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DO COMMERCIALLY AVAILABLE, LIQUID, ENERGY
AND VITAMIN SUPPLEMENTSIMPROVE THE
WEANING WEIGHT, PREWEANING GAIN,

AND SURVIVAL OF LAMBS?

F.J. Schwulst and M. K. Siefers

SUmmary

Thedataindicatethat lambsin the Northwest Research-Extens on Center flock did not show
Increases in weaning weights or preweaning daily gains when tregted at birth with ether of two
products designed to provide energy and vitamin supplementation.

I ntroduction

Preweaning desth losses of lambs are considered to be high in most parts of theworld, with
losses of 15 to 20% or more being common in many sheep-producing countries. Lamb losses
between birth and weaning may be the most serious deterrents to profitability in the U.S. sheep
indudtry.

Some commercidly available, liquid products are purported to aidinthe generd hedth and
aurviva of preweaning lambs by boosting energy and providing vitamin nutrition. The objective of
this project wasto determineif trestment with either of two of theavailable productscould berelated
to an increase in the weaning weight, rate of gain, and surviva of preweaning lambs. Each of the
products conssted of a blend of vitamins A, D, and E and an energy source. Both products were
purchased from the retail market.

Experimental Procedures

Lambsfromthe 1997 spring and fall lamb cropsat the KSU Northwest Research-Extension
Center were used in this study. Spring lambs were born to sraightbred Rambouillet and 3/4
Rambouillet x 1/4 Booroola Merino crosshred ewes and were Sred by Targhee rams. Lambing
occurred during the month of April. Suffolk rams sred the fall lambs born to aflock of crossbred
ewes sred by Rambouillet, Romanov, Tunis, and Katahdin rams. Lambing began in mid-October
and continued for about 1 month.

All eweswere managed in theroutine manner for the Northwest Research-Extension Center
flock. The ewes were kept in adrylot from about 1 month before lambing through lactation and
were fed aration of corn Slage, dfdfahay, and sorghum. All lambswere docked, and maelambs
were cadtrated at 7 to 10 days of age.

Newborn lambs were weighed and ear tagged for identification within 10 hours of birth.
Every third lamb tagged was treated with one of the products or was designated as a contral.
Recommended dosages of each product were administered orally to each treated lamb at the back
of the tongue using the pump provided with the product. Eweand lamb familiesfrom dl treetments
then were intermingled, with about 30 ewes and their lambs per lot.

Information recorded for each lamb included birth weight, type of birth, sex, survivd,
weaning weight, and ADG from birth to weaning. Weaning occurred a 50 + 3 days.
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Results and Discussion

Data from the first trial are shown in Table 1. Of the 108 lambs born, 91 were from
Rambouillet dams and 17 from the crossbred ewes.

Neither of the two products used to provide energy and vitamin supplementation had
sgnificant effects on the weaning weights and average dally gains of the lambs. However, lambs
treated with product B averaged 3.6 and 4.2 |b less than those treated with product A or the
controls. A possible explanation for thelower weight of lambstreated with product B may befound
inthe ratio of lambsraised astwinsor as singlesin each treatment. When the lambs were weighed
and ear tagged at birth, every third lamb was assigned to a given treatment on a rotational basis.
Thus, twin lambs of the same pair or triplet lambs of the same trio never were assigned to the same
treetment. Using this technique, the numbers of single, twin, or triplet born lambs assigned to each
trestment were very comparable across treatments. However, when a multiple-birth lamb in any
treatment died, this affected theratio in that treatment and one other trestment. Thus, if the right
combination of death losses occurred, the ratio of twins to singles on an as-raised basis could
become skewed among trestments. In the product B treatment of the firgt tria with spring-born
lambs, the as-raised ratio decreased and became skewed in relation to the other trestments. This
decreased ratio of lambsraised assinglesto lambsra sed as multiples probably resulted in thelower
weaning weights and dally gains.

The breed of their dam had a sgnificant effect onthebirth weight of lambs. Lambsbornto
Rambouillet ewes weighed an average of 2.2 |b more than lambs born to 3/4 Rambouillet x 1/4
Booroola Merino crossbred ewes. Much of the difference was likely the result of the greater
percentage of multiple births among the crossbred ewes. Sex of the lamb did not affect birth
weights, weaning weights, or average daily gains of the lambs. Single-born lambs were 2.4 |b
heavier a birth than twins, which, in turn, were 1.4 1b heavier than triplets. Birth weight differences
among al birth typesweresignificant. Lambsreared assinglesgained dmost .2 1b more per day and
weighed 11.5 |b more at weaning than the lambsreared astwins. Both differenceswere sgnificant.

Though surviva rates were not tested statistically, some variation was noted. Higher birth
to weaning survival rates were atained by lambs treated with product A, those born to crossbred
ewes, females, and lambs born astwins.

Datafromthe secondtria areshownin Table 2, whichincluded 270 lambs. Neither product
had any effect on birth weights, weaning weights, or preweaning daily gains of lambs. Meanswere
very nearly equd for dl treatments across the traits measured.

Lambs born to Romanov-sired ewes weighed 1.6 to 2.1 Ib less at birth than those born to
ewes of the other breed groups. Much of the difference probably was due to the higher percentage
of multiple births produced by the Romanov-sired ewes. Lambsborn to Tunis-sired ewesweighed
3to 7.7 Ib more a weaning and gained .05 to .11 Ib more daily than did lambs from ewes of the
other breed groups.

Mae lambs were heavier at birth than femaes but had no advantage in weaning weight or
preweaning daily gains. Single lambswere 2.3 Ib heavier than twinsand 5 Ib heavier than triplets a
birth. Intria 2, somelambswerereared astriplets. Singlesweighed 11.9 Ib more than twins, which
were 6.3 Ib heavier than triplet-reared lambs a weaning. All weaning weight differences among
rearing typesweresignificant. Preweaning daily gainsweredso greatest for snglesbut no difference
occurred between those reared astwins or astriplets.



Tablel. Birth Weights, Weaning Weights, Daily Gains, and Survival of Lambsto

Weaning (Spring Lamb Crop)

Birth Wit. Weaning Wi. ADG Surviva

Item (Ib) (Ib) (Ib) (%)
Treatment

Product A 10.9 322 0.43 94.4

Product B 10.6 28.6 0.36 80.6

Control 10.7 32.8 0.45 91.7
Breed of Ewe

Rambouillet 11.12 316 0.41 94.1

B. Merino x Rambouillet 8.9° 30.1 0.43 87.9
2bMeansin the same column with different superscripts differ (P>.01)
Sex of Lamb

Mde 11.0 32.8 0.44 87.9

Femde 104 29.8 0.39 94.1
Lambs Born as

Singles 12.62 90.9

Twins 10.2° 93.0

Triplets 8.8° 722

abe\Meansin the same column with different superscripts differ (P<.01).

Lambs Raised as
Sngles 38.52 0.532
Twins 27.0° 0.35P

2b\Meansin the same column with different superscripts differ (P<.01).



Table2. Birth Weights, Weaning Weights, Daily Gains, and Survival of Lambsto
Weaning (Fall Lamb Crop)

Birth Wit. Weaning Wi. ADG Surviva
ltem (Ib) (Ib) (Ib) (%)
Tregtment

Product A 11.0 37.8 0.53 89.9
Product B 11.1 37.6 0.53 86.6
Control 10.6 37.1 0.53 92.6
Breed of Ewe
Rambouillet - sired 11.72 36.32 0.49% 79.2
Romanov - sired 9.6° 33.4% 0.482 87.6
Tunis- sired 11.32 41.4° 0.59° 97.1
Katahdin - sired 11.22 38.12 0.54% 91.6

2b\Meansin the same column with different superscripts differ (P>.01)

Sex of Lamb
Mde 11.1a 36.8 0.52 87.8
Femde 10.7b 38.1 0.54 91.4

2bMeansin the same column with different superscripts differ (P<.01).

Lambs Born as

Sngles 13.0° 96.7
Twins 10.7° 89.5
Triplets 8.0°¢ 78.9

ab.S\Meansin the same column with different superscripts differ (P<.01).

Lambs Raised as
Sngles 45.92 0.672
Twins 34.0° 0.47°
Triplets 27.7° 0.41°

ab.Meansin the same column with different superscripts differ (P<.01).
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COMPARATIVE GROWTH AND DIGESTION
STUDIESIN LAMBSFED PELLETED SPENT
HENS, RESTAURANT WASTE, AND POULTRY LITTER
COMPARED TO A STANDARD FINISHING RATION

L. H. Harbers, M. K. Siefers,
D. L. Hasemann, O. P. Lohman, and R. S. Beyer

SUmmary

Pelleted dietscontai ning waste materia s (Spent hens, restaurant waste, and poultry manure) were
compared to asoybean med dietinalamb finishing sudy. Sheep utilized thewaste materidsequdly
well, but those fed restaurant waste gppeared to have dightly better gains. However, lambsfed the
poultry manure showed a negative nitrogen bal ance, probably because the uric acid was not utilized
efficiently.

I ntroduction

Spent hens and restaurant waste currently are disposed of in landfills but could be recycled.
Poultry manure is used as fertilizer for cropland. A value-added use of such materids would be
inexpengve, reduce landfill tonnage, and lower pollution. The availability of such by-products in
Kansasin thefutureis likely in certain concentrated areas. Therefore, these waste materials were
evauated as supplements for ruminants.

Experimental Procedures

Lambs weighing an average of 75 Ibswere sheared, tagged, and vaccinated for ovine ecthymn
(soremouth) and enterotoxemia. They had beentreated previoudy for internd parastes. Thelambs
were housed in partidly covered pens, each pen had with five lambs, two groups of lambs were
used per treatment (eight pens). They were fed twice daly for 60 days to determine individua
growthrateresponse and penfeed intake. Responsecriteriawere averagedaily gain per anima with
feed intake and feed efficiency per pen.

Another set of 20 lambs was housed in specially designed metabolism crates in a climate-
controlled room. They were fed twice daily and provided with a continuous supply of weter for a
7-day preliminary period followed by a5-day collection period. Feceswere collected infecd bags,
and urine in buckets with acid. Aliquots were taken for analysis. Digedtibility coefficients were
determined for dry matter, crude protein, neutral detergent fiber, and acid detergent fiber. Nitrogen
ba ance was determined using feed, feces, and urine.

Diets were balanced for protein, energy, Ca, and P (Table 1). The soybeanmed control diet;
spent hens (60% soybean medl, 40% whole chicken); restaurant waste (60% soybean meal, 40%
restaurant waste); and poultry litter (55% cage layer manure, 45% ground sorghum grain) were
processed separately by Koch Industries (formerly Jet-Pro) for 15 secondsat 210 degreesroasting
temperature with no stegping, then pdleted. Tests for common bacteria were negative. Nutrient
compositions of the pellets are shown in Table 2.



Results and Discussion

Data from the growth and metabolism trids are summarized in Table 3. Feed intakes and
efficiencieswere smilar for dl rations, but restaurant waste gave the highest average daily gains (P
=.05). Contentsof thiswaste were unknown but obvioudy included highly digestible carbohydrates
and proteins.

Digedtibility coefficientsfor dry matter (P =.12) and crudeprotein ( P =.20) weresSmilar anong
treatments. The control ration had higher average digestibilitiesfor both neutra detergent fiber and
acid detergent fiber; however, individud variation was great enough to limit probabilities of
differencesto .17 and .11, respectively.

Nitrogen bal ance data showed positive vauesfor most rations, but al sheep had negative vaues
for poultry manure (P =.05). Poultry produce uric acid instead of ureaduring nitrogen metabolism.
The uric acid apparently was absorbed (as indicated by the digestibility of crude protein) but not
used efficiently by the sheep. Thetotd intake of nitrogen was less by sheep fed the poultry manure
(lessintake of feed) and would have been a contributing factor.

The study indicates that spent hens and restaurant waste could be substituted successfully for a
portion of the protein requirement in lamb rations.

Tablel. Compostions of Rations Used in Growth and Metabolism Trials (Ibs per

1,000 Ibs feed)
Sheep Ration

Soybean Spent Restaurant Poultry
Ingredient Control Hens Waste Manure
Cracked corn 344 343 340 277
Oa grain 394 394 394 394
Dehydrated dfdfa 150 150 150 150
Soybean medl 46.7
Spent hens 48
Restaurant waste 51.3
Poultry manure 1139
St 10 10 10 10
Limestone 85 8.5 85 8.5
Ammonia sulfate 5 5 5 5
Bovatec 22 22 22 22
VitaminsA, D, and E 75 75 75 75
Phosphorus 5 5 5 5
Wet molasses 40 40 40 40




Table2. Nutrient Compositions of Pelleted Waste M aterials

Waste Materia
Nutrient (%) Spent Hens Restaurant Waste Poultry Manure
Crude protein a47.7 44.6 20.1
Neutra detergent fiber 313 11.7 18.8
Acid detergent fiber 5.6 4.2 6.2
Cddum 2.2 0.5 34
Phosphorus 0.5 04 0.6
Copper (ppm) 19.6 4.5 34.8

Table3. Growth and Digestibility Data for Lambs Fed Pelleted Waste M aterials

Sheep Ration
Soybean Spent Regtaurant Poultry

Item Control Hens Waste Manure
Growth Data

Average daily gain (g) 223P 221° 2382 221°

Daily feed intake () 731 727 727 730

Feed efficiency 3.3 3.3 31 3.3
Digedtibilities (%)

Dry matter 77.0 73.3 72.6 724

Crude protein 79.6 7.7 75.0 76.9

Neutral detergent fiber 45.3 38.5 39.6 38.4

Acid detergent fiber 425 33.3 34.0 33.4
Nitrogen balance (g) 9.82 5.82 6.22 -5.6°

aby g uesin rows with different superscripts are significantly different (P<.05).
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DIGESTIBILITY CHARACTERISTICSOF ENSILED CORN
OR SORGHUM STOVER DIETSSUPPLEMENTED WITH
UREA OR COTTONSEED MEAL AND FED TO SHEEP

J. B. Kilula, L. H. Harbers, and K. K. Bolsen

SUmmary

Hve ruminaly and duodendly cannulated Rambouillet wetherswere used ina5 x 5 Latin
square to compare 1) the digestibility and rumina fermentation characteristics of by-product-based
diets versus a conventiona diet and 2) the effects on these characteristics of the sources of nitrogen
and forage in the diets. The following treatments were arranged in a2 x 2 (protein x forage)
factorid plusacontral: 1) ureaplus sorghum stover silage (SSS); 2) cottonseed med (CSM) plus
SSS; 3) ureapluscorn stover silage (CSS); 4) CSM plus CSS; and 5) the conventiona control diet.
For smilar intakes, digedtibilities of total tract DM, OM, and N for wethers fed the by-product-
based diets averaged 71, 71, and 84%, respectively, of the digestibilities for wethers on the
conventiond diet. Efficiency of microbia crude protein synthesis was 25% higher for wethers fed
the by-product-based diets. Because of its high energy dendty, the conventiond diet resulted in
higher total ruminal \V FAs and propionate concentrations. However, feeding the by-product-based
diets resulted in higher acetate and butyrate concentrations. Higher rumina ammoniaN
concentrations were observed in wethers fed the by-product-based diets. A more acidic pH was
recorded in the rumens of wethers given the conventiona control diet (5.60) compared to those fed
the by-product-based diets (average: 6.44). When a protein effect was recorded among the by-
product-based diets, CSM performed better than urea, and when a forage effect occurred, SSS
performed better than CSS. The combination of CSM-based by-product premix (CSMBP) and
SSS came closest to the conventiond diet for most of the parameters studied. Redtive to the
conventiond diet, the performance of the by-product-based diets used in this sudy was very
encouraging when production purposes are considered.

I ntroduction

These trids were conducted to eva uate ensiling of corn and grain sorghum stover following
gran harvest. Those crop by-products are relatively available at low or no cost and may have
potential asahigh-fiber feedstuff. Among ruminants, sheep and goats seem to bethe best et utilizing
coarse materias for production, preferring those relatively rich in crude fiber.

The objectives of this study with sheep were to compare 1) the digestion and rumina
fermentation characteristics of by-product-based diets versus a conventiona diet and 2) the effects
on these characteristics of sources of nitrogen and forage in the diets.

Experimental Procedures

Irrigated corn (Pioneer 3377) and dryland sorghum (DeKalb 42Y) were ensiled after grain
wasremoved at the black layer stage and |ate-dough stage, respectively. The stoverswere chopped
withaFe dQueen forage harvester and ensled in plagtic-lined, 55-gallon-capacity, pilot -scdesilos
for 120 days. The average dry matter contents were 50% and 31% for corn and sorghum stover,
respectively.



Thefivetotd-mixed diets(TM D) used inthe experiment wereformul ated asfollows (on DM
bass). Diet 1: 25% sorghum stover silage (SSS) + 75% urea-based by-product premix. Diet 2:
25% SSS + 75% cottonseed meal (CSM)-based by-product premix. Diet 3: 25% corn stover
slage (CSS) + 75% urea-based by-product premix. Diet 4: 25% CSS + 75% CSM-based by-
product premix. Diet 5: amodified “Lamb cregp 89", adiet conventiondly fed to lambsat the KSU
sheep unit (control). By-product premixes (Table 1) were formulated to beisonitrogenous, with the
main source of nitrogen (N) providing about 25% of crude protein equivaent (CPE) in the diet.
Diets (Table 2) dso were formulated to be isonitrogenous and to meet the nutrient requirements of
36-kg lambs (NRC, 1985).

Fve 1-year-old Rambouillet wethers fitted with cannulae were housed in mesh-bottom
metabolism crates in a climate-controlled room. They were fed individualy twiceaday. All diets
were fed ad libitum except for diet 5. To avoid excess grain consumption and any digestive
disturbances, the amount of diet 5 fed wasjust above the average feed consumption of sheep given
the other four diets as a percentage of body weight (DM basis). The amount was adjusted as sheep
on by-product-based diets increased their feed intake. Water was provided at all times. Feeds,
orts, feces, digesta, and fecal samples were analyzed by accepted |aboratory procedures.

Data were andyzed using the GLM procedures of SAS for aLatin square design. Model
sums of squares were separated into animal, period, and diet. Further nonorthogonal comparisons
were made for silages and nitrogen source.

Results and Discussion
Datafrom thistrid are summarized in Table 3.

Sheep fed the cottonseed meal (CSM)-based diets had higher (P<0.05) dry matter intakes
(DMI) than thosefed therest of thediets. Although the conventiona control diet numerically ranked
last for DM, it was not different from the urea-based by-product diets. With low energy dendty
diets, ruminants have to consume more DM to at least meet their maintenance energy requirements.
Because of the presence of highly fermentable ingredients (grain and dehydrated afdfa pellets),
sheep on the conventiona control diet had higher (P<0.01) DM digedtibility (as a percentage of
intake) and OM intake than sheep on the by-product-based diets. However, thetwo measurements
did not differ among sheep fed the by-product-based diets.

Animds on the conventiona control diet consumed less neutrd detergent fiber (NDF) and
acid detergent fiber (ADF) than those on the by-product-based diets (see chemica compostion,
Table 2). Thiswas expected because of the nature of thefeed. Grainsdo not contain as much fiber
as crop by-products. Intakes of NDF and ADF (g/d) did not differ among the by-product-based
diets and were not affected by the source of protein, the forage source, or their interaction. Both
fiber components showed higher digedtibilitiesfor the high grain ration (P<0.01), but others did not
differ from each other. No protein or forage source effect occurred.

Nitrogen apparently digested (g/d) in the totd gastrointestind tract did not differ (P= 0.5)
for dl five diets. However, totd tract gpparent digestibility of N (% of intake) was higher (P<0.01)
for the conventional control diet (84.2%) compared to the by-product-based diets (avg. 70.9%),
which were not different from one another. No forage or protein effect on gpparent digestion and
digedtibility of N in the total tract was observed.

A trend to higher (P=0.1) efficiency of microbia crude protein (MCP) synthes's was
observed with the by-product-based diets compared to the conventiond diet. Although a trend
(P=0.1) for aforage effect was observed, no protein effect or trend for an effect on efficiency of
MCP synthesis was recorded.



The average rumina pH was higher (P<0.01) in sheep fed the by-product-based diets
(6.43) than in sheep given the conventiona control diet (5.60). The rgpid and extensve rumind
fermentationof grain (starch) and afafapdletsresulted in higher (P<0.01) total VVFA concentrations
in the rumens of sheep fed the conventiona control diet compared to sheep fed by-product-based
diets. A trend for aforage effect (P=0.07) aso was detected among thelatter, whereby totd VFA
concentrationwas higher with SSSdietscompared to CSSdiets, averaging 78.4mM and 68.5mM,

respectively.

Acetate concentration (molar %) was highest for the CSMBP-CSS diet (67.9%), followed
by the other three by-product-based diets (averaging 65.7%), which had higher concentrations
(P<0.01) than the conventiond control diet (53.8%). A trend (P=0.1) for a forage effect was
noticed among the by-product-based diets, with higher acetate proportions for the CSS diets.
Because of largeamountsof highly fermentable carbohydratesin the diet, sheep fed the conventiona
control diet had amolar percentage of propionate (48.8%) more than twice (P<0.01) the average
(22.5%) of sheep fed the by-product-based diets. All four by-product-based diets resulted in
proportions of butyrate (avg. 8.8%) twice (P<0.05) that for the conventiond control diet (4.5%).
No effect of forage or protein source was detected on either propionate or butyrate percentages.

The average acetate (A):propionate (P) ratio of the four by-product-based diets (3.2) was
higher (P<0.01) than that of the conventiona control diet (0.9). Thisratio followed dmost thesame
pattern as acetate molar percentage, peaking at about 9 h postfeeding.

The averagerumina NH;-N concentrations were higher (P<0.01) for thefour by-product-
based diets than for the conventiona control diet (10.2 vs. 2.1 mM). Surprisingly, no differencein
rumind NH;-N concentrations occurred among sheep fed the by-product-based diets. We had
expected lower rumina NH;-N concentrations in sheep fed diets containing CSM (naturd protein)
compared to urea.

Overdl performance of the by-product-based diets used in this experiment was very
encouraging when anima production purposes are considered. For their most effective use and for
themto fully compete with conventional feeds, we suggest that some of the energy-rich, fibrous crop
by-products be pretreated with smple physica or chemica methods gpplicable a the smal farm
level. Because sulfur-containing amino acids (AA) and lysine are thefirgt- and secondHimiting AA
of the microbid protein in growing ruminants, inclusion of protein sources high in by-pass protein
(especidly those rich in the limiting AA) as a partid replacement of readily degradable protein
sources (ureaand CSM in this experiment) aso should be considered.
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Tablel. Ingredients and Crude Protein Contents of By-Product-Based Premixes (Dry
Matter Basis)

Item uBpP? CSMBP®

Ingredient
Urea 15 -
Cottonseed med - 9.4
Wheat middlings 415 42.3
Corn cobs (ground) 314 23.3
Dehydrated beet pulp 10.0 10.0
Liquid molasses 7.0 7.0
Dehydrated molasses 3.0 3.0
St 2.5 25
Soybean ail° 15 1.0
Trace mineral premix (Z-10)° 0.5 0.5
Vitamin premix® 2.0 2.0
Bovatec 0.03 0.03
Crude protein (CP) content 15.2 15.9

AUBP = Urea-based by-product premix.

PCSMBP = Cottonseed meal-based by-product premix.

°Soy oil added for pelleting purpose only.

dComposition of trace minerd premix: cacium, 5%; iron, 10%; zinc, 10%; manganese, 10%;
copper, 1%; iodine, 0.3%; and cobalt, 0.1%.

“Compodtion of vitamin premix: A (30, 000 1U/g), 181.8 g; D (15, 000 1U/g), 113.6 g; and E (44
[U/g), 590.8g.
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Table2. Ingredientsand Chemical Compositions of the Diets (Dry Matter Basis)
Treatments®

Diet 1 Diet 2 Diet3 Diet4 Diet 5
UBp- CSMBP- UBP- CSMBP- CREEP

Item SSS SSS CSS CSS  (Control)
Ingredient 1NN %))
UBP* 75.00 - 75.00 - -
CSMBP! - 75.00 - 75.00 -
Sorghum stover silage (SSS) 25.00 25.00 - - -
Corn stover silage (CSS) - - 25.00 25.00 -
Corngran - - - - 69.00
Dehydrated dfdfa - - - - 23.70
Liquid molasses - - - - 4.00
SBM: Hi Pro? - - - - 2.00
St - - - - 1.00
Vitamin premix® - - - - 1.50
Limestone - - - - 0.85
Bovatec - - - - 0.02

Chemica composition

Dry matter 974 97.8 97.7 97.8 97.2
Organic matter 90.6 90.2 91.0 90.7 93.3
Crude protein 13.0 13.0 124 124 13.2
Neutral detergent fiber 50.0 48.7 54.4 52.1 21.0
Acid detergent fiber 220 22.6 255 25.6 09.3

!Diet 1 (UBP-SSS), urea-based by-product premix and sorghum stover silage; Diet 2 (CSM-SSS),
cottonseed medal-based by-product premix and sorghum stover slage; Diet 4 (UBP-CSS), urea-
based by-product premix and corn stover silage; Diet 5 (CSMBP-CSS), cottonseed meal-based
by-product premix and corn stover silage.

2SBM = soybean medl, high protein (47.5% CP).

3Composition of vitamin premix: A (30, 000 1U/g), 136.3 g; D (15, 000 1U/g), 90.9 g; and E (44
IU/g), 454.5 g.



Table 3. Digestion and Fermentation Valuesfor By-Product-Based Diets Fed to Sheep

Treaments. Sgnificance of Effects
. , Diet5
Ditl  covinm  Diet3 oL CREEP Di¢  Forage  Protein

Item UBP-SSS SSS UBP-CSS CSS (Control)  SEM Effect? Effect® Effect®
Dry matter, g/d 1106° 13732 1032° 13632 1026° 76.35 <.05 .09 <.05
Dry matter, % 62.7° 64.8° 61.5° 63.9° 88.9% 1.57 <.01 .50 .20
Organic matter, % 64.4° 66.2° 63.4° 64.9° 90.9% 1.38 <.05 40 20
Neutral detergent fiber, % 49.5° 48.2° 48.5° 44.4° 76.12 3.56 <.01 .50 .50
Acid detergent fiber, % 41.9° 40.7° 41.4° 38.8° 73.02 4.88 <.01 .70 .60
Crude protein,% 70.0° 69.6° 73.8° 70.1° 84.22 1.40 <.01 .20 .20
Microbid protein synthess

G of N/kg OMAD* 36.8 325 26.4 28.8 21.3 3.9 0.1 0.1 0.8
Rumind pH 6.34° 6.46% 6.45% 6.50? 5.60° .08 <.01 40 40
Totd rumind VFA, mM 82.9° 73.4° 69.0° 68.0° 116.02 4.8 <.01 .07 .30
Rumind VFA, mal/100 mol

Acetate 64.9° 66.0° 66.2° 67.9% 46.5° .86 <.01 .09 A3

Propionate 23.4° 22.5 23.1° 21.2¢ 48.8% 1.09 <.01 .50 .20

Butyrate 9.3 9.2% 8.7* 8.2¢ 4.5¢ .65 <.05 .20 .60

Acetate:Propionate ratio 2.83° 3.04% 3.07° 3.807 0.90¢ 17 <.01 20 20
NH;N. mM 11.002 8.912 9.942 10.75% 2.08° 1.12 <.01 .70 .60

!Diet 1 (UBP-SSS), urea-based by-product premix and sorghum silage; Diet 2 (CSM-SSS), cottonseed meal -based by-product premix and sorghum stover
dlage Diet 3 (UBP-CSS), urea-based by-product premix and corn stover silage; Diet 4 (CSMBP-CSS), cottonseed meal-based by-product premix and
corn stover slage.

2Comparisons among al five diets.

3Comparisons among the four by-product-based diets.

4Organic matter goparently digested in the rumen.
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