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Introduction

Deficient mineral status of the developing fetus has 
been associated with potential risk for abortion and stillbirth. 
However, the relationship between maternal and fetal hepatic 
mineral concentrations is not simply a linear association and 
there are increasing concerns over mineral toxicity in the 
fetus or neonatal calf. The objective of this study is to utilize 
paired maternal and fetal liver mineral concentrations using 
a calculated ratio of fetal-to-maternal and maternal-to-fetal 
hepatic mineral concentrations to identify maternal-fetal 
relationships in hepatic mineral concentrations.

Materials and Methods

Paired maternal and fetal liver samples were collected 
from an abattoir on five different occasions over a 9-month 
period. Cows were identified as either dairy or beef breeds 
based on appearance. Crown-to-rump measurement and 
gender were recorded for all harvested fetuses. Maternal 
and fetal liver mineral concentrations were determined by 
inductively coupled plasma spectroscopy (ICP/MS) methods. 
Mineral concentrations (µg/g) were determined on a wet 
weight (WW) basis and converted to DW basis using deter-
mined liver dry matter content. Measured minerals included 
calcium (Ca), cobalt (Co), copper (Cu), iron (Fe), magnesium 
(Mg), manganese (Mn), molybdenum (Mo), selenium (Se) 
and zinc (Zn). Paired maternal-fetal liver mineral concentra-
tions (DW) were used to calculate the fetal-maternal min-
eral concentration ratio (FMR) and maternal-fetal mineral 
concentration ratio (MFR). Mineral data were assessed for 
normality and transformed as necessary. Analysis of variance 
(ANOVA) models evaluated the potential of breed, gestational 
age (GA), gender and sampling time influence on FMR and 
MFR. Linear and nonlinear regression modeling was used 
to relate FMR or MFR to respective fetal or maternal liver 
mineral concentrations.

Results

A total of 185 paired maternal-fetal liver samples were 
available with 11 twin fetuses. Mean (±SD) fetal age was 
6.4±1.5 mo (range: 3.7-9.4 mo). Mean (±SD) FMR values were 

>1 indicating fetal concentrating ability for Ca (1.69±0.64), Cu 
(3.01±6.91), Fe (4.93±4.50), Mg (1.33±0.23), Se (1.71±1.25) 
and Zn (4.50±2.72), whereas FMR was <1 for Mn (0.76±0.30), 
Mo (0.21±0.12) and Co (0.38±0.33). Mean MFR were re-
verse values from FMR relative being > or <1, except for Cu 
(1.19±0.87). Fetal-maternal ratio and MFR were influenced 
(P<0.0002) by GA for Mg, Ca, Mn, Fe and Mo when adjusting 
for breed and sampling period, gender was not significant. 
In general, FMR declined and MFR increased with GA, though 
these were not always linear relationships. Both Mn and Mo 
showed increasing FMR and declining MFR with GA.

Relationship between FMR and maternal liver mineral 
concentration was fitted with a power function where at 
low maternal mineral concentrations there was a high FMR 
and low FMR with high maternal liver mineral. Minerals 
Cu (r2=0.94), Co (r2=0.89), Se (r2=0.42), Fe (r2=0.24), Zn 
(r2=0.57) and Ca (r2=0.53) all showed (P<0.0001) this re-
sponse. A strong linear relationship (P<0.0001) between MFR 
and maternal Cu (r2=0.76) or Co (r2=0.89) liver concentra-
tion. There was a quadratic relationship (P<0.0001)between 
maternal (r2=0.39) and fetal (r2=0.56) liver Mg concentra-
tions and Mg-FMR. Maternal-fetal Mg ratio was linearly as-
sociated with maternal (r2=0.37, P<0.0001) and quadratically 
with fetal (r2=0.60, P<0.0001) liver Mg concentration. Both 
Mn and Mo showed similar relationships between fetal liver 
mineral concentration and FMR and MFR. Fetal Mo (r2=0.83; 
r2=0.77) and Mn (r2=0.51; r2=0.69) concentrations were 
associated linearly (P<0.0001) with FMR and nonlinearly 
(P<0.0001) with MFR, respectively. Additionally, Fe (r2=0.74), 
Zn (r2=0.60) and Ca (r2=0.53) showed (P<0.0001) a lower 
fetal liver mineral concentration with higher MFR, but this 
relationship was not observed with Cu, Co or Se.

Significance

The power response observed with many of the miner-
als suggests a high maternal to fetal transfer at low maternal 
mineral concentration but a more limited transfer as maternal 
mineral content increase; possibly a protective mechanism. 
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Introduction

According to the United States Department of Agricul-
ture, cattle slaughtered in 2017 totaled 32.2 million animals 
and approximately 6.4 million animals were adult cull cattle 
(USDA 2016; USDA-NASS 2016). This harvest accounts for an 
estimated 5.4 billion pounds of beef or 20.7% of the 2017, 
US beef production. In the Southeastern US, the production 
of beef from cull cattle included 583,300 animals or ap-
proximately 90% of the total animals harvested in the region. 
Establishing the prevalence of diseases within this population 
is necessary for improving the quality and profitability of this 
sector of the industry. The objectives of this study were; 1) 
determine the prevalence of gross pathologic conditions, 2) 
characterize the type and frequency of conditions eliciting 
carcass condemnation, and 3) evaluate the extent of carcass 
bruising in cull cattle presented to slaughter and originating 
from farms in the southeastern United States.

Materials and Methods

Adult cull cattle (n=2,345) presented for slaughter 
at a single abattoir in northeastern Tennessee from July-
August 2017 were evaluated based on an estimated regional 
population of 12.5 million adult cattle, a respiratory disease 
prevalence of 10%, and a desired absolute precision of +/- 
2%, and a 95% CI. Only cattle with legible back tag identifica-
tion and verifiable origin were enrolled and both beef and 
dairy breeds were recorded. Investigators were positioned 
throughout the slaughter facility to observe specific areas of 
processing for data collection. Data collected from animals 
included: type, breed, sex, estimated age, feet abnormalities, 
and lesions within organ systems. The number, location 
and estimated area of bruising was recorded and a bruising 
score as described by Rezac, et al (2014) was assigned. The 
attendant USDA inspector determined and reported to the 
investigators the condemnation of carcasses. Frequency 
distributions for demographic traits, pathologies observed, 
and carcassbruising scores were collated and analyzed de-
scriptively using JMP software.

Results

Animals enrolled in the study originated from 149 live-
stock markets in 16 states. The number of cattle classified as 
beef or dairy were 1,440 animals (61.36%) and 905 animals 
(38.64%), respectively. The majority of cattle presented were 
female (2,157 animals, 91.98%), while 140 animals (5.97%) 
were bulls, and 48 animals (2.05%) were steers. Age was 
recorded for 2,335 of the 2,345 animals observed. Seventy-
five percent (1,870 animals) were ≥5 years of age and 19.8% 
(464 animals) were ≥10 years of age. Animals between 2 – 5 
years accounted for 12.3% (289 animals), and animals ≤ 2 
years of age accounted for 11.4% (267 animals). The two 
most prevalent lesions were abnormalities of the feet and 
limbs (41.07%; 963/2,345) and lesions within the respira-
tory tract (12.13%; 284/2,345). Of 2,345 carcasses observed, 
3.24% (76/2,345) were condemned. The three most preva-
lent conditions eliciting condemnation included neoplasia 
(38.1%; 29/76), respiratory disease (25.6%; 19/76), and 
sepsis (14.0%; 10/76). The percentage of carcasses exhibit-
ing at least mild bruising was 45.72%.

Significance

The study presented here provides an estimate of the 
pathology present among adult cull cattle located in the 
southeastern US. Sale of cull cattle represent approximately 
15 – 30% of gross annual revenue of cow-calf operations. 
Identifying the most common disorders of this population 
is critical to expanding profitability. Moreover, the care and 
handling of adult cattle at the end of their productive life is 
receiving increased consumer awareness. This study provides 
a foundation for improving the health, value and well-being 
of cull cattle in the Southestern US.


