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METHANE AND PROTEIN FROM BEEF CATILE MANURE
Andrew G. Hashimoto,1 Yud-Ren Chen, Vincent H. Varel, and Ronald L. Prior

Introduction conditions prevail in many natu~al en-
. vironments ranging from pond sediments

Dwindling supplies of conventlo~al to the gastrointestinal tract of animals.
fossil fuels have prompted renewed In- Use of the methanogenic process for
terest in recovering energy ~hrough.the generatingenergy from organic residues
bioconversionof wasteorganic matenals. requiresan understanding of the mecha-
The large quantities of manure produced nisms involved and the.factors affecting
in confinement feedlots and the need to thesemechanisms.
manage this manure effectively. make BIODEGRADABiliTY. Because
feedlotsa logicalchoicefor assessingthe anaerobic fermentation is a biological
feasibilityof recoveri~gmethane~nd pro- process,the biodegradabilityof the mate-
tein throughanaerobicfermentation. rial being fermented affects the product

Research at MA.RCis designed ~o yield.We foundthat the roug.hageconte~t
determine the technical and economic ofcattle rations affects the blodegradabll-
feasibilityof recoveringmethane and pro- ityof the manure.
tein from beefcattle manure. Manure from cattle fed a ration of
Sepcificobjectivesar~ to: .. . 91% cornsilage and 40% corn silage pro-

(1) Develop design cntena for Optl- duced 80% and 60%, respectively, the
mum productionof metha~eand amountof methane produced by manure
protein through anaerobic fer- from cattle fed 7% corn silage. We have
mentationof beefcattle manure, also shown that the age of manure and

(2) Developefficient methods to re- amount of such foreign material as dirt
cover high protein biomass from and bedding can reduce the methane
the fermented res~~ue, yield by 30 to 50%. Thus, we estimated

(3) Evaluate the nutntlonal value of that the maximum amount of methane
the biomassas a livestockfeed, that can be produced from fresh manure

(4) Determine the capital and oper- from finishing cattle is 5.5 ft of methane/
ational costs and ener~y, man- pound of organic matter. Old manure or
power, and safety reqUl.rements manurefrom cattle fed high roughage ra-
for methane fermentation sys- tions would produce about one-half to
tems associated with livestock two-thirdsthis amount.
operations. . .

This project was initiated in 1976 and IS Methane Production Rate
jointly funded by the U.S. Department of
Agriculture, Agricultural Research Ser-
vice and the U.S. Departmentof Energy
thro~ghthe Solar Energy Research Insti-
tute.

AnaerobicFermentation
MICROBIOLOGY. Anaerobic fer-

mentation is a biological process in which
organic matter decomposes without ox-
ygen to yield methane. The phenomenon
occurs naturally when organic material re-
mains without oxygen under conditions
amenable to microbial processes. Such

1Andrew G. Hashimoto is a research lead-

er (Agricultural Engineering) at MARC.

Although our research on biodegrad-
ability shows the maximum amount of
methane that can be produced from cattle
manure, it is not practical to extract th~
maximum amount because of the long
fermentation time and larger fermentor
volume required. Thus, it is important for
researchers to predict the methane pro-
duction rate under different fermentation
conditions. We have developed an equa-
tion that predicts the methane production
rate (in cubic feet of methane/cubic feet of
fermentor/day) based on the biodegrad-
ability and concentration of manure being
fermented, the fermentation time, and two
kinetic parameters. Using this equation,

we found that the highest methane pro-
duction rate occurrs at 60° C. Rates at 30,
35, 40, 45, 50, 55, and 65° were 42, 52,
64, 78, 92, 89, and 52% of the rate at 60°.
We also found that methane production is
inhibited when manure concentration ex-
ceeds 5 Ib of organic matter/cubic feet.
Thus, to achieve high methane produc-
tion rates, while maintaining stable fer-
mentation, we recommend operating fer-
mentors between 50 to 55°, manure load-
ing rate of 1 Ib of organic matter/cubic feet
of fermentor/day, and retention time of 5
days.

Energy Requirement
Our studies have shown that the ma-

jor energy requirement for operating fer-
mentors between 50 to 55° C was for
heating the fermentor. About 37% of the
energy produced by the system was
needed for heating. This amount was re-
duced to 20% when half of the effluent
heat was recovered to help heat the
manure entering the fermentor. The next
main energy user was for mixing the
manure and fermentor contents. Mixing
amounted to 7% of the total energy pro-
duction when the mixers were run con-
tinously. Mixing energy can be reduced
substantially when intermittent mixing is
used. Continuous mixing produces, at
most, only a 10% higher methane produc-
tion rate than mixing 2 hr/day. Energy re-
quired to pump the manure into and out of
the fermentor accounted for about 4% of
the total energy produced. Thus, the ener-
gy required to operate the fermentation
systems accounts for about 30 to 50% of
the energy produced.

Feeding Fermentor Effluent

Using the fermentor effluent as a
feed ingredientfor livestockappearsto
have merit, although some technical

Continued at bottom of next page.
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3% of the variation in TP tenderness and 6
to 8% of the variation in TP acceptability.

Frequency Distributions

Table 3 gives frequency distribtuions
of TP tenderness scores and acceptability
scores for each marbling score. The per-
centage of samples with or above a given
level of desirability for each marbling

42

score is shown. At a level of TP satisfac-
tion for tenderness of three or over, the
probability of attaining this level of satis-
faction would be 100% at the practically
devoid level of marbling. However, the
probability of attaining a higher level of
satisfaction, say 5, would only be 35% at
the practically devoid level of marbling. To
attain a TP tenderness score of four or

greater with an 87% probability, slight

amounts of marbling would have been
required.

In the present study, the relationship
existed between carcass quality, indicat-
ing criteria and TP traits were very low.
For example, marbling accounted for only
6% of the variation in TP acceptability,
and a thirtyfold increase in marbling would
be required to yield a one-unit change in
TP responses.
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William G. Kvasnicka 1

COOPERATIVE PROJECT ON THE WEAK CALF SYNDROME

Introduction

The "Weak Calf Syndrome" has
been gaining wide recognition throughout
the north~est and Rocky Mountain re-
gions. The specific syndrome was first
noted as possibly being caused 'by a new
entity by Dr. Jack Ward in the Bitterroot
Valley of Montana after Dr. Ward was un-
able to relate the observations of necrop-
sied specimens with that of any known
published reports. The actual orgin of the
disease responsible for the specific syn-
drome noted in the area is not known and
may have had its orgin elsewhere.
However, interest in the problem is in-
creasing in view of the apparent recogni-
tion of the disease and acknowledgment
of its presence in many different areas.

The problem is particulary devastat-
ing when experienced within a herd for the
first time, as losses range from 25% to as
high as 75% of the calf crop. The initial
recognition has been an increase in the
abortion rate followed by the calves' in-
ability to rise at birth. The degree of weak-
ness has varied from animal to animal.
Many of the calves will be polyarthritic and
most die soon after. A few animals are
able to survive when immune therapy,
blood transfusion, electrolyte solutions, or
other fluids are administered. A large
number of the animals that survive prog-
ress poorly, attaining weight gains of one-
half that of their normal counterparts.

Gross Pathology
1. Aborted fetuses: Edema of sub-

cutaneous and interstitial tis-

sues throughout the body; port-

1William G. Kvasnicka is the herd health
veterinarian at MARC.

wine colored fluid in the pleural
and peritonal cavities, and
hemorrhagic lesions in the sub-
cutaneous tissues.

2. Calves delivered at term and

those dying after delivery: Sub-
cutaneous edema, hemor-
rhages in the anterior neck and
masseter muscles and in the
muscles of the extremeties.
Bloody synovial fluid with fibrin.
Petechial hemorrhages in the
third eyelid, sclera, conjunctiva,
ventral surface of the tongue,
esophagus, trachea, and fre-
quently in the thymus. Enlarged
and edematous suprascapular
and prefemmoral lymph nodes.
Mild to severe gastroenteritis
associated often with enlarged
mesenteric nodes. Striking red-
dish muzzle turning somewhat
leathery within a few days, etc.

Neonatal calf losses observed at
MARC similar to those occurring in the
northwest were first observed near the
end of calving 1975. Losses in the 1976
calving season reached levels of 10% of
the calves born to heifers;1977 losses
were similar to 1976. Dr. Arlan McClurkin,
research veterinarian, National Animal
Disease Center, has observed the losses
here and has conducted extensive work
attempting to isolate infectious agents.

Extensive research is being con-
ducted by groups at Idaho State, Montana
State, and Montana University. In gener-
al, the research being pursued is to
search for viral agents that will reproduce
the disease, to develop a diagnostic test
to identify affected calves that do survive,
vaccine development, and the relation of

the diseases to cold-weather stress and/
or nutrition.

US MARCCooperative
Research Project

Background. Neonatal calf disease
with signs and lesions similar to those
decribed for the Weak Calf Syndrome are
now recognized as a serious problem in
Nebraska as well as in most other states

of the Old West Region. One of the herds
in which it is a problem of considerable
severity is the one atthe U.S. Meat Animal
Research Center (MARC). The problem
at MARC has recurred annually for sever-
al years in first calf heifers. This herd will
be a reliable source of materials with
which to search for an infectious agent.

The facilities at the University of Ne-
braska are excellent for carrying out a
search for a hard-to isolate infectious

agent. Facilities for obtaining and holding
gnotobiotic calves are unmatched in this
country, and strict isolation facilities are
abundant. There are also new, well-
equipped research laboratories for virolo-
gy, bacteriology, pathology, biochemistry,
immunology, and electron microscopy;
excellent diagnostic laboratories at lin-
coln and North Platte; and a smaller di-
agnostic laboratory at Scottsbluff.

There are excellent facilities and per-
sonnel at MARC for handling and collect-
ing materials from sick animals and for
doing preliminary laboratory procedures.
The record-keeping at MARC is a real
asset in obtaining accurate histories for
dams of weak calves.

Continued on next page.
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problems must be solved. Dried centri-
fuged effluent can be fed at a level up to
10% of the dietary dry matter and not
change the use of the diet components by
the animal. Disadvantages of feeding
dried centrifuge effluent are that more
than one-half of the nitrogen is not cap-
tured by centrifugation, and capital and
energy costs needed to install and oper-
ate the centrifuge and drying systems are
high. Eliminating the drying process
would retain more nitrogen, but storing
the wet centrifuged solids would be a
problem, Mixing the total fermentor
effluent into a ration has the advantage of
using most of the nutrients. However, the

---

amount of moisture in the effluent limits
the amount of effluent that can be mixed
into a total ration. The major effects of
feeding fermento~ effluent have been a
decreased apparent digestibility of dry
matter, nitrogen, ash, and gross energy in
sheep and decreased total ruminal fatty
acid concentrations before and after feed-
ing in steers.

Economics

Economic studies show that
methane can be economically produced
at moderate plant sizes (between 3 to 7
tons of dry maUer/day) when farmer-
constructed and operated systems are
used. Commerical "turn-key" systems

are only economical at sizes greater than
25 tons of dry matter/day. This means that
farmer-constructed and operated sys-
tems are economical for confined-beef
feedlots between 1,000 to 2,000 head
without an effluent feed credit and about
300 head with an effluent feed credit of

$70Iton. Commercial "turn-key" systems
are only economical for confined feedlots
larger than 8,000 head without effluent
feed credit and between 1,000 to 2,000
head with an effluent feed credit of $70/
ton. For dirt feedlots, the economical
feedlot sizes must be at least twice as
largebecauseof the lower biodegradabil-
ity of the manure and contamination with
dirt and debris.
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