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Two studies were conducted to compare lamb feedlot

performance and digestibility of nutrients by lambs fed

rations containing bird-resistant and bird-susceptible

sorghum grain with 20 or 40% tall fescue hay as a source

of roughage.

Four rations were fed ad libitum on the performance

study and at 80% of ad libitum on the digestibility trial.

All rations included cottonseed meal, animal fat, urea

and limestone. Rations 1, 2, 3 and 4 contained 39.2, 66.9,

39.3 and 67.0% grain sorghum and 40.9, 20.6, 40.8 and 20.6%

hay, respectively.

Results indicated lambs on high roughage treatments

with depression in dry matter (-4.8%), organic matter

(-3.6%), crude protein (-4.9%), ether extract (-1.6%),



nitrogen-free-extract (-1.5%) and energy (-2.3%) digest-

ibility and decreased copper excretion (-10.7%). CWC

(202.66%), cellulose (18.00%), acid detergent fiber (24.6%)

and total ash (11.2%) digestibility and NR (11.3%) indicated

some improvement in high roughage diets. When digestible

energy was considered on the basis of concentrate consumed

daily, it showed an increase of 31.2% over the low roughage

treatments.

Lambs on high tannin treatments showed depression in

dry matter (-2.3%), organic matter (-3.7%0, crude protein

(-5.6%), nitrogen-free-extract (-2.3%), energy (-3.7%),

CWC (9.1%) and cell contents (-3.3%) digestibility, and in

nitrogen retention (-1.7%) and total phosphorus (-6.2%)

excretion. Ether extract (4.6%), ADF (12.7%), total ash

(41.7%, p<.01) and cellulose (16.8%) digestibility showed

improvement, while copper (9.7%) excretion increased.

Lambs receiving high roughage rations experienced some

improvement in feed intake per pen (7.9%), ADG (3.7%),

YG (8.8%), percent kidney fat (15.2%, p<.01), quality

grade (.4%) and loin eye area (3.6%). Leg conformation

score (LCS), fat thickness (FT) and dressing percent were

depressed by 1.0, 18.0 and 6.8% compared to low roughage

treatments.

Lambs on the high tannin treatments experienced some

improvement in FI (4.6%), YG (4.9%), kidney fat (7.0%),

loin eye area (7.5%) and dressing percent (2.9%). Leg



conformation score seemed to be depressed by the high tannin

level (-3.8%). Lambs on high roughage treatments had a

poorer FE ratio (7.8) than those consuming the low roughage

ration (7.5). A similar trend was observed with high

tannin (8.1) as compared to low tannin treatments (7.4).

Cost per kilogram of gain in liveweight or carcass was

higher (18.1 and 26.9%, respectively) for lambs on high

roughage treatments than those consuming low roughage

rations. Observations on high tannin versus low tannin

rations showed similar trends (7.2 and 4.2%, respectively).

High roughage diets seemed to give an increase in

TVFA (13.5%), NH3-N (67.7%) and acetate:propionate ratio

(59.7%). Increased amounts of TVFA (13.5%) and NH3-N

(13.7%) and a wider acetate:propionate ratio (4.2%) were

observed in the high tannin diets.



COMPARISON OF HIGH AND LOW TANNIN SORGHUM GRAIN
WITH LOW QUALITY ROUGHAGE FOR FEEDING RUMINANTS

by

Justin Mukami Wanyama

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree
of

Master of Science

Completed December, 1980

Commencement June, 1981



APPROVED:

Redacted for Privacy

Assistant Professor of Animal Science in charge of major

Redacted for Privacy

Head o 'Department of imal Science

Redacted for Privacy

Dean of raduate Soh*

Date thesis is presented December 18, 1980

Typed by Lisa Harris for Justin Mukami Wanyama



TABLE OF CONTENTS

INTRODUCTION

Page

1

REVIEW OF LITERATURE 4
Sorghum grain 4
Tall fescue hay 8

MATERIALS AND METHODS 12
Diets 12
Animals 12
Growth Trial 14
Digestibility Trial 15
Laboratory Analytical Methods 15
Statistical Analysis 18
Economic Analysis 19

RESULTS 20
Digestibility Trial 20
Growth Trial 24

DISCUSSION 32
Digestibility Trial 32
Growth Trial 34

Rumen Volatile Fatty Acid and Ammonia
Nitrogen Concentration 35

Carcass Traits 37
Cost of Liveweight and Carcass Gain

of Lambs 38
Correlation Coefficient 41

SUMMARY AND CONCLUSION 42

BIBLIOGRAPHY 46

APPENDIX 56



ACKNOWLEDGEMENTS

The author wishes to express his appreciation to

Dr. D.W. Weber, his major advisor, for his guidance and

patience during the preparation of this thesis. He also

wishes to thank, Drs. Thomas, Church and Hohenboken for

serving as members of the graduate committee. In addition,

the author also wishes to thank Dr. Murray Laver for serving

as the graduate council representative.

Special thanks is given to my wife, Anastasia,

and our 8 children for their understanding and endurance.

The fellowship received from the Food and Agri-

culture Organization of the United Nations and the

financial assistance given by the Government of the

Republic of Kenya are sincerely appreciated.



COMPARISON OF HIGH AND LOW TANNIN SORGHUM GRAIN WITH
LOW QUALITY ROUGHAGE FOR FEEDING RUMINANTS

INTRODUCTION

Throughout the world considerable quantities of

roughage exist that have low feeding values. Most of

these roughages currently are not only wasted natural

resources but also contribute to major sources of

environmental pollution if burned. High cereal grain

prices and inadequate supplies of conventional roughages

in recent years have increased interest in using low-

quality roughages in ruminant diets.

In industrialized regions of the world, land avail-

able to agriculture is decreasing and with it the op-

portunity for extensive grassland farming. In such areas,

maximum meat production per unit of land area becomes

even more important, and grassland has increasing

difficulty in competing economically with more intensive

crops. Even in the tropics, where pasture and forages

have until now been popular, the need to increase

animal production is focusing attention on the fact

that other crops have a vastly superior potential for

production of energy and protein suitable for human

consumption.

Haymaking has not proved successful in the tropical

or sub7tropical areas due to high humidity and rainfall
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during the primary growing season (Coleman et al., 1978).

Silage making has not been popular because of high cost

of investment in machinery for its production. Con-

sequently, much of the annual forage production is

wasted because insufficient numbers of animals may be

maintained, due to the stress of dry periods, to utilize

the forage produced during the primary growing season.

If economically feasible, pelleting of forages could

intensify grassland use.

Sorghum grain has been the most important cereal

crop for ruminants in the western part of the Great

Plains of the United States since 1950. Sorghum is more

heat and drought resistant than corn. Sorghum grain is

similar to the other cereal grains in many of its

nutritional deficiencies (Axtell et al., 1973), and yet

it differs in several important respects. Protein

quality of sorghum grain is limited by the low lysine

content, reflecting the high prolamine content of the

endosperm and the relatively small embryo size in the

mature grain. Protein availability apparently is limited

in some sorghum cultivars by the presence of unidentified

polyphenolic compounds located primarily in the testa

layer of the grain (Axtell et al., 1973). These pigmented

compounds have not been well characterized chemically

and are referred to generically as tannins. It has been

hypothesized that the seed proteins become complexed or
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bound with the tannin compounds of the whole grain and

that the complexed proteins are substantially less

available for utilization by monogastric, and to some

extent, by ruminant animals (Butler, 1980).

Much work has been conducted with ruminants comparing

the performance and digestibility of rations containing

bird-resistant and bird-susceptible sorghum grain with

varying levels of hulls or straws as a roughage source.

It is the objective of this study to compare performance

and digestibility by sheep fed rations containing bird-

resistant and bird-susceptible sorghum grain with 20 or

40% tall fescue as a source of roughage.



4

LITERATURE REVIEW

Sorghum grain

Rations based on bird-resistant varieties of sorghum

grain when compared to rations based on bird-susceptible

varieties had reduced dry matter digestibility with steers

fed all concentrate rations (McGinty and Riggs, 1968;

McCullough et al., 1972). Similar digestibility patterns

have been observed in these sorghum grain classifications

when sheep were fed rations containing 40% hay (Harpster

et al., 1975). White and Hembry (1978) reported lower

energy, nitrogen-free-extract and crude protein digest-

ibilities with rations contained bird-resistant rather

than bird-susceptible grain. Vukavic and Maksimovic (1956)

found an appreciable decrease in crude protein digestibil-

ity of oakleaf fodder by sheep as the plant matured.

They associated this with the increase in the phenolic

content of the oakleaf during this period.

McLeod (1974) observed that animal productivity

from certain plants and grains might be low because of the

presence of plant constituents which reduce nutrient

quality and availability. One important group of such

compounds is the tannins, a fraction of the polyphenols.

Tannins are believed to occur in vacuoles of the intact

plant cells (Forsyth, 1964) but Swain (1965) observed that

they were widely distributed in the cell. They are class-
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ified according to chemical structure:

(1) hydrolysable tannins which have a central

carbohydrate core which serves as a polyalcohol to which

a number of phenolic carboxylic acids are bound by ester

linkage; (2) condensed tannins which have no carbohydrate

core and are derived by condensation of flavonoid precursors.

The principal forage tannins are of the condensed type

and are derived from procyanidins or flavan-3, 4-diols

which usually exist in the plant as the glycosides,

procyanins (Haslam, 1966). Both the flavan-3, 4-diols

and catechins and hydroxy-flavan-3-ols are readily con-

verted by dehydrogenating enzymes or even by very dilute

mineral acids at room temperature into flavonoid tannins

(Weinges et al., 1968).

Biological and nutritional effects of tannins have

prompted investigations. Handler and Baker (1944)

pair-fed rats on tannic acid-containing diets and found

no difference in body weight. This led the two authors

to conclude that the effect of tannin was on feed intake.

Ringrose and Morgan (1970) fed diets containing tannic acid

to chicks and found reduced weight gain but no effect

of tannin on feed efficiency, confirming the above findings.

Glick and Joslyn (1970) used pair-fed rats to show that

depression of feed intake was the major factor causing

reduced weight gain during the first few days but that

factors in addition to those which reduced feed intake
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were clearly important later. Similarly, Vohra et al.

(1966) pair-fed 2 to 3-week old chicks for 3 weeks and

found the chicks on the tannin-free diet to have superior

weight gain over that of chicks on a diet containing 5%

tannic acid. Palatability of feeds which naturally

contain condensed tannin does not appear to be a major

problem, as has been noted with sorghum grain fed to chicks

(Featherston and Rogler, 1975) and rats (Schaffert et al.,

1974; Jambunathan and Mertz, 1973). Animals consuming

high-tannin grain showed slower growth rates than were

found with low-tannin controls, but the animals con-

sumed more than did the controls. Tamir and Alumot (1970)

found that the growth depression caused by tannin-contain-

ing green carob pods was due to lower feed intake. To

the contrary, Bornstein et al. (1963) found that feed

consumption increased when carobs were added to chick

diets while weight gain decreased.

Tamir and Alumot (1970) suggested that the decreased

nitrogen retention by rats fed carob pods was caused by

nonspecific binding of protein with tannin and, at least

in part, by lower protein digestibility. In view of the

ability of small supplements of soybean meal to overcome

differences in weight-gain caused by tannin in sorghum

grain, Schaffert et al. (1974) concluded that the effect of

tannin was not toxic but rather that it affected availability
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of dietary protein. Nutritional problems caused by

tannin almost certainly are related in part to a decreased

nitrogen retention. Lower in vitro digestibilities were

found for high-tannin sorghum (Price et al. 1979;

Armstrong et al.,1974). Dreyer and Van Niekerk (1974)

suggested that protein digestibility was a better index

of the growth-suppressing properties of high-tannin

sorghum grain than was the tannin itself.

The decreased nitrogen retention in the presence of

dietary tannin can be accounted for by either a reduced

digestibility of dietary protein or an increased ex-

cretion of endogenous protein. Mitjavila et al. (1977),

using a semi-purified diet containing an enzymatic

hydrolysate of casein, showed lower apparent digestibility

of total nitrogen. Elkin et al. (1978) found that high-

tannin sorghum grain depressed growth rate in chicks

compared to low-tannin sorghum in a soybean meal diet,

and that replacing soybean meal with its equivalent in

free amino acids did not result in an improvement. If in-

digestible tannin-dietary protein complexes and inhibi-

tion of proteolytic enzymes were the sole causes of the

tannin-induced growth depression, replacement of a

significant portion of the protein with free amino acids

should have resulted in some improvement.

Few studies have been done to determine the effect

of tannin on the alimentary canal. Mitjavila et al.(1968)
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found that part of the increase in excreted nitrogen in

rats fed 1% tannic acid corresponded to glycoproteins of

the mucus secretions as evidenced by a parallel increase

in excretion of sialic acid and glucosamine. The lipid

content of the feces was also increased when tannic acid

was included in the diet. A mineral analysis of the ash

from the feces indicated an increase in calcium and sodium

excretion in rats. Significant decreases were observed in

the excretion of copper, iron, magnesium and manganese.

Tall Fescue As A Roughage Feed For Ruminants

The ruminant animal has a great advantage over many

other food and fiber producing animals because of its

ability to digest and utilize roughage containing plant

fiber and cellulose.

Tall fescue (Festuca arundinacea, Schreb.) is the

most important pasture species in the Southeastern United

States (Buckner and Cowan, 1974). Animal response on tall

fescue pastures has been variable, with some workers

reporting acceptable gains while others have shown weight

loss or poor performance (Jacobson et al., 1970; Blaser

et al., 1956; Bond et al., 1977). Jacobson et al. (1970)

and Hemken et al. (1977) reported lower average daily gain

in yearling dairy cattle grazed or fed chopped tall fescue

as compared to smooth brome (Bromus inermis) or blue

grass (Poa pratensis). Miller et al. (1954) reported
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weight loss in lambs of 1.4 kg over a 70-day study period

on tall fescue hay. Dry matter digestibility of forage

from such pastures has been reported to vary from 56.0

to 76.5% (Kaiser et al., 1974; Blaser et al., 1977). This

variation has been shown to be largely related to pasture

species composition, grazing intensity and forage quality

(Blaser et al., 1977). Generally, pelleting of low

quality roughage feed improves its ad libitum intake and

dry matter digestibility (Gupta et al., 1978). Coleman

et al. (1978) observed an increase in organic matter

intake of sub-tropical grasses by pelleting over the long

or chopped form. Decreased digestibility, however, was

marked in the cell wall constituent fractions, and the

mean time retention was reduced (p<0.05), indicating fast-

er passage when pelleted paragrass (Brachiaria mutica)

was fed.

Feeding ground and pelleted grass hay, especially at

the higher level of intake, also resulted in lower

ammonia and volatile fatty acid concentrations and rumen pH

(Alwash and Thomas, 1970). This suggests that the grinding

and pelleting of rations caused a reduction in cellulolytic

activity within the rumen. This may cause an alter-

ation in the supply of nutrients, ammonia in particular,

to the cellulolytic organisms (Alwash and Thomas, 1970),

or more rapid passage out of the rumen and more digestion

in the gut.
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White et al. (1971) observed decreased digestible

energy of rations by increasing the level of roughage

from none to 20 or 40%. In a subsequent study, White

and Hembry (1978) observed that feeding 20% roughage

tended to improve the digestibility of rations contain-

ing bird-resistant but decreased the digestibility of

rations containing bird-susceptible grain. From 2 to 11%

improvement in digestible energy per kilogram of concen-

trate was observed when 20% rice straw was fed in rations

containing bird-resistant sorghum grains.

Observations on in vitro digestibility experiments

indicate an interaction between roughage in the ration of

the donor steers and the bird-classification of the grain

on dry matter disappearance.

Levy et al. (1972) studied the performance of

Israeli-Friesian male calves on six rations, including 15

and 30% of ground wheat straw and oat-vetch hay in

pelleted mixtures. Daily liveweight and carcass gain

were higher on the lower level of both roughages. Feed

intake was higher on the 15% level of both roughages when

pelleted, but the energy conversion was higher on pelleted

rations of both levels of straw. Dressing percentage

was higher for animals on pelleted rations. Hackett

et al. (1975) conducted experiments examining the

utilization of wheat straw in lamb rations. Lambs on a

pelleted straw ration had a significantly greater average
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daily gain. No differences were observed in dressing

percentage, kidney fat percent, loin eye area or carcass

grade.

Much work has been conducted with ruminants comparing

the performance and digestibility of rations containing

bird-resistant and bird-susceptible sorghum grain with

varying levels of hulls or straws as a roughage source.

It was the objective of this study to compare performance

and digestibility by sheep fed rations containing bird-

resistant and bird-susceptible sorghum grain with 20 or

40% tall fesuce as a source of roughage.
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MATERIALS AND METHODS

Diets

Diets containing 20 or 40% low-quality tall fescue

hay (Festuca arundinacea) were fed with sorghum grain

'containing high or low tannin levels. Sorghum grain (Sorghum

vulgare bicolor, Moench.) made up 39 and 67% of the

diets (table 1).

All rations were ground and pelleted at the Oregon

State University Animal Science Department feed mill.

Two trials were conducted at the Oregon State University

Sheep Barn. The dates of the growth and digestibility

trials were June 13 to July 16, 1980, and August 9 to

September 8, 1980, respectively.

Animals

Cross-bred lambs were used. Within breed of sire,

the lambs were randomly assigned to treatments. Weaning

occurred on May 12th, 1980 at an average age of 60 days.

The lambs were grazed on improved subterranean clover

(Trifolium subterraneum)-ryegrass (Lolium perenne)

pastures both pre- and postweaning. Creep feed was

available preweaning. The lambs were vaccinated against

enterotoxemia and contagious ecthyma and drenched to

control intestinal parasites prior to the trial. They

were not shorn.



Table 1. Ration Composition

Ingredients I.R.N. 1 2 3 4

High Tannin Sorghum graina 4-08-140 39.16 66.91

Low Tannin Sorghum grainb 4-08-140 39.29 67.04

Tall Fescue Hay 1-01-912 40.92 20.63 40.82 20.55

Cottonseed Meal 5-01-617 12.63 10.15 12.90 10.11

Cane Molasses 4-04-696 3.18 1.52 3.17 1.51

Animal Fat 3.28 0.20 3.27 0.20

Urea (45%N) 5-05-070 0.18 0.20 0.18 0.20

Limestone 0.26 0.27 0.20 0.27

Trace Minerals Premixc 0.11 0.12 0.11 0.12

Total 100.00 100.00 100.00 100.00

aPurchased from University of Arkansas Division of Agriculture through
Prof. J.O. York. Variety: AR3003 x TAM 430.

bPurchased from Kansas State University at Fort Hays Research Station
through Prof. J.R. Brethour. Variety: DeKalb C-46.

cMineral mix was fed ad libitum. Aureomycin was mixed in feed at the
rate of 20 g per ton.
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Growth Trial

Each of the four diets was self-fed to two pens of

seven lambs, each, beginning 31 days following weaning.

Both single and twin reared lambs were randomly assigned

to the treatments at an average initial body weight of

37.4 kg. All the pens were fed ad libitum. Samples of

the rations were taken daily at feeding time and analyzed

for complete proximate components. Fecal samples from

eight lambs out of 14 in each treatment were taken at

random directly from the rectum during the second, third,

and fourth weeks of the trial. Individual lamb weights,

gain per pen and feed consumption per pen were recorded

during the second, third and fourth week. The study

was terminated when lambs on treatment 2 had consumed all

of the feed that was available. The mean unshrunk weight

for this treatment was 45.5 kg. Forty-four of the 56

lambs on the study were slaughtered at the meat

science laboratory. Data collected included: Average

daily gain (ADG), rumen volatile fatty acid (VFA) and

ammonia nitrogen (NH3-N) concentrations, fat thickness at

the 12th rib, percent kidney fat, loin eye area, leg

conformation score, quality grade, yield grade, cost per

kilogram of carcass gain and dressing percent based on

cold carcass weight. Rumen fluid samples were collected

from lambs shortly after removal of the rumen from the

carcass by straining rumen contents through cheese cloth.
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A 5 ml sample of fluid was centrifuged, preserved with

1 ml of 25% metaphosphoric acid and stored in plastic

tubes in a freezer until analyzed for volatile fatty

acid content.

Digestibility Trial

Each of the four rations was individually fed to four

lambs that were randomly assigned to metabolism crates.

A one-week adaptation period was followed by a two-week

preliminary period. Feces and urine were then collected

during the next eight days. During the adaptation period,

the lambs were allowed ad libitum feed consumption; feed

consumption during the collection period was maintained

at 80% of consumption during the adaptation period. Total

feces and urine collections were made daily from each

lamb, and a 5% aliquot of each day's collection was pooled

for each animal and stored at 3°C for later analysis.

Phosphoric acid was used to preserve urine. After 8 days

of collection, the study was terminated, and the lambs

were weighed.

Laboratory Analytical Methods

Air dried feed and fecal samples were ground through a

20 mesh screen in the Simplex Laboratory Mill prior to

analysis as follows:

Proximate components were done using AOAC (1970)



Table 2. Rationsa: Nutrients and Gross Energy

% DM

Rations DM
Tannin
content

Roughage
level Lignin CP EE ADF NFE ASH

(kCal/g)
GE

1 96.66 3.22 40.91 5.95 12.31 2.51 24.80 50.44 6.60 4.15

2 96.67 4.09 20.63 4.84 11.83 2.79 19.89 58.07 4.09 4.05

3 96.99 2.46 40.82 4.71 12.25 2.75 12.01 55.81 5.17 4.06

4 96.58 1.89 20.55 2.95 11.48 2.68 15.23 63.06 4.13 4.09

aEach class mean is based on 2 observations.
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procedures (1979); acid detergent fiber by a micromethod

as modified by Waldren (1971); crude fiber by multiplying

the percent of acid detergent fiber by 0.8; cell wall

constituents and cell contents by AOAC (1979) as modified

by McQueen and Nicholson (1979) for feeds and by AOAC

(1979) micromethod for feces; rumen ammonia nitrogen

concentration by the aeration method as modified by Van

Slyke and Cullen (1914, 1916). Nitrogen-free-extract

was obtained by difference: DM-CP-EE-CF-Ash = NFE. Gross

energy of feed and feces was obtained using Parr adiabatic

bomb calorimeter; volatile fatty acid concentration in the

rumen fluid samples by Aerograph gas chromatograph;

(Baumgardt, 1964) tannin content of feeds by the method

of Burns (1971) as modified by Price et al. (1978);

phosphorus with a calorimetric method using a Zeiss

PMQII spectrophotometer; calcium and copper with Perkins

Elmer Atomic Absorption spectrophotometer model 303.

Nutrient digestibility in the growth trial was obtained

by the Lignin Ratio Technique as outlined by Schneider

and Flatt (1975) and in the metabolism trial by difference

as outlined by Schneider and Flatt (1975); carcass yield

grade by using the following equation: 1.66-(0.05 x

Leg Conformation score)+(0.25 x % kidney and pelvic fat)

+(6.6 x fat thickness at the 12th rib, in inches) (Boggs

and Merkel, 1979).
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Statistical Analysis

In both trials a completely randomized design with

a 2 x 2 factorial arrangement of treatments was used.

Data collected were analyzed using analysis of variance

and Duncan's New Multiple Range Test as outlined by

Steel and Torrie (1980).
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Economic Analysis

The following production costs were used in the

economic analysis of the trials:

Table 3. Economic Analysis Dataa

Item Diets

1 2 3 4

1. Tall fescue hay
(cents/kg) 2.75 2.75 2.75 2.75

2. Sorghum grain
(cents/kg) 11.55 11.55 11.55 11.55

3. Feed Mill ingredients
and process (cents/kg) 9.43 6.05 9.33 6.05

4. Health and other Vet.
costs (cents/lamb) 30.00 30.00 30.00 30.00

5. Yardage and labor
($/lamb) 1.36 1.36 1.36 1.36

aThe four diets constitute four treatments.
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RESULTS

Digestibility Trial

A summary of nutrient digestibility data is given

in tables 4 and 5. High roughage level in treatment 1

was associated with a reduction in dry matter, organic

matter, crude protein, ether extract, nitrogen-free-

extract, cell contents and energy digestibility of

5.41, 5.41, 7.09, 8.56, 3.92, 5.27 and 3.07%, respectively,

compared to treatment 2. The digestibility of acid

detergent fiber, total ash(p<.05), cell wall constitu-

ents (p<.01) and cellulose were increased by 22.71, 24.02,

317.53 and 0.45%, respectively, in a similar comparison.

In treatment 3, dry matter, organic matter, crude

protein, total ash, energy and cell contents digestibility

were reduced by 4.14, 1.92, 2.80, 4.65, 1.58 and 2.45%,

respectively, in comparison with treatment 4. Digest-

ibility of ether extract, acid detergent fiber, nitrogen-

free-extract, cell wall constituents (p<.01) and

cellulose (p<.01) were increased by 6.19, 26.77, 0.82,

135.09 and 42.68%, respectively, compared to treatment 4.

The high roughage diets showed a reduction in dry mat-

ter, organic matter, crude protein, ether extract, nitro-

gen-free-extract, energy and cell content digestibility in

diets by 4.77, 3.65, 4.91, 4.78, 1.93, 2.31 and 3.87%,



Table 4. Ration apparent digestibility, digestible energy and nitrogen

Dry Organic Crude Ether
Ration matter matter protein extracts ADF NFE

retention %DM basis.

(mg/BWkg
0.75

)

Total N-retention
Ash DE for the period

1

2

3

4

67.19

71.03

69.27

72.26

68.55

72.47

72.54

73.96

58.33

62.78

63.21

65.03

75.45

82.51

77.74

73.21

39.44

32.14

35.52

28.02

80.94

84.24

84.88

84.19

50.71a

40.89
b

31.55
b

33.09b

66.69

68.80

69.77

70.89

2.81

3.39

3.78

2.53

High Roughage
vs

Low Roughage

High Tannin
vs

Low Tannin

Interaction

d
-3.44
+.94

-1.66
+.94

-.43
+.94

-2.67
+.86

-2.74
+.86

-1.25
+.86

-3.14
+1.76

-3.57
+1.76

-1.32
+1.76

-1.24
+1.55

3.48
1.1.55

-5.80
+1.55

+7.38
+1.97

+4.00
+1.97

-.10
+1.97

-1.64
+2.01

-1.62
+2.01_

-2.00
+2.01

+4.14
+2.05

+13.47*
+2.05

5.68
+2.05

-3.08
+1.03

-2.09
+1.103

-.50
+1.10

+.418
+1.162

-.055
+1.162

-.92
+1.16

a
'
b
Means within columns with different superscripts differ (p<0.01).

c
Means are based on 4 observations in each class.

d
Differences between means + standard error of mean.

IN
1--,



Table 5. Digestibility of cell wall constituents, cell contents, and cellulose and average total

calcium, phosphorus and copper excretion, %DM.

Treatment

%

Cell wall
constituents

%

Cellulose

%

Cell
contents

Mean
calcium
excretion

(mg)

Mean
phosphorus
excretion

(mg)

Mean
copper
excretion

(mg)

1

2

3

4

35.49a

b
.508

33.97a

14.45 b

45.83
a

45.58
a

46.00a

32.24 b

83.40
a

88.04
b

84.94a

87.07
b

1181.48

956.78

1055.54

892.83

657.06a

474.10a

679.64 b

526.80a

27.01

31.32

20.94

22.43

MAIN EFFECTS AND INTERACTIONS

High Roughage
vs 23.26c*** 7.01 -3.39 193.71 167.90 -2.84

Low Roughage +7.33 +6.24 +1.53 +183.57 +93.99 +1.23

High Tannin
vs -2.22 6.59 -0.29 94.95 -37.64 7.48

Low Tannin +7.33 +6.24 +1.53 +183.57 +93.99 +1.23

Interaction 3.74 -6.76 -1.26 31.00 -133.44 -1.41
±7.33 ±6.29 ±1.53 ±183.57 ±93.99 ±1.23

a'bMeans within columns with different superscripts differ (p<.01).

cDifferences between means are based on 4 observations in each class + SEM.
***

p<.005.
**
p<.01.

*
p<.05.
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respectively, compared to low roughage treatments. Acid

detergent fiber, total ash, cell wall constituents and

cellulose, however, showed increases of 26.10, 11.19,

202.68 and 18.00%, respectively, compared to low roughage

treatments.

High tannin in the diets was associated with lower

digestibility of dry matter, organic matter, cell wall

constituents, crude protein, nitrogen-free-extract, energy

and cell contents by 2.34, 3.74, 9.15, 5.70, 1.71, 3.68

and 3.31%, respectively, compared to low tannin diets.

Ether extract, acid detergent fiber, total ash and

cellulose digestibility were improved by 4.64, 12.65,

41.71 and 16.83%, respectively, compared to low tannin

treatments.

Total excretion of fecal calcium and phosphorus

was increased (1181.48 and 657.06 mg, respectively) in

treatment 1, compared to 956.78 and 474.1 mg in treatment

2. Copper excretion was reduced (27.01 vs 31.32 mg), by

similar comparison. In treatments 3 and 4 similar comp-

arisons for calcium (1055.54 vs 892.83 mg), phosphorus

(679.64 vs 526.80 mg) and copper (20.94 vs 22.43 mg),

were observed.

At the high roughage level, there was some reduction

in nitrogen retention (mgN/BWkg
0.75

) on the high tannin

treatment (2.81 vs 3.39), but was increased in low

tannin treatments (3.78 vs 2.53).



24

On the high tannin level nitrogen retention showed a

small but insignificant reduction (3.10 vs 3.17 mgN/

BW
kg

0.75
). When nitrogen retention in high tannin

treatments was calculated on the basis of mgN/BWkg
0.75

per kilogram of concentrate fed (per lamb), high roughage

level had a higher nitrogen retention value (4.90 vs

4.40 mg). A similar trend was seen in treatments 3 and

4 (6.09 vs 3.03 mg), respectively.

Growth Trial

A summary of dressing percent, average daily gain

and carcass trait data is given in table 6. Lambs on

the high roughage treatments had improved yield grade,

leg conformation score, quality grade, loin eye area

and average daily gain of 12.10, 0.80, 26.32, 2.28,

6.86 and 11.54%, respectively, in treatment 1 in

comparison with treatment 2. High roughage seemed

to have little effect on percent kidney fat in the treat-

ment 1 versus treatment 2 comparison. Lambs in treat-

ment 1 had a lower dressing percent when compared to

treatment 2 (47.38 vs 50.90%) and lower fat thickness.

In low tannin treatments, high roughage appeared to

improve yield grade, percent kidney fat, fat thickness,

loin eye area, and average daily gain by 9.55, 27.33,

41.36, 0.25 and 13.79%, respectively, in treatment 3 as

compared to treatment 4. Leg conformation score, quality

grade and dressing percent were depressed, 2.73, 1.41



Table 6. Carcass traits.

Leg %

Yield conformation KPH
Ration grade score fat

Fat
thickness
(cm)

Quality
grade

Loin
eye
area(cm

2
)

Average
daily
gain(kg)

Dressing
percent

1 2.76 12.55 2.41a 0.42 12.55 13.24 0.29 47.38c

2 3.14 12.45 2.41a 0.57 12.27 12.39 0.26 50.90 1

3 2.84 12.82 2.18a 0.49 12.55 11.94 0.33 46.10e

4 3.14 13.18 3.00b 0.54 12.73 11.91 0.29 49.38
f

MAIN EFFECTS AND INTERACTIONS

High Roughage
vs -.34g -.13 -.41+ -.10 .05 .44 .07 -3.4

Low Roughage ±.20 ±.35 ±.68 ±.07 ±/34 ±.50 ±.02 ±.76

High Tannin
vs -.04 -.50 -.18 -.02 -.23 .89 .00 1.4

Low Tannin ±.20 ±.35 ±.68 ±.07 ±.34 ±.50 1.02 ±.76

Interaction -.04 .23 .53 -.05 .23 .41 -.005 -.12
±.20 ±.35 ±.68 +.07 ±.34 +.50 +.02 ±.76

a,bMeans within columns with different superscripts differ (p<0.1).
c,d,e,fMeans within columns with different superscripts differ (p.05).

gMean + standard error of mean. Each class mean is based on 11 observations.

p<0.1. U'
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and 6.64%, respectively, by similar comparison.

The overall effect of high roughage levels was

an improvement in yield grade, percent kidney fat

(p<.10), fat thickness, quality grade, loin eye area and

average daily gain but depressed leg conformation score

and dressing percent (p<.05) by 10.83, 15.16, 18.02,

0.40, 5.27, 12.73, 1.01 and 6.78%, respectively, compared

to low roughage treatments.

In the high tannin treatments depressed yield grade,

fat thickness, quality grade, average daily gain,

dressing percent (p<.05), leg conformation score and per-

cent kidney fat percentages of 1.34, 3.88, 1.78, 11.29,

2.93, 3.85 and 6.95%, respectively, were observed when

compared to low tannin treatments.

Interaction effects between tannin and roughage

levels were observed for percent kidney fat (p<.1) and

dressing percent (p<.05).

A summary of nutrient digestibility in the treatments

under ad libitum conditions is given in table 7. High

roughage levels appeared to significantly increase dry

matter (p<.01), organic matter (p5.01), total ash

(p<.05), nitrogen-free-extract (p<.01) and energy

(p<.01) digestibility in treatment 1 over treatment 2.

Significant depression in the digestibility of these

parameters was observed in treatment 3 as compared to

treatment 4. Ether extract, acid detergent fiber and



Table 7. Ration digestibility obtained

Dry Organic
Ration matter matter

by ratio technique

Crude Ether
protein extracts

from lambs on the growth trial, %

ADF Ash NFE

DM.

Energy

1 62.30a 63.70a 57.95a 79.70 34.19a 48.15a 78.39a 62.22a

2 58.90b 60.69
b 44.72

b 76.27 29.41a 18.28
b 73.48

b 57.42
b

3 56.72c 58.97c 53.77a 76.22 18.69 b 18.49b 74.26c 58.85c

4 69.98
d 69.98

d 59.94
c 73.92 23.27c 35.16a 82.42

d 73.61
d

MAIN EFFECTS AND INTERACTIONS

High Roughage
vs

-4.183**f -4.860*** +3.195 +3.163 -3.155 +20.78*** -3.790*** -4.450***

Low Roughage +.172 +.226 +2.202_ +4.596 +4.186 +3.955 +.531 +.183

High Tannin
vs

-2.008*** -2.590*** -6.030 +3.863 -5.565 +9.073 -1.695*** -2.585***

Low Tannin +.172 +.226 +2.202 +4.596 +4.186** +3.955 +.531 +.183_

Interaction 8.33*** 7.01 9.7** .565 4.68 23.27* 6.535 9.78

±.172 ±.226 ±2.202 ±4.596 ±4.186 ±3.955 1.531 ±.183

a,b,c,dMeans within columns with different superscripts are different (p .01).
eMeans are based on 2 observations determined by Lignin Ratio Technique.

(Differences between levels in main effects + standard error of mean (SEM).

***P.005.
**
p<.01.

*p<.025
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crude protein digestibility' were not significantly in-

fluenced by high roughage level.

Rations containing a high level of tannin had

significantly reduced dry matter (p<.01), organic matter

(p<.01), nitrogen-free-extract (p<.01) and energy

(p<.o1), but significantly elevated total ash (p<.01)

digestibility. Ether extract digestibility was improved

while acid detergent fiber digestibility was reduced.

High roughage level indicated a reduction in dry

matter (p<.01), organic matter (p.01), acid detergent

fiber, nitrogen-free-extract (p<.01) and energy (p<.01)

digestibility, but increased total ash (p<.01) and ether

extract digestibility, in comparison to low roughage

treatments.

A summary of average daily gain, total rumen volatile

fatty acids, ammonia nitrogen concentration and acetate:

propionate ratio data is presented in table 8. High

roughage level was associated with increased average daily

gain, rumen ammonia nitrogen concentration and acetate:

propionate ratio (p<.05), but reduced total rumen volatile

fatty acid concentration in high tannin treatments. In

low tannin treatments, high roughage indicated depressed

average daily gain but increased total rumen volatile

fatty acid and ammonia nitrogen concentration and acetate:

propionate ratio (p<.05).

High tannin level showed increased average daily gain



Table 8. Average daily gain, total rumen volatile fatty acid and ammonia
concentration and acetate:proprionate ratio.

Total
rumen Rumen Acetate

Average VFA ammonia propionate
Treatment daily gain production nitrogen ratio
or ration (kg) (mg/ml) (mg/5m1) (C

2
:C

3
)

1

2

3

4

.35

.26

.30

.31

94.36 .487 2.75
a

104.84 .279 2.18
a

104.87 .415 3.19
b

70.63 .259 1.54
a

MAIN EFFECTS AND INTERACTIONS

High Roughage
vs .04

c 11.88 .19 1.11
Low Roughage ±.08 ±12.42 ±.12 ±.49*

High Tannin
vs .00 11.85 .05 .13

Low Tannin ±.08 ±12.42 ±.12 ±.49

Interaction .05 22.36 .026 .54
±.08 ±12.42 ±.12 ±.49

a,bMeans within columns with different superscripts differ (p<.05).
cValues are mean differences + SEM. Each mean is based on 3 observations.
*
p<.05.
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and rumen metabolite concentration with a slightly wider

acetate:propionate ratio as compared to low tannin

treatments.

A summary of the costs of liveweight and carcass

gain of lambs fed the four diets is given in table 9.

Average total gains per lamb on treatments 1, 2, 3

and 4 was 9.87, 9.01, 9.73 and 9.85 kg, respectively.

Costs per kilogram of liveweight gain for the four

treatments was $2.04, 1.83, 2.00 and 1.59, respectively.

Estimated carcass gain per lamb on the treatments was

4.68, 4.59, 4.49 and 4.86 kg, respectively. The estimated

carcass cost per kg of gain were ($) 4.30, 3.60, 4.34

and 3.23, for treatments 1, 2, 3 and 4, respectively.

Lambs on high tannin treatments had a higher carcass cost

($3.95 and 3.79), respectively, than those on low tannin

diets. High roughage indicated reduced costs of production

of carcass ($4.32 vs 3.42) in high tannin treatments.

Similar comparison in low tannin treatments gives treat-

ment 3 an advantage ($4.34 vs 3.23) over treatment 4.



Table 9. Cost per kilogram of liveweight and carcass gain of lambs
consuming the four diets.

1 2

Diets

3 4

Average feed intakea per lamb (kg) 77.79 73.07 75.36 68.91

Cost per kg of ration (cts) 23.73 20.35 23.63 20.35

Average feed cost per lamb ($) 18.46 14.87 17.81 14.02

Veterinary cost per lamb (cts) 30 30 30 30

Average yardage cost per lamb ($) 1.36 1.36 1.36 1.36

Average total cost per lamb ($) 20.12 16.53 19.47 15.68

Average total gain per lamb (kg) 9.87 9.01 9.73 9.85

Average cost per kg gain ($) 2.04 1.83 2.00 1.59

Estimated carcass gain per lamb (kg) 4.68 4.59 4.49 4.86

Estimated cost of carcass per kg gain 4.30 3.60 4.34 3.23

aFeed intake per lamb for the entire study period.
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DISCUSSION

Digestibility Trial

Phillips (1934) and later Ellis et al. (1946),

Richards and Reid (1952) and Grant et al. (1974) observed

that some lignin could be degraded during digestion.

Van Soest (1971), Smith et al. (1972) and Habers et al.

(1980) observed that lignin was a major factor affecting

the digestibility of forage fiber. Minson (1971) report-

ed that the digestibility of Panicum was influenced

by the cellulose and hemicellulose components of the

diet and the extent to which they are lignified. More

recently Morrison (1974) found that when carbohydrate

complexes are subjected to alkaline conditions, lignin

was degraded to lower molecular weight phenolic com-

pounds. He postulated that ferulic acid and p-coumaric

acid, both degradation products of lignin, act as cross-

linking agents between lignin and carbohydrates because

they possess hydroxyl and carboxylic groups, which are

important functional groups. This crosslinking of lignin

to carbohydrate reduces the digestibility of carbo-

hydrates and other carbohydrate-containing components

in the substrate.

Fahey et al. (1979) found that sheep fed low quality

timothy (Phleum pratense) digested the greatest amount
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of cellulose, while those fed oak (Quercus) digested

significantly less cellulose. Pigeon et al. (1962)

and Quesnel (1968) found oak tannin to hydrolyze into a

carbohydrate core and polyhydroxyphenolic acid or form

a condensation product as well when subjected to alkaline,

acid or enzyme action. These degradative and hydrolytic

products do complex with proteins (Hartnell and Slyter,

1975; Burroughs et al., 1975; Fahey et al., 1979),

carbohydrates (Strumeyer and Malin, 1970), enzymes

(Tamir and Alumot, 1969; Pridham, 1963) and glycoproteins

(Mitjavila et al., 1977). The high roughage diets

tested (treatments 1 and 3) were relatively more alkaline

than were the high concentrate diets (treatments 2 and 4).

This had the effect of increasing solubility of lignin

(Morrison, 1974) and tannins (Quesnel, 1968) and therefore

the concentration of phenolic components. As these

phenolic components are bound organic matter, they reduced

digestibility and also digestible energy.

High fecal excretion of calcium and phosphorus

was noted in the high roughage treatments (1 and 3,

1069.13 and 565.58 mg, respectively). It is known that

phenolic compounds in animals are generally excreted

as conjugates with sulphuric acid and glucuro.nic acid

(Williams, 1964). In addition, some substances are known

to undergo methylation and dehydroxylation reactions in

the animal body (Wong, 1973). By similar mechanisms,
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mineral elements such as calcium, phosphorus and copper

in the gastrointestinal tract are bound and excreted.

On the long term basis, adequate mineral supplementation

has to be made to maintain adequate blood levels for

optimum cellular function.

Growth Trial

Feed Intake and Average Daily Gain

Tamir and Alumot (1970) observed that growth dep-

ression caused by tannin-containing green carob pods

was due to reduced feed intake. Tannins may affect feed

intake of an animal through an astringent reaction in the

mouth (Joslyn and Goldstein, 1964). The effect of

astringency is greater in high tannin than in low tannin

diets. Berg et al. (1955) observed that the threshold

for the perception of tannin varies. It has been suggest-

ed further that retention of tannin at the receptor

sites is responsible for the longlasting sensation of

the oral mucous membrane (Kawamura et al., 1969).

Processing of feed such as grinding and pelleting re-

duces assayable tannin (Price et al., 1980). This has

the effect of decreasing astringency and increasing

palatability. This may have influenced feed intake per

pen in the high tannin treatments 1 and 2 (76.62 kg) as

compared to low tannin treatments 3 and 4 (70.99 kg) for

the entire study period. An increase in feed intake is
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usually reflected in higher average daily gain as observed

in treatment 1 as compared to treatment 2 (0.29 vs 0.26 kg),

respectively. However, average daily gain of lambs in

treatment 3 was not significantly different from those

in treatment 4 (0.30 vs 0.31 kg, respectively).

Rumen total volatile fatty acid and ammonia nitrogen
concentration

Dietary protein is degraded in the rumen by

proteolytic and deaminative enzymes of microorganisms,

producing rumen volatile fatty acids and ammonia. Church

(1976a) and Hungate (1966) noted that ruminal microbial

ammonia nitrogen can be variable (0 to 130 mg/100 m1).

Satter and Slyter (1974) indicated that microbial

protein synthesis plateaued when rumen ammonia nitrogen

concentration exceeded 5 mg/100 ml and considered that

this level was optimum for microbial protein synthesis.

Later reports indicated that 5 mg/100 ml was too low

for maximum fermentation (Mehrez et al., 1977; Edwards

and Bartley, 1979) and that ammonia nitrogen levels

above 5 mg/100 ml resulted in additional microbial

protein synthesis (Edwards et al., 1977). It is certain

that degradation of proteins, peptides, amino acids

and other nitrogen containing compounds is an expensive

process from an energetic point of view. The benefit

that the host animal receives is high quality microbial

protein which may be of very substantial value when low
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quality protein is fed (Church, 1976b).

In this study high ruminal ammonia nitrogen con-

centration for the high tannin treatments was associated

with in improved average daily gain for treatments 1 and 2

(9.74 and 5.58 mg/100 ml vs 0.29 and 0.26 kg, respective-

ly). Similar comparison for low tannin treatments 3 and

4 (8.30 and 5.18 mg/100 ml vs 0.30 and 0.31 kg) may be

explained by an alteration in the supply of ammonia to

the cellulolytic microorganisms (Alwash and Thomas,

1970) or a more rapid passage through the rumen and

increased digestion in the lower gastrointestinal tract.

Chalmers (1961) states that the ideal ration for

maximum use of nitrogen should contain protein of good

digestibility with a low solubility in the rumen. This

assumption is based on the premise that high rumen

ammonia values are indicative of poor nitrogen utiliza-

tion by the host. However, the data of Little et al.

(1963) refutes this concept, at least in regard to

digestion and retention of nitrogen. Definitely, there

must be an adequate amount of nitrogen in required

forms for the growth and activity of rumen microbes.

Any excessive degradation over this requirement would

tend to be wasteful since a highly digestible protein

probably can be more efficiently utilized by the host

if digestion takes place in the lower gastro-intestinal

tract.
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Rate and extent of modification or metabolism of

dietary nitrogen to ammonia and efficiency with which the

rumen microbial population synthesizes microbial protein

can be affected by several factors such as nitrogen

solubility, availability and type of carbohydrate ferment-

ed, ruminal ammonia concentration and rate of passage

of digesta through the rumen. The passage of solids

and liquids through the rumen can be variable in vivo

(Church, 1976a). Feeding ground and pelleted grass hay

at high levels of intake results in low ruminal ammonia,

as well as volatile fatty acid and pH (Alwash and Thomas,

1970). It would appear that crude protein digestibility

of 57.95% and digestible energy of 62.22% were more

favorable to microbial synthesis of cellular protein

in treatment 1 in comparison with treatment 2 (44.72

and 57.42%, respectively).

Lower performance in lambs on treatment 3 as compared

to treatment 4 (53.77 and 58.85% vs 59.94 and 73.61%,

respectively) may reflect either an alteration in the

supply of ammonia to rumen cellulolytic organisms

(Alwash and Thomas, 1970) or a more rapid passage through

the rumen and increased digestion in the lower gastro-

intestinal tract (Church, 1976a).

Carcass Traits

Data of Riley (1969), Topel et al. (1973) and

Guenther et al. (1965) suggest that diet energy has little
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influence on carcass characteristics. Recent studies,

however, have suggested that carcass composition is related

to dietary energy level (Young and Kaufman, 1978; Smith

et al., 1977; Prior et al., 1977; Ferrell et al., 1978;

Crickenberger et al., 1978). In this study, digestible

energy in treatments 1, 2, 3 and 4 of 62.22, 57.42,

58.85 and 73.61%, respectively, was related to carcass

traits studied. Lambs on the high tannin treaments

experienced a lower digestible energy intake (59.82%)

than did those receiving the low tannin treatments

(66.23%). This was reflected in slightly reduced

leg conformation score (12.5 vs 13.0), quality grade

(12.41 vs 12.64), less kidney fat (2.41 vs 2.59), and

less back fat (0.50 vs 0.52 cm), respectively. However,

these differences are not significant.

Lambs on high roughage treatments which contained

60.52% digestible energy compared to low roughage

treatments which contained 65.52% digestible energy

had a lower leg conformation score (12.69 vs 12.82), less

kidney fat (2.30 vs 2.71%) and less back fat (0.46 vs

0.56 cm), respectively. These differences were not

significant.

Cost of Liveweight and Carcass Gain of Lambs

Lambs on treatments 1, 2, 3 and 4 gained 0.22,

0.16, 0.23 and 0.19 kg liveweight or 0.10, 0.08,

0.10 and 0.09 kg carcass per kilogram of concentrate



Table 10a. Cost per kilogram of live and carcass gain of lambs on performance trial.a

Average
Feed
Intake
Per Lamb

Rations (kg)

Cost/kg
Ration
Per

Lamb ($)

Average
Feed
Cost/
Lamb

($)

Vet Cost
Per Lamb
(Cents)

Average
Yardage
Cost/
Lamb
($)

Total
Cost/
Lamb

($)

Total
Gain

Per Lamb
(kg)

Average
Cost/kg

($)

Estimated
Carcass

Gain/Lamb
(kg)b

Estimated
Cost/kg
Carcass

($)

1 77.57 23.73 18.41 30 1.36 20.07 9.87 2.03 4.68 4.29

2 73.01 20.35 14.86 30 1.36 16.52 9.01 1.83 4.59 3.60

3 75.56 23.73 17.85 30 1.36 19.51 9.73 2.01 4.49 4.35

4 68.69 20.35 13.97 30 1.36 15.63 9.85 1.59 4.86 3.22

Main Effects and Interaction

High Roughage
vs +0.41+ +1.07+

Low Roughage +0.29 +0.65

High Tannin
vs

Low Tannin

+0.24
+0.29

+0.54
+0.65

Interaction -.11 -.23
*.65

+p(0.1 a Fourteen lambs were fed each ration, seven in each pen.

*p(0.05 bMeans are averages of eleven lambs from each ration.
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consumed. The high roughage level was beneficial in

improving dressing percent of lambs based on invest-

ment in concentrates in the diet.

Lambs on high roughage diets had a poorer FE (7.8 kg)

than those on low roughage diets (7.5 kg).

Similarly, lambs on high tannin diets had a poorer FE

(8.1 kg) than those on low tannin diets (7.4 kg)(table 10).

The poor performance may be due to low digestible

energy intake (60.54%) in high roughage diets as compared

to low roughage diets (65.52%). Energy availability

facilitates an active microbial protein synthesis which

is then utilized in tissue deposition.
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Correlation Coefficients

Correlation between digestibility coefficients

of nutrients in pooled diets obtained by difference and

by lignin ratio technique DM, ADF, DE and ash ranged

from .44 to .65. Organic matter and EE were associated

with a low correlation coefficients ranging from .12

to .24. Crude protein and NFE had negative correlation

coefficients between -0.07 and -0.28 (Tables 4 and 7).

The fact that lignin ratio technique utilizes

lignin to estimate nutrient digestibility has its

limitation. It is assumed that lignin is indigestible

or that it is insignificantly digestible. Recent

studies (Morrison, 1972) indicate that lignin is dig-

estible. The more alkaline the rumen substrate (Morrison,

1974) the more the degradation. This has the effect of

overestimating the digestibility of the nutrients and

therefore depressing the correlation between the two

procedures.
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SUMMARY AND CONCLUSION

Two studies were conducted to compare feedlot per-

formance and digestibility of nutrients by lambs fed

four sorghum grain-based diets containing either a high

or low tannin level, with a low or high roughage level.

Four lambs were assigned to each treatment in the

digestibility trial and fourteen in each treatment to

the feedlot performance trial.

In the digestibility trial, lambs fed diets con-

taining 40% roughage experienced a reduction in digest-

ibility of most proximate components, cell contents and

energy; cell wall constituents (p<.01) and cellulose

digestibility showed some increase. When digestible

energy was considered on the basis of concentrate con-

sumed per day, lambs on 40% roughage diets showed a 31.2%

improvement over the 20% roughage diets (114.7 vs 87.2/ kg

concentrate)(table 10b). A similar comparison for high

versus low tannin diets indicated 4.2% improvement ratio

(102.9 vs 98.7), respectively. Total nitrogen retention in

high roughage diets showed an increase (3.30 vs 2.96 mgN/

BW
kg

0.75
). Uhen considered on the basis of concentrate

consumed daily, a 46.7% improvement was observed.

In the performance trial the lambs fed the high

roughage ration experienced a depression in dressing percent

but improvement in yield grade, quality grade, average

daily gain and loin eye area. Interaction effects for



Table 10b.Ration apparent digestibility of nutrient and nitrogen retention.

Item, % DM

RATION

1 2 3 4

Dry matter

Organic matter

Crude protein

Ether extract

Acid detergent fiber

Nitrogen-free extract

Total ash

Digestible energy, percent of DM

Digestible energy, % DM per kg concentrate

Total nitrogen retention, gN/BW
0.75
kg

67.19

68.55

58.33

75.45

39.44

80.94

50.71

66.69

116.39

2.81

7171.03.

72.47

6262.78.

82.51

32.14

84.24

40.89

68.80

89.35

3.39

69.2769

72.54

63.21

77.74

35.52

84.88

31.55

69.77

112.35

3.78

72.26

73.96

65.03

73.21

28.02

84.19

33.09

70.89

85.00

2.53



44

tannin and roughage levels were observed for percent

kidney fat (p<0.1) and dressing percent (p<.05). A

high roughage level was associated with increased feed

intake and acetate:propionate ratio (p<.05), but a depress-

ed total rumen VFA and ammonia nitrogen concentration.

Lambs consuming high tannin diets had higher costs

per kilogram of liveweight gain ($1.93 vs 1.80) and

carcass gain ($3.95 vs 3.79) compared to low tannin diets.

Lambs on high roughage diets cost more per kilogram live-

weight gain ($2.02 vs 1.71/kg) and carcass gain (4.32 vs

3.41/kg) in comparison to low roughage diets, respectively.

Since 87% of Kenya's land is rangeland, it is not

possible to produce all the corn and other cereal grains

needed for human and livestock use in the 13% of arable

area. Livestock produced on rangeland are brought to

the more arable areas for feedlot finishing. Since

sorghum grain can be grown successfully in these areas,

high and low tannin varieties which are either cold

tolerant or drought resistant have been developed to

lessen the need for corn in livestock rations. Kenya's

beef industry for domestic and overseas markets is based

on this production method.

The high tannin content of some sorghum grains

renders them highly unpalatable to ruminants. It is known

that when such sorghums are processed with high roughage
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levels through cracking, grinding (Price et al, 1980)

and/or pelleting, palatability and probably feed intake,

is improved. For satisfactory use by monogastrics, high

tannin sorghums need to be dehulled to remove some of

the tannin and polyphenol compounds along with the seed

coat. Cooking has been recommended in some cases, but

these processes are costly on large scale commercial

operations. These problems limit the use of grain

sorghum primarily to ruminant animals.

More work needs to be done on the effect of tannin

on performance, rumen metabolites and blood parameters

at various levels of roughage in diets in relation to

the economic returns.
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APPENDIX



GROWTH TRIAL

Table Al. Performance of lambs on treatment 1.

Rep Total Feed Lamb
No. Intake (kg) No.

Initial
Weight (kg)

Final Total Weight Days on ADG
Weight (kg) Gain (kg) ) Trial (kg)

1 480.2 204 40.0 46.4 6.40 34 0.19

207 35.9 47.7 11.82 34 0.35

219 40.2 49.5 9.3 34 0.29

241 39.8 49.1 9.3 34 0.29

258 41.1 53.2 12.1 34 0.36

264 41.4 52.3 10.9 34 0.32

2 375.5 266 38.5 49.0 10.5 34 0.31

306 43.6 55.4 11.8 34 0.35

331 36.7 40.5 3.8 34 0.11

460 40.2 51.8 11.6 34 0.34

468 35.9 46.8 10.9 34 0.30



Table A2. Performance of lambs on treatment 2.

Rep Total Feed Lamb Initial Final Total Weight Days on ADG

No. Intake (kg) No. Weight (kg) Weight (kg) Gain (kg) Trial (kg)

1 442.3 206 38.0 45.5 7.5 34 0.22

215 40.9 50.9 10.0 34 0.29

231 35.0 43.6 8.6 34 0.25

262 37.7 44.1 6.4 34 0.19

299 38.4 44.1 5.7 34 0.17

316 37.0 45.5 8.4 34 0.25

2 361.5 307 36.9 45.0 9.6 34 0.29

340 35.3 45.4 10.1 34 0.30

405 37.6 49.5 10.9 34 0.32

499 33.3 44.5 11.2 34 0.33

590 36.3 46.8 10.5 34 0.31



Table A3. Performance of lambs on treatment 3.

Rep Total Feed Lamb Initial Final Total Weight Days on ADG

No. Intake (kg) No. Weight (kg) Weight (kg) Gain (kg) Trial (k
g

)

1 384.0 220 40.9 51.8 10.9 34 0.32

263 33.9 41.5 7.6 34 0.22

321 41.1 46.8 5.7 34 0.17

395 42.5 53.6 11.1 34 0.33

576 39.1 50.9 11.8 34 0.35

2 445.9 201 36.6 48.2 11.6 34 0.34

232 35.7 43.2 7.5 34 0.22

350 38.4 49.6 11.1 34 0.33

429 38.6 48.2 9.5 34 0.28

452 35.9 45.0 9.1 34 0.27

596 37.5 48.6 11.1 34 0.33



Table A4. Performance of lambs on treatment 4.

Rep Total Feed Lamb
No. Intake (kg) ) No.

Initial
Weight (kg)

Final Total Weight Days on ADG
Weight (kg) Gain (kg) ) Trial (kg)

1 414.8 244 39.8 49.6 9.8 34 0.29

253 36.1 45.9 9.8 34 0.29

278 37.7 48.2 10.5 34 0.31

315 36.6 47.3 10.7 34 0.31

322 39.3 49.1 9.8 34 0.29

397 32.3 39.6 7.3 34 0.21

2 343.2 363 36.4 46.9 10.5 34 0.31

409 35.5 43.6 8.1 34 0.24

443 39.8 50.5 10.7 34 0.31

448 33.9 42.7 8.8 34 0.26

457 35.6 47.7 12.2 34 0.36

Ln
Lo



Table A5. Volatile fatty acid data from the slaughtered lambs.

Acid Concentration, mM/Liter

Treat
No.

Lamb
No.

Acetic
Acid

Propionic
Acid

Bintynic
Acid

Total
VFA

Acetic/
Propionic Ratio

1 207 73.30 26.08 23.38 122.76 2.81

258 64.64 28.74 16.19 109.57 2.25

306 33.88 10.14 6.73 50.75 3.34

2 215 55.98 34.36 11.24 101.58 1.63

262 69.07 18.2 17.31 104.45 3.82

307 50.41 45.93 12.14 108.48 1.10

3 201 69.38 28.13 23.14 120.65 2.47

263 58.47 16.55 16.73 91.75 3.54

350 65.29 18.35 18.56 102.20 3.56

4 278 27.05 21.54 8.43 52.02 1.26

363 45.80 26.60 9.13 81.53 1.72

443 40.50 24.83 8.02 73.35 1.63



Table A6. Performance of lambs used metabolism trial.

Treatment
No.

Lamb
No.

Initial
Weight (kg)

Final
Weight (kg)

Weight
Gain (kg)

Total Nitrogen
Retention (Over
8 Days (g)) (gN/BW

0.75
)

kg

1 433 35.9 37.3 1.4 41.16 2.77

651 32.3 38.4 6.1 36.69 2.53

916 32.3 35.2 2.9 54.69 3.91

954 33.6 40.9 7.3 31.92 2.12

2 868 32.7 34.5 1.8 48.47 3.47

870 33.6 42.3 8.7 48.40 3.17

940 30.9 37.0 6.1 46.85 3.27
983 36.4 40.2 3.8 52.55 3.41

3 205 35.0 40.0 5.0 44.85 2.96

839 31.8 36.4 4.6 74.10 5.25
934 35.9 38.0 2.5 24.32 1.62

982 33.2 38.2 6.0 79.38 5.44

4 413 30.9 35.2 4.3 28.63 2.08
649 35.9 33.6 -2.3 -12.74 -0.89
911 35.5 37.0 1.5 53.64 3.63

946 31.8 37.7 5.9 75.07 5.24



Table A7. Carcass data for slaughtered wethers.

TREATMENT 1

Live
Lamb Weight
No. (kg)

Carcass
Cold

Wt (kg)
Dressing

Leg
Conformation

Score

Fat
Thickness

(cm)

Kidney
Fat
(%)

Yield
Grade

Quality
Grade

Loin Eye
Area
(cm2)

204 49.6 24.1 48.6 12 0.51 3.0 3.33 14 12.41

207 47.7 21.4 44.8 12 0.28 2.0 2.29 13 12.81

219 50.0 25.5 50.9 13 0.48 3.0 3.01 13 15.13

241 52.7 24.5 46.5 14 0.68 2.5 3.37 12 11.63

258 53.2 26.4 49.6 12 0.30 3.5 2.74 13 14.38

264 54.1 25.0 46.2 13 0.28 2.0 2.24 12 11.41

266 48.2 23.6 49.1 13 0.28 2.0 2.24 13 17.84

306 55.5 26.4 47.5 13 0.25 1.5 2.15 10 15.47

331 41.8 18.2 43.5 10 0.23 2.0 2.25 13 10.53

460 54.6 26.36 48.3 14 0.78 3.0 3.76 13 13.53

468 48.2 22.3 46.2 12 0.53 2.0 2.95 12 10.53



Table A8. Carcass data for slaughtered wethers.

TREATMENT 2

Live
Lamb Weight
No. (kg)

Carcass
Cold
Wt (kg)

Dressing
%

Leg
Conformation

Score

Fat
Thickness

(cm)

Kidney
Fat
(%)

Yield
Grade

Quality
Grade

Loin Eye
Area
(cm2)

206 48.2 24.5 50.9 12 0.51 2.0 2.88 11 12.78

215 50.9 25.5 50.0 14 0.63 3.0 3.36 12 14.63

231 45.9 23.2 50.5 13 0.68 4.0 3.79 13 10.88

262 44.1 22.3 50.5 11 0.60 1.5 3.07 11 13.53

299 45.9 23.6 51.5 14 0.43 3.0 2.83 13 13.50

316 48.2 27.3 56.6 14 1.15 2.5 4.62 14 13.94

307 45.0 20.5 45.4 12 0.50 1.5 2.76 11 10.78

340 47.7 21.8 47.7 12 0.25 3.0 2.47 13 11.13

405 44.6 25.9 58.2 13 0.50 2.5 2.96 12 12.66

499 44.6 21.8 49.0 11 0.50 2.0 2.93 12 11.38

590 48.6 23.2 47.7 11 0.53 1.5 2.87 13 11.09



Table A9. Carcass data for slaughtered wethers.

TREATMENT 3

Live
Lamb Weight
No. (kg)

Carcass
Cold
Wt (kg)

Dressing
%

Leg
Conformation

Score

Fat
Thickness

(cm)

Kidney
Fat
(%)

Yield
Grade

Quality
Grade

Loin Eye
Area
(cm2)

220 53.6 25.5 47.5 14 0.70 3.0 3.56 14 10.75

263 44.1 20.5 46.4 10 0.50 2.0 2.98 11 11.16

321 48.2 23.6 49.1 13 1.00 3.0 4.40 14 10.09

395 53.6 22.7 42.4 14 0.18 2.0 1.92 11 12.88

576 53.6 23.6 44.1 13 0.38 2.0 2.50 11 10.13

201 48.2 23.2 48.1 13 0.63 2.5 3.29 14 13.21

232 47.3 22.7 48.1 12 0.43 1.5 2.56 12 14.00

350 49.6 22.6 45.7 13 0.25 1.5 2.05 13 12.13

429 50.0 23.2 46.4 14 0.55 2.5 3.04 13 11.19

452 49.1 22.3 45.4 13 0.28 2.0 2.24 13 13.16

596 50.0 22.1 44.2 12 0.45 2.0 2.75 12 12.63



Table A10. Carcass data for slaughtered wethers.

TREATMENT 4

Live
Lamb Weight
No. (kg)

Carcass
Cold

Wt (kg)
Dressing

Leg
Conformation

Score

Fat
Thickness

(cm)

Kidney
Fat
(%)

Yield
Grade

Quality
Grade

Loin Eye
Area
(cm2)

244 50.5 25.0 49.6 14 0.43 4.0 3.08 12 13.44

253 46.8 22.7 48.6 13 0.30 2.5 2.43 11 13.69

278 48.2 24.1 50.0 14 0.25 2.5 2.25 12 12.03

315 49.6 24.5 49.5 14 0.28 3.0 2.44 14 13.84

322 51.4 27.3 53.1 15 1.05 4.5 4.81 15 10.88

397 41.36 20.5 49.4 13 0.65 2.5 3.35 11 10.13

363 46.8 21.8 46.6 13 0.33 2.0 2.37 13 10.97

409 45.5 20.9 46.0 12 0.55 3.0 3.26 12 10.09

443 50.5 24.5 48.6 11 0.70 3.0 3.71 13 12.81

448 43.2 22.7 52.6 13 0.73 2.5 3.55 14 12.16

457 50.7 25.0 49.1 13 0.68 3.5 3.62 13 10.94
rn
1J1



Table All.Analysis of variance for ration digestibility.a

Source

DF MS

CWC CC Cellulose
Nitrogen
Retention Calcium Phosphorous Copper

Roughage 1 2163.1800*** 45.4613** 196.420 0.6989 150087.00 112810.00* 0.265

Tannin 1 19.5364 0.3630 173.186 0.0721 36058.20 5678.75 4.368

Roughage
x Tannin

1 55.8009 6.4643 182.520 3.1329 3842.14 902.852 0.342

Error 12 107.5980 4.6823 78.1024 2.7024 67395.00 17666.900 3.049

aDigestibility trial

***p<0.005

**p<0.01

*p<0.05



Table Al2Analysis of variance for ration digestibility.
a

Source DF

MS

DM CP CM EE ADF NFE ASH DE

Roughage 1 46.6148 39.3756 28.4089 6.1752 217.358 10.7256 68.5170 10.000

Tannin 1 10.9727 50.8369 30.0304 48.3720 63.8401 10.4652 726.707* 26.574

Roughage
x Tannin

1 0.7268 6.9432 6.2500 135.3730 2.2500 11.0889 129.220 1.413

Error 12 14.1008 49.5183 11.9253 38.5332 62.0665 6.4727 66.6277 16.997

aDigestibility trial

*p<0.01



Table A13. Analysis of variance for total gain, total feed intake, feed efficiency
and feed gross energy.

MS

Source DF
Total Feed
Gain Intake

Feed
Efficiency

Feed Gross
Energy

Roughage 1 63.0565* 0.2312 0.0015*

Tannin 1 18.7885 0.5513 0.0015*

Roughage x Tannin 1 2.2472 0.4050 0.00911***

Error 4 4.0890 1.9835 0.0001

*p<0.025

***p<0.005



Table A14-Analysis of variance for rumen metabolites.

Source

MS

DF Ammonia Nitrogen Total VFA Acetate Propionate Ratio

Roughage 1 0.1045 423.284 3.8647*

Tannin 1 0.0653 421.149 0.0494

Roughage x Tannin 1 0.0233 1499.240 0.8060

Error 8 0.0444 462.935 0.7062

*p<0.05



Table A15.Analysis of variance for nutrient digestibility.a

Source DF

MS

DM OM CP EE ADF NFE DE

Roughage 1 34.9866*** 47.2392*** 20.4161 20.0028 19.9081 28.7282*** 39.6050***

Tannin 1 8.0601** 13.4162*** 72.7218 29.8378 61.9385 5.7461* 13.3644***

Roughage
x Tannin

1 115.1400*** 109.0760*** 206.2480*** 0.1596 700.8770*** 76.7560*** 170.9400***

Error 40 0.0590 0.1024 9.6931 42.2434 35.0389 0.5636 0.0673

aGrowth trial

***p<0.005

**p<0.01

*p<0.025

O



Table A16.Analysis of variance for initial, and final body weights (ADC) of lambs.

MS

Source DF Initial Weight Final Weight Average Daily Gain

Roughage 1 44.2002*** 71.0184** 0.0035

Tannin 1 6.2627 0.7858 0.0002

Roughage x Tannin 1 1.9657 7.1363 0.0012

Error 40 5.6292 10.7969 0.0036

***p<0.010

**p<0.025



Table A17Analysis of variance for cost per
kg of gain.

MS

Source DF Live Weight Carcass

Roughage 1 1.8002* 12.5511**

Tannin 1 0.6481 3.1646

Roughage x Tannin 1 0.0484 0.3176

Error 40 0.4468 2.3223

*p<0.1

**p<0.05



Table A18.Analysis of variance for nutrient digestibility.a

Source

MS

DF DMD DOM DCP DEE D ASH D ADF DNFE DE

Roughage 1 34.9866*** 47.239*** 20.4161 20.0028 860.918* 19.9081** 28.7282*** 39.6050***

Tannin 1 8.0601*** 13.416*** 72.7218 29.8378 164.621 61.9385 5.7461* 13.3644***

Roughage 1 115.1400*** 109.076*** 206.2480*** 0.1596 394.103* 700.8770** 76.7560*** 170.9400***
x Tannin **

Error 4 0.0590 0.1024 9.6931 42.2434 31.2805 35.0389 0.5636 0.0673

aGrowth trial

*****p<0.005

**p<0.01

*p<0.025

+p<0.05



Table A19. Analysis of variance for carcass traits.

MS

KPH Yield Quality Dressing Loin Eye
Source DF FAT Grade Grade % Area

Roughage 1 1.8409+ 1.4911+ 0.0227 150.9600*** 2.1033

Tannin 1 0.3636 0.0275 0.5682 32.3020*** 8.8740+

Roughage x Tannin 1 1.8409 0.0184 0.5682 2.3184 1.8083

Error 40 0.4614 0.4576 1.2955 6.3277 2.7422

+p<0.1

***p<0.005


