample collection.
Samples were taken as quickly as possible to ensure
minimal stress to the animals.

Well mixed blood (4 mL) from a K2 EDTA tube
was used to determine hematocrit (%), mean corpus-
cular hemoglobin (pg), mean corpuscular volume (fL),
and neutrophil yield (K/pL) using the Drew Scientific
Hemavet® 950 Hematology Analyzer System (Erba
Diagnostics). Before evaluating samples, quality con-
trol samples were run to ensure that equipment was
functioning within specification (Multi-Trol, Drew
Scientific).

Platelet-rich plasma (PRP) and buffy coat were
separated from the remaining whole blood (30 mL) by
centrifugation at 2,000 g for 20 min at 20°C. Plasma to-
tal protein was determined from the PRP using a hand-
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held clinical ATC refractometer (Index Instruments) at
1 to 8 wk and the remaining PRP was discarded. The
buffy coat was diluted (1:4) with autoMACS Rinsing
Solution (phosphate-buffered saline, pH 7.2, and 2 mM
EDTA, MiltenyiBiotec) and applied to a Histopaque
density gradient (specific gravity 1.077, Sigma Chemi-
cal Cat #10771) and centrifuged without application
of the brake at 2,000 ¢ for 20 min at 20°C. The PBMC
were collected and pelleted at 300 g for 10 min at 20°C
and washed with autoMACS Rinsing Solution 3 times.
Before the second wash, red cell contaminants were
lysed via osmotic shock using distilled water, vortexed
and immediately diluted with autoMACS Rinsing Solu-
tion. The washed PBMC were then pelleted at 300 g
for 10 min at 4°C and the supernatant discarded. All
subsequent steps utilized kits from Abcam and followed
the manufacturer’s instructions.

Mitochondrial isolation and protein quantification

Mitochondria were extracted from PBMC using the
Mitochondria Isolation Kit for Cultured Cells (Abcam,
ab110170). Protein concentration of PBMC lysate was
measured by BCA assay (Abcam, ab102536) and pel-
lets were frozen at —80°C for 10 min to weaken cellular
membranes then supplemented with 0.2 uL of univer-
sal nuclease (Fisher Scientific Co., PI88700) to reduce
viscosity. Samples were re-suspended to 5 mg/mL in
Reagent A followed by homogenization. The homog-
enate was centrifuged at 1,000 ¢ for 10 min saving the
supernatant and re-suspending the pellet in Reagent B.
Homogenization and spin steps were repeated and the
supernatants were combined and further centrifuged
at 12,000 g for 15 min. The resulting supernatant was
discarded, and the crude mitochondrial pellet dissolved
in Reagent C supplemented with protease inhibitor
(Abcam, ab201111), aliquoted and stored at —80°C.
The crude mitochondrial protein concentration of one
aliquot per sample was measured by bicinchoninic acid
assay and used to correct the final activities of each
sample (Abcam, ab102536).

Measurement of mitochondrial complex I, complex
IV, complex V and citrate synthase enzyme activities

All mitochondrial enzyme activities were measured
in duplicate using crude mitochondrial extracts. Micro-
plates were incubated for 3 h before the collection of
absorbance data using a VersaMax tunable microplate
reader (Molecular Devices) in kinetic mode. Before
evaluating samples, a calibration test plate (Bio-Tek
Instruments Inc.) was used to ensure the spectropho-
tometer was within specification. All enzymatic assays
were performed the day after blood sample collection
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and mitochondria isolation. All assay kits were bovine
species reactive and the intra-assay CV for controls and
samples was <5%, and the inter-assay CV for all kits
was <15%. Assay sensitivity data, where appropriate,
can be found in the manufacturer’s protocol. Spontane-
ous product conversion (background) was determined
for each kit by measuring the slope of blank wells con-
taining only the reaction solution. This activity was
determined for each plate and subtracted from the
activity of each sample run per plate. Each enzymatic
activity was determined with the following assay kits.

Complex I (EC 1.6.5.3) Enzyme Activity Microplate
Assay Kit (Abcam, ab109721) was used to determine
the activity of complex I via immunocapture and spec-
trophotometric analysis. In short, activity was deter-
mined by an increase in absorbance at 450 nm following
the oxidation of NADH to NAD+ and the simultaneous
reduction of dye. Kinetic readings were measured at
room temperature, 450 nm, and 20 s intervals for 30
min with shaking between readings.

Complex IV (EC 1.9.3.1) activity was measured using
the Complex IV Human Enzyme Activity Microplate
Assay Kit (Abcam, ab109909). Complex IV was immu-
nocaptured and activity was determined by decreased
absorbance at 550 nm resulting from the oxidation of
reduced cytochrome c. Kinetic readings were measured
at 30°C at 3 min intervals for 60 min without shaking
between readings.

Complex V (EC 3.6.3.14) enzyme activity was de-
termined using the ATP Synthase Enzyme Activity
Microplate Assay Kit (Abcam, ab109714). The hydro-
lysis of ATP to ADP facilitated by immunocaptured
ATP-Synthase was coupled to the oxidation of NADH
to NAD+ resulting in reduced absorbance at 340 nm.
Kinetic readings were measured at 30°C at 1 min inter-
vals for 60 min without shaking between readings.

The activity of citrate synthase (EC 4.1.3.7) was
measured spectrophotometrically by increased absor-
bance at 412 nm via the development of 1,3,5-Trini-
trobenzene from 5,5'-dithiobis-2-nitrobenzoic acid us-
ing the Citrate Synthase Activity Assay Kit (Abcam,
ab119692). Kinetic readings were measured at room
temperature at 20 s intervals for 15 min with shaking
between readings.

Statistical analysis

Cow was the experimental unit of interest and en-
zyme activity was defined as the linear rate of change
of the absorbance per min per pg crude mitochondrial
protein loaded into the well. Only pre-steady state ki-
netics were evaluated. The slope for each sample was
determined using the GLM procedure of SAS (Version
9.4) to regress absorbance on time with outlier removal
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set at 2 standard deviations and final activities cor-
rected by crude mitochondrial protein. The model was,
Yop = By + BiTime | egp, in which Yqp = optical
density, B, = y intercept, 3, = regression coefficient of
time and egp = the error.

Enzymatic activity and hematological variables were
modeled 2 ways, the first as a single time point and the
second as the difference between 2 time points. This
allowed mitochondrial and hematological outcomes to
be evaluated at a given stage of life and also explored
how they changed in response to age. Variables that
represent a difference between 2 time points (in weeks)
are noted with the delta symbol (A) between the time
points, e.g., variable_2A1, the difference in the variable
from 2 wk to 1 wk, while single time point variables
are expressed with a single time point following the
variable e.g., variable_1, the variable at 1 wk. For data
analysis, respiratory score covariates were defined as
days with a score >3 and fecal score covariates were
defined as days with a score >3. The number of pre-
wean treatments covariate was a count of all individual
treatments administered to a calf (lactated ringers,
electrolytes, and antibiotics). Calculations of ADG
were determined using the body weight measurement
from 1 wk as the starting weight for all subsequent
ADG calculations. Only covariates with P < 0.05 were
included in the models. All models were visually as-
sessed for fit and residual uniformity, covariates were
assessed for collinearity and removed from the models
if they had a variance inflation factor greater than 5.

Multivariate regression analyses were conducted to
determine which mitochondrial and health covariates
were associated with the dependent variables ADG (8,
36, 52, and 110 wk) and first lactation milk production
(milk yield, fat yield, solids yield, ECM yield, 305ME
and relative value) using backward elimination. Average
daily gain and milk production outcomes were regressed
on the independent covariates; mitochondrial enzyme
activities citrate synthase_2A1, complex I_2A1, com-
plex V_2A1, respiratory scores (days with a score >3),
number of pre-wean treatments, fecal scores (days with
a score >3), hematocrit _2, mean corpuscular hemoglo-
bin_8&, mean corpuscular hemoglobin_2A1, and neutro-
phils_2A1 using the GLM procedure of SAS (Version
9.4). The model was, Y apg.prod = Bo + B1Enz; + B,Enz,
BsMCH + B¢NE + ¢, in which Y paproa = Dependent
variables ADG (8, 36, 52, 110 wk), milk yield, fat yield,
solids yield, ECM yield, 305ME or relative value, where
By = v - intercept, 3; = regression coefficient of enzyme
activity for citrate synthase (Enz;), 3, = regression
coefficient of enzyme activity for complex I (Enz,), 8
= regression coefficient of enzyme activity for complex
V (Enzs), B, = regression coefficient of respiratory
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score (RESP), 35 = regression coefficient of number of
pre-wean treatments (TRT), 35 = regression coefficient
of fecal score (FEC), 3; = regression coefficient of he-
matocrit (HCT), B3 = regression coefficient of mean
corpuscular hemoglobin (MCH), 3y = regression coef-
ficient of neutrophils (NE) and ¢ = the error.
Multivariate regression analyses were conducted to
determine which growth, mitochondrial and hemato-
logical covariates were associated with the dependent
reproductive variables (age at first service, age at first
conception, age at first calving, and number of services)
using backward elimination. Reproductive outcomes
were regressed on the independent covariates; ADG
(8, 36 wk), mitochondrial enzyme activities citrate
synthase_8A1, complex IV_52A8, complex V_2Al,
complex V_8A2, complex V_52A1, mean corpuscular
volume_8 and mean corpuscular hemoglobin_52A8,
using the GLM procedure of SAS (Version 9.4). The
model was, Ygepo = B9 + 81ADG + (3,Enz; + B;Enz,
+ B,Enz; + 3;:MCV + 3gMCH + ¢, in which Y spg_prod
= Dependent variables age at first service, age at first
conception, age at first calving, and number of services,
where 3, = y - intercept, 3; = regression coefficient
of ADG (ADG), (3, = regression coefficient of enzyme
activity for citrate synthase (Enz,), 3; = regression co-
efficient of enzyme activity for complex IV (Enz,), 3, =
regression coefficient of enzyme activity for complex V
(Enzs), B5 = regression coefficient of mean corpuscular
volume (MCV), 34 = regression coefficient of mean cor-
puscular hemoglobin (MCH) and ¢ = the error.
Logistic regression analyses were conducted to
evaluate if mitochondrial function and pre-wean health
indices impacted survivability of calves using the LO-
GISTIC procedure of SAS (Version 9.4). Survivability
was defined as 0 = removed from the herd, or 1 =
survived to lactation (lactation 1, 2, 3, and 4). Removal
from the herd was determined by farm records and only
cows that died or were culled for disease or reproduc-
tive failure were included in the analysis. Single time
point mitochondrial enzyme activity, difference in mito-
chondrial enzyme activities, respiratory scores, number
of pre-wean treatments, fecal scores, single time point
hematological values, and differences in hematological
values were assessed as risk factors by splitting each
variable into halves (above and below the median) and
assessing if calves below the median had increased odds
of being removed from the herd when compared with
calves above the median. The model was, Logit(p) = 30
+ B1ENZ + B2RESP + B3TRT+ B4FEC + B5HEM,
where p is the probability of being removed from the
herd, 80 = y - intercept, 31 = regression coefficient of
enzyme activity (ENZ), 32 = regression coefficient of
respiratory score (RESP), 33 = regression coefficient of
number of pre-wean treatment (TRT), 34 = regression

Journal of Dairy Science Vol. TBC No. TBC, TBC

coefficient of fecal score (FEC), and 35 = regression
coefficient of hematological value (HEM).

RESULTS AND DISCUSSION

This study explored how the mitochondrial enzy-
matic activities of citrate synthase, complex I, complex
IV and complex V in Holstein and Jersey dairy cows
change with time and are associated with ADG, repro-
ductive outcomes, first lactation milk production and
survival.

Mitochondrial enzyme activity and changes with age

To evaluate how PBMC mitochondrial enzyme ac-
tivities changed from birth to first lactation, the least
squares means of citrate synthase, complex I, complex
IV, and complex V from each time point were plotted
for Holstein (Figure 1) and Jersey cows (Figure 2). For
both breeds, there was a trend of increased enzymatic
activity from weaning (8 wk) to first lactation (110
wk), where each enzyme has maximal activity at 110
wk. The activity of citrate synthase has been associated
with mitochondrial number (Holloszy et al., 1970, Wil-
liams et al., 1986) and complexes I and IV are 2 of the
3 enzymes in the electron transport chain that form the
electrochemical gradient that produces ATP through
complex V. The maximal activity observed at 110 wk
for all enzymes likely resulted from the increased meta-
bolic pressure the cows faced, as this time point was be-
tween 55 — 75 DIM in their first lactation. These results
agree with Niesen and Rossow (2022), where differences
in mitochondrial enzymatic activity were observed be-
tween high and low producing lactating cows (55 — 75
DIM), indicating that metabolic pressure can impact
mitochondrial response. Similarly, Brown et al. (1988)
observed a positive association between lactation per-
formance and mitochondrial respiration activities. In
addition to lactational pressure, these heifers were still
growing, and increased activity of enzymes interrelated
to ATP output may help them meet their energy re-
quirements during this metabolically demanding time.

At 52 wk there was a decrease in activity of citrate
synthase, complex IV and complex V compared with
8wk for both Holsteins (Figure 1A, 1C, 1D) and Jer-
seys (Figure 2A, 2C, 2D). Complex I increased from
8 wk to 110 wk for both Holsteins (Figure 1B). and
Jerseys (Figure 2B). Since citrate synthase, complex
IV, and complex V had a decrease in activity at 52
wk, selected hematological values were plotted to
determine if the cows experienced shifts in blood cell
traits near this time (Figure 3). For both Holstein and
Jerseys, lymphocyte number increased, and neutrophil
number decreased at 52 wk. Increased lymphocytes can
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result from viral, bacterial, or parasitic pressure and
decreased neutrophils limit the ability to fight off infec-
tion. There were no health events in farm records that
explained the shifts in white blood cell populations.
However, nutritional deficiencies can impact neutrophil
differentiation (Robertson et al., 1992; Tsai and Collins,
1993) and negatively impact mitochondrial homeostasis
(Acin-Perez et al., 2010). The increase in lymphocyte
number and decrease in neutrophil number were within
the equipment’s normal ranges for adult cows (2.5 - 7.5
K/pL and 0.6 — 0.41 K/pL respectively) and agree with
adult reference ranges observed in Roland et. al (2014),
but these heifers were not fully grown. The shift in cell
populations seen at this time could indicate that the
cows were experiencing immunological or nutritional
stress and explain the decreased mitochondrial activity
of citrate synthase, complex IV and complex V at 52
wk. Conversely, it is possible that heifers were mini-
mally challenged at this time, as they were past the
immune challenge events faced in the hutches and are
not yet experiencing the pressures of pregnancy and
lactation. Further research is needed to explain whether
a decrease in mitochondrial activity at this time point
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ADG and milk production

Since ADG and milk production can be influenced
by a variety of factors, multivariate regression models
were developed to identify variables that correlate to
ADG and first lactation milk production in Holstein
and Jersey cows (Table 2, Table 3). For Holsteins, mito-
chondrial enzymes, pre-weaning health indices and red
blood cell hematological traits were present in the mod-
els for 8, 36, 52 and 110 wk ADG (R”* = 0.63, R> = 0.72,
R* = 0.70, and R* = 0.99, respectively, Table 2). Jersey
models were similar, and mitochondrial enzymes, pre-
wean health indices, red blood cell hematological traits,
and neutrophils were correlated to 8, 36, 52 and 110
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the models of Holstein ADG compared with Jerseys.
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Figure 1. Enzymatic activity of peripheral blood mononuclear cells in Holstein cows from birth to first lactation 1 Citrate synthase activity
vs time (Figure A), complex I activity vs time (Figure B), Complex IV activity vs time (Figure C), Complex V activity vs 2 time (Figure D)

where n = 23, 23, 22, 20, and 10 at 1, 2, 8, 52, and 110 wk respectively.
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Figure 2. Enzymatic activity of peripheral blood mononuclear cells in Jersey cows from birth to first lactation 6 Citrate synthase activity
vs time (Figure A), complex I activity vs time (Figure B), Complex IV activity vs time (Figure C), Complex V activity vs 7 time (Figure D)

where n = 23, 23, 19, 19, and 17 at 1, 2, 8, 52, and 110 wk respectively.

While neutrophils and respiratory scores were more
frequently included in Jersey growth models compared
with Holsteins.

In the models of Holstein milk production, complex
I_2A1, complex V_2A1, respiratory scores, number
of pre-wean treatments, and fecal scores correlated to
milk yield, fat yield, solids yield, ECM, 305ME and
relative value (R* = 0.86, R* = 0.89, R* = 0.90, R’
= 0.98, R* = 0.94 and R? = 0.88, respectively, Table
3). For Jerseys, citrate synthase_2A1, complex I_2A1,
complex V_2Al, respiratory scores, and number of
pre-wean treatments were correlated to milk yield (R’
= 0.51). For the remaining Jersey production models
citrate synthase_2A1, complex I_2A1, and respiratory
scores were correlated to fat yield, solids yield, ECM,
305ME and relative value (R* = 0.48, R* = 0.45, R?
= 0.50, R* = 0.47 and R? = 0.48, respectively, Table
3). For both breeds, complex I_2A1 was the covariate
that had the greatest effect on milk production models,
as indicated by the greatest model variable SSE. The
model for Holstein milk yield was the only exception,
where complex V_2A1 had the largest model variable
SSE.
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The breeds differed by the early life variables that
were correlated to their first lactation milk production.
Number of pre-wean treatments, fecal score, and com-
plex V activity were included in Holstein production
models more frequently than Jerseys, and citrate syn-
thase activity was present in Jersey production mod-
els and not Holstein (Table 3). Jerseys had increased
citrate synthase activity from 1 to 2 wk (Figure 2A)
and Holsteins did not (Figure 1A). This could indi-
cate differences in mitochondrial number (Kirby et al.,
2007) and may explain why different mitochondrial
enzymes are associated with future milk production
across breeds. The repeated inclusion of complex I and
complex V in the ADG and milk production models is
likely the result of their role in the p