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Introduction

Identifying and utilizing the best breeds and genetic
makeup of livestock animals for each individual opera-
tion is the foundation of a successful animal industry.
Genetic improvement has been an effective means to
increase animal growth, production efficiency, and
product quality.

Historically, a variety of cattle breeds were brought
to the Islands and unselectively used in most ranches.
Breeds with large body frames that originate from cold
climates (Bos taurus) have large mature sizes and do not
adapt well to the local climates in the Islands, with their
warm to hot temperatures and high humidity. Cross-

breeding between Bos faurus and Bos indicus cattle,
which originated in warmer and more humid southeast
Asia, has been practiced by cattle producers to find cattle
that are better adapted to Hawai‘i climates. Selections
and studies of cattle breeds and crossbreeding for Hawai‘i
grass-fed beef production are needed to support the
transformation of the local cattle industry to a grass-fed
beef production system.

At the Mealani Experiment Station of CTAHR,
Angus and Hereford are the British breeds chosen for
long-term experimentations because of their balance of
production traits and their complementarity for cross-
breeding in Hawai‘i’s subtropical climate (Figure 1A-E).
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Figure 1A—-B. Examples of germplasm at
Mealani Experiment Station of CTAHR.
(A) Straight-bred Hereford cow—calf pair.
(B) Straight-bred Angus cow-—calf pairs.
IPhotos by K. Caires.
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Figure 1C—E. Examples of germplasm found at Mealani Experiment Station of
CTAHR, cont’d. High-indexing (C) Angus, (D) Hereford calves, and (E) cross-
bred calves from 2019 calf crop. Photos by K. Caires.

Table 1 demonstrates the common characteristics of Brit-
ish beef breeds. However, Angus represents the primary
beef breed used at the Mealani Station.

Current studies in Hawai‘i have successfully estab-
lished protocols for semen collection, freezing, and Al
technology to effectively improve beef cattle production.
The DNA testing offered by commercial genotyping
services such as Zoetis HDSOK™, a platform developed
in partnership with Angus Genetics, Inc. for Angus
seedstock producers, has provided Molecular Value
Predictions (MVP) of production traits and offered sig-
nificant genetic makeup and assessment of the bulls at
the Mealani Experimental Station of CTAHR. Economic
Indexes and genomic predictions of each animal in the
form of percentile ranks for 19 traits were calculated us-
ing GE-EPDs. The GE-EPD data pool was collected from
a reference population of over 500,000 animals. Several
Angus bulls at the Mealani Station were identified as
having superior genetic potentials in terms of carcass
quality and growth performance following DNA test-
ing. A herd sire chosen from previous years of genomic
testing for use in the Mealani herd is shown in Figure 2.

The application of traditional methods along with
DNA technology developed from this genomic approach
can be used for bull selection on ranches for the improve-
ment of grass-finishing beef cattle genetics in the state.
Outcomes of the Mealani beef herd’s breeding programs
focus on improving carcass traits in grass-finished beef
are clearly demonstrated in recent carcass evaluations of

Table 1. Characteristics of Common British Breeds

Breed ‘ ‘ Weaknesses

Strengths
Maternal ability, . -
. Disposition,
Angus carcass quality,
. carcass fat
calving ease
Hardiness, chc);INa rr;n(laks
Hereford maternal ability, p. p_ 7
) o predisposition to
disposition
cancer eye
Price
Growth rate, discrimination due
Shorthorn . .
carcass quality to color, diluted
gene pool
Growth rate, High birth weights,
South Devon carcass quality, later maturing,
cuttability disposition

steers and heifers harvested from Mealani Station (Table
2). Figure 3 shows a representative image demonstrating
meat quality and yield traits in a Mealani steer carcass.
Figure 4 provides a chart showing the relationship be-
tween marbling, maturity, and quality grades.

Animal geneticists and breeders have always tried to
find ways to predict young animals’ potential contribution
of the traits of economic importance to their offspring.
In addition to phenotypic selection, employing genomic
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markers such as single nucleotide polymorphisms (SNP)
in the genome, molecular-based information holds prom-
ise to improve the quality of prediction of young animals,
particularly with the discovery of ever-increasing densi-
ties of SNPs covering the whole genome. As sequencing
the bovine genome becomes more affordable and widely
used in various experiments and cattle species, millions
of bi-allelic SNP, grouped to SNP subsets, have been
discovered and further characterized for the genome in
association with cattle performance traits. The use of
haplotype analysis in future studies will further aid in the
= identification of interactions between SNPs for complex
, a2 traits of economic importance in beef cattle, as a result
: of increased statistical power.

Figure 2: An Angus bull at CTAHR’s Mealani Station. An expected progeny difference (EPD) is intended
Photo by M. DuPonte. to provide estimates of the genetic value of an animal

Table 2. Representative Data Obtained Through Carcass Evaluations of Beef Cattle from Mealani Station

Anli31 e Age C;l:;ljigy Maturity M::;l;lri:g E:tstsh('ﬁ‘k) ca?c?atss a?;:e();z.
| weight (Ib) in.)
3032 Angus Steer 20 months C A75 Mt 30 0.2 655 12.6
3008 Angus Heifer 20 months C- A70 Sm 50 0.35 658 14
3052 Angus Steer 20 months C- A75 Sm 20 0.2 630.5 10.5
3060 Angus Steer 20 months C A80 Mt 10 0.2 711.5 13.3
3034 Angus Steer 20 months S A80 S170 0.15 543.5 11.1
3067 Angus Heifer 20 months C A80 Mt O 0.2 631 12.5
3004 Angus Heifer 20 months C+ A80 Md 60 0.2 571.5 11.2
3031 Angus Heifer 20 months C+ A80 Md O 0.3 568 1.4
3057 Angus Heifer 20 months C A80 Mt 90 0.3 653.5 14
3045 Angus Heifer 20 months C A80 Mt 40 0.2 606.5 121
3009 Angus Heifer 20 months C- A75 Sm 80 0.3 586 1
3050 Angus Heifer 20 months C- A80 Sm 80 0.2 547.5 11.9

Note: The marbling score in beef is used to estimate intramuscular fat content by direct observation of adipose tissue, or fat,
present in the loin/ribeye (longissimus dorsi) muscle. Graders evaluate the amount of intramuscular fat at the cut surface of
the ribeye on the 12th rib surface. There are 9 marbling scores, each of which is divided into 100 subunits. They are assigned
as subscripts to the scores ranging from 00 to 99, representing the least to greatest amount of marbling within the score. The
marbling scores (least to greatest) are 1. Practically Devoid (PD), 2. Traces (TR), 3. Slight (SL), 4. Small (SM), 5. Modest (MT),
6. Moderate (MD), 7. Slightly Abundant (SLAB), 8. Moderately Abundant (MDAB), 9. Abundant (AB). Quality grades are used
to segregate beef carcasses into palatability groups based on their expected eating quality. Quality grades are based on de-
gree of marbling and carcass maturity (Figure 4). Carcass maturity groups range from A to E and are an estimate of the age
of the animal from which the carcass was derived. Maturity group A cattle are estimated to be between 9 and 30 months old,
while group E cattle are greater than 96 months. The quality grades (from most palatable to least) are Prime, Choice, Select,
Standard, Commercial, Utility, Cutter, and Canner.
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Figure 3: Ribeye cross-section from animal 3003. Photo
by M. DuPonte.

as a parent. Differences in EPDs among individuals
within one breed predict differences in the performance
of their future offspring. Each EPD is an estimate of the
individual’s genetic merits for producing future progeny.
EPDs are calculated by using complex statistical equa-
tions and models based on phenotypic data and additive
genetic relationships between related individuals. Genetic
predictions of animal performance are reported for as
EPDs for world-wide use, these estimates of genetic merit
are continually updated based on animal registrations
and performance records submitted to breed associa-
tions, and other agencies such as the National Beef Cattle
Evaluation Consortium (NBCEC), where researchers,
producers, and beef industry leaders work together to
continually update the genetic evaluations for multiple
breeds of beef cattle.

The results for DNA testing are reported as Mo-
lecular Value Predictions (MVP) of production trait
for each individual animal is summarized in Table 3.
MVP is defined as a “molecular breeding value,” which

Maturity
Degree of Marbling A B
Abundant
Moderately Abundant | Prime
Slightly Abundant —
Moderate
Modest Choice
Small
Slight Select
Traces
Practically Devoid (PD) Standard /

Figure 4. The relationship between marbling, maturity,
and quality grades in beef carcasses.

represents a portion or unit of expected genetic controls
affecting the trait of interest. In evaluation of an indi-
vidual animal’s genetic contributions to their progeny,
an MVP is similar to an EPD estimate to help a breeder
to compare or rank the animals within one population
or on a large scale with all animals tested by the SNP
panels. The rank or reports of the MVP for all the traits
of interests derived from animal genotype. The value and
genetic evaluation by MVP are highly dependent upon
the scale and data quality of association studies between
MVP and the traits analyzed. As most beef cattle data
is gathered on a feed-lot production system, there is a
strong need to better evaluate the associations between
MVP and traits in grass-fed commercial beef-production
systems. A detailed report of MVP values and percentile
rankings for various traits of economic importance fol-
lowing genomic testing of Angus bull calves (n = 17) at
Mealani Station is provided in Table 4.

Objectives of the Mealani Cattle Breeding
Project

* Toorganize and teach cattle breeding management
and artificial insemination workshops.

* To utilize the latest DNA technology and genomic
tools along with in-house performance testing, to
identify and propagate genetically superior breed-
ing stock to support Hawai‘i’s ranching industry.
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Figure 5. Real-world performance of Mealani Angus ge-
netics in Hawai‘i’s commercial beef industry yields favor-
able results for all aspects of the beef supply chain. (A)
First-calf heifer pictured with her steer-calf at weaning in
Maui County; calf was sired by a purchased Mealani bull,
born unassisted, with excellent performance for weaning
weight. (B) That same steer calf is shown during the later
stages of a grass-finishing program. (C,D) Post-harvest
carcass evaluation demonstrates superior meat quality
and yield traits resulting from a grass-finishing program.
Photos by K. Caires.
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Traits ‘ Calving Ease ‘

Bull ID
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Table 4, cont'd. Detailed report following genomic testing (HD50K) of Angus bulls at Mealani Station
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* To offer advanced reproductive technologies
(ARTSs) such as bull semen collection, freezing, and
Al programs to cattle ranches, and conduct prog-
eny testing of offspring to improve the consistency
and performance of grass-fed beef production in
Hawai‘i.

Current challenges of local grass-finished beef
production in Hawai‘i
*  Product is still inconsistent in quality as to mar-
bling and tenderness
*  Poor post-weaning growth, and late maturity, as
animals are being finished later than at the sug-
gested 25-30 months of age
* Limited supply is available, so more animals are
needed to satisfy the growing demand of young
cattle for grass-finished beef production.

Impacts

Artificial insemination, or Al technology, was developed
for cattle more than 60 years ago. It has been used for
dairy cattle industry but has not been used widely in the
beef cattle industry. In recent years, genetic evaluation
of beef bulls by DNA testing and genomic analysis from
animal blood or hair samples has improved considerably,
and the cost of the DNA analysis has become affordable
with the advancement of DNA sequencing and genomic
technologies. Based on DNA testing results, a cattle pro-
ducer can make bull selections for specific traits without
conducting the expensive and time-consuming traditional
animal breeding and mating systems for progeny testing.
The MVP data from DNA markers are increasing the
need for and use of Al in beef cattle production, and they
will increase operational profits by fostering a better and
uniform animal production system.

This project at the College of Tropical Agriculture
and Human Resources of the University of Hawai‘i at
Manoa is ongoing, with the goal of demonstrating that
the use of superior bulls, identified through genetics,
DNA selection, and recordkeeping and bred through
artificial insemination, can help to confront and answer
the current challenges of quality and quantity demands
of grass-finished beef. Real-world feedback from cattle
producers across the state that have utilized Mealani
genetics through bull purchases remains favorable, as
superior growth and carcass performance is observed in
following progeny testing (Figure 5). We are open to col-

laborating with cattle producers and working together to
improve growth rates, reproductive performance, carcass
quality, and recordkeeping for grass-fed cattle-production
systems in Hawai‘i.
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