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Abstract approved:

In vitro pepsin (IVPD), rumen in vitro dry matter

(IVDMD) and in vivo sheep digestibility studies were con-

ducted to evaluate the effect of sodium hydroxide (NaOH)

and phosphoric acid (H3PO4) on utilization of steam

processed feather meal (FM). For the in vitro trials

chicken feathers were treated with various concentrations

of NaOH or H
3
PO

4
and then steam processed in a laboratory

autoclave. Crude protein (CP) levels of the FM treatments

were monitored.

A steam pressure vessel was designed and used to proc-

ess FM for two sheep digestion trials. Trial 1 compared

FM made from feathers treated with zero ((P) chemical,

.25% NaOH, .25% H
3
PO4 and cottonseed meal (CSM). Trial

2 treatments were 4) chemical, .25, .50 and .75% NaOH FM;

these were compared with commercial FM and CSM.

IVPD of laboratory hydrolyzed FM increased (P<.05)

as processing time increased and as NaOH (F <.005) or H3PO4



(P<.05) concentration increased. There was an interaction

(P <.05.) between chemical treatment and processing time.

CP levels of FM decreased (P<.01) as chemical concentra-

tion increased, but they were not affected by processing

time. IVDMD of a cellulose substrate increased (P <.05)

as chemical concentration increased.

Na0H-treated FM used in in vivo trial 1 increased

(P<.01) IVPD and IVDMD as compared to 4) chemical and .25%

H3PO4. CP levels were not different (P?.05) for chemically

treated FM. Results of in vivo trial 1 showed improved

CP digestibility of the total diet (P<.05) and individual

supplement (P<.001) for .25% NaOH- treated FM as compared

to 4) chemical and .25% H
3-
DO

4
-treated FM.

IVPD and IVDMD of FM used in in vivo trial 2 increased

(P<.01) as NaOH concentration increased. CP levels of FM

decreased (P<.05) as NaOH concentration increased. Appar-

ent CP digestion coefficients for in vivo trial 2 showed

a similar trend as compared with the IVPD and IVDMD results.

Correlations (P<.01) between IVPD and in vivo CP digesti-

bility were .99 and .96 for trials 1 and 2, respectively.

This study demonstrated that FM digestibilities im-

proved when NaOH or H
3
PO4 were applied prior to steam proc-

essing. However, enhanced digestibilities were less appar-

ent with H C
4

treatment.
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SUMMARY

In vitro pepsin (IVPD), rumen in vitro dry matter

(IVDMD) and in vivo sheep digestibility studies were con-

ducted to evaluate the effect of sodium hydroxide (NaOH)

and phosphoric acid (H3PO4) on utilization of steam proc-

essed feather meal (FM). For the in vitro trials broiler

chicken feathers were treated with various concentrations

(0-9% wt/wt dry basis) of NaOH or H3PO4. Treated feathers

were then steam processed (1.06 kg/cm2) at 121 C for 0-16

hours. Crude protein (CP) levels of the FM treatments were

monitored.

A steam pressure vessel was designed and used to

process FM for two sheep digestion trials. Feathers were

steam processed (3.16 kg/cm2 ) at 145 C for 15 min. Trial 1

compared FM made from feathers treated with zero (4) chemi-

cal, .25% NaOH, .25% H3PO4 and cottonseed meal (CSM).

Trial 2 treatments were m chemical, .25, .50 and .75%

NaOH FM; these were compared with commercial FM and CSM.

Preliminary IVPD and IVDMD analyses were conducted to

evaluate in vivo study FM.

Results of the IVPD study, based on stepwise regres-

sion analysis, indicated IVPD of FM increased (P<.05)

as processing time increased and as NaOH (P<.005) or

H
3
PO4 (P<.05) concentration increased. There was an inter-

action (P<.05) between chemical treatment and processing



time. CP levels of FM decreased (P<.01) as chemical con-

centration increased, but they were not affected by process-

ing time. Selected Na0H- and H3PO4-treated FM from the

IVPD study were used for IVDMD studies. IVDMD of a cellu-

lose substrate were less (P<.05) for chemically treated

FM than with CSM, except at the 9% level of NaOH treat-

ment (.5 hr processing time). Increasing chemical concen-

tration of NaOH or H3 PO4 improved (P<.05) IVDMD. NaOH-

treated FM processed for .5 hr had higher IVDMD than simi-

lar concentrations of H
3
PO4 -treated FM processed for 4

hours. A positive correlation of .72 (P<.05) was observed

between IVPD and IVDMD for FM.

FM used in the in vivo studies were initially evalu-

ated by IVPD and IVDMD analyses, and showed trends similar

to those observed in the previous .studies. Those FM used

for in vivo trial 1 were lower (P<.01) in IVPD and IVDMD

than CSM. NaOH treatment increased (P<.01) IVPD and IVDMD

as compared to chemical and a similar concentration

of H
3
PO4' CP levels were not different (P>.05) between

FM treatments. Results of in vivo trial 1 showed improved

CP digestibility of the total diet (P<.05) and individual

supplement (P<.001) for .25% NaOH- treated FM as compared

to 4) chemical and .25% F
3
PO

4
-treated FM. However, CSM

was higher (P<.05) than all other treatments.



IVPD and IVDMD data for FM used in in vivo trial 2

indicated improved (P<.01) digestibilities as NaOH concen-

tration increased. Commercial FM and CSM had higher

(P<.01) digestibilities than NaOH- treated FM. CP levels

of FM decreased (P<.05) as NaOH concentration increased.

Apparent CP digestion coefficients for in vivo trial 2

showed a similar trend as compared with the IVPD and

IVDMD results. Correlations (P<.01) between IVPD and

in vivo CP digestibility (by difference) were .99 and .96

for trials 1 and 2, respectively.

This study demonstrated that FM digestibilities im-

proved when NaOH or_ H3PQ4 was applied prior to steam proc-

essing. Application of low concentrations of NaOH was

shown to reduce processing time required to produce a

digestible FM product, and CP losses were minimized at

the lower chemical levels. Improvement in digestibilities

were less apparent with H3PO4 treatment.

INTRODUCTION

Feather meal (FM) is a keratin protein source which

when properly processed can be utilized effectively in

the production of livestock (Combs et al., 1958, Moran

et al., 1967; Daugherty and Church, 1978a; Wray et al.,

1979). Although native keratins are indigestible due to

cystine-disulfide bonds, once hydrolyzed the remaining



protein fraction becomes susceptible to attack by proteo-

lytic enzymes (Davis et al., 1961). Commercial FM proces-

sors use steam pressure cooking to hydrolyze the disulfides;

however, escalating energy costs have stimulated interest

in developing alternative processing methods that will

reduce steam requirements.

Keratin proteins are also hydrolyzed when treated

with alkali (Harrap and Woods, 1964) or acid (Earland

et al., 1955), but reducing and oxidating reagents decrease

the levels of cystine and other amino acids (Albanese,

1970). Alkali-treated proteins may undergo adverse chemi-

cal modifications, resulting in destruction of amino acid

side chains, cfrosslinking and racemization of amino acid

residues (Friedman, 1977; Hayashi and Kameda, 1980). Munch

and Stein (1979) treated hog hair with alkali and acidic

additives prior to steam processing and produced a digest-

ible product as determined by in vitro pepsin digestibility

(IVPD) studies.

Jordon and Croom (1957) reported no differences in

average daily gain in lambs fed hydrolyzed FM processed

with either hydrated lime or steam pressure. No appreci-

able differences were reported in the utilization of FM

by growing lambs when FM were hydrolyzed by steam process-

ing to achieve IVPD between 64 and 78% (Aderibigb 1981),

nor did degree of steam processing significantly affect
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crude protein (CP) levels of the various FM.

The objectives of this study were (1) to determine if

NaOH or H3 PO4 treatment, in combination with steam cooking,

decreases processing time required to produce a digestible

FM product, (2) if chemical treatment influences IVPD and

rumen in vitrodry matter digestibilities (IVDMD) of FM,

(3) if chemical treatment influences in vivo digestibili- .

ties of FM by sheep, and (4) if chemical treatment and

steam processing effect CP levels of FM.

MATERIALS AND METHODS

In Vitro Studies

Broiler chicken feathers obtained from a local poultry

processing facility were washed and dried at 60 C in a

circulating drying oven. The dried feathers were cut into

smaller segments and 10 g samples were weighed into 400 ml

beakers. These samples were then treated with 30 ml of a

dilute solution containing 0, .75, 1.5, 3.0, 6.0 or 9.0%

(wt/wt DM basis) of NaOH or H
3
PO4' Treated samples were

mixed to insure thorough penetration of the chemical solu-

tions and then subjected to steam processing (1.06 kg/cm 2
)

at 121 C in a laboratory autoclave. Processing times were

0, .:54 1, 2, 4, 7 or 16 hr for Na0H-treated FM; and 0, 1,

2, 4, 7 or 16 hr for H3PO4-treated FM. Following process-

ing, duplicate samples were dried at 60 C in a circulating
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drying oven, ground (1 mm screen), fat extracted using

ethyl ether and digested with a pepsin-hydrochloric acid

(HC1) solution (AOAC, 1975). The pepsin-HC1 medium contained

.2% pepsin (activity 1:10,000) in a .075 N HC1 solution.

Crude protein (CP) levels associated with the various treat-

ments were monitored.

IVDMD trials were conducted on selected FM treatments

from the IVPD studies to determine the effect that NaOH

and H
3PO4 treatment would have on digestibility of a wood

cellulose substrate (Solka Floc). NaOH- treated (0, .75,

1.5, 3.0, 6.0 or 9.0% DM basis) FM were processed for .5

and 1 hr, while those FM samples treated with the same

levels of H
3PO4 were processed for 2 and 4 hr. IVDMD treat-

ments were isonitrogenous (15% CP DM basis), with FM supply-

ing all of the protein. Triplicate samples each contained

.5 g of cellulose as the substrate. Cottonseed meal (CSM)

was used as a positive control, and cellulose without supple-

mental protein served as a negative control. Rumen fluid

was obtained from a fistulated Holstein steer maintained

on ad libitum grass hay and a commercial FM protein supple-

ment. Forty-five ml of a 1:3.5 mixture of strained (four

layers of cheesecloth) rumen fluid to McDougall's nutrient

buffer solution (McDougall, 1948) were added to each fermen

tation vessel which was then flushed with CO
2

and incubated

at 39 C for 24 hours. Zero time controls were used to
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account for DM in the inoculum source. After incubation

the samples were filtered through pre-weighed Gooch cru-

cibles, dried at 90 C for 24 hr and then were weighed to

determine IVDMD.

In Vivo Studies

A custom designed steel pressure cooker was constructed

to simulate commercial FM processing units. An external

flame heat source (propane) provided the temperatures and

steam pressures necessary to hydrolyze the feathers. A

pressure release valve mounted on top of the unit was used

to regulate pressure.

Broiler chicken feathers were utilized for these stud-

ies. Samples of raw wet feathers (approximately 20% DM)

weighing 8 kg were put into a steel mesh basket which was

placed inside the pressure chamber. This basket facili-

tated handling and allowed excess water in the feathers

to drain into a reservoir at the base of the chamber during

cooking. Following a 20 min warm-up period (to reach operat-

ing pressure), the feathers were cooked for 15 min (3.16

kg/cm 2
) at 145 C.

To evaluate the effect of chemical treatment on feather

nutritive quality, dilute solutions of NaOH or H3PO4 were

sprayed (wt/wt wet basis) on the feathers immediately prior

to steam processing. After processing the hydrolyzed feath-

ers were dried at 75 C in a conventional tumble drier and
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ground (Wiley mill, 20 mesh screen) into a free flowing

meal.

IVPD and IVDMD studies as described in the in vitro

studies, were conducted on the FM, commercial FM and CSM

protein sources to evaluate their feeding value for sheep.

Although rumen inoculum was obtained from a fistulated

steer IVDMD coefficients should apply to sheep (Van Dyne

and Weir, 1964). CP levels of the FM treatments were also

monitored.

Two in vivo digestion trials using crossbred wethers

were conducted to compare chemically treated FM with com-

mercial FM and CSM supplements. Protein supplements added

to the diets suPplied 50% of total N and were mixed with

the basal ration prior to feeding each day. The basal

and basal plus protein supplemented diets were formulated

to 11 and 19 CP (DM basis), respectively. Church (1979)

reported good linear trends between N intake and apparent

N digestibility at these levels. Table 1 shows the ingredi-

ent composition of the basal ration used in trials 1 and 2.

During trial 1, 20 wethers were used with 4 animals

per treatment. Test diets were as follows: basal; 0

chemical, .25% NaOH- and .25% H3PO4-treated FM; and a CSM

positive control. Chemical composition of the basal diet

and each protein source in trial 1 are shown in Table 2.

Trial 2 involved the use of 21 wethers with 3 animals per



10

treatment. Test diets were as follows: basal; 0 chemical,

.25, .50 and .75% NaOH- treated FM; commercial FM control;

and CSM control. Chemical composition of the basal diet

and each protein source in trial 2 are shown in Table 3.

Animals were randomly allotted to treatments by weight.

Each trial consisted of a 14-day preadjustment period, a

7-day adjustment period and a 7-day collection period.

During the preadjustment period, animals were adapted to

the experimental diets and were group fed approximately

500 g/head twice daily. After preadjustment, animals were

moved and housed in metabolism cages to allow for separation

of urine and feces. During the adjustment and collection

periods animals were fed 500 g/head twice daily. Trace

mineralized salt blocks and water were made available

ad libitum.

Records were kept of feed offered and feed refused

for the entire test period. Feed samples (50 g) were

collected daily during the collection period and held for

later analysis. Feces were collected daily, weighed and

a 5% aliquot was removed, composited and stored at 5 C.

Urinary excretions were also collected daily, measured

and a 10% aliquot (5% aliquot in trial 2) was composited

and stored at 5 C for later analyses. Five ml of H3PO4

were added to each urine collection bucket daily to mini-

mize N losses.
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Total N, DM and ash in the feed and feces and total

urinary N were determined by methods described in AOAC

(1975). Acid detergent fiber (ADF) of the feed and feces

was determined using the method of Van Soest (1963) as

described in the modified procedure of Waldern (1971).

Gross energy (GE) in the feed and feces was determined

in a Parr adiabatic oxygen bomb calorimeter. Apparent

digestion coefficients were calculated (Schneider and Flatt,

1975) for components of each diet and protein supplement.

Statistical Analysis

Data for the in vitro digestibility ttudies were ana-

lyzed by least squares analysis of variance. Treatment

means were compared by the least significant difference

(LSD) procedure (Steel and Torrie, 1980). Surface plots

showing the effect of chemical concentration and processing

time on pepsin digestibility were constructed from optimum

stepwise regression equations (Neter and Wasserman, 1974).

Correlation coefficients between IVPD and IVDMD were com-

pared. Data for the in vivo plant studies were analyzed

by Harvey's least squares analysis of variance (Harvey,

1975), and treatment means were compared by the LSD proce-

dure. Correlation coefficients between IVPD and in vivo

CP digestibility (by difference) were also compared.



RESULTS AND DISCUSSION

In Vitro Studies

12

IVPD results are summarized in Table 4. Regression

analysis of the NaOH- and H3PO4-treated FM data indicated

that IVPD increased (P<.05) as processing time increased

and as NaOH (P<.005) or H3PO4 (P<.05) concentration in-

creased. The interaction between chemical concentration

and processing time increased (P<.05) IVPD. Munch and

Stein (1979), reported similar trends when they treated

hog hair with alkali and acidic additives prior to steam

processing; however, they did not indicate the type of

chemicals used.

Surface plots (Figures 1 and 2) constructed from opti-

mum regression equations had R2
values of .75 and .81 for

Figures 1 and 2, respectively. The effects of chemical

concentration and processing time on IVPD of FM are shown.

NaOH treatment or processing time had a more marked effect

on IVPD than did H
3
PO

4' Low concentrations of NaOH improved

IVPD markedly, while high concentrations of H3PO4 were

necessary to improve IVPD. American feed control officials

in 1958 designated that hydrolyzed FM contain no less than

70% digestible CP (Davis et al., 1961). FM having IVPD

values in this range were produced by adding 1.5% NaOH

and processing for 1 hr or by adding 9% H3PO4 and processing
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for 2 hr. However, it would be difficult to extrapolate

from our laboratory conditions to those used in commercial

production.

CP levels of the various FM treatments used in the

IVPD trials are listed in Table 5. CP levels decreased

(P<.01) as chemical concentration increased, but did not

change as processing time increased. CP losses were found

to be proportional to the concentration of chemical added.

The greatest losses occurred at the 6 and 9% level of chemi-

cal treatment. Although CP concentrations were different

(P<.05) among FM treatments, there was no relationship

between CP level and processing time.

Results of the IVDMD trials, summarized in Table 6,

showed an increase (P<.05) in IVDMD as chemical concentra-

tion increased. IVDMD were lower (P<.05) fo- chemically

treated FM as compared to CSM, except at the 9% level

of NaOH treatment (.5 hr processing time). These data

indicated that Na0H-treated FM processed for shorter per-

iods of time (.5 hr) had dry matter digestibilities higher

than H3PO4-treated FM processed for longer periods of

time (4 hr). The low IVDMD values encountered may have

been due to the inability of the rumen microorganisms

to degrade the FM protein. Aderbridge (1981) indicated

that FM may have reticulo-rumen bypass poten ial.

A positive correlation of .72 (P<.05) between IVPD
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and IVDMD indicated a linear increase in both measurements

of digestibility as chemical concentration and processing

time increased.

In Vivo Studies

IVPD and IVDMD data for FM used in in vivo trial 1

are listed in Table 7. Na0H-treated FM increased (P .01)

IVPD while a similar concentration of H 3P- O
4

had no effect

(P>.05) on IVPD as compared to FM without chemical treat-

ment. NaOH- treated FM had no effect (P>.05) on IVDMD

of Solka Floc and H
3
PO4 -treated FM lowered (P<.01) IVDMD

as compared to 0 chemical treatment. When a CSM control

was compared with the FM treatments, higher (P<.01) IVPD

and IVDMD were observed for CSM. CP levels of the FM treat-

ments were 91.2, 88.1 and 89.0% for 0 chemical25% NaOH

and .25% H
3
PO4 FM, respectively. There was no decrease

(P .05) in CP levels of the FM treatments due to chemical

application.

Apparent sheep digestion coefficients of each diet

and protein supplement used in in vivo trial I are shown

in Table 8. The diet containing .25% NaOH FM had higher

(P<.05) diet CP digestibility than the diets containing

untreated and acid treated FM, although it was lower (P<.05)

than CSM. These results were in agreement with the previous

in vitro digestibility studies. Total diet digestibility of
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DM, GE, ADF, organic matter (OM), N retention (cg/kg BW.75

or %) were not different (P>.05) between treatments.

Digestibility coefficients of the individual protein

supplements (by difference) indicated improved (P<.001)

CP digestibility when Na0H-treated FM was fed as compared

to 4) chemical or H
3-
PO4 treatments. DM and GE digestibili-

ties were higher (P<.05) when NaOH- treated FM were fed,

but there was no effect (P>.05) on OM digestibility.

CP digestibility values were higher (P<.05) for CSM

as compared to the other treatments. DM, GE and OM were

not different (P>.05) for CSM and the FM treatments. A

positive correlation of .99 (P<.01) between IVPD and in vivo

CP digestibility (by difference) was observed in this trial.

Data from this trial indicate that application of NaOH

prior to steam processing appears to have potential for

reducing processing times. Previous work (Jordon and Croom,

1957; Daugherty and Church, 1978a; Wray et al., 1979;

(Aderibigbe,1981) has demonstrated FM to be comparable

to CSM and SBM on a per unit N basis in ruminant rations.

The lower IVPD, IVDMD and in vivo CP digestibility values

observed for FM in comparison to CSM may have been due

to underprocessing or chemical modifications caused by

chemical treatment. Friedman (1977) reported that alkali

treatment of proteins may produce antinutritional factors.

The appearance of lysinoalanine and lanthionine are the
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principal changes occurring in alkali-treated proteins.

These crosslinked compounds are known to make lysine and

cysteine unavailable for rats and chicks (Robbins et al.,

1980). Furthermore, these workers found the lysine moiety

of lysinoalanine to be resistant to enzymatic hydrolysis.

de Groot and Slump (1969) reported that formation of lysino-

alanine crosslinks results in lower N digestibility in

rats. Studies regarding the utilization of lysinoalanine

and lanthionine by ruminants are not available. However,

in view of their possible adverse effects on the aforemen-

tioned species, antinutritional effects in ruminants may

be possible.

IVPD and IVDMD data for FM used in in vivo trial 2

are listed in Table 9. Increasing NaOH concentration of

FM increased (P<.01) IVPD of crude protein and IVDMD of

a cellulose substrate. Commercial FM was higher (P<.01)

for IVPD than NaOH- treated FM and CSM. No differences

(P)..05) in IVDMD were observed between Na0H-treated FM at

concentrations of .50 and .75% and commercial FM. IVDMD

for CSM was higher (P<.01) than for all FM treatments.

Similar to the results reported in the previous in vitro

trial, .25% Na0H-treated FM had greater (P <.01) IVPD than

tt chemical FM. CP levels of the FM treatments were 92.4,

90.8, 89.8, 88.7 and 84.4% for chemical, .25, .50 and .75%

NaOH FM and commercial FM, respectively. CP levels
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decreased (P<.05) as chemical concentration increased. CP

of commercial FM was lower than all the experimental FM.

Table 10 shows the apparent digestibility coefficients

of each diet and protein supplement used in trial 2. Total

diet CP digestibility was not different (P >.05) for diets

with chemical or .25% NaOH FM. However, diets supple-

mented with .50 and .75% NaOH FM had higher (P<.05) CP

digestibilities than the diet containing 0 chemical FM.

Commercial FM and CSM diets were higher (P<.05) than all

experimental FM for CP digestibility, but they were not

different (P>.05) from each other. No differences (P>.05)

were observed for diet digestibility of DM, GE, ADF, OM

or N retention (cg/kg BW .75
or %) between treatments.

CP digestibility of the individual protein supplements

(by difference) showed the same significance as the total

diet CP digestibilities. DM, GE and OM digestibilities

of the individual supplements were not different (P>.05)-,

although coefficients for these components increased with

increasing concentration of NaOH. A positive correlation

of .96 (P<.01) was observed between IVPD and in vivo CP

digestibility (by difference) for the individual protein

supplements.

The extent of processing of the various FM was, un-

doubtedly, not optimal for maximum digestion. Previous

runs with the equipment had indicated greater pepsin



18

digestibility with these times, but the FM produced for this

in vivo trial had lower pepsin digestibilities than expected.

The small improvement seen in CP digestibility and IVPD

of NaOH- treated FM in trial 2 indicated the variability

associated with FM processing. In trial 1, greater differ-

ences were observed in digestible CP between 4) chemical

and NaOH- treated FM. In trial 2, differences between these

same treatments were less apparent. With our processing

equipment it is not possible to agitate the feathers while

cooking and this difference may alter distribution of chemi-

cals in the feathers, potentially affecting digestibility.

Furthermore, because most commercial FM processors agitate

feathers, application of similar chemical concentrations

and cooking schedules will probably require pilot studies

to produce the desired final product.

CONCLUSIONS

Application of NaOH or H3PO4 prior to steam processing

was shown to increase IVPD of CP and IVDMD as compared

to 4) chemical FM. NaOH- treated FM enhanced in vivo CP

digestibility in sheep, while H3PO4 treatment had no

effect. Chemical treatment also reduced processing time

required to produce a digestible FM product. CP losses

of FM were found-to be proportional to the level of chemi-

cal added. The greatest CP losses occurred at the higher
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chemical concentrations. Low concentrations of NaOH and

high levels of H
3
PO4 improved digestibilities of FM.

Although we did not achieve optimum processing conditions

in trial 2, NaOH treatment appears to be more promising

for commercial use because lower concentrations minimized

CP losses while improving digestibility. The high correla-

tions observed between IVPD and in vivo CP digestibility

(by difference) further substantiates the use of IVPD tech-

niques in assessing FM CP digestibility.

Because even brief exposure of proteins to alkali

causes chemical modifications which may result in reduced

nutritional utilization, further studies are needed to

assess the full implications of alkali treatment. Cross-

linked compounds such as lysinoalanine and lanthionine

need to be analyzed in NaOH- treated FM and their availa-

bility for utilization by ruminants determined. Although

protein quality is less important in ruminants than in

monogastrics, research to determine the extent and nature

of CP losses, due to processing, are necessary. Over-

processing FM by reducing the levels of cystine beyond

the limits of adequate sulfur availability may be detrimen-

tal. Daugherty and Church (1978b) reported improved aver-

age daily gains and feed efficiencies when FM and urea

were fed in combination to steers as compared to FM fed

alone. Lower sulfur content of FM would result in a



20

decrease in microbial growth, thus inhibiting non-protein

nitrogen utilization. In terms of economic efficiency,

optimum exploitation of low cost N sources can not be

achieved without a better understanding of their chemical

and metabolic nature within the animal.
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TABLE 1. INGREDIENT COMPOSITION OF BASAL DIET,
TRIALS

DIGESTION

Ingredient
International
feed number % of Ration

#2 Corn, ground 4-02-931 52.0

Ryegrass straw, chopped 2-04-059 25.0

Alfalfa hay, chopped 1-00-063 10.0

Cottonseed meal 5 -01 -621 7.1

Molasses, cane 4-04-696 5.0

Limestone 6-02-632 .6

Salt



TABLE 2. CHEMICAL COMPOSITION OF BASAL DIET AND PROTEIN SUPPLEMENTS, DIGESTION
TRIAL 1

Item
Basal Supplement

FM
(1)Chemical

FM FM
.25% NaOH .25% H

3
PO

4

CSM

Dry matter, % 87.3 96.9 97.5 97.5 93.2

Analysis, % of DM

Crude protein, % 10.3 91.2 88.1 89.0 40.7

Acid detergent fiber, % 17.2 4.0 2.1 4.6 22.4

Ash, % 5.6 1.2 2.5 1.6 6.3

Gross energy, Kcal/g 4.2 5.4 5.3 5.4 4.5



TABLE 3. CHEMICAL COMPOSITION OF BASAL DIET AND PROTEIN SUPPLEMENTS, DIGESTION TRIAL 2

Item

Basal Supplement

FM FM FM FM FM

(I) Chemical .25% NaOH .50% NaOH .75% NaOH Commercial

CSM

Dry matter, % 87.9 94.3 95.2 93.6 94.3 93.0 93.7

Analysis, % of DM

Crude protein, % 10.7 92.4 90.8 89.8 88.7 84.4 39.8

Acid detergent fiber, % 15.5 4.8 2.3 1.7 1.5 1.8 20.5

Ash, 4.9 1.1 2.3 3.4 4.5 3.7 6.4

Gross energy, Kcal/g 4.2 5.6 5.6 5.5 5.4 5.6 4.5



TABLE 4. PERCENT PEPSIN DIGESTIBILITY OF CHEMICALLY TREATED FEATHER MEALS

Chemical

treatment 0

Processing time (hr)
.5 1 2 7 16 SEM

NaOH, %

za
16.6

, ,

0 18.2
a,z 54.5b,z

69.8c
,z

72.8,zc 71.3zc 80.0d'z 1.06

17.4
a,z

64.2
b,x c,d,Y

-85.3
d,e,y

82.5
c,d,y

90.8
e,y

.75 76.4c'x 80.1 1.89

1.5 210
a,y

54.813'Y 70.1
c,y

808
d,y e,y

2.86. 90.6
f,x

93.0
f,x

.81

3.0 25.4
a,x

66.9b'x 75.7
C,X 90.2d,x

92.2d'x 93.8
d,x 95.5d,x

2.02

36.3
a,w

94.2
b

'

w ,w ,

6.0 97.2c 97.2,wc 97.6c'w 97.1
cx

97.0,vc .30

9.0 68.8a'v 97.6
b

'

w
97.8

b
'

w
98.0

b
'

w
98.0

b
'

w
97.6

b,x 97.7b,v
.50

SEM .78 2.21 .65 .72 .60 2.12 .18

0 1 2 4 7 16 SEM

H3PO4, %

0

.75

1.5

3.0

6.0

9.0

16.6
a,z

16.8a'z

15.5
a,z

15.2a,z

20.2
a,y

23.9
a,x

54.5
b,x

51.3
b

'

z

50.7
b

'

z

52.1
b,z,y

53.7
b,y,z

59.7
b

'

w

69.Bc'x

66.9c'Y

66.4c

62.8c'z

68.5c ,Y,x

70.6c'x

,

72.8
c,y

71.3,xyc
80.0d' x .99

67.4c
,z

69.1
d,z,y

74.1
e,z,y

.49

68.0c'z
57.3c,z 73.6d,z

.70

71.4
d,y

727
d,e,y

74.9
e,y

1.00

76.8d ,x 80.6
e,x

83.7f'w .57

93.6
e,w

88.9
d,w f v

94.6 ' .27

SEM .47 .57 .83 .59 1.20 .32

a,b,c,d,e,f
Row means with different superscripts are different (P<.05).

Column means with different superscripts are different (P<.05).
zfy,x,w,v



TAME 5. PERCENT CRUDE PROTEIN OF CHEMICALLY IRLAIED FEATHER HEMS

Chemical

treatment

NaOH, 9

.5

Processing time (hr)

2 4 7 16 SEM

d,w a,b,v
0 93.2 90.7

b,x,w a,v
.75 92.3 89.5

1.5 92.3c ,x,w 86.9
a,x

3.0 80.7
c,x 85.9a,x

b.c.Y
82.8

a,b
6.0 84.3

,y

,d,z a,b,z
9.0 80.0c 77.4

SEM .74 .23

0

92.8c'd'v'w

91.4
a,b,v,w

88.9
a,b,x,w

87.6
b,y,x

84.8c

80.4
d,z

.56

a,w
92.1

b,c,d,x
93.3d Of 91.4

a,b,c,w
90.4 .45

90.0
a.b,x,w

91.889.8
A,Y,x a,b,w

91.3
a,b,w

.70

b,x,w
90.3

b,c,y,x b,c,x,w b,x,w
89.3 90.8 89.7 .63

88.3
b,c,x 88.1b,c,y 88.8c,x

87.9
b,c,y,x

.32

8 .1
a,y

82.2
a,z

05.4c 14 82.
8a,b,z

.51

,z bc
78.5

e,d,z
76.2

a 28.4b,c,z
85.9e.

y
.59

.38 .73 .55 .44

2 4 7 16 SEM

H
3
PO

4'
%

0 93.2c
,y

92.8
b,c,v

90.4
a,x

92.1
a,b,c,x

93.3
c,x

91.4
a,b,x

.49

.75 90.7
a,y

90.7a'w'v 91.4a,x 91.6
a,x

92.4a'x
a,x

91.1

b,y b,y,x

.54

1.5 90.3 07.9
a,w,x

0.4
b,x

90.9
b,c,x

92.7c 14,x 90.2 .63

3.0 82.4a'z 86.8
b,x

89.4c'x 89.4c Of .Y
89.9c

90.0c,y,x
.63

6.0 82.4
a,b,z

80.0a'Y 84 5
b,c,y

88.5
d,y

9.3
d,y

87.4
c,d,y

1.08

b
78.6

,z a,z a,z
77.1

b,z
.a

z
739 '9.0 74.0a'z 73.6 74.4 .54

SEM 1.06 .70 .53 .34 .66 .59

a,b,c,d,e
Row means with different superscripts are different (13. .05).

z,y,x,w,v
Column means with different superscripts are different (P<.01).



TABLE 6. IN VITRO DRY MATTER DIGESTIBILITY OF CHEMICALLY TREATED FEATHER MEALS AND CELLULOSE

Chemical treatment,
% added

NaOH -FM, processing time

hr 1 hr

H
3
PO

4-
FM, processing time

2 hr 4 hr

11.4a 14.2
b

9.1
a

11.4
a,b

.75 14.9
b

15.9
b

10.1
a

I0.8a

1.5 16.4
b

17.3
b

10.4
a

12.6ath

3.0 19.8
c

21.8
c

9.7
a

13.1
b

6.0 28.0
d

27.54 16.2
b

16.6
c

9.0 34.6
f

33.3
e

27.3
c

32.44

Control (CSM) 31.1
e

31.1
d

SEM 1.73 1.11 .95 .55

a,b,c,d,e,
fColumn means with different superscripts are different (P<.05).



TABLE 7. IN VITRO PEPSIN AND RUMEN DRY MATTER DIGESTIBILITIES OF PROTEIN SUPPLEMENTS FOR DIGESTION
TRIAL 1

Analysis
Supplement

FM FM FM CSM
tChemical .25% NaOH .25% H

3
PO

4
Control SEM

Pepsin digestibility, %

Dry matter digestibility, %

66.6
a

14.4
b

74.4
b

16.4b

3.6
a

6

10.7
a

86.3
c

31.1
c

.90

.66

a ,b, c
Row means with different superscripts are different (P<.01).



TABLE 8. APPARENT DIGESTION COEFFICIENTS OF EACH DIET AND PROTEIN SUPPLEMENT (BY DIFFERENCE), DIGESTION TRIAL 1

Diet or Supplement

Component Basal FM

(1) Chemical

FM

.25% NaOH

FM

.25% H
3
PO4

CSM

SEM

Diet

Dry matter, % 70.0 68.9 71.8 70.1 70.7 .66

Crude protein, % 66.1
a

64.6
a

70.46 65.2
a

76.3
c

.74

Gross energy, % 69.1 68.4 71.1 69.2 70.3 .65

Acid detergent fiber, % 30.8 26.1 31.9 28.3 28.9 2.22

Organic matter, % 71.2 70.1 72.9 71.1 71.8 .69

N retention, cg/kg B14.75 24.8 38.3 37.0 35.7 32.9 4.11

N retention, % of N fed 23.8 21.0 19.9 20.0 18.6 2.25

Supplement

59.9
a b

89.4 70.6
a

73.6
a,b

5.75Dry matter, %

Crude protein, %* 63.2
a

74.7
b

64.3
a

86 3
c

1.28

Gross energy, % 63.6a 84.26 69.6
a

74.6
a,b

4.35

Organic matter, % 60.9 87.0 70.5 74.2 6.03

a,b,c
Row means with different superscripts are different (P <.05).

* P<.001.



TABLE 9. IN VITRO PEPSIN AND RUMEN DRY MATTER DIGESTIBILITIES OF PROTEIN SUPPLEMENTS FOR DIGESTION TRIAL 2

Analysis

Supplement

FM FM FM FM FM CSM

(I) Chemical 25% NaOH .50% NaOH .75% NaOH Commercial Control SEM

Pepsin digestibility, %

Dry matter digestibility, %

68.3a 70.1b 72.0
c

74.4d 87.1f 83.7
e

16.2
a

16.5
a,b

17.4
b

'

c
18.1c 18.0c 30.3

d

.33

.80

a,b,c,d,e,f
Row means with different superscripts are different (P<.01).



TABLE 10. APPARENT DIGESTION COFFFICIENIS OF EACH Dal AND PROTEIN SUPPLEMENT (BY DIFFFRENCE), DIGESTION TRIA1 2

Component

Diet or Supplement

SEM
Basal FM

tChemical

FM

.25% NaOH

FM

.50% Nall

IM

.75% NaOU

FM

Commercial

CSM

Diet

Dry matter, % 73.5 72.3 73.0 14.1 74.0 72.7 73.0 .50

Crude protein, % 69.3
a,b

66.6
a

68.3aP6. 69.66 70.6
b

74.1
c

75.0
c

.83

Gross energy, % 72.0 70.9 71.8 12.5 72.8 71.9 72.2 .61

Acid detergent fiber, % 28.8 26.2 24.8 24.4 23.8 24.0 26.2 2.12

Organic matter, % 15.0 73.6 74.4 15.4 75.2 74.0 74.5 .49

N retention, cg/kg 1314.75 30.5 45.6 47.2 47.1 48.7 44.6 36.1 4.82

N retention, % of N fed 29.1 24.4 26.5 25.8 26.8 24.6 20.0 2.20

Supplement

Dry matter, % 61.6 68.8 79.7 84.9 66.1 71.2 5.01

Crude protein, % 63.9
a

67.3
a,b

69.86 71.9 78.8
c

80.8 1.52

Gross energy, % 63.1 70.1 75.5 77.9 70.8 73.0 3.94

Organic matter, % 61.5 68.9 78.5 77.1 66.3 72.6 4.02

ac
Row means with different superscripts are different (P<.05).



FIGURE 1.

NaOH CONCENTRATION (%) 0

EFFECT OF NaOH CONCENTRATION AND PROCESSING
TIME_ON PEPSIN DIGESTIBILITY OF FEATHER MEAL.

PEPSIN DIGESTIBILITY = 50.45 + .1 (% conc.)
+ 5.35 (hr) - .003 (% conc. x hr) .0000
(% conc.2) - .20 (hr2)

R2 = .75.

31



9 H3PO4 CONCENTRATION (%)

FIGURE 2.

essSG
pckw .40
Ws kT1

EFFECT OF H3PO4 CONCENTRATION AND PROCESSING
TIME ON PEPSIN DIGESTIBILITY OF FEATHER MEAL

PEPSIN DIGESTIBILITY = 53.12 - .019 (% conc.)
+ 4.83 (hr) + .00009 (% conc. xhr) + .00003
(% conc.2) - .22 (hr2)

R
2

.81.
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