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The objectives of this study were to further evaluate feather

meal (FM) and hair meal (HM) through digestibility trials with sheep

and to investigate the effect of urea in combination with FM and HM

on the rumen characteristics, both in vivo and in vitro, and on animal

performance. A rumen study, in vitro digestions, and a feedlot trial

were conducted to accomplish the latter objectives.

The digestion trials compared a 40% roughage diet containing

soybean meal as the positive control with diets where FM or HM replaced

25, 50 or 75% of the soybean meal (SBM) protein. A significant

(P<.05) decrease in crude protein digestibility was found with in-

creasing levels of FM and HM substitution for SBM.

Significant increases (P<.05) in rumen ammonia (NH3-N) and total

volatile fatty acids (VFA) were found when urea was fed in combination

with FM or HM in vivo. Rumen ammonia and VFA concentrations were

decreased (P<.05) for the FM and HM treatments when compared to the

SBM control.



The in vitro digestions compared urea at 0, 20, 30, 40, 50 and

100% of the FM or HM protein and compared the results to a SBM positive

control. Feather meal and HM were lower (P<.01) for dry matter dis-

appearance (DMD), NH3-N, VFA and ribonucleic acid (RNA) concentrations

when compared to the SBM control. The addition of urea at all levels

increased (P<.01) DMD, NH3-N, VFA and RNA over the FM and HM treatments.

The 40% urea levels of substitution for FM or HM met or exceeded the

results of SBM for all characteristics observed.

The feedlot trial was conducted with 15 steers assigned to

three treatments of five animals per treatment. The diets consisted

of a 40% roughage ration formulated to 13% crude protein on a dry

basis. Supplemental protein was supplied by SBM, FM and FM-urea.

Results for average daily gains were 1.13, 1.05 and 1.22 kg/day and

feed efficiencies were 7.91, 8.61 and 7.18 kg feed/kg gain for the

SBM, FM and FM-urea diets, respectively.

Generally, the results of this study indicate that 40 to 50%

substitution of urea for FM or HM will result in an increased incor-

poration of nitrogen into microbial cells, increased rumen fermenta-

tion and improved animal performance when compared to SBM.
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THE EFFECTS OF UREA SUPPLEMENTATION ON FEATHER MEAL
AND HAIR MEAL UTILIZATION BY RUMINANTS

I. INTRODUCTION

Recent trends in livestock feeding have been to increase the

use of animal by-products and waste as substitutes for the more con-

ventional energy and protein sources. This has been in response to

the increasing demand for grain crops and plant proteins to meet the

increasing needs of a growing world population. This increased de-

mand has stimulated the interest in finding and developing new, less

expensive sources of protein and energy. The meat processing and

rendering industries have supplied several by-products that have been

utilized in livestock feeding. These have included animal tallow,

meat and bone meal, meat meal, blood meal and other miscellaneous

by-products.

Two other promising by-products of the rendering industry are

poultry feathers and hog hair. Although these products are resistant

to digestion by proteolytic enzymes in their natural state, steam

hydrolysis under pressure yields products that are 65 to 85% digestible

with 85 to 99% protein. The processed products, hydrolyzed feather

meal (FM) and hydrolyzed hair meal (HM) have been available for several

years. However, little research has been conducted to evaluate these

protein sources for use in ruminant rations. Available research

(Jordan and Jordan, 1955; Huston and Shelton, 1971) has shown that when

FM supplies all the supplemental protein in growing and fattening

rations for lambs, there is a depression in performance. However, when

FM was fed in combination with soybean meal (SBM) to supply half of
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the supplemental protein, no detrimental effects on performance were

found. Thomas and Beeson (1977) reported decreased crude protein

digestibility and rumen ammonia levels for FM and HM in comparison

to SBM by cattle. This research shows that FM and HM have a lower

solubility in the rumen and do not allow satisfactory performance when

fed as the total supplemental protein source.

Urea, a non-protein nitrogen source, has also been used to re-

place the more expensive conventional protein sources in ruminant

rations. A report of the National Research Council (1976) summarizes

the volumes of research reports that have been conducted on the utili-

zation of urea by ruminants. Urea is highly soluble in the rumen and

yields ammonia which is utilized by rumen microbes for the synthesis

of protein. The degree to which urea is utilized depends on the

solubility of competing protein sources in the diet, availability of

readily available carbohydrates for energy and structural carbon

skeletons, and the availability of sulfur sources for synthesis of

the essential sulfur-containing amino acids. This knowledge of urea

indicates that FM and HM, which are low in solubility and good sources

of sulfur, should be satisfactory ingredients when fed in combination

with urea. The objectives of this thesis are to further evaluate FM

and HM for ruminants through digestibility and rumen studies. In

addition, in vitro digestion trials and a feedlot trial were con-

ducted to study urea and FM or HM in combination and to establish

optimum ratios of substitution.
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II. LITERATURE REVIEW

Although feather meal and hair meal have been produced commer-

cially for several years, very limited research is available that

provides information on the utilization of FM and HM by ruminants.

The objectives of this literature review will be to identify

the physical and chemical properties of FM and HM and to discuss the

commercial processing techniques. A brief review of research concer-

ning FM and HM for monogastrics will be discussed followed by the

limited research available on ruminants. Due to the results of past

research on FM and HM, a brief review of urea metabolism and urea in

combination with other protein sources will be presented. This liter-

ature review will justify the research objectives of this thesis

which are to establish optimum ratios of urea in combination with FM

or HM for ruminants.

A. Physical and Chemical Properties of Feather Meal and Hair Meal

Feather meal and hair meal are concentrated protein sources

with FM ranging from 85 to 90% crude protein and HM ranging from 90

to 99% crude protein on a dry basis. The protein is predominantly

keratin protein which Lehninger (1975) describes as fibrous, insolu-

able proteins derived from ectodermal cells of animals. These in-

clude the structural proteins of skin, wool, scales, quills, nails,

hooves, horns and silk as well as feathers and hair. Feathers and

hair are alpha-keratins which contain cystine in contrast to beta-

keratins which contain no cysteine or cystine. The alpha-keratins
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are composed of polypeptides arranged in a right-handed alpha helical

structure. This structure permits strong intra-chain hydrogen bonding.

These alpha helixes are wound around each other to form supracoiled

ropes held together by disulfide cross linkages of the cystine mole-

cules (see Appendix figure 1). The alpha-keratins in their natural

state are insoluble and resistant to digestion by the common proteo-

lytic enzymes and hydrochloric acid found in the digestive tract.

The commercial processing method is to cook the feathers or

hair under pressure with live steam which partially hydrolyzes the

protein, thus increasing the solubility. The product is then dried

and ground resulting in a free-flowing protein meal that is more diges-

tible by all classes of livestock (Anonymous, 1975). The degree of

improved digestibility depends on the time cooked and the steam

pressure in the chamber. Most commercial processors cook FM at 175 to

300 kilograms per square meter for 30 to 45 minutes (Anonymous, 1975)

and HM at 300 kilograms per square meter for 75 minutes (G. A. Wintzer

and Son Company, personal communication, 1977). The pressure is

slowly released and the resulting slurry cooked for an additional time

to reduce the moisture level to 6 to 10%. The improved digestibility

of FM and HM after steam hydrolysis is due to the breakage of disulfide

bonds of the cystine molecules (Moran et al., 1967).

Raw feathers contain approximately 8% cystine and during hydrol-

ysis about half of the cystine is broken down to lanthionine and orni-

thine. This leaves FM with approximately 4% cystine which makes it an

excellent source of sulfur. It is important not to overprocess FM or

HM for monogastric species as increasing digestibility decreases sulfur
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availability due to decreasing cystine content. Protein quality is

also decreased. The preferred digestibility of FM for monogastrics is

75 to 80% by the pepsin-hydrochloric acid method (A.O.A.C., 1971).

Hydrolysis to this extent will leave approximately 4% cystine which is

important in sparing methionine for monogastrics. The degree of pepsin-

hydrochloric acid digestibility is not as important for ruminants as

the sulfur content of FM remains the same and it can be incorporated

into amino acids by the rumen micro-organisms. The high sulfur content

of FM and HM indicate that they would be good protein supplements when

sulfur is the limiting nutrient for amino acid synthesis by the rumen

microbes.

Several workers have reported on the amino acid analysis of FM

and HM. Thomas and Beeson (1977) compared the amino acid analysis

of FM and HM to SBM. Feather meal and HM from this analysis are very

similar in amino acid composition and have higher concentrations of

cystine, serine, glycine and valine when compared to SBM. However,

FM and HM are lower than SBM in lysine, histidine and aspartic acid.

Moran et al. (1967) found the limiting amino acids for FM to be methi-

onine, lysine, histidine and tryptophan in that order. The same amino

acids were found to be limiting for HM with the addition of isoleucine.

(See Appendix table 1 for amino acid analysis of FM, HM and SBM.)

In a report to the National Renderers Association, Stephenson

(1975) from the University of Arkansas, conducted biological assays

with chickens to determine the availability of amino acids in FM and

found them to be 95 to 98% available. This should prove to be a better

method for determining protein quality than the pepsin-hydrochloric
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acid method, although considerably more time consuming and expensive.

The National Research Council (1971) lists FM as ingredient

number 5-03-795 and gives a complete proximate analysis. The American

Feed Manufacturers Association ingredient guides (1973) further charac-

terize the physical properties of FM. Hair meal on the other hand,

is not listed in the National Research Council Feed Atlas, probably

due to the limited production and number of research reports available

on HM. Crude fiber, ether extract and ash values were reported for

HM by Thomas and Beeson (1977). (See Appendix table 2 for proximate

analysis and physical characteristics of FM and HM.)

The proximate analysis of FM and HM appear very favorable for

use as protein sources for ruminants. As stated earlier, FM has 85

to 90% crude protein and HM 90 to 99% crude protein. The National

Research Council lists FM with 1.5% crude fiber, 2.5% ether extract and

3.0% ash. Thomas and Beeson report 2.7% crude fiber, 2.1% ether extract

and 3.4% ash for HM.

Physically, FM and HM are finely ground, free flowing meals

with 90 to 94% dry matter. Feather meal is light golden brown in

color with a fresh to slight tankage odor (A.F.M.A., 1973) and HM is

dark brown with a definite tankage odor.

B. Feather Meal and Hair Meal as Protein Sources

Feather meal and HM have been evaluated extensively for use in

poultry rations. Wilder et al. (1955) fed FM at levels from 2.7 to 7.7%

of the diet in practical-type rations for chicks. Feather meal supplied

2.4 to 6.2% protein to the diets. They found that when FM supplied
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2.4% of the protein and an equal amount was supplied by meat and bone

scrap, excellent growth was obtained. Chicks fed semi-purified and

practical rations from one to three weeks of age, with FM plus supple-

mental methionine, lysine, histidine and tryptophan, had growth equal

to chicks on diets supplemented with SBM (Moran et al., 1966). They

also found equally good growth for chicks when 5% of the protein in

corn-soybean meal rations (20% CP) was replaced with FM. When FM re-

placed all the SBM protein, the three week weight of chicks was greatly

depressed. Moran et al. (1967) later found similar results for HM.

Moran et al. (1968) fed FM and HM at low and high levels of SBM sub-

stitution in starter (24% CP) and finishing (20% CP) rations for

broilers. The broilers on the low FM and HM diets (10% SBM protein)

performed and yielded carcasses comparable to broilers on control SBM

diets. This level of FM and HM substitution just meets the lysine

requirements for broilers. Higher levels of substitution resulted in

poorer growth and lower quality carcasses. Laying hens fed corn-soy-

bean meal diets (10% CP) with 5% of the protein from FM or HM required

supplemental methionine to produce maximal egg production and egg

weight (Moran et al., 1969).

Combs et al. (1958) fed FM at 5, 7.5 and 10% of corn-soybean

meal diets (16%) with and without lysine supplementation to weanling

pigs and compared the results to basal diets with SBM supplying 100%

of the supplemental protein. The 5% FM ration without supplemental

lysine produced growth rates equal to the basal ration. When 7.5%

FM was substituted, supplemental lysine was required to equal the

results of the basal ration. The 10% FM ration with and without added
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lysine resulted in depressed gains. These results show that FM can

replace up to half of the SBM protein in corn-soybean meal diets with

no detrimental effects.

The research with monogastrics shows that FM and HM can be

utilized in limited amounts if limiting amino acids are either added

for or balanced by the addition of other feed ingredients. This amino

acid balance does not have the same importance in ruminants and there-

fore FM and HM theoretically should be equal to any other protein

source on a per unit protein basis.

Jordan and Jordan (1955) and Jcrdan and Croom (1957) reported

no differences in average daily gain (ADG) when FM replaced up to half

of the supplemental protein in corn-soybean meal diets for feedlot

lambs. The FM did not affect palatability of the rations adversely as

no differences were found in feed consumption between diets. When FM

supplied all the supplemental protein in sorghum based diets for feed-

lot lambs, gains and feed efficiency were reduced (P>.05) when compared

to diets with SBM as the supplemental protein source (Huston and Shel-

ton, 1971). They also reported apparent crude protein digestibilities

of 75.4% for FM diets compared to 30.3 for SBM diets.

Aseltine (1977) reported on a digestion trial with lambs and

found reduced crude protein digestibility for FM in high roughage

rations when compared to SBM. No differences were found in dry matter

digestibilities between rations. Ray (1959) conducted a feedlot and

digestibility study with steers to compare FM, blood and bone meal

(BBM), cottonseed meal (CSM) and a combination of 50% CSM-25% FM-25%

BBM as supplemental protein sources in corn-hay diets. The FM and CSM
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diets were equal with regard to liveweight gain or feed efficiency,

but both were below the BBM diet. The steers on the CSM diet had

higher apparent crude protein digestions when compared to the FM

steers. However, the FM steers had higher dry matter, crude fiber,

crude fat and nitrogen free extract digestibilities than the CSM

steers. Wise and Barrick (1963) compared FM and SBM as protein

sources for wintering calves in drylot. The calves received 10 pounds

grass hay and 5 pounds of a concentrate per day, supplemented with

either SBM or FM. An adaption period was required before the calves

would eat 5 pounds per day of the FM concentrate, however, no differ-

ence in ADG was found between diets. Thomas and Beeson (1977) repor-

ted significantly decreased crude protein digestibility by cattle for

FM and HM compared to SBM in corn-ground cob diets. There was no

difference in nitrogen retention between diets, but steers fed FM and

HM retained significantly more of the absorbed nitrogen. Steers on

the SBM supplemented diets had significantly higher rumen ammonia and

plasma urea nitrogen levels at 1, 2 and 4 hr post feeding than steers

fed either the FM or HM supplemented diets. There was no difference

in dry matter and gross energy digestibilities between diets.

Wray et al. (1976) found no significant differences in gain or

feed efficiency by beef heifers when FM or HM replaced 25 and 50%, or

FM and HM in combination replaced 50% of the supplemental SBM in a

corn-corn silage ration. No differences were found in energy and nitro-

gen digestibility by beef steers when FM or HM replaced 50% of the

SBM protein in a high moisture ground ear corn diet.

The only available data on FM utilization by dairy cows was
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reported by Rakes et al. (1968). They found that when a 15 day pre-

partum adaption period was allowed, FM fed at 9.7% of the concentrate

mixture did not significantly affect feed intake, milk production or

body weight for the first 12 weeks postpartum when compared to a control

concentrate with SBM. The cows were given free access to corn silage

and alfalfa grass hay throughout the study. Without the adaption

period a significant depression in consumption of the FM supplemented

concentrate was observed.

Although some variations exist in reports of FM and HM utiliza-

tion by ruminants, the available data indicated that when given a short

adaption period and fed in the appropriate manner, FM and HM can be

used to replace up to half of the supplemental protein without any

detrimental effects on animal performance. The data also show that

FM and HM are of lower solubility than traditional plant protein

sources such as SBM.

C. Urea Metabolism in the Ruminant

A large volume of research on urea utilization by ruminants has

been reported on in the last 50 years, and several good review articles

are available. Some of the more recent reviews are those by Briggs

(1967), Helmer and Bartley (1971), Chalupa (1972), and a report by

the National Research Council (1976).

Pearson and Smith (1943) found that urea was degraded rapidly

to ammonia in the rumen. They concluded that the rapid urea degrada-

tion was due to urease activity of the rumen microbes. Jones et al.

(1964) reported that 35% of the viable bacteria in urea-fed sheep
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possessed urease activity. In addition, they found that the protozoal

fractions were almost devoid of urease activity. Hungate (1966)

states that a large concentration of urease is not required as urease

is a very active enzyme. Hungate also discusses ammonia as a common

denominator in the utilization of urea by ruminants. Urea is broken

down to ammonia and carbon dioxide by the microbial urease. The

ammonia is used with keto acids (carbon skeletons) from carbyhydrate

digestion in the rumen to form microbial amino acids. These microbial

amino acids are then used for production of microbial proteins which

can be utilized in the lower digestive tract. A large percentage of

the rumen bacteria require ammonia and many others prefer ammonia for

synthesis of bacterial amino acids. Bryant (1963) found that 80% of

isolated bacterial species could grow with ammonia as the only nitrogen

source. Twenty-six percent of the bacteria require ammonia and 55%

could use either ammonia or amino acids for synthesis of bacterial

protein. A large part of the dietary amino acids are broken down to

ammonia, volatile fatty acids and carbon dioxide by the rumen bacteria.

The ammonia and carbon skeletons from volatile fatty acids are then

used by the bacteria for synthesis of new amino acids (Hungate, 1966).

The degree to which ammonia from urea is utilized depends on competing

ammonia from dietary amino acids, microbial death and digestion, and

from urea recycled through the saliva or rumen epithelium. In addition,

some bacteria can incorporate peptides and amino acids directly into

bacterial protein. Due to the fact that ammonia is released quickly

from urea, carbon skeletons must be produced from carbohydrate digestion

at a rapid rate to insure bacterial amino acid synthesis. This requires
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a highly digestible source of carbohydrates (Church, 1975).

The major problem with urea utilization is the fact that ammonia

is liberated at a rate of four times faster than it is taken up by

rumen microbes (Bloomfield et al., 1960). This can result in a major

loss of available nitrogen due to a large part of the ammonia being

absorbed through the rumen wall into the portal circulatory system.

Once in the circulatory system, the ammonia is transported to the liver

where it is converted back to urea (Lewis, 1957). Although some of

this urea is recycled to the rumen via saliva or absorbed from the

circulatory system across the rumen wall, a large part is excreted in

the urine. When ammonia is absorbed faster than the liver can convert

it to urea, ammonia toxicity can occur as a result of a build-up of

ammonia in the peripheral circulatory system (Word et al., 1969).

Symptoms include uneasiness, staggering, kicking at the flank, rapid

respiration, incoordination, tetany, slobbering, and bloating (Church,

1975). Lewis et al. (1957) reported that the liver was able to detoxi-

fy absorbed ammonia when the rumen ammonia levels stayed below 60 m

moles per liter. Generally, it takes large dietary amounts consumed

in a short period to overload the liver.

The use of urea also reduces the amount of dietary minerals

available from protein supplements. Sulfur, which is required for

synthesis of sulfur-containing amino acids by the rumen microbes, is a

mineral of major concern. Thomas et al. (1951) found reduced urea

utilization by lambs in sulfur-deficient purified diets. McLaren et al.

(1959) found that adding methionine to urea-containing rations increased

nitrogen retention by lambs. Work by Chalupa et al. (1973) has shown
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that either organic sulfur from amino acids or inorganic sulfur or

sulfate can be used as sulfur sources for ruminants.

D. Urea in Combination With Other Protein Sources

Due to the degradation of many dietary proteins and amino acids

to ammonia in the rumen, it is hard to quantify the effects of added

protein or amino acids to urea-containing rations. Burroughs (1951)

discussed the effects of addition of protein to urea supplemented

diets. The solubility of the added protein determines how much ammonia

will be released to compete with ammonia from urea. Urea is utilized

most efficiently when protein is limiting or when the protein in the

ration is low in solubility. Wegner (1940) found that increasing

levels of casein in urea-containing diets had a decreasing effect on

the amount of ammonia from urea being utilized in the synthesis of mi-

crobial protein. Maeng et al. (1976) studied the effects on microbial

growth rate in vitro with urea as the total nitrogen source and urea

supplemented with mixtures of amino acids. The optimum ratio of urea

nitrogen to amino acid nitrogen was 75% urea nitrogen and 25% amino

acid nitrogen. One hundred percent urea or one hundred percent amino

acids would not support maximal microbial growth. The substitution of

amino acids to the urea increased the yield of bacterial dry matter from

9 to over 20 mg per 100 mg of substrate.

E. Summary

The information brought out in this review indicates that FM

and HM should increase the utilization of supplemental urea and vice
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versa. Feather meal and HM are low in solubility and high in sulfur

while urea is extremely soluble and may be limited by sulfur in the

diet. Feeding FM or HM in combination with urea would be a very

desirable method of replacing more expensive protein sources if they

truly have a complementary effect.
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III. MATERIALS AND METHODS

Digestion trials, a rumen study, in vitro digestions, and

a feedlot trial were conducted to evaluate FM and HM alone and in

combination with urea for ruminants.

A. Chemical Analysis of Feather Meal and Hair Meal

Feather meal, HM and SBM were analyzed for dry matter, crude

protein, ether extract, ash and pepsin-hydrochloric acid digestibility

by methods described in A.O.A.C. (1971). Gross energy was determined

in an adiabatic bomb calorimeter (Parr Model 1241)
1

. Amino acid

analysis was performed by the Oregon State University Biochemistry

Laboratory.

B. Digestion Trials

Two digestion trials were conducted using 21 crossbred wethers

with 3 animals per treatment. Both trials consisted of a SBM control

diet and six test diets where FM or HM replaced 25, 50 or 75% of the

SBM protein. Diets were formulated to 15% crude protein on a dry

basis and FM or HM supplied 12, 22 or 32% of the dietary protein. All

rations were prepared in the Oregon State University Animal Science

Feed Mill and were mixed in a small batch horizontal ribbon mixer.

Composition and nutrient analysis of the control and six test diets

are shown in table 1.

Animals were housed in metabolism cages designed to allow

1Parr Instrument Company, Moline, Illinois.



TABLE 1. DIET COMPOSITION AND NUTRIENT ANALYSIS, DIGESTION TRIALS

NRC
Reference

No.

Diets (%)

SBM
Control FM 25 FM 50 FM 75 HM 25 HM 50 HM 75

Ingredients:

Barley, rolled 4 07 939 27.7 29.9 32.0 33.9 30.0 32.2 34.2

Straw, ryegrass 1 04 059 30.0 30.0 30.0 30.0 30.0 30.0 30.0

Alfalfa, ground 1 00 063 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Beet pulp 4 00 669 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Molasses, cane 4 04 696 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Soybean meal 5 04 604 14.3 10.3 6.6 3.2 10.3 6.6 3.2

Feather meal 5 03 795 1.8 3.4 4.9 ---- ---- --

Hair meal 1.7 3.2 4.6

Limestone 6 02 632 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Salt, TM 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Analysis:

Dry matter 91.2 91.4 91.5 91.9 92.4 92.3 92.5

Crude protein 15.6 15.9 14.9 14.6 14.7 14.7 14.9

Ether extract 0.7 0.9 1.1 1.0 0.4 0.5 0.5

ADF 22.4 22.0 22.1 23.3 22.2 23.7 23.9

Ash 6.4 6.1 6.2 5.4 5.9 6.3 6.5

Gross energy kcal/kg 4.34 4.36 4.32 4.32 4.29 4.29 4.28
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separation of urine and feces. Yearling sheep (40 kg) were used in

trial 1 and were fed 3% of their metabolic body weight (W75) twice

daily. This method helped to reduce error due to body weight varia-

tion. Uniform growing lambs (30 kg) were used in trial 2 and were fed

550 g twice daily. Trace mineralized salt and water were available at

all times. Each trial consisted of a 10 day pre-adjustment period, a

10 day adjustment period, and an 8 day collection period. All animals

received the control ration during the pre-adjustment period.

Records were kept of feed offered and feed refused during the

entire test period. Feed samples were collected daily, composited and

held for analysis. Feces were collected daily, weighed, and a 10%

aliquot was removed, composited and stored in a cooler at 4 C. Urine

was collected daily and a 10% aliquot was composited and stored at 4 C

for analysis. To minimize urinary nitrogen losses, 2 ml of phosphoric

acid were added to the collection buckets after each collection. In

addition, the composite urine samples were adjusted to a pH of 6 by

addition of phosphoric acid.

Data obtained from chemical analyses and energy determinations

of the feed, feces and urine were used to calculate apparent digesti-

bilities of dry matter, crude protein and gross energy by a method de-

scribed by Schneider and Flatt (1975). Nitrogen retention and biologi-

cal value of treatments were calculated for trial 2 by a method de-

scribed by Maynard and Loosli (1969). Digestibility by difference of

FM and HM was calculated by a method described by Schneider and Flatt

(1975).

Total nitrogen, dry matter, ash and ether extract in the feed,
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total nitrogen and dry matter in the feces, and total urinary nitro-

gen were determined by methods described in A.O.A.C. (1971). Acid

detergent fiber of the feed was determined using the method of Van

Soest (1963) as described in the modified micro-procedure of Waldern

(1971). Gross energy in the feed and feces was determined in an

adiabatic oxygen bomb calorimeter. No problems in complete combustion

of feces were encountered when sample size was reduced to .5 g and

oxygen pressure set at 15 atmospheres.

C. Rumen Study

A rumen-fistulated Holstein steer was maintained on grass hay

ad libitum and received 1.5 kg of protein concentrate twice daily to

monitor rumen characteristics. Six different protein concentrates

were formulated to provide a 20% crude protein supplement. Supple-

mental protein was supplied by either urea (U), SBM, FM, FM-U, HM or

HM-U. Composition and nutrient analyses of the protein concentrates and

nutrient analyses of the grass hay are shown in table 2.

The test period for each protein concentrate consisted of a

14-day adaption period and a 4-day sampling period. Rumen fluid was

sampled at hourly intervals for a period of 8 hr post-feeding and

strained through two layers of cheese cloth into a pre-warmed thermos.

The rumen fluid was strained a second time through four layers of

cheese cloth and pH readings were immediately taken with a Fisher

Accumet pH meter (Model 310)2.

2 Fisher Scientific Company, Pittsburgh, Pennsylvania.



TABLE 2. COMPOSITION AND NUTRIENT ANALYSIS OF PROTEIN CONCENTRATES, RUMEN STUDY

NRC

Reference
No.

Rations (%)

Urea SBM FM FM-U HM HM-U
Grass
Hay

Ingredients:

Alfalfa, ground 1 00 063 52.0

Beet pulp 4 00 669 10.0 10.0 10.0 10.0 10.0 10.0

Molasses, cane 4 04 696 5.0 5.0 5.0 5.0 5.0 5.0

Barley, rolled 4 07 939 30.0 55.5 70.5 74.7 72.2 75.5

Soybean meal 5 04 604 28.0 ---- - - --

Feather meal 5 03 795 13.0 7.3

Hair meal ---- 11.3 6.5

Urea 2.5 1.5 ---- 1.5

Salt, TM 0.5 0.5 0.5 0.5 0.5 0.5

Limestone 6 02 632 1.0 1.0 1.0 1.0 1.0

Vitamin A a a a a a a

Analysis:

Dry matter 92.9 92.0 92.0 91.8 91.5 91.9 94.0

Crude protein 19.6 21.8 21.4 20.8 21.3 20.8 7.0

Ether extract 0.7 0.3 0.5 0.7 0.5 0.6 1.0

ADF 24.1 8.6 7.7 8.3 11.3 10.1 36.5

Ash 9.9 5.7 5.5 5.5 4.2 4.3 6.5

a
2000 IU/day.
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Ammonia-nitrogen (NH3-N) was determined using a method described

by Hawk et al. (1954). Duplicate 5 ml samples of rumen fluid obtained

from the hourly collections were placed in the first of two large

test tubes in an aeration train. Three drops of an antifoam agent

were added to the rumen fluid to prevent excessive foaming. The

second test tube contained 25 ml of a 2% boric acid solution with

bromocresol green indicator. The aeration train was connected to a

positive air flow which had passed through a 10% solution of sulfuric

acid for purification. After all connections were made, 5 ml of a

saturated potassium carbonate solution was added to the rumen fluid

to release the ammonia. Thirty minutes of positive air pressure

insured that all ammonia passed through the aeration train and was

trapped in the boric acid solution. Titration of the boric acid solu-

tion with .02 N sulfuric acid resulted in 1 mg of NH3-N per ml of

titrate, using the equation:

mg NH3-N/100 ml =
ml of .02 N H2SO4 X .28

5 ml sample

where .23 is the normality of the sulfuric acid times 14, the molec-

ular weight of nitrogen.

Rumen fluid samples were prepared for volatile fatty acid (VFA)

analysis by a method similar to that described by Baumgardt (1964).

Duplicate 5 ml samples of rumen fluid were prepared for VFA analysis

by adding 1 ml of 25% meta-phosphoric acid and allowing to stand

overnight at 4 C. Samples were then centrifuged at 12,500 rpm for

30 min and the supernatant fluid was decanted and analyzed for VFA.
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A Varian-Aerograph
3

(Model 1200) gas chromatograph equipped

with a hydrogen flame ionization detector and a Sargent4 (Model SRG)

recorder were used for VFA analysis. A Spectra-Physics5 autolab

minigrator was used to quantify VFA. An Aerograph
6

elygen electro-

lytic hydrogen generator (Model 9652) supplied ultra-pure hydrogen.

A commercial source of nitrogen served as the carrier gas and an air

pump delivered air for the flame-ionization assembly. A glass column

1.83 m in length with a 2 mm inside diameter was used containing

10% SP 1200/1% H3PO4 on a 80-100 mesh Chromosorb W-AW. Operating

conditions for the gas chromatograph are shown in table 3, and for the

integrator in table 4.

D. In Vitro Digestions

A 2 X 6 factorial arrangement of treatments and a positive

control were used in in vitro incubations. Grass hay (7% crude pro-

tein) was used as a dry matter substrate and 25 g treatment batches

were mixed with SBM, FM, HM and/or urea supplying the supplemental

protein. The batches were formulated to contain 15% crude protein

when either 0, 20, 30, 40, 50 or 100% of the FM or HM was replaced

by urea added as a solution. Soybean meal served as a positive

protein control. See figure 1 for factorial arrangement of treatments.

3Varian-Aerograph Company, Walnut Creek, California.

4Sargent-Welch Scientific Company, Skokie, Illinois.

5Spectra-Physics, Santa Clara, California.

6Varian Aerograph Company, Walnut Creek, California.
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TABLE 3. GAS CHROMATOGRAPH OPERATING CONDITIONS
FOR VFA ANALYSIS

Nitrogen flow. 30 ml/min

Hydrogen flow 30 ml/min

Oven temperature 200 C

Detector temperature 240 C

Injector temperature 200 C

Attenuation 1X

Sample size 2 ul

TABLE 4. INTEGRATOR OPERATING CONDITIONS
FOR VFA ANALYSIS

Peak width parameter 3.0

Peak detection threshold parameter 100.0

Baseline test parameter 5.0

Tailing peak parameter 60.0

Time for first integration 28.0

Attenuation 32X
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% UREA

0 20 30 40 50 100

FEATHER
MEAL

FM FM 20 FM 30 FM 40 FM 50 UREA

HAIR
MEAL

HM HM 20 HM 30 HM 40 HM 50 UREA

* SBM SERVED AS A POSITIVE CONTROL

Figure 1. Factorial arrangements of treatments for in vitro

incubations*.
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Closed in vitro incubations were conducted in 100 ml berzelius

lipless beakers fitted with a No. 10 one-hole stopper containing a

gas release valve. Each fermentation vessel contained 1 g of one of

the grass hay-protein mixes. Urea was dissolved in distilled water

and mixed so that each vessel received 10 ml.

Inoculum for the in vitro incubations was obtained from a rumen

fistulated Holstein steer maintained on grass hay ad libitum and 3 kg

of protein concentrate per day. The protein concentrate contained

6% SBM, 3% FM, 3% HM and 1% urea mixed with 79.5% rolled barley and

7.5% molasses. The protein concentrate was fed for two weeks before

the first collection to adapt the rumen microbes. Collections were

made 3 hr post-feeding and strained through two layers of cheese

cloth into a pre-warmed thermos. The samples were immediately taken

to the laboratory and strained through four layers of cheese cloth into

a 2 liter separatory funnel. The rumen fluid was then incubated for

1 hr at 39 C to allow fiber forage particles to rise to the top. The

resulting semiclarified rumen liquor was withdrawn and served as the

inoculum source. Equal amounts of inoculum and McDougall buffer

(table 5) were mixed and gassed for 10 min with carbon dioxide to

insure anaerobic conditions. Twenty ml of the inoculum-buffer mixture

were added to each fermentation vessel and incubated at 39 C for 24 hr.

Beakers were swirled at 8 hr intervals during incubation to aid in the

release of gas trapped under the floating substrate.

Immediately after incubation the fermentation vessel contents

were filtered through pre-weighed 50 ml glass gooch type crucibles

(40 mm diameter disc, porosity C). The filter and residue were dried
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TABLE 5. COMPOSITION OF McDOUGALL (1948) NUTRIENT BUFFER SOLUTION

Concentration/Liter

NaHCO
3

9.80 g

Na
2
HP0

4
'7H

2
0 7.00 g

KC1 0.58 g

NaC1 0.48 g

CaCl2 0.04 g

MgSO4.71190 0.12 g

Urea (5.5°" w/v solution) 17 ml

Glucose (5.5°" w/v solution) 17 ml
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at 90 C for 24 hr, cooled and weighed. Zero time controls were used

to correct for dry matter (DM) in the inoculum source. Percent dry

matter disappearance (DMD) was calculated by use of the formula:

(g DM in (g DM in
10 ml inoculum) + substrate) - g residual DM

DMD X 100
(g DM in 10 ml inoculum) + (g DM in substrate)

Volatile fatty acid analysis and ammonia nitrogen determina-

tions were performed on the supernatant by the methods described

previously.

Microbial protein growth was determined by a modification of

the method described by Brunschede et al. (1977). After incubation,

20 ml of supernatant were placed in a 50 ml centrifuge tube and centri-

fuged 2 min at 1000 rpm to remove heavy feed particles and protozoa.

The supernatant was decanted into a clean tube and centrifuged at

12,500 rpm for 15 min. The resulting filtrate was then washed two

times with .85% NaCl and resuspended in 15 ml distilled water. Bac-

terial dry matter was then determined by transferring a 10 ml sample

of the washed suspension to a pre-weighed aluminum foil dish, dried

at 110 C for 48 hr, cooled and weighed. Bacterial ribonucleic acid

(RNA) was then determined as an estimate of bacterial nitrogen content.

A 4 ml sample of the washed suspension was drawn into a 5 ml graduated

syringe. One ml of 3M trichloroacetic acid at 0 C was then added and

the syringe stored at 4 C overnight. The acid-insoluable material was

then collected on a glass fiber filter (Reeve Angel 984 H) supported

in a syringe adapted filter holder. The filter was washed three times

with cold tap water and then allowed to dry. The filter was then

placed in a 50 ml beaker containing 2 ml of .02 N sodium hydroxide
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and incubated at 23 C for 13 hr. The nucleotides from the alkali

hydrolysis of RNA were separated from the alkali-resistant residue

by the addition of 2 ml of .5 m perchloric acid and filtering through

nitrocellulose paper (.45 pm). The absorbance of the supernatant

was then measured at 260 nm at 1 cm light path. A 10 factor dilution

was sufficient to bring the sample into the desired range of absorbance.

A prepared standard RNA solution was also analyzed to quantitate the

RNA in the treatment samples. Bacterial nitrogen was then calculated

assuming a RNA nitrogen content of 13.2% and a microbial nitrogen to

RNA nitrogen ratio of 10:1 as used by Kropp et al. (1977).

E. Feedlot Trial

A feedlot trial was conducted with 15 Hereford and Hereford-

Angus crossbred steers assigned to three treatments of 5 animals per

treatment. The experimental aiets consisted of 40% roughage rations

formulated to 13% crude protein on a dry basis with either SBM, FM or

FM-urea supplying the supplemental protein. Ration composition and

nutrient analysis are shown in table 6. The steers were self-fed and

had access to water at all times. Animal were implanted initially with

36 mg zeranol (Ralgro7) and again at approximately 360 kg body weight.

Animal weights were taken at 14 day intervals and the trial was

terminated for each steer upon reaching a minimum of 7 mm backfat

determined by measurement with a Scanoprobe
8

Ultrasonic Unit (Model

7 International Minerals Corp., Terre Haute, Indiana.

8
Scanoprobe, Ithaca, New York.
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TABLE 6. DIET COMPOSITION AND NUTRIENT ANALYSIS, FEEDLOT TRIAL

NRC
Reference

No.

Rations (%)

SBM FM FM/Urea

Ingredients:

Straw, ryegrass 1 04 059 38.0 38.0 38.0

Alfalfa, ground 1 00 063 2.5 2.5 2.5

Molasses, cane 4 04 696 7.5 7.5 7.5

Wheat, sprouted 4 05 210 20.0 20.0 20.0

Barley, rolled 4 07 939 18.5 25.2 27.9

Soybean meal 5 04 604 12.5 ---- - - --

Feather meal 5 03 795 5.8 2.1

Urea - -- --- ---- 1.0

Limestone 6 02 632 0.45 0.45 0.45

Vitamin 8 premix
a 0.05 0.05 0.05

Monensin 0.05 0.05 0.05

Salt, TM 0.45 0.45 0.45

Analysis:

Dry matter 92.3 92.3 92.4

Crude protein 13.2 12.8 13.0

Ether extract 0.7 0.8 0.7

ADF 22.9 23.9 22.7

Ash 5.4 5.0 4.7

a
Premixed at 4,400,000 IU/kg.

b
Premixed at 66 g/kg.
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731). Final live weights were adjusted to a 60% dressing percentage

to account for the rumen fill of the high roughage rations. All

steers were slaughtered at the Oregon State University Meats Labora-

tory and carcass information was obtained from each animal to assess

carcass quality grades.

F. Statistical Analysis

Data for all trials were analyzed statistically by use of

least squares analysis of variance. Differences between means were

tested for significance by the Student-Newman-Keul's procedure as

outlined by Steel and Torrie (1961). Treatment means were tested at

(P<.05) for the digestion trials, rumen study and feedlot trial and

at (P<.01) for the in vitro trial. Least squares regression analysis

was also used to study the effects on DMD, total VFA, rumen ammonia

and RNA concentration of increasing levels of urea substitution for FM

and HM (Neter and Wasserman, 1974).



30

IV. RESULTS AND DISCUSSION

A. Chemical Analysis of Feather Meal and Hair Meal

The results of the amino acid analyses of FM, HM and SBM are

shown in table 7. The amino acid analyses show that FM is limiting

in lysine and histidine in comparison to SBM while HM has inter-

mediate values. Moran et al. (1966, 1967) and Thomas and Beeson (1977)

found similar results for lysine and histidine and in addition they

found methionine and tryptophan to be limiting for FM and HM. These

analyses show that FM and HM are low in methionine, but not far

behind SBM. Tryptophan analysis was not conducted in this study.

Feather meal and HM are comparable to SBM for the other amino acids

reported with the exception of isoleucine for HM. Isoleucine was

also reported to be limiting for poultry by Moran et al. (1967).

Although lysine, methionine, histidine and tryptophan defi-

ciencies would be critical for monogastrics, the amino acid content of

FM and HM should be quite satisfactory for ruminants. The concern for

sulfur-containing amino acids is eliminated by the high sulfur content

of FM and HM. Thomas and Beeson (1977) report sulfur contents of

1.7, 2.1 and 0.4% for FM, HM and SBM, respectively.

Table 7 also shows other data on the chemical composition of

FM and HM. A Kjeldahl analysis found FM to have 94% crude protein and

HM to have 97.5% crude protein. The crude protein of HM is within the

range reported earlier of 90 to 99%, while the crude protein of FM is

above the 85 to 90% range reported earlier. This is attributed to the

high concentration of short chain amino acids in FM which would
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TABLE 7. AMINO ACID ANALYSIS AND CHEMICAL COMPOSITION OF
FEATHER MEAL, HAIR MEAL AND SOYBEAN MEAL

Amino acids

% of total protein
Feather meal Hair meal Soybean meal

Lysine 1.51 4.51 6.80

Histidine .55 1.70 3.13

Arginine 6.54 9.60 8.00

Aspartic acid 6.54 8.31 12.20

Threonine 3.60 5.27 4.08

Serine 10.71 7.94 5.14

Glutamic acid 16.34 19.41 19.02

Proline 10.03 3.06 4.39

Glycine 8.26 5.60 3.86

Alanine 6.75 5.31 4.09

Valine 4.82 4.22 4.80

Methionine 1.14 0.91 1.21

Isoleucine 3.10 2.08 4.80

Leucine 7.25 7.84 7.65

Tyrosine 5.11 5.46 4.15

Phenylalanine 6.02 6.34 5.34

Ammonia 1.53 2.45

Dry matter, % 91.3 95.2 9e.2

Crude protein,% 94.0 97.5 49.5

Ether extract,% 3.1 2.0 1.9

Ash,% 2.5 2.47 5.3

Gross energy, kcal /g 5.57 5.50 4.89
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increase the nitrogen content of the protein and lower the 6.25 multi-

plication factor used in the Kjeldahl calculations. A lower conver-

sion factor for nitrogen to protein would give a better estimate of

the crude protein value of FM. The ether extract and ash values are

similar for FM and HM. Thomas and Beeson (1977) found 5.8% ether

extract and attributed the higher values to modern mechanical pickers

that beat off a large number of heads, which are high in fat, into

the feathers. The gross energy values of 5.57 kcal/g for FM and

5.50 kcal/g for HM are near the theoretical values expected due to

the high protein content.

The results of pepsin-hydrochloric acid digestions of FM, HM

and SBM are shown in table 8. The crude protein digestibility of FM

was found to be similar to that of SBM. However, the 85.4% crude

protein digestibility is above that desirable for monogastrics. In-

creasing the hydrolysis during processing increases the pepsin-

hydrochloric acid digestibility but it also increases the degradation

of the cystine molecules and lowers protein quality. The pepsin-

hydrochloric acid digestibility of HM is considerably lower than FM

or SBM, but HM still contains 22% more digestible protein than SBM.

Apparently, hair is more resistant to steam hydrolysis than feathers.

B. Digestibility Trials

Apparent digestion coefficients for dry matter (DDM), gross

energy (DE) and crude protein (DCP) for trial 1 and trial 2 are shown

in table 9. In trial 1 no significant differences were found in

DDM and DE. All levels of FM and HM substitution resulted in lower
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TABLE 8. PEPSIN-HYDROCHLORIC ACID DIGESTIBILITY OF
FEATHER MEAL, HAIR MEAL AND SOYBEAN MEAL

Dry basis Feather meal Hair meal Soybean meal

Crude protein, % 94.0 97.5 49.5

Protein digestibility, % 85.4 67.5 88.0

Protein, nondigested, % 14.6 32.5 12.0

Pepsin-Hydrochloric acid 80.3 65.8 43.6

digestible protein, %



TABLE 9. APPARENT DIGESTION COEFFICIENTS, DIGESTION

Feather meal Hair meal

Digestibility, SBM 25 50 75 25 50 75 Sd

Trial 1

Dry matter
Gross energy
Crude protein

Trial 2

Dry matter
Gross energy
Crude protein

71.9
72.6

76.1a

73.7a
74.8
73.9"

71.4 73.2

70 1
b

73.0
b

73.8 73.5

70.5
70.3
70.4c

71.0 72.8 70.5 .97

.71.0
Ci

70.4 1.33
bc bc

71.172.1
bc

70

72.3 .94

72.3
b

71.0c 71.9
bc

72.7
ab

71.6
bc

73.6a .22

74.8b cd
71.8,1 72.2

5
bc

72.6b 71 8
cd

1.17

68.70.9 66.9 65.4" 69.7 66.9 .84

a,b,c,dMeans in the same line with different superscripts differ significantly (P<.05).
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(P<.05) DCP than the SBM control. There were no differences between

the three levels of HM substitution, however the FM 75 level was

significantly lower than the FM 25 and FM 50 levels. In trial 2,

DDM was decreased (P<.05) for the FM 50, FM 75, HM 25 and HM 75

treatments when compared to the SBM control. No significant differ-

ences were found between treatment means for DE. All levels of FM

and HM substitution had lower (P<.05) DCP than the SBM control as

in trial 1.

No direct comparisons were made between trial 1 and trial 2

due to the differences in animal age and feeding regimes. However,

the younger sheep in trial 2 had lower DCP probably due to the fact

that in this trial, the lambs were fed at a higher percentage of

their body weight than the sheep in trial 1.

These results agree with those reported by Thomas and Beeson

(1977) where significant decreases in DCP by cattle were found for

FM and HM compared to SBM. Huston and Shelton (1972) and Aseltine

(1977) also reported lower DCP for FM compared to SBM but the results

were not significantly different (P>.05).

Treatment means for biological value and nitrogen retention for

trial 2 are shown in table 10. No significant differences were found

between treatment means for either biological value or nitrogen reten-

tion. However, the FM and HM treatments tended to have higher nitro-

gen retentions which resulted in a tendency for higher biological

values. Similar results were reported by Aseltine (1977) while

Thomas and Beeson (1977) reported significantly more nitrogen



TABLE 10. BIOLOGICAL VALUE AND NITROGEN RETENTION, DIGESTION

Feather meal Hair meal

SBM 25 50 75 25 50 75 Sd

Biological value, % 36.2 50.6 51.0 34.5 41.6 38.7 46.3 8.46

Nitrogen retention, g 52.7 73.0 72.1 42.3 53.8 51.3 60.7 11.11
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retained for FM and HM diets when compared to a SBM control. The

non-significant differences in this trial are attributed to the vari-

ation between animals within treatments.

When DCP was calculated by difference, FM and HM had 51.9

and 47.9% DCP, respectively.

C. Rumen Study

The results of the rumen study indicate a definite improvement

in the rumen environment due to urea additions to FM or HM supple-

mented diets. All treatments had typical ruminal pH curves for the

first 8 hr post feeding (Church, 1975). The pH curves for the six

protein concentrates are shown in figures 2, 3 and 4. Figure 2

shows the pH curves for the urea and SBM protein concentrates. The

SBM protein concentrate produced a lower pH for the first 2 hr post

feeding and then paralleled the pH curve for the urea protein con-

centrate. The lowest pH was observed 2 to 3 hr post feeding.

Figure 3 shows the pH curves for the FM and HM protein concentrates.

There were no major differences between these pH curves and they were

very similar to the pH curves for the urea and SBM protein concen-

treates. Figure 4 shows the pH curves for the FM-urea and HM-urea

protein concentrates. The addition of urea to FM and HM generally

increased the pH in the rumen but the significance of this is not

known. Urea is very basic and tends to increase pH levels but this

was not observed for the urea protein concentrate. Generally, when

urea is not included in the diet, a lower pH indicates increased

ruminal fermentation and is inversely related to VFA concentrations
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7.0 -

pH 6.0 -

5.0

UREA
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HOURS POST FEEDING

Figure 2. pH curves for urea and SBM protein concentrates,

rumen study.

7.0

pH 6.0

5.0
I

R4

HM
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Figure 3. pH curves for FM and HM protein concentrates,

rumen study.

7.0

pH 6.0 -

5.0

FM-UREA

HM-UREA

I 2 3 4 5 6 7 8

HOURS POST FEEDING

Figure 4. pH curves for FM-Urea and HM-Urea protein concentrates,

rumen study.
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(Church, 1975).

Ammonia nitrogen concentrations for the first 8 hr post feeding

for the six protein concentrates are shown in figure 5. All protein

concentrates had highest NH3-N levels 1 hr post feeding. The urea

protein concentrate had the highest NH3-N levels and the FM and HM

protein concentrates the lowest. These results reflect the very high

solubility of urea and the low solubility of FM and HM. The SBM

protein concentrate was intermediate in NH
3
-N production, however the

addition of urea to the FM and HM protein concentrates increased the

NH3-N production above that of SBM. Table 11 shows the NH3-N produc-

tion for the six protein concentrates at 1, 3 and 6 hr post feeding.

The increased NH
3
-N production at hour 1 for the urea-containing

protein concentrate was significantly (P<.05) higher than the other

treatments. The SBM protein concentrate also had greater (P<.05)

NH
3
-N levels than the FM and HM protein concentrates. Similar

tendencies were found 3 hr post feeding, however by 6 hr post feeding

the SBM protein concentrate had higher (P<.05) NH3-N levels than all

other treatments.

The significantly greater NH3-N production for the SBM protein

concentrate over the FM and HM treatments agrees with the results

reported by Thomas and Beeson (1977). The increased NH3-N production

with the addition of urea to rations has been demonstrated by several

workers (Church, 1975).

Table 12 shows the VFA production the first 8 hr post feeding

for the six protein concentrates. The highest VFA productions were

observed at 3 hr post feeding. The SBM protein concentrate had
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TABLE 11. RUMEN AMMONIA CONCENTRATIONS, mg/100 ml, RUMEN STUDY

Hours
post

feeding Urea SBM FM FM-Urea HM HM-Urea

1 22.8a 11.3
b

9.5c 19.0
d

9.8c 15.3-

3 10.2a 7.6
b 4.2c 10.5a 6.9

b
7.6

b

6 3.4a 6.9
b

2.9a
5.3c

3.8
a

3.9
a

a,b,c,d,eMeans in the same line with different superscripts differ

significantly (P<.05).
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TABLE 12. TOTAL VOLATILE FATTY ACID CONCENTRATIONS,
pmol/ml, RUMEN STUDY

Hours
post

feeding

Protein concentrate

Urea. SBM FM FM-Urea HM HM-Urea

1 103.04a 129.27b 69.80c 107.70a 70.14
c

81.58d

2 87.71a 136.98b 92.86a 133.61b 61.14c 83.75a

3 114.91a 145.03b 96.14c 106.42ad 77.66e 103.99
d

4 117.22a 102.66
b

80.39c
89.25bc

86.42
bc

102.88
b

5 98.97a 97.29a 65.98
b

104.11a 75.87b 97.69a

6 122.63a 108.67b 81.27c 108.92b 81.57c 98.88
b

7 102.05a 91.06b 77.59c 94.22ab 68.14c 88.64
b

8 81.96a 93.13b 67.29d 108.69c 71.22d 88.63a

Average 103.56ab 113.01b 78.92c 106.62b 74.02c 93.26a

a,b,c,d, eMeans in the same line with different superscripts differ
significantly (P<.05).
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greater (P<.05) VFA concentration than the other treatments, and the

addition of urea significantly increased the VFA concentrations over

those of the FM and HM protein concentrates. A similar trend was

established throughout the first 8 hr post feeding which is demon-

strated by the average VFA production for the first 8 hr. The urea-

containing protein concentrates had greater (P<.05) total VFA concen-

trations than the FM and HM protein concentrates, however the S8M

protein concentrate was not significantly greater than the urea and

FM-urea protein concentrates.

These results indicate increased rumen fermentation by the

addition of urea to FM and HM supplemented diets. The addition of

urea to FM and HM supplemented diets should stimulate fermentation

activity equal to that of a SBM supplemented diet.

D. L Vitro Digestions

The in vitro DMD, NH3-N and total VFA concentrations are shown

in table 13. The FM and HM treatments were lower (P<.01) for DMD,

NH
3
-N and total VFA concentrations. Dry matter disappearance increased

with increasing urea levels and was greater (P<.01) than the SBM con-

trol at the 30% urea level of substitution for FM and the 40% urea

level of substitution for HM. The 100% urea treatment had greater

(P<.01) DMD than all other treatments. All levels of urea addition

had greater (P<.01) NH3-N levels than the SBM control and there were

no significant increases in NH3-N with increasing urea levels. Total

VFA concentrations were greater (P<.01) than the SBM control at the

40 and 50% urea levels for FM and at the 40% urea level of HM. The



TABLE 13. DRY MATTER DISAPPEARANCE, AMMONIA NITROGEN AND
TOTAL VOLATILE FATTY ACIDS, IN VITRO DIGESTIONS

SBM Urea level (%)

Control 0 20 30 40 50 100 Sd

DMD, %
Feather meal
Hair meal

40.7a 37

.8

b
40.4

a
41.7c 41.3ac 42.7 44.1! 36

40.7ac 384
b

40.6
a

41.6, 42.7 4 42.9 44.1 .36

NH
3
-N

'

mg/100 ml
Feather meal 21.9a 25.1c 29 7

d
34.4 38 2

f
56.6q

Hair meal 21.9" 18.8 24.2c 29.5 34.9' 37.4 56.6 g

VFA, pmol/ml
Feather meal
Hair meal

.21

.21

a
ac ac cd

87.4 79 2
b

92.2, 91.2, 101.4
de

103 8
d

2.17

87.4
a

95.7
a

77.0 87.7u 87.5" 96.1c 89.5 103.8 2.17

a,b,c,d,e
'

f a
'-Means in the same line with different superscripts differ significantly

(P<.01).
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100% urea level had the highest total VFA concentration.

The NH
3
-N data agree with the results found in the rumen study.

However, the higher urea levels in the in vitro trial had higher VFA

production than the SBM control, whereas in the rumen study, the SBM

treatment had higher VFA production. A possible explanation is that

in vivo a large part of the highly soluble urea is lost as ammonia

absorbed through the rumen and excreted in the urine as urea. The

in vitro system was a closed system and the ammonia therefore re-

mained available for incorporation into microbial protein. This may

result in increased fermentation in vitro and a higher VFA production.

Ribonucleic acid concentrations, bacterial dry matter and bac-

terial nitrogen concentrations for the in vitro digestions are shown

in table 14. No significant differences were found in RNA concentra-

tions between the FM and HM treatments and the SBM control. Ribo-

nucleic acid concentrations increased with increasing urea levels and

were greater (P<.01) than the SBM control at the 30% urea level of

substitution for FM and at the 40% urea level of substitution for HM.

The bacterial DM and nitrogen are directly related to the RNA concen-

trations and show the same differences between treatment means. The

results reported by Maeng et al. (1976), that the optimum ratio of

non-protein to amino acid nitrogen for microbial growth in vitro was

75% urea nitrogen and 25% amino acid nitrogen, suggest that the grass

hay substrate contributed to the nitrogen pool for microbial utiliza-

tion. The grass hay substrate supplied 33% of the crude protein in the

incubations and apparently supplied sufficient amino acids to produce

maximal fermentation at the 100% supplementary urea level. In



TABLE 14. RIBONUCLEIC ACID CONCENTRATIONS, BACTERIAL DRY MATTER
AND BACTERIAL NITROGEN, IN VITRO DIGESTIONS

SBM
Control

Urea Levels, %
Sd0 20 30 40 50 100

RNA, mg/100 ml
a

Feather meal 11.1
ab

Hair meal 1.1

Bacterial DM, mg /100 ml

Feather meal 251

Hair meal 251

Bacterial N*, mg/100 ml
Feather meal 14.6

Hair meal 14.6

a
11.0

a
10.7

262
254

14.5
14.1

ab
11.9

ab
11.3

234
240

15.7

14.9

be
12 5

b
12.0

248
256

16.5

15.9

be
12.9

c
13.6

262

275

17.0

17.9

cd
13.6,

13.5'

288
292

17.9

17.8

14.5,

14.5-

287
287

19.2
19.2

.47

.47

a,b,c,dMeans in the same line with different superscripts differ significantly (P<.01).

*Calculated assuming RNA nitrogen content of 13.2% and bacterial nitrogen to RNA nitrogen

ratio of 10:1.
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addition, Maeng and Baldwin (1976) discussed the fact that cellulo-

lytic bacteria, which would be more active with the grass hay sub-

strate, are primarily ammonia users whereas some starch digesters

require amino acids for protein synthesis. Therefore, the type of

diet will affect the degree to which urea supplementation will

stimulate microbial growth.

No differences were found for the various parameters between

FM and HM over the various levels of urea substitution. Therefore,

the results of FM and HM were combined for the regression analysis

of the effects of increasing urea levels on DMD, NH3-N, total VFA and

RNA concentrations. The prediction equations for DMD, NH3-N, total

VFA and RNA concentrations with increasing urea levels are shown in

figures 6, 7, 8 and 9, respectively. The effects of increasing

urea substitution of keratin proteins can be expressed by the

quadratic equation,

DMD = 38.166 + .130 UREA - .0007 UREA
2

.

Ninety-three percent of the change in DMD is accounted for by the

change in percent of urea substitution for the keratin proteins.

The changes in NH3-N are expressed in the linear equation,

NH
3
-N = 18.360 + .384 UREA.

This equation has a coefficient of determination of 99% which means

that 99% of the change in NH3-N is accounted for by changes in urea

substitution of the keratin proteins. The quadratic equation,

VFA = 79.234 + .464 UREA - .0022 UREA
2

,

accounts for 77% of the changes in VFA concentrations by the changes

in urea substitution of the keratin proteins. Eighty-two percent of
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the variation in RNA concentration was accounted for in the quad-

ratic equation

RNA = 10.651 + .070 UREA - .0003 UREA
2

.
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It must be remembered that these equations are only valid

under the conditions of this trial and are good predictors only within

the 0 to 50% level of urea substitution of the keratin proteins.

E. Feedlot Trial

The results of the feedlot trial are shown in table 15. No

apparent food refusals or longer adaption period was required when

feather meal was included in the rations. Rakes et al. (1969) found

it necessary to have a two week adaption period when feeding FM to

dairy cows. However, in a feedlot situation a normal adaption period

to a high concentrate ration should be satisfactory.

The trend towards improved gains and feed efficiency for the

FM-urea diet were established by day 56 of the trial. No signifi-

cant differences were found between treatments for average daily gain

or feed efficiency at trial termination. However, there was a marked

improvement in average daily gain and feed efficiency with the addi-

tion of urea to the FM diet. The FM steers consumed 1.5%, more feed

than the SBM steers and the FM-urea steers consumed 2% less feed. The

FM steers required 8.9% more feed per kg gain and had a 6.8% lower

average daily gain while the FM -urea steers required 9.2% less feed

per kg gain and had a 8.4% higher average daily gain when compared

to the SBM steers.

One of the FM steers died of bloat previous to slaughter. The
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TABLE 15. FEEDLOT PERFORMANCE DATA

Ration

SBM FM FM-Urea

No. animals 5 5 5

Days on feed 140 135 135

Daily intake, kg 8.95 9.05 8.77

b
Days on feed ADGa FE ADG FE ADG FE

0-28 1.12 5.63 1.29 5.12 1.21 5.38

29-56 1.24 5.07 1.20 5.05 1.30 4.91

57-84 1.22 5.77 1.13 5.93 1.28 5.67

84-112 1.23 6.51 1.20 6.68 1.34 6.14

Finalc 1.13 7.91 1.05 8.61 1.22 7.18

aAverage daily gain expressed as kg gain/day.

bFeed efficiency expressed as kg feed/kg gain.

cFinal weight adjusted to a 60% dressing percentage to

correct for rumen fill of the high roughage rations.
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weights were adjusted to trial termination but no carcass grade was

recorded. The major difference between treatment groups was in car-

cass grade. The SBN treatment had five choice of five steers, while

the FM treatment had three choice and one good of four steers, and the

FM-urea treatment had three choice, one good and one standard of five

steers. However, the number of replicates was too small for accurate

predictions of such variable characteristics as gain, feed efficiency

or carcass merit. These results agree with those reported by Jordan

and Croom (1957). They reported no decrease in animal performance

when FM replaced up to half the supplemental protein in corn-SBM

diets for lambs.

F. Summary and Conclusions

The objectives of this study were to further evaluate the utili-

zation of FM and HM through digestibility trials with sheep and to

investigate the effects of urea in combination with FM and HM on the

rumen characteristics, both in vivo and in vitro, and on animal perfor-

mance. A rumen study, in vitro digestions, and a feedlot trial were

conducted to accomplish the latter objectives.

A significant decrease (P<.05) in crude protein digestibility

was found with increasing levels of FM and HM substitution for SBM.

These results agree with those of other workers and demonstrate the

low solubility of FM and HM in comparison to SBM. Past research has

shown that urea can be fed more effectively in combination with other

protein sources of low solubility and for this reason urea in combina-

tion with FM and HM was evaluated.
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Significant increases (P<.05) in rumen ammonia and fermentation

were found when urea was fed in combination with FM and HM in vivo.

These results were confirmed in the in vitro digestions where 40 to

50% urea substitution for FM and HM met or exceeded the results of

SBM for dry matter disappearance, ammonia nitrogen, total VFA and RNA

concentrations. Strong prediction equations were also obtained for

the effects of increasing urea substitution of FM and HM on dry matter

disappearance, ammonia nitrogen, total VFA and RNA concentrations.

In the feedlot trial FM and urea in combination resulted in increased

animal performance over than of a SBM control. However, the results

were not significant.

Generally, this study indicates that 40 to 50% substitution of

urea for FM or HM will result in an increased incorporation of nitro-

gen into the microbial cells, increased rumen fermentation and im-

proved animal performance when compared to SBM.
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TABLE 1. AMINO ACID ANALYSIS OF FEATHER MEAL, HAIR MEAL
AND SOYBEAN MEAL (THOMAS AND BEESON, 1977)

Amino acidsa Feather meal Hair meal Soybean meal

Aspartic acid 7.3 8.0 10.9

Threonine 4.0 5.6 3.5

Serine 9.8 8.1 4.8

Glutamic acid 9.9 14.5 14.3

Glycine 7.2 5.4 3.5

Alanine 4.5 5.0 4.6

Valine 6.8 8.6 4.6

Cystine 5.2 4.8 .7

Methionine .5 .6 .7

Isoleucine 2.9 3.9 2.1

Leucine 7.0 7.3 7.3

Tyrosine 2.6 3.1 3.0

Phenylalanine 4.4 3.0 3.9

Lysine 2.1 3.4 5.9

Histidine .8 1.1 1.8

Arginine 6.6 8.3 7.0

a Percent of protein, dry basis.
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TABLE 2. PROXIMATE ANALYSIS AND PHYSICAL CHARACTERISTICS
OF FEATHER MEAL AND HAIR MEAL

Feather meal Hair meal

Typical analysis
Protein, % 85-90 90-99

Fat, 2.5 2.5

Fiber, % 1.5 .5

Phosphorus, % .8

Ash, % 3.0 3.0

Moisture, % 90-94 90-94

Physical properties
Color
Odor
Texture

Light golden brown
Fresh, slight tankage
Finely ground, free
flowing meal

Dark brown
Definite tankage
Finely ground,

free flowing meal


