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Summary
Alfalfa, smooth bromegrass, and big bluestem hays
harvested at two maturities differing by four weeks were
fed at mature-to-immature hay ratios of 1:0, 2:1, 1:2,
and 0:1 to yearling heifers in an experiment with a three
4 x 4 Latin square design with 14 day periods.
Concentrations of in vitro digestible dry matter and
crude protein were greater and concentrations of
neutral detergent fiber, acid detergent fiber, and
indigestible neutral detergent fiber (determined by
either a manual method with a 96 hour incubation or an
automated method with a 48 hour incubation) were less
in alfalfa hay than in the two grass hays and in smooth
bromegrass hay than in big bluestem hay.
Concentrations of in vitro digestible dry matter and
crude protein decreased whereas those of neutral
detergent fiber, acid detergent fiber and indigestible
neutral detergent fiber increased with increasing forage
maturity. Consumptions of dry matter, digestible dry
matter, in vitro digestible dry matter, and crude protein
were greater for heifers fed alfalfa hay diets than those
fed the two grasses. Consumptions of total neutral
detergent fiber and indigestible neutral detergent fiber,
determined by the automated method with a 48 hour
incubation, were greater by heifers fed diets containing
big bluestem than those fed alfalfa or smooth
bromegrass diets. Consumptions of acid detergent fiber
and indigestible neutral detergent fiber, determined by a
manual method with a 96 hour incubation, were greater
for heifers fed alfalfa or big bluestem hay diets than
those of heifers fed smooth bromegrass diets.
Consumption of dry matter, in vivo or in vitro digestible
dry matter, crude protein, neutral detergent fiber, acid
detergent fiber and automated indigestible neutral
detergent fiber decreased as the mature-to-immature
hay ratio decreased. Diet digestibility was not affected
by forage species, but increased as the mature-to-
immature hay ratio decreased. Fecal excretion of dry
matter and neutral detergent fiber did not differ
between forage species or mature-to-immature hay
ratios. Forage dry matter intake expressed as a
percentage of body weight was significantly related to
the concentrations of in vitro digestible dry matter

(r?=.14), crude protein (=.17), neutral detergent fiber
(r?=.20), and manual indigestible neutral detergent fiber
(r?=.18) of the hays and the concentration of digestible
dry matter of the diets (*=.43).

Introduction

Because intake accounts for approximately two-thirds
of the variation in the productive performance of cattle fed
forages, the ability to predict forage intake is essential to
predict animal performance and develop balanced
supplementation programs. Because of its relationship to the
volume occupied by forage cell walls in the rumen, neutral
detergent fiber (NDF) concentration, a measure of forage
cell walls, has been used to predict forage intake by
ruminant animals. This approach has been particularly
effective in ruminant animals fed stored forages of a single
species harvested at different maturities. However, because
of the different cell wall structure of different forage species,
the rate and extent of cell wall digestion in different forage
species may vary. Therefore, the relationship between forage
total NDF concentration in mixed species forages, as would
occur in most pastures, is weak and of little value in
prediction equations.

Although rates and extents of cell wall digestion vary
widely between different forage species, the relationship
between the amount of lignin and the amount of cell wall
that is truly indigestible is relatively constant between many
forage species. Because this indigestible cell wall occupies
volume within the rumen until removed by digesta passage,
it should be highly related to forage intake, across species.

Therefore, the objective of this project was to evaluate
the relationship between the concentration of indigestible
NDF and other cell wall components and dry matter intake
by growing heifers fed hays of different legume, cool season
grass and warm season grass species.

Materials and Methods

In the summer of 1997, second harvest alfalfa, smooth
bromegrass and big bluestem forages were mowed, sun-
cured, and baled as large round bales at two maturities.
Immature alfalfa was harvested at the one-tenth bloom stage
and immature smooth bromegrass and big bluestem were
harvested at seedhead emergence. Mature forages of each
species were harvested four weeks after immature forages
were harvested. Bales were stored outside on tires until
initiation of the feeding experiment in February. Prior to
initiation of the feeding experiment, the rotted outer layer of
hay on each bale was removed, and the hay in the
unweathered core of each bale was ground through a two
inch by three inch screen of a tubgrinder and stored in a
barn.
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Twelve yearling crossbred heifers (initial weight, 744 concentrations of neutral detergent fiber, and acid detergent
Ib) were allotted to three groups of four. Each group of fiber were lower in alfalfa hay than in the hays of the two
heifers was fed one of the three forage species at four grass species across maturity mixtures (Table 2). Similarly,
mature-to-immature forage ratios (100:0, 67:33, 33:67, andthe concentrations of in vitro digestible dry matter and crude
0:100) in a 4 x 4 Latin square design experiment with 14 dagrotein were higher and the concentrations of neutral
periods. Forages were individually fed twice daily at a leveldetergent fiber and acid detergent fiber were lower in
allowing a 10% weighback of uneaten feed with four poundsmooth bromegrass hays than in big bluestem hay. Hay
of a soybean meal-based supplement per day (Table 1) to species did not affect the indigestible neutral detergent fiber
ensure that crude protein was not limiting intake. The first concentration determined by the manual method using a 96
seven days of each period were used to adjust heifers to th@our incubation, but the concentrations of indigestible
diets and the last seven days were used for recording of  neutral detergent fiber determined in an automated method
intake data. Feed samples were collected from day 10 to 12ising a 48 hour incubation were lower in alfalfa than in the
of each period. To estimate fecal output, 1 gm of chromic two grasses and were lower in smooth bromegrass than big
sesquioxide was added to the soybean supplement at eachbluestem. The differences between the concentrations of
feeding during day 8 to 14. Rectal fecal samples were indigestible neutral detergent fiber determined by the two
collected twice daily before feeding on days 12 through 14 methods may have resulted from the different lengths of
in each period. incubation, particularly for the two grasses, which likely had

Hay, supplement, uneaten feed and fecal samples were higher concentration of slowly digestible fiber still
dried at 66C for 48 hours and analyzed for in vitro available for digestion after 48 hours than alfalfa.
digestible dry matter, crude protein, neutral detergent fiber The proportions of in vitro digestible dry matter and
and acid detergent fiber. Indigestible fiber concentrations ofrude protein increased and those of neutral detergent fiber,
the hay, supplement and uneaten feed samples were acid detergent fiber, and indigestible neutral detergent fiber
determined by two methods. In one method (manual determined by either method decreased as the ratio of
method), samples were weighed into 50 ml centrifuge tubesmature hay to immature hay fed decreased. The magnitude
and incubated with McDougall's buffer solution and rumen of these differences for in vitro digestible dry matter, crude
fluid in sealed tubes for 96 hours. The digestion mixture protein, acid detergent fiber and automated indigestible
was washed into a 600 ml Berzelius beaker with neutral  neutral detergent fiber, however, differed between forage
detergent solution, refluxed for one hour and filtered onto  species resulting in significant species by hay ratio
filter paper. After drying, paper and undigested residues interactions. Although the difference in the in vitro
were weighed. In the automated procedure, samples were digestible dry matter concentration of mature and immature
weighed into fiber bags and incubated for 48 hours in rumenmlfalfas was .2%, differences in mature and immature
fluid in a rotating incubator. After incubation, bags were  smooth bromegrass and big bluestem were 9.2 and 8%.
placed in an Ankom fiber analysis apparatus and washed inWhereas the difference in crude protein concentration of
neutral detergent. After drying, bags and undigested mature and immature alfalfa was 4%, differences in mature
residues were weighed. To estimate fecal output, the and immature smooth bromegrass and big bluestem were 2.5
chromium concentration of fecal samples was determined bgnd 2%. Although the difference in acid detergent fiber
atomic absorption spectrophotometry of phosphoric acid concentration of mature and immature alfalfa was 1.3%,
extracts of ashed samples. All differences observed in the differences in mature and immature smooth bromegrass and

results and discussion section were significant at a big bluestem were 7.2 and 5%. And although the difference
probability level of .05. in automated indigestible neutral detergent fiber
concentration of mature and immature alfalfa was .2%,
Results and Discussion differences in mature and immature smooth bromegrass and

As expected, the concentrations of in vitro digestible  big bluestem were 10.9 and 10%, respectively.
dry matter and crude protein were higher and the

Table 1. Composition of supplement fed with mixtures of hays of different forage species.

Ingredient | %, as-fed
Soybean meal 95.91
Salt 2.47
Trace mineral premix .25
Vitamin A premix 1.37
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Table 2. Effects of forage species and mature-to-immature hay ratio on the chemical composition of the hays and diets.

Forage species (sp) and mature:immature hay ratio (r)
Alfalfa Smooth bromegrass Big bluestem Significdhce
ltem 1:0| 22| 2:2] 0] 100 21 14 o1 1.0 20 1p ofh bp b spr
% DM

Hay
IVDDM® 56.4 56.4 56.5 56.6 43.3 46.4 495 525 39.1 417 444 471 * ** e
CP 159 171 183 195 74 85 98 109 37 44 50 57 *» x i
NDF 514 512 51.0 508 62.8 60.8 588 56.9 714 704 693 682 ** ** N
ADF 339 335 331 326 359 335 311 287 39.8 38.1 364 348 ** *
iINDF
Manual 34.8 32.2 295 26.9 374 327 279 232 387 356 324 294 N *= N
Auto 30.6 30.6 305 304 46.7 43.1 394 358 551 51.8 48.1 451 ** i
Diet
IVDDM 62.2 62.3 621 614 547 559 57.1 599 505 509 523 542 * * ™
CP 221 231 239 241 180 179 176 190 144 133 13.0 133 * N N
NDF 455 452 449 457 517 511 505 48.2 586 596 59.7 59.2 * N N
ADF 29.9 294 29.0 29.1 299 284 269 248 328 326 31.6 30.6 ** = N
iINDF
Manual 29.3 26.8 24.1 229 28.1 253 220 182 29.1 278 26.0 241 N * N
Auto 249 25.0 25.1 258 34.8 33.3 31.6 284 423 41.6 39.7 37.2 ** N

@ Significance levels: N, Not significant; *, P<.05; **, P<.01.
® Abbreviations: IVDDM=In vitro digestible dry matter; CP=Crude protein; NDF=Neutral detergent fiber; ADF=Acid
detergent fiber; and INDF=Indigestible neutral detergent fiber.

After adjustment for the composition of supplements more dry matter and in vivo digestible dry matter than heifers
and uneaten feed, diets containing alfalfa hay had higher fed diets containing smooth bromegrass hay. Furthermore,
concentrations of in vitro digestible dry matter and crude heifers fed the diets containing big bluestem consumed more
protein and lower concentrations of neutral detergent neutral detergent fiber than heifers fed the other two diets, and
fiber, acid detergent fiber and automated indigestible heifers fed diets containing alfalfa consumed more neutral
neutral detergent fiber than diets containing hays from thdetergent fiber than heifers fed diets containing smooth

two grasses. Similarly, diets containing smooth bromegrass. Therefore, between species, neutral detergent
bromegrass hay had higher concentrations of in vitro fiber does not seem to control feed intake. Intake of acid
digestible dry matter and crude protein and lower detergent fiber and manual neutral detergent fiber did not

concentrations of neutral detergent fiber, acid detergent differ between heifers fed diets containing alfalfa or big
fiber and automated indigestible neutral detergent fiber bluestem hay, but intakes of these constituents in heifers fed
than diets containing big bluestem hay. The concentratiodiets containing alfalfa or big bluestem hay were greater than
of in vitro digestible dry matter increased and the those of heifers fed diets containing smooth bromegrass hay.
concentrations of acid detergent fiber, manual indigestibldn contrast, intakes of automated indigestible neutral detergent
neutral detergent fiber and automated indigestible neutralfiber did not differ between heifers fed diets containing alfalfa
detergent fiber decreased as the ratio of mature hay to or smooth bromegrass hay, but were greater in heifers fed diets
immature hay decreased. Although the concentration of containing big bluestem hay.
in vitro digestible dry matter in the immature alfalfa hay Intakes of dry matter, digestible dry matter, in vitro digestible
diet was actually .8% lower than mature alfalfa hay diet, dry matter, crude protein, and neutral detergent fiber increased
in vitro digestible dry matter concentrations of diets as the ratio of mature hay to immature hay in the diets
containing immature smooth bromegrass and big bluestemiecreased across species. Because neutral detergent fiber
hays were 2.2 and 3.7% greater than diets containing theintake increased across mature hay to immature hay ratios
respective mature hays. Concentrations of crude protein within species, it seems that total neutral detergent fiber may
and neutral detergent fiber in the diets were not affected not control forage consumption even within forage species. In
by the ratio of mature-to-immature hay. contrast, intake of acid detergent fiber, manual indigestible
Heifers fed diets containing alfalfa hay consumed neutral detergent fiber, and automated indigestible neutral
greater quantities of dry matter, digestible dry matter, in detergent fiber did not differ across the ratios of mature hay to
vitro digestible dry matter, and crude protein than heifers immature hay in the diets, implying that these constituents may
fed diets containing either of the grass hays (Table 3). be associated with control of forage consumption at least
Heifers fed diets containing big bluestem hay consumed within species.
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Table 3. Effects of forage species and mature-to-immature hay ratio on intake of dry matter and its components in
diets by heifers.

Forage species (sp) and mature:immature hay ratio (r)
Alfalfa Smooth bromegrass Big bluestem Significdce
ltem 1:0| 22| 2:2] 0] 100 21 1.4 o1 1.0 20 1p ofh bp b spr
kg/d
DMP 81 83 90 98 61 72 81 76 69 80 86 88 ** x N
DDM 48 52 58 63 34 38 51 47 37 46 54 55 ¥ x N
IVDDM 50 51 55 6.0 33 39 46 45 34 40 45 47 = * N
CP 18 19 21 24 11 12 14 14 10 10 11 12 = = NI
NDF 37 37 41 45 32 37 41 37 41 48 52 52 ** * N
ADF 24 24 26 29 18 21 22 19 23 26 27 27 * N N
iINDF
Manual 24 22 22 22 17 18 18 14 20 22 22 21 * N N
Auto 20 21 23 25 21 24 26 22 30 22 35 33 *= N N
% BW

DM 222 223 240 254 166 195 216 2.06 185 210 231 237 * *= N
DDM 133 138 154 171 .92 104 136 129 .99 122 143 1.48 ** * N
IvDDM 1.38 1.38 148 162 .90 1.07 122 123 .93 1.07 120 1.28 ** * N
CP 49 51 56 64 30 .33 .37 .39 .26 .28 .30 .32 o m NI
NDF 1.01 101 108 121 .8 1.00 1.09 1.00 1.09 1.25 138 140 * * N
ADF 66 65 70 .77 50 56 59 51 61 69 .73 72 * N N
iINDF
Manual 65 .60 58 .60 47 50 .47 38 54 59 .60 .57 ** N N
Auto bS5 56 61 68 58 67 69 59 79 .88 92 .88 ** N N

@ Significance levels: N, Not significant; *, P<.05; **, P<.01.
® Abbreviations: DM=dry matter; DDM=in vivo digestible dry matter; IVDDM=In vitro digestible dry matter; CP=Crude
protein; NDF=Neutral detergent fiber; ADF=Acid detergent fiber; and iNDF=Indigestible neutral detergent fiber.

The in vivo digestion coefficient of diets containing automated indigestible neutral detergent fiber concentrations

alfalfa hay tended (P<.07) to be higher than diets were not significantly related to dietary dry matter intake. The
containing the two grasses (Table 4). However, the in vivo digestible dry matter concentration of the diet (or the
digestibilities of the diets containing either of the two digestibility) was significantly related to dietary dry intake.
grass hays did not differ. As expected, the digestibilities The regression equations predicting dry matter intake from the
of the diets increased as the ratio of mature hay to concentration of any other constituent of the diet, however,
immature hay decreased. The amounts of dry matter andwere not significant.

neutral detergent fiber excreted in the feces were not Because fecal output of dry matter and neutral detergent
different between species or mature to immature hay fiber did not differ between heifers fed diets containing hays of
ratios. This response may imply the use of the greatly varying composition (Table 4), it seems that fecal
indigestible fraction of neutral detergent fiber in output of total dry matter and/or neutral detergent fiber may

controlling forage intake across species. Although the control forage intake. To determine whether consumption of

amount of acid detergent fiber consumed did not differ  total or indigestible neutral detergent fiber could be used to

between heifers fed diets containing alfalfa or big predict fecal dry matter or neutral detergent fiber excretion,

bluestem hay, the amounts of acid detergent fiber excrete@gressions were calculated (Table 6). Total neutral detergent

by heifers fed diets containing alfalfa hay were greater fiber intake was more closely related to fecal dry matter

than those fed smooth bromegrass or big bluestem diets. excretion than intake of indigestible neutral detergent fiber
Regression equations predicting dietary dry matter determined by either the manual method with a 96 hour

intake, expressed as kilograms per day or as a percentagacubation or the automated method with a 48 hour incubation.

of body weight, from the chemical composition of the Intake of total neutral detergent fiber and automated

hays was most highly significant for total neutral detergenindigestible neutral detergent fiber equally predicted fecal

fiber concentration (Table 5). Dietary dry matter intake  neutral detergent fiber excretion. However, although these

was also significantly related to the manual indigestible regressions were significant, they accounted

neutral detergent fiber and crude protein concentrations of

the hays. However, the acid detergent fiber and the



1999 Beef Research Report — lowa State University

Table 4. Effects of forage species and mature-to-immature hay ratio on the dry matter digestibility and output of fecal
dry matter, neutral detergent fiber and acid detergent fiber in heifers fed hay-based diets

Forage species (sp) and mature:immature hay ratio (r)

Alfalfa Smooth bromegrass Big bluestem Significdhce
ltem 1.0 22| 1:2] o] 100 21 1:4 01 1:0 2B 1P oL Bp F D*r
DM 50.8 61.2 63.2 645 552 535 63.0 625 529 578 621 626 N * N
digestion,
%
Fecal
output
DM,
kg/d 33 31 32 35 27 34 30 28 32 33 33 33 N N N
%BW 89 B85 86 93 74 91 80 .77 B85 .88 .88 .89 N N N
NDF,
kg/d 19 17 17 18 17 20 17 16 18 19 18 18 N N N
%BW 50 46 45 49 45 54 46 42 49 50 .48 .49 N N N
ADF,
kg/d 13 11 12 13 10 12 1.0 9 10 10 10 11 = N N
%BW 36 31 32 36 27 31 26 23 26 27 26 28 * N N

& Significance levels: N, Not significant; *, P<.05; **, P<.01.

® Abbreviations: DM=dry matter; CP=Crude protein; NDF=Neutral detergent fiber; and ADF=Acid detergent fiber.

for at most, 53 and 40% of the amount of total dry matter decreased by 13.0 and 22.2%, increasing maturity of

and neutral detergent fiber excreted by the heifers.

smooth bromegrass and big bluestem for a similar

Therefore, it is apparent that there are factors other than period reduced dry matter consumption by 19.8 and
total or indigestible neutral detergent fiber influencing 21.9% and reduced digestible dry matter

forage intake through fecal excretion.

Implications
Although the digestibility of diets containing
alfalfa, smooth bromegrass, or big bluestem hay
harvested at comparable maturities did not
differ, consumption of dry matter and digestible
dry matter by heifers fed diets containing alfalfa
were 19.8 and 29.6% higher than heifers fed diets
containing smooth bromegrass and 9.3 and
16.4% higher than heifers fed big bluestem.
Furthermore although increasing the maturity of
alfalfa by four weeks reduced consumption of
dietary dry matter and digestible dry matter
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Table 5. Quadratic regression equations predicting dietary dry matter intake of hay-based diets by yearling heifers

from the composition of the hay and total diets.

Dependent variables

Dry matter intake, kg/d

Dry matter intake, % BW

Independent
variable

Intercept

Slope
X | X

Slope

Intercept

X

x__|

Hay composition,
% of DM
IVDDM?
CP
NDF
ADF
iNDF,
Manual
Auto
Diet composition,
% of DM
DDM
IVDDM
CP
NDF
ADF
iNDF,
Manual
Auto

9.2
61.1

19.3

16.4

Nb
-.40
-1.72

.021
.014

-.59 .007

-.48 .006

zz=z2

N
N

=75
2.38
12.78

15
.23

.23 4.24

.33 8.191

.096
-.084
-.340

N

-0007
.0047
.0027

-.104
N

.0012

-.261 .0026

z2z=2

N
N

14
17

.20

.18

43

@ Abbreviations: DM=dry matter; DDM=in vivo digestible dry matter; IVDDM=In vitro digestible dry matter; CP=Crude
protein; NDF=Neutral detergent fiber; ADF=Acid detergent fiber; and iNDF=Indigestible neutral detergent fiber.
® Not significant.

Table 6. Linear regressions predicting the amount of fecal dry matter and neutral detergent fiber excreted from the
amounts of total and indigestible neutral detergent fiber consumed by heifers fed diets containing different hays.

Dependent variables
Fecal dry matter excretion, kg/d Fecal NDF excretion, kg/d
Independent variable Intercept] Slope | 2y Intercept |  Slope | 7
NDF intake, kg/d 1.43 419 .53 .87 217 .40
iNDF intake, kg/d
Manual 211 .523 31 1.25 .255 21
Auto 191 .48 43 1.06 27 .38




