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Figure 6. Changes in concentrations of 48-h NDF digestibility (poststorage — prestorage; ANDFD) as affected by heating degree days >30°C
(A) and maximum internal bale temperature (B). The mean prestorage concentration of NDFD (weighted based on the number of treatments
from the high-, intermediate-, and low-moisture harvests) was 48.1% of NDF, which corresponds generally to ANDFD = 0 on the y-axis.

set, or to serve as a direct basis for estimating values AHEMI on HDD or MAX were highly scattered, but
for unknown forages. revealed an ascending pattern at relatively low HDD or

Generally, these regression procedures were suitable MAX and a descending relationship at more extreme
for explaining responses to spontaneous heating for all spontaneous heating. To best explain these responses,
response variables except AHEMI. Initially, plots of data were grouped over increments of 50 HDD and 5°C
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Table 2. In situ disappearance kinetics of NDF for 20 baling treatments selected from the high- and intermediate-moisture harvests'

Fraction, % of NDF Effective

Hay Bale Initial bale HDD Maximum Lag degradability,’
number diameter, m moisture, % >30°C temperature, °C A B C time, h Ky, /h % of NDF
High moisture

1 Prestorage composite® 0 — 14.0 48.8 37.2 2.17 0.104 44.8

2 0.9 26.7 321 54.4 18.6 49.3 32.1 1.98 0.082 46.8

3 0.9 38.7 470 65.0 19.9 45.6 34.5 2.72 0.076 45.1

4 0.9 41.9 590 66.0 22.5 48.3 29.2 2.85 0.062 46.9

5 1.2 30.9 641 65.6 21.0 47.7 31.3 3.29 0.077 47.6

6 1.5 32.1 716 66.0 20.9 46.3 32.8 2.16 0.058 43.2

7 1.2 39.4 952 68.6 20.0 47.3 32.7 2.07 0.066 44.7

8 1.2 43.5 1,005 70.3 20.9 45.3 33.8 3.17 0.072 45.5

9 1.5 38.7 1,494 69.9 20.6 47.1 32.3 1.93 0.064 44.9

10 1.5 40.1 1,737 4.7 21.7 47.2 31.0 2.02 0.064 46.1

11 1.5 46.6 1,997 7.2 23.6 43.8 32.5 2.88 0.063 45.9
SEM 0.77 0.80 0.46 0.440 0.0059 0.73
Intermediate moisture

12 Prestorage composite’ 0 — 16.0 46.1 37.9 0.87 0.094 43.8

13 0.9 17.1 29 45.0 15.9 45.2 39.0 1.55 0.100 43.9

14 1.2 17.5 62 47.3 14.8 49.0 36.1 1.56 0.090 43.6

15 1.2 18.9 175 48.2 14.5 47.7 37.8 2.02 0.094 43.3

16 1.5 16.8 203 474 14.4 49.7 35.9 1.52 0.085 43.4

17 1.5 22.0 304 50.1 14.2 50.0 35.7 1.71 0.084 42.9

18 1.5 20.3 308 51.5 15.8 48.9 35.3 2.45 0.083 44.1

19 1.5 24.2 326 52.7 15.6 47.0 374 1.39 0.079 42.1

20 1.2 22.8 506 52.6 16.9 48.9 34.2 0.85 0.065 42.3
SEM 1.03 1.15 0.39 0.386 0.0087 1.03

"HDD >30°C = heating degree days accumulated during bale storage; fraction A = fraction of total NDF pool disappearing at a rate too rapid
to measure; fraction B = fraction of total NDF pool disappearing at a measurable rate; fraction C = fraction of total NDF pool unavailable in

the rumen; and K, = fractional rate constant.

*Calculated as A + B x [(Ky + Kp)/K], where Kp was the ruminal passage rate, which was arbitrarily set at 0.06/h (Hoffman et al., 1993).
3Composite equally weighted with sample obtained immediately after baling from hays 2 through 11.
*Composite equally weighted with sample obtained immediately after baling from hays 13 through 20.

for MAX to reduce scatter. After grouping, indepen-
dent regressions were conducted for the ascending and
descending portions of each response for AHEMI over
HDD or MAX. In addition, a wider range of regression
models was considered to obtain the best fit; these in-
cluded dropping the linear term from quadratic regres-
sion models, and using alternate data transformation
terms, such as 1/,/HDD or 1/MAX?. Throughout all
regression analyses, significance was declared at P <
0.05, unless otherwise indicated.

RESULTS AND DISCUSSION

Regressions of Changes in Concentrations
of Fiber Components and NDFD on HDD and MAX

NDF, ADF, Cellulose, and Lignin. For regressions
of ANDF (Figure 1A), AADF (Figure 2A), ACELL
(Figure 3A), and ALIG (Figure 4A) on HDD, a non-
linear model in which the independent variable (HDD)
was squared was most effective in relating changes in
fiber components to HDD. In each case, concentrations
of these fiber components increased rapidly with HDD,
but then became asymptotic between approximately

600 and 1,200 HDD. Coefficients of determination (R?)
ranged from 0.885 for ALIG to 0.710 for ACELL, but
indicated a relatively close relationship in each case.

Regressions of ANDF (Figure 1B), AADF (Fig-
ure 2B), and ALIG (Figure 4B) on MAX were best
explained with quadratic, linear, and cubic models,
respectively. Relatively high coefficients of determina-
tion (R” = 0.760 to 0.947) were exhibited in each case,
indicating that MAX was an excellent predictor of
changes in concentrations of these fiber components.
In contrast, the regression of ACELL on MAX (Figure
3B) was best fitted to the nonlinear model with the
independent variable squared; however, the coefficient
of determination also was relatively high (R* = 0.795).
Within these relationships, AADF, ACELL, and ALIG
all became increasingly positive over the entire range of
MAX observed throughout our harvests. In contrast,
a negative inflection in the quadratic regression curve
for ANDF suggests that concentrations of NDF may
decline slightly at relatively high MAX (>66°C). De-
clining concentrations of NDF suggest that portions of
the NDF matrix, such as hemicellulose, may become
reactive and lose their normal analytical properties
(Van Soest, 1982).
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Figure 7. Changes in percentages of NDF disappearing from Dacron bags at a rate too rapid to measure (poststorage — prestorage; AA)
as affected by heating degree days >30°C (A) and maximum internal bale temperature (B). The mean prestorage concentration of fraction A
(weighted based on the number of treatments from the high- and intermediate-moisture harvests) was 14.9% of NDF, which corresponds gener-

ally to AA = 0 on the y-axis.

Previously, concentrations of NDF, ADF, and lignin
have been related linearly to HDD, MAX, and aver-
age internal bale temperature for bermudagrass hays
(Coblentz et al., 2000), and similar linear relationships
have been established for NDF and ADF regressed
on HDD for alfalfa hays (Coblentz et al., 1996). As
observed in the present studies, these regressions were

Journal of Dairy Science Vol. 92 No. 6, 2009

characterized by high r” statistics, which ranged up to
0.952 for a linear relationship between NDF and HDD
within heated bermudagrass hays (Coblentz et al.,
2000). Within the present study, the curvilinear nature
for many of our regression relationships is most likely
a function of greater spontaneous heating incurred in
large-round bales. Accumulations of HDD for interactive
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Figure 8. Changes in percentages of NDF disappearing from Dacron bags at a measurable rate (poststorage — prestorage; AB) as affected
by heating degree days >30°C (A) and maximum internal bale temperature (B). The mean prestorage concentration of fraction B (weighted
based on the number of treatments from the high- and intermediate-moisture harvests) was 47.6% of NDF, which corresponds generally to AB

= 0 on the y-axis.

treatments in the present study ranged as high as 1,997
HDD (Coblentz and Hoffman, 2009), which was ap-
proximately 5 and 6 times the maximum accumulations
reported for small rectangular bales of bermudagrass
packaged at 32.5% moisture (Coblentz et al., 2000)
and alfalfa packaged at 29.7% moisture (Coblentz et

al., 1996), respectively. Because concentrations of fiber
components increase primarily by indirect mechanisms
during bale storage, the asymptotic nature of ANDF,
AADF, ACELL, and ALIG within regressions on HDD
may also indicate near exhaustion of substrate pools
for microbial respiration, thereby limiting the indirect
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concentrating effect on fiber components. It also should
be noted that under conditions favoring more extreme
spontaneous heating, such as those observed for the HM
harvest (Coblentz and Hoffman, 2009), accumulation of
lignin could occur directly via formation of Maillard
products (Van Soest, 1982).

Hemicellulose. Regressions of AHEMI on HDD or
MAX were unique relative to all other response vari-
ables (Figures 5A and 5B). In both cases, data were
scattered, but indicated a distinctly ascending pattern
at low-to-modest spontaneous heating, followed by a
descending pattern with more extreme heating. After
data were grouped in 50 HDD increments to reduce
scatter, the ascending portion of the regression on HDD
was fit with a quadratic model without the linear term
(R? = 0.801), and the descending portion of the response
was best fit with an alternative model [Y = 187.3(1/x)
~ 4.6; R* = 0.733]. Intersection of these 2 regression re-
sponses occurred at approximately 347 HDD. Although
the specific regression models varied for relationships
with MAX, the diverse ascending and descending as-
pects of the overall response were similar, yielding an
intersection of regression lines at 57.5°C. Generally,
these diverse responses over a wide range of spontaneous
heating are consistent with other work. Coblentz et al.
(2000) reported a positive linear relationship between
concentrations of hemicellulose and various measures
of spontaneous heating for small rectangular bales of
heated bermudagrass hays that incurred a maximum
of 327 HDD, based on a 35°C threshold. Conversely,
Goering et al. (1973) reported that concentrations of
hemicellulose declined rapidly with temperature when
orchardgrass forages were hydrated to approximately
53% moisture and then heated artificially for 24 h at
40, 60, 80, or 100°C. Throughout our 3 hay harvests,
concentrations of hemicellulose likely increased indi-
rectly via respiration of nonfiber compounds until the
accumulation of HDD or MAX approached 347 HDD or
57.5°C, respectively. With more extreme heating, hemi-
cellulose likely became an active participant in Maillard
or other reactions. Because damaged carbohydrates
cease to retain their undamaged analytical properties
and are often recovered as lignin (Van Soest, 1982),
concentrations of hemicellulose then declined at high
HDD or MAX.

NDFD. Unlike all fiber components, regressions of
ANDFD on HDD (Figure 6A) or MAX (Figure 6B)
were best fit by simple linear models with relatively
low coefficients of determination (r* = 0.310 and 0.196,
respectively). Although the negative slopes associated
with these models differed from zero (P < 0.011), they
were heavily influenced by 4 negative values of ANDFD
that were specifically confined to the most extreme ac-
cumulations of HDD or greatest MAX. Without these
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responses at the most extreme levels of spontaneous
heating, there would have been no statistical relation-
ship between ANDFD and either HDD (P = 0.950)
or MAX (P = 0.920). These regressions suggest that
digestibility of fiber is largely unaffected by spontane-
ous heating, except in cases where baling moisture and
other storage factors are grossly mismanaged, resulting
in excessive spontaneous heating.

Previous studies have reported conflicting relation-
ships between spontaneous heating and in vivo digest-
ibility of NDF. For bermudagrass hays accumulating 5
to 401 HDD during storage based on a 35°C threshold,
NDF digestibility declined linearly when hays were of-
fered to growing wethers (McBeth et al., 2001); how-
ever, this relationship was characterized by a relatively
limited range (60.4 to 66.5%) and a relatively poor
coefficient of determination (r* = 0.30). In contrast,
Turner et al. (2004) reported a tendency for increased
in vivo digestibilities of NDF in growing steers offered
tall fescue [Lolium arundinaceum (Schreb.) Darbysh]
hays that heated modestly during storage. Similarly,
Broderick et al. (1993) reported increased in vivo di-
gestibility of NDF for steam-treated (100 to 110°C for
0.75 h) alfalfa-hay-based diets offered to lactating dairy
cows compared with diets containing unheated hays.
In each of these studies, interpretation is complicated
somewhat by the conditions of ad-libitum voluntary
intake that were established to meet experimental
objectives. In reality, this is a procedural compromise
that allows in vivo assessment with procedures that
resemble most closely production situations, but actu-
ally confound estimates of digestibility because of the
positive relationship between voluntary intake and rate
of passage (Cochran and Galyean, 1994).

Generally, our results suggest that NDFD was affected
only marginally by the wide range of baling treatments
and heating characteristics generated throughout the
LM, IM, and HM harvests. Potentially, this has impli-
cations with respect to the prediction of truly digestible
fiber, and subsequently, energy density (total digestible
nutrients) within forages by the summative approach
(Weiss et al., 1992; NRC, 2001). Specifically, estimation
of truly digestible fiber for heated forages would be
sensitive primarily to changes in NDF concentrations
when estimated by NDFD, but the alternate lignin-
based calculation would be sensitive to changes in con-
centrations of both NDF and lignin that occur because
of spontaneous heating.

In Situ Disappearance Kinetics of NDF

Fractions A, B, and C, as well as discrete lag time,
Ky, and effective ruminal degradability are compiled
in Table 2 for the 18 interactive combinations of bale
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moisture and density sampled from the bale core, plus
prestorage controls from both the IM and HM harvests.
Selections were weighted more heavily for HDD ac-
cumulations ranging between 29 and 641 d (12 hays),
which is probably the most relevant part of the overall
range with respect to commercial hay production.

Fractions A, B, and C. Fraction A is defined as
that portion of the total NDF pool disappearing at a
rate too fast to measure. For other forage components,
such as DM or CP, fraction A is often associated closely
with solubility in water, and may even be defined as
the soluble or immediately soluble fraction (Hoffman et
al., 1993; Vanzant et al., 1996; Broderick and Cochran,
2000). For NDF disappearance kinetics, interpretation of
fraction A is complicated by the theoretical insolubility
of NDF in water (Van Soest, 1982), which implies that
fraction A should comprise only a negligible percentage
of the total NDF pool. In practice, this concept has
been observed inconsistently. Numerous studies have
reported measurable percentages of the total NDF pool
within fraction A, which implies incomplete recovery of
NDF following machine-washing of 0-h bags. Utilizing
rinsing procedures similar to those in the present study,
fraction A has often comprised only a small percentage
of NDF, ranging from 5.2 to 7.5% for common crab-
grass [Digitaria ciliaris (Retz.) Koel.] (Ogden et al.,
2005), 0.9 to 5.9% for headed tall fescue hays (Turner
et al., 2004), and 3.1 to 4.0% for heated bermudagrass
hays (McBeth et al., 2003). Often, it has been suggested
that these small percentages of the total NDF pool are
associated with direct losses of small particles from the
Dacron bags during rinsing, which is a criticism of the
in situ procedure generally (Broderick, 1994; Broderick
and Cochran, 2000). Other studies, particularly those
evaluating cool-season grasses, have reported consid-
erably greater percentages of NDF within fraction A.
Hoffman et al. (1993) reported concentrations of frac-
tion A for timothy (Phleum pretense L.) harvested at
the second-node, boot, and full-inflorescence stages of
growth to be 29.4, 11.8, and 13.4% of NDF, respectively.
Similarly, Flores et al. (2007) reported a mean fraction
A of 14.6% of NDF from pregrazed and postgrazed
autumn-stockpiled tall fescue forages sampled from De-
cember through February in Arkansas. In the present
study, fraction A for hays sampled immediately after
baling from the IM and HM harvests comprised 16.0
and 14.0% of NDF, respectively (Table 2). Although
questions remain about the proper interpretation of
this fraction, the IM and HM harvests included 22 and
31% vegetative orchardgrass; therefore, relatively high
concentrations of fraction A are not necessarily incon-
sistent with past work.

Regressions of AA on measures of spontaneous heat-
ing were best fit by a nonlinear model in which HDD
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were squared (Figure 7A), and by a quartic model for
MAX (Figure 7B). In both cases, AA declined mini-
mally at relatively low increments of heating, but then
increased to nearly 10 percentage units of NDF in the
most severely heated bales. Although the overall fit for
the quartic regression model for MAX (R® = 0.956)
was substantially better than the nonlinear model
for HDD (R? = 0.779), both regressions indicate that
fraction A increased with spontaneous heating, espe-
cially when HDD or MAX exceed thresholds typically
attained within small rectangular bales. Previously,
McBeth et al. (2003) reported no change in fraction
A within heated bermudagrass hays packaged in small
rectangular bales that incurred from 5 to 401 HDD
during storage. Our results over this range of heating
are largely comparable, with AA ranging from —0.1 to
—1.8 percentage units when heating was limited to 308
HDD or less (Figure 7TA). It remains unclear why AA
became increasingly positive as spontaneous heating
became more extreme. Possibly, this could be the result
of physical changes to hays, such as brittleness, that
may affect particle-size distribution following grinding,
and the subsequent migration of minute forage particles
from Dacron bags during rinsing.

For AB, regressions on HDD (Figure 8A) or MAX
(Figure 8B) were best fitted to quartic models that
were contrasting responses relative to those observed
for fraction A. With limited spontaneous heating, AB
was positive, reaching a maximum of 3.9 percentage
units; however, AB became negative when heating
reached approximately 500 HDD or 57°C MAX, and
reached a minimum of —5.0 percentage units for bales
incurring the most extreme heating during storage. Co-
efficients of determination were greatest (R* = 0.859)
for MAX, but approximately two-thirds of the varia-
tion was explained when HDD was the independent
variable (R* = 0.665). For AC, regressions on HDD
(Figure 9A) and MAX (Figure 9B) were best fitted
to nonlinear models in which the independent variable
was squared. Regression curves became asymptotic at
—5.0 and —5.1 percentage units, respectively, indicating
that the percentage of NDF that was unavailable in the
rumen decreased as a function of spontaneous heating.
Both regression models explained majority percentages
of the variation in the data (R* = 0.606 and 0.629,
respectively).

Taken at face value, the declining nature of these
response curves for AC suggests that the potential
extent of ruminal NDF disappearance is improved by
spontaneous heating; clearly, this response is inconsis-
tent with the declining concentrations of IVTD and ef-
fective rumen degradability of DM described previously
for these hays (Coblentz and Hoffman, 2009). However,
a second factor required for proper interpretation of
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Figure 9. Changes in percentages of NDF unavailable in the rumen (poststorage — prestorage; AC) as affected by heating degree days >30°C
(A) and maximum internal bale temperature (B). The mean prestorage concentration of fraction C (weighted based on the number of treatments
from the high- and intermediate-moisture harvests) was 37.5% of NDF, which corresponds generally to AC = 0 on the y-axis.

ruminal fiber disappearance is the actual size of the
NDF pool, which became asymptotic at +8.6 percent-
age units in the nonlinear regression of ANDF on HDD
(Figure 1A). Recalculation of AA, AB, and AC on a
percentage of DM basis (AApy, ABpy, and ACpy,
respectively) reflects the distribution of NDF among
various ruminal disappearance pools and the total con-
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centration of NDF within the hay, thereby yielding a
clearer picture of changes in the actual pool sizes of
fractions A, B, and C during storage. These concepts
are summarized in Figure 10, where AApy and ACpy
are regressed on HDD. Within this context, the linear
slope relating ACpy; and HDD was not significant (P =
0.295), and the overall mean value of ACp,; was only
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Figure 10. Changes in concentrations of fractions A and C (poststorage — prestorage) recalculated as a percentage of total forage DM (AApy
and ACp,;, respectively) as affected by heating degree days >30°C. For clarity, changes in fraction B calculated on the same basis (ABpy) has
been omitted, but data oscillated between 0.4 and 4.9 percentage units of DM (overall mean = 3.2 & 1.3 percentage units), and was best fit with
a quartic regression model (P = 0.004; R* = 0.672). The generally positive values for AApy and ABpy indicate that the pool size of degradable
fiber increased with spontaneous heating in hay. Linear regression of ACpy; on heating degree days >30°C was not significant (NS; P = 0.295);
the overall mean for ACpy; was 0.6 + 0.8 percentage units of DM, thereby indicating that the pool of NDF undegradable in the rumen was es-

sentially unaffected by spontaneous heating in hay.

slightly positive (0.6 £ 0.8 percentage units of DM),
indicating that the pool of rumen undegradable NDF
was essentially unaffected by spontaneous heating. In
addition, this suggests that the declining estimates of
AC observed in Figure 9 occurred via simple dilution
as the concentration of NDF increased within the hay
because of spontaneous heating. In contrast, AApy and
ABpy both were consistently positive; AApy was best
fitted to a nonlinear model that became asymptotic at
5.5 percentage units of DM (Figure 10). Estimates of
ABnpy oscillated between 0.4 and 4.9 percentage units
of DM that were best fitted to a quartic regression
model (P = 0.004; R* = 0.672; data not shown). Taken
in total, these data suggest that the pool of rumen de-
gradable NDF can expand by as much as 10 percentage
units of forage DM with spontaneous heating; however,
it remains unclear by what combination of physical and
chemical mechanisms this occurs.

Lag Time. The overall mean ALAG for 18 heated
hays was 0.53 h, implying that on average, lag time
was increased by some aspect of the storage process.
However, regressions of ALAG on both HDD (Figure
11A) and MAX (Figure 11B) were not significant (P >
0.134) for linear, quadratic, cubic, or quartic models,

indicating there was no direct relationship between
ALAG and spontaneous heating.

Disappearance Rate. Prestorage estimates of K,
for ruminal NDF disappearance were 0.104 and 0.094 /h
for HM and IM harvests, respectively, which are similar
to previous reports for alfalfa (0.07 to 0.11/h, Hoffman
et al., 1993; 0.075/h, Coblentz et al., 1998; 0.107/h,
Ogden et al., 2005). Regressions of AK,; on HDD (Fig-
ure 12A) and MAX (Figure 12B) were best fitted by
nonlinear models in which the independent variable
was squared; in each case, AK, declined with spontane-
ous heating until becoming asymptotic at —0.039 and
—0.043/h, respectively. This represents a rate reduction
of approximately 40% relative to unheated prestorage
controls. For regressions on both HDD and MAX, R’
statistics were quite high (0.907 and 0.883, respec-
tively), indicating that measures of spontaneous heat-
ing were excellent predictors of K, for ruminal NDF
disappearance. Generally, these results support past
work. McBeth et al. (2003) reported that K4 for NDF
disappearance declined by 23% for heated bermuda-
grass hays, but Turner et al. (2004) reported no change
in ruminal rates of NDF disappearance for heated tall
fescue hays that reached a MAX of 50°C.

Journal of Dairy Science Vol. 92 No. 6, 2009
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Figure 11. Changes in lag time (poststorage — prestorage; ALAG) as affected by heating degree days >30°C (A) and maximum internal
bale temperature (B). The mean prestorage lag time (weighted based on the number of treatments from the high- and intermediate-moisture
harvests) was 1.59 h, which corresponds generally to ALAG = 0 on the y-axis. There was no relationship between ALAG and either measure of
spontaneous heating when data were fit to quartic, cubic, quadratic, or linear regression models (P > 0.134).

Effective Degradability. Averaged over the 18
heated hays, ADEG ranged tightly from —1.7 to 2.8
percentage units of NDF with an overall mean change
during storage of 0.2 percentage units. Linear, quadratic,
cubic, and quartic regressions of ADEG on HDD (Fig-
ure 13A; P > 0.245) and MAX (Figure 13B; P > 0.085)
were not significant, indicating there was no statistical
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relationship between ADEG and spontaneous heating.
There was a weak tendency for a positive linear rela-
tionship with MAX (Y = 0.05x — 2.8; P = 0.085; r° =
0.174), but other higher-ordered curvilinear models did
not approach significance (P > 0.238). Generally, the
nonexistent relationship between ADEG and measures
of spontaneous heating is consistent with our previous



SPONTANEOUS HEATING AND NEUTRAL DETERGENT FIBER DISAPPEARANCE KINETICS

2893

A
0.010
0.000 7 ¥ 7
l [ ) 500 1000 1500 2000
-0.010
= Y = (0.042 * (e70:0000060°xx )y . 0,039
= 2 _ _—
F 0.020 ° R? = 0.907
g
-0.030
-0.040
-0.050
B Heating Degree Days > 30°C
0.010
0.000 + T T T T T
55 60 65 70 75 80
-0.010 4
Y = 2.751% 008953 _ 9,043
< R® = 0.883
5 -0.020
v
g
O [
-0.030
o
-0.040 @
o
o
-0.050

Maximum Temperature, °C

Figure 12. Changes for in situ disappearance rates of NDF (poststorage — prestorage; AK,) as affected by heating degree days >30°C (A)
and maximum internal bale temperature (B). The mean prestorage K, (weighted based on the number of treatments selected from the high- and
intermediate-moisture harvests) was 0.100/h, which corresponds generally to AKy = 0 on the y-axis.

observations for regressions of ANDFD on HDD (Fig-
ure 6A) and MAX (Figure 6B). In those regressions,
ANDFD for individual hays varied erratically around
ANDFED = 0 for all but 4 hays that generally incurred
the most extreme spontaneous heating.

CONCLUSIONS

The absence of any relationship between the effective
ruminal degradability of NDF and spontaneous heating

is not easy to explain. The close relationships between
AK, and measures of spontaneous heating indicate
clearly that ruminal NDF disappearance was altered
negatively by some direct or indirect aspect of heating.
However, it was equally apparent that these effects were
offset by increases in concentrations of NDF that ex-
panded pools of potentially degradable NDF. Although
NDF is not theoretically soluble in water, the pool size
for fraction A increased substantially in a nonlinear re-
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Figure 13. Changes in effective ruminal disappearance of NDF (poststorage — prestorage; ADEG) as affected by heating degree days >30°C
(A) and maximum internal bale temperature (B). The mean prestorage effective ruminal disappearance of NDF (weighted based on the number
of treatments from the high- and intermediate-moisture harvests) was 44.4% of NDF, which corresponds generally to ADEG = 0 on the y-axis.
Effective degradability was calculated based on a 0.060/h ruminal passage rate. There was no relationship between ADEG and either measure

of spontaneous heating when data were fit to quartic, cubic, quadratic,

lationship with heating, and became asymptotic at 5.5
percentage units of DM. Similarly, pool sizes for fraction
B increased generally with heating, suggesting the pool
of rumen degradable fiber may increase collectively by
as much as 10 percentage units of DM with spontane-
ous heating. These results also suggest that fraction C,

Journal of Dairy Science Vol. 92 No. 6, 2009

or linear regression models (P > 0.085).

which is unavailable in the rumen, was unaffected by
spontaneous heating, and declining concentrations of
fraction C (% of NDF basis) were largely the result of
dilution by an expanding pool of potentially degradable
NDF that was observed within heated hays. Regardless
of the mechanisms involved, the relative insensitivity
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of effective ruminal degradability of NDF or NDFD to
spontaneous heating implies that associated reductions
in effective ruminal DM disappearance described in our
companion report (Coblentz and Hoffman, 2009) oc-
curred primarily because of declining concentrations of
cell solubles, and not via reductions in digestible forage
fiber. Similarly, reduced energy densities within heated
hays also are likely to be related primarily to a shrink-
ing pool of cell solubles, especially when the NDFD
option is used to estimate truly digestible fiber within
the summative model (NRC, 2001).
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