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Abstract

Six ruminally fistulated steers were used in a 6 X 6 Latin square design to measure effects of treat-
ments on maize stover. Maize stover was ground through a 0.95-cm screen and water was added to
reduce the dry matter (DM) to 65% before chemical treatment. The chemical treatments were: 30 g
NHa, 56 g urea, 40 g Ca(OH),, 30 g NH;+40 g Ca(OH)2 or 56 g urea+40 g Ca(OH); per kg maize
stover DM. Untreated maize stover (65% DM ) was used as the control. All chemical treatments were
allowed to react for at least 14 days at 21°C. Chemical treatment increased (P<0.05) the intake of
organic matter (OMI) and digestible organic matter intake (DOMI), organic matter digestibility
(OMD), fiber digestibility and rate of particulate passage. However, Ca(OH), treatment of maize
stover did not improve intake and digestibility. Treating maize stover with Ca(OH ), plus either NH;
or urea increased (P<0.05) intake, digestibility and rate of particulate passage over Ca(OH), treat-
ment alone. Chemical treatment had no significant effect on the rate of fluid passage, flow rate or
ruminal fluid volume. When steers were fed equal portions, chemically treated and untreated maize
stover had slower, but similar rates of particulate passage and generally higher digestibilities com-
pared with ad libitum intake. Chemical treatment increased (P<0.05) the extent of the cell wall
digestion, but rates of fiber digestion were not affected. Among chemical treatments, NH; and urea
consistently improved the feeding value of maize stover. The results of the study indicate that the
addition of Ca(OH ), to either NH, or urea is no better than using NHj or urea alone.

Introduction

The productivity of ruminants consuming low quality crop residue diets is
determined by voluntary feed intake and digestibility. Alkali treatment of crop
residues has been shown to increase voluntary intake, and in vitro and in vivo
dry matter (DM) digestibility. However, animal performance has not always
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been greatly increased (Abidin'and Kempton, 1981; Swingle et al., 1983). In
addition, in vitro digestibility was higher than in vivo digestibility, especially
for NaOH-treated crop residues (Acock et al., 1979; Berger et al., 1979). This
was attributed to an increased rate of particulate passage and decreased rate
of ruminal fiber digestion (Berger et al., 1980).

Calcium hydroxide and ammonia are weaker bases than NaOH and their
effect on rate of passage and digestion may not be as large as NaOH. Aines
(1985) reported that feeding NaOH-treated straw resulted in significantly
faster fluid turnover rate than when Ca(OH), or NH,OH-treated straw was
fed. Increased rate of particulate passage has been reported for ammoniated
maize stover (Oji et al., 1979), maize cobs (Nelson et al., 1984) and wheat
straw (Zorrilla-Rios et al., 1985).

The fractional rate of digestion of fiber fractions was not significantly af-
fected by feeding either alkali treated wheat straw (Aines, 1985) or ammon-
iated crop residues (Dryden and Kempton, 1983; Zorrilla-Rios et al., 1985;
Brown et al., 1987), but potential digestibility was increased. However, Ibra-
him et al-—(1989) reported that urea treatment of rice straw increased both
the rate of degradation, and potential digestibility of organic matter and fiber
fractions.

Ammonia treatment of crop residues is very effective as has been detailed
by Sundstol and Coxworth (1984). Calcium hydroxide treatments, on the
other hand, have been effective to varying degrees, perhaps related to the con-
ditions of the experiment (Owen et al. 1984). Owen et al. (1984) also dis-
cussed improving the effectiveness of calcium hydroxide by combining it with
other chemicals, such as ammonia. The effects of treating maize stover with
urea or Ca(OH), plus either urea or NH; on digestion kinetics have not been
explored. Therefore, we designed this study to determine the effects of treat-
ing maize stover with ammonia and/or calcium hydroxide on intake, diges-
tibility, rate of particulate and liquid passage, and the rate and extent of fiber
digestion.

Materials and methods

Maize stover was ground through a 0.95-cm screen and water added to re-
duce the DM to 65% before chemical treatment. The chemical treatments
were: 30 g NH;, 56 g urea, 40 g Ca(OH),, 30 g NH;+40 g Ca(OH), or 56 g
urea+40 g Ca(OH ), per kg maize stover DM. Untreated maize stover (65%
DM) was used as the control. For Ca(OH), plus either NH; or urea, the
chemicals were added to the maize stover at the time of treatment. The am-
monia used in these treatments was anhydrous (gaseous); urea was added as
prills and mixed. The treated materials were put in plastic-lined barrels and
allowed to react for at least 14 days at 21°C. Ammoniated maize stover was
aerated at least 24 h before feeding.
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Six steers fitted with permanent ruminal cannula were utilized in a 6 X6
Latin square design with six treatments and six periods. Steers were fed equal
portions of the different diets (Table 1), every 2 h using automatic feeders.

Each period of the Latin square consisted of an 8-day adaptation to ad li-
bitum intake, a 6-day collection period, a 3-day adaptation to restricted in-
take (based on the lowest DM intake as a percentage of body-weight) fol-
lowed by another 6-day collection period.

During the first day of each collection period, the steers were dosed with
Cr-EDTA prepared using the procedure of Binnerts et al. (1968). Ruminal
fluid samples were taken at 3, 6, 9, 12, 18 and 24 h post-dosing and kept
frozen until analyzed. Prior to analysis, samples of ruminal fluid were thawed
and then centrifuged at 15 000X g for 15 min. The Cr concentration of each
sample was determined using atomic absorption spectrophotometry. The rate
of fluid passage was calculated as the slope of the line defined by plotting the
natural log of Cr concentration vs. time. Ruminal fluid volume was deter-
mined by dividing the dosage of Cr by the calculated Cr concentration at time
ZEero.

Maize stover from each treatment was labeled with ytterbium (Yb) follow-
ing the procedures of Ellis and Beaver (1985). On the second day of each
collection period, steers were dosed with the Yb-labeled cell wall together with
a portion of the diet. Feed and the Yb-labeled cell wall not consumed in 30
min were placed in the rumen via the ruminal cannula. Fecal grab samples
were taken at 8, 16, 24, 32, 48, 72, 96 and 120 h post-dosing. All fecal samples
were freeze-dried and ground through a 1-mm screen. Fecal samples were
analyzed for Yb content by modifications of the technique by Karimi et al.
(1986). Samples were extracted for Yb with 0.1 M diethylenetriaminepen-
taacetic acid, centrifuged, filtered and the supernatant analyzed for Yb by

Table 1
Composition of diets'
Ingredients Treatments

Control NH, Urea Ca(OH), Ca(OH), Ca(OH);

+NH; +urea

Corn stover 90.00 9122 9122 9274 93.96 93.96
Corn gluten meal 3.03 3.03 3.03 3.03 3.03 3.03
Blood meal 2.22 2.22 2.22 2.22 2.22 2.22
Limestone 2.74 2.74 2.74 - - -
Urea 1.22 - - 1.22 - -
Sodium monophosphate 0.43 0.43 0.43 0.43 0.43 0.43
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Trace mineral mix 0.05 0.05 0.05 005 - 0.05 0.05
Vitamin premix 0.01 0.01 0.01 0.01 0.01 0.01

!Percentage of dry matter basis.



62 B.A. Oliveros et al. / Animal Feed Science and Technology 44 (1993) 59-72

atomic absorption spectrophotometry. The resulting Yb concentrations were
fitted to a time-dependent one-compartment model (Ellis et al., 1983) using
non-linear regression to determine the rate of particulate passage.

During the adaptation period to restricted intake, the rate of cell wall diges-
tion was determined using the in situ dacron bag technique. Feed samples
from each treatment were freeze-dried and ground through a 1-mm screen,
Approximately 1 g of substrate was weighed into dacron bags (7.6 cm X 12.4
cm) which were then sewn shut. Triplicate bags per substrate and two blank
bags were prepared for each sampling time. Bags were tied to a chain and
hydrated for 10 min prior to placing them in the rumen. Bags were removed
from the rumen at 8, 16, 24, 32, 48 and 72 h and thoroughly rinsed with cool
water. Samples in bags washed, but not placed in the rumen, served as the 0
h samples and were used as a basis for calculating the digestibility of each
fiber fraction. The bag contents were analyzed sequentially for neutral deter-
gent fiber (NDF) and acid detergent fiber (ADF) using the procedures of
Goering and Van Soest (1970). Hemicellulose was calculated as the differ-
ence between NDF and ADF. The rate of digestion of NDF, ADF and hemi-
cellulose was calculated as the slope of the line defined by regressing the nat-
ural log of the percentage potentially digestible fraction remaining against time.
The 72 h digestion represents the potential extent of digestion. Both the 0 and
72 h digestibility values were excluded from the calculation of the slopes. The
digestion lag time was calculated as the point in time along the regression line
which corresponds to the natural log of 100.

Samples of feeds and orts were freeze-dried and ground through a I-mm
screen. Ground fecal samples were composited on DM basis by animal within
period. Organic matter (OM) of all samples was determined by ashing in a
muffle furnace at 600°C for at least 6 h. Feed samples were analyzed sequen-
tially for NDF, ADF and permanganate lignin using the procedures of Goer-
ing and Van Soest (1970). Total nitrogen, NDF-nitrogen (NDF-N) and ADF-
nitrogen (ADF-N) of feed samples were determined using the Kjeldahl
method (Association of Official Agricultural Chemists (AOAC), 1980). Urea-
treated maize stover was analyzed for urea-N (AOAC, 1980) and urea recov-
ery was calculated. Orts and fecal samples were analyzed sequentially for NDF
and ADF. Indigestible ADF (IADF) which represents the ADF remaining
after 144 h of in vitro fermentation, was determined for feed, feces and orts.
In vivo digestibility of organic matter, NDF, ADF and hemicellulose was cal-
culated by the ratio technique using IADF as an internal marker.

Data of the chemical composition of maize stover were analyzed by analy-
sis of variance for a randomized complete block (Steel and Torrie, 1980).
The rest of the data were analyzed by analysis of variance for a 6 X6 Latin
square (Steel and Torrie, 1980). Period, animal and treatment were included
in the model. Differences among treatments were determined using pre-
planned single-degree of freedom contrasts.
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Results and discussion
Composition

Chemical treatment of maize stover decreased (P<0.05) NDF and hemi-
cellulose without affecting ADF and cellulose (Table 2). Alkali treatment has
consistently decreased total cell wall, measured as NDF, primarily by solubi-
lizing hemicellulose (Klopfenstein, 1978 ). The combination of Ca(OH ), with
either NH; or urea was more effective in solubilizing hemicellulose and in’
delignification than the different chemicals individually. However, the de-
crease in hemicellulose and lignin was greater (P<0.05) with the addition of
NH; than urea. Kiangi et al. (1981) showed that NH; was more effective
than urea in decreasing the cell wall content of maize stover. Ammoniation
increased (P<0.05) total nitrogen content of maize stover. However, there
was no significant increase in NDF-N and ADF-N owing to ammoniation,
indicating that most of the added nitrogen may be present as free NH;-N or
urea-N in case of urea-treated maize stover. Nelson et al. (1984, 1985) and

Table 2

Chemical composition of untreated and chemically treated maize stover

Items Treatments Pooled
standard

Control NH; Urea Ca(OH), Ca(OH), Ca(OH), error
+NH; +urea

Organic matter™® 92.4 92.8 92.3 B88.9 88.4 87.9 0.39
Urea recovery (%) - - 24 - - 20.7 1.97

Percentage of organic matter

Fibre fractions

Neutral detergent fibre®b<d.¢ 90.0 78.4 82.9 83.3 74.4 79.2 1.34
Acid detergent fibre 51.9 52.8 51.3 522 51.1 51.0 0.61
Hemicellulose®®<d¢ 38.1 25.5 316 - 312 23.3 28.2 1.10
Cellulose® 39.6 41.1 39.2 40.6 40.6 39.5 0.56
Permanganate lignin®%¢ 9.3 9.0 9.2 9.3 7.9 8.8 0.29
Nitrogen fractions

Total nitrogen®™¢ 1.1 e R RS o | 2.2 2.9 0.10
Neutral detergent fibre nitrogen 0.4 055004 = kS 0.5 0.5 0.02
Acid detergent fibre nitrogen 0.2 03 02 02 0.2 0.2 0.01

*Control vs. others; P<0.05.

®Ca(OH), vs. Ca(OH),+NH, and Ca(OH),+urea; P<0.01.
*NH; vs. urea; P<0.05.

4Ca(OH),+NH, vs. Ca(OH),+urea; P<0.05.

*NH; and urea vs. Ca(OH),+NH; and Ca(OH ), +urea; P<0.05.
dSignificantly different; P<0.01.
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Hargreaves et al. (1984 'aélso reported an increase in total nitrogen, with slight
increases in nitrogen bound to NDF and ADF of ammoniated maize residues.
Total nitrogen content of maize stover treated with Ca(OH),+urea was
higher (P<0.05) than Ca(OH),+ NHj-treated maize stover, but fiber bound
nitrogen contents were similar. This could be due to unreacted urea present
in Ca(OH),+ urea-treated maize stover since 20.7% of the applied urea was
apparently not hydrolyzed during storage.

Intake

Steers fed chemically treated maize stover had a higher (P<0.05) organic
matter intake (OMI) than those fed untreated maize stover (Table 3). Con-
sumption of OM was higher (P<0.05) when maize stover treated with
Ca(OH), in combination with either NH; or urea was fed compared with
feeding Ca(OH ),-treated maize stover. The same trends were observed for

Table 3

Intake and digestibility of untreated and chemically treated maize stover fed to steers
Ttems* Treatments : 2 Pooled
standard

Control NH; | Urea Ca(OH), Ca(OH), Ca(OH); error
+NH, +urea

Ad libitum period

OMIP<¢ (kg day~') 491 6.81 | 639 573 7.05 6.25 0.18
OMIP<¢ (% BW) 1.92 2.73 1 251 {226 2.75 2.42 0.09
DOMI* (kg day~') 2.54 404 386 294 3.99 3.84 0.13
OMD®<¢ (%) 517 594 60.6 51.5 56.2 61.2 1.09
NDFD®=4 (%) 55.3 639 664 576 62.4 67.6 1.16
ADFDP%¢ (%) 56.0 61.4 66.2 56.9 57.5 66.2 I 1.32
HCELD"* (%) 54.2 69.6 66.8 58.5 72.6 69.7 1.54
Restricted period

OMI (kg day™!) 4.56 453 456 4.56 4.68 4.59 0.09
OMI (% BW) 1.79 1.81  1.80 @ 1.80 1.82 1.97 0.02
DOMIP*4 (kg day~') 2.42 2.84 280 247 2.74 2.99 0.06
OMDP<¢ (%) 53.2 628 61.7 54.5 58.6 65.2 1.17
NDFDP<* (%) 57.2 71.4 653 159.2 65.6 69.0 1.23
ADFDP4 (%) 58.4 68.5 67.9 60.1 60.4 69.1 1.70
HCELD*< (%) 55.5 77.1 160.8 {57.6 73.6 69.9 1.96

*OMI, organic matter intake; BW, body weight; DOMI, digestible organic matter intake; OMD, or-
ganic matter digestibility; NDFD, neutral detergent fibre digestibility; ADFD, acid detergent fibre
digestibility; HCELD, hemicellulose digestibility.

bControl vs, others; P<0.05.

°Ca(OH), vs. Ca(OH);+NH; and Ca(OH), +urea; P<0.05.

4Ca(OH),+NH, vs. Ca(OH),+urea; P<0.05.

*NH, vs. urea; P<0.05.



B.A. Oliveros et al. / Animal Feed Science and Technology 44 (1993) 59-72 65

digestibilities of OM, NDF, ADF and hemicellulose and digestible organic
matter intake (DOMI ). The addition of NH; to Ca(OH), was §3‘8re effective
(P<0.05) in increasing OMI, but less effective (P<0.05) in increasing or-
ganic matter digestibility (OMD), NDF digestibility and ADF digestibility
than urea. However, DOMI and hemicellulose digestibility of maize stover
treated with Ca(OH),+NH; were not different (P>0.10) from
Ca(OH),+urea-treated maize stover. The results obtained during the re-
stricted intake phase followed the same trends observed in the ad libitum phase
except for similar OMI among steers.

Consistent with previous studies (Grovum and Williams, 1977; Mudgal et
al., 1982; Gates et al., 1987), reduced intake slowed the rate of particulate
passage resulting in no significant difference between untreated and chemi-
cally treated maize stover. The effect of reduced intake on the rate of partic-
ulate passage was more pronounced for chemically treated than untreated
maize stover. This is due to more severe feed restriction for steers fed chemi-
cally treated than untreated maize stover.

Intake of forage by ruminants is influenced by the rate and extent of rum-
inal digestion, and the rate of passage (Waldo et al., 1972). If there is no
increase in the rate of digestion, as later shown in this trial, then the rate of
passage could account for the increased intake of chemically treated maize
stover. Van Soest et al. (1984) suggested that microbial digestion of treated
cell walls have a tendency to undergo a greater degree of disintegration of
particles with a subsequent increase in the rate of passage. Grovum (1987)
indicated that treating roughages with NH, urea, NaOH or various deligni-
fying agents promoted digestion and increased the rate of changing large par-
ticles to small particles which can exit the reticulo-rumen. Treating the rough-
age increases the amount of digesta that can be moved through the gastro-
intestinal tract within the limits of volume control to increase intake.

Improvement in OM and fiber digestibilities brought about by chemical
treatments could be due to changes in cell wall composition and swelling, as
well as saponification or ammonolysis of ester cross links between lignin and
structural carbohydrates (Tarkow and Feist, 1969; Klopfenstein, 1978;
Buettner et al, 1982; Saenger et al., 1982). Increased digestibility of organic
matter and fiber fractions was also reported for urea-treated wheat straw
(Cloete and Kritzinger, 1984) and ammoniated maize stover (Ojiet al,, 1979;
Oji and Mowat, 1979; Morris and Mowat, 1980) and rice straw (Brown et
al., 1987; Ibrahim et al., 1989). In this trial, however, Ca(OH), treatment
did not improve the digestibility of maize stover. Aines (1985) also reported
a lack of improvement in digestibility of organic matter, NDF, ADF and
hemicellulose of wheat straw treated with 4 or 8% Ca(OH),. On the other
hand, Paterson et al. (1980) reported that treatment of maize cobs and wheat
straw at 60% DM with 5% Ca(OH ), increased both DM and cell wall diges-
tibilities in vivo, but the same treatment was not effective on maize stalks.
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Table 4
Kinetics of liquid and particulate digesta in steers fed untreated and chemically treated maize stover
Items' Treatments Pooled
standard
Control NH,; Urea Ca(OH), Ca(OH), Ca(OH), error
+NH; +urea
Ad libitum period
Rate of particulate passage'-
(%h~") 4.52 6.24 505 4.62 6.36 5.67 0.46
Liquid digesta
Rate of passage® (% h=") 13.25 14.92 13.30 18.11 17.80 12.21 1.87
Flow rate | h—! 7.71 8.28 7.64 12.39 10.89 8.08 1.39
Rumen volume (1) 59.56 57.57 56.14 67.88 59.39 63.80 3.54
Restricted period
Rate of particulate passage?
(%h-") 4.36 5.08 449 3.77 5.03 4.27 0.29
Liquid digesta &
Rate of passage (% h~') 8.94 8.64 11.19 9.87 10.67 8.29 0.89
Flow rate (1h=") 3.96 3.92: 65T 391 5.23 4.81 0.91
Rumen volume (1) 46.34 4472 53.46 43.00 49.64 53.84 6.68
!Control vs. others; P<0.05.
2Ca(OH), vs. Ca(OH),+NH, and Ca(OH ), +urea; P<0.05.
3Ca(OH),+NH; vs. Ca(OH),+urea; P<0.05.
Table 5
In situ rate and exttent of digestion of untreated and chemically treated maize stover
Items Treatments Pooled
standard
Control NH; Urea Ca(OH), Ca(OH), Ca(OH), error
+NH, +urea
Neutral detergent fiber
Rate of digestion (% h~") 5.64 512482 536 4.64 5.20 0.50
72-h extent of digestion'* (%) 66.88  78.52 76.95 74.36 73.10 77.94 1.44
Lag time' (h) 5.45 249 234 270 3.12 2.58 1.02
Acid detergent fiber
Rate of digestion (% h~") 5.39 482 4382 5.22 4.58 5.00 0.46
72-h extent of digestion'? (%) 67.73  77.72 76.60 73.24 70.22 77.78 1.58
Lag time' (h) 5.73 294 249 2.68 4,73 1.81 113
Hemicellulose
Rate of digestion (% h~') 5.19 539 4.66 5.54 4.88 5.92 0.50
72-h extent of digestion' (%) 67.37 80.24 78.63 75.86 79.71 79.03 1.85
Lagtime' (h) 4.06 1.22 093 239 0.92 3.07 1.01

!Control vs. others; P<0.05.

2Ca(CO),+NH; vs. Ca(OH), +urea; P<0.05.
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Digestibility values (Table 3) were generally higher during the restricted
phase than during the ad libitum phase. Restricting intake slowed the rate of
particulate passage (Table 4) and, consequently, feed is retained in the ru-
men for a longer period of time for further digestion. Warner (1981), based
on an extensive review of literature, concluded that longer ruminal retention
time of the digesta is associated with increased digestibility.

In situ rates of NDF, ADF and hemicellulose digestion of untreated and
chemically treated maize stover were not significantly different (Table 5).
However, chemically treated maize stover had a higher (P<0.05) 72-h ex-
tent of digestion and a shorter lag time compared with untreated maize stover.

Table 6
In situ disappearance of fibre fractions of untreated and chemically-treated maize stover at different
incubation time

Treatments Incubation time (h)

8 16 24 32 48
Neutral detergent fibre (%)
Control 12.91* 27.95* 41.500 50.52%° 60.50%°
NH; 23.01 41.46 52.80 58.95 70.34
Urea 24.59 40.76 52.79 60.99 68.06
Ca(OH), 23.74 39.23 49.75 57.14 67.84
Ca(OH),+NH, 18.86 33.88 45.90 52.91 64.54
Ca(OH),+Urea 23.75 40.94 53.64 60.94 70.26
Standard error 2.05 2.88 2.56 2.12 1.19
Acid detergent fibre (%)
Control 12.30° 27.02%0 39,440 49.62%° 60.86%b¢
NH, 18.80 36.91 49,14 55.35 67.29
Urea 21.65 38.16 51.15 59.99 67.70
Ca(OH)2 20.58 36.80 47.21 55.68 64.88
Ca(OH),+NH, 14.10 27.42 41.06 48.88 60.77
Ca(OH),+Urea 21.02 38.40 52.42 60.48 67.77
Standard error 2.25 3.13 2.82 2.32 1.47
Hemicellulose (%)
Control 13.83* 29.40* 42.88* 51.14* 59.99%cd
NH, 30.63 50.24 60.61 66.24 75.91
Urea 28.54 45.91 55.65 62.28 69.68
Ca(OH), 29.93 44.82 53.60 60.32 70.15
Ca(OH),+NH; 31.57 46.85 56.10 63.11 72.76
Ca(OH),+Urea 28.54 46.48 54.34 63.01 73.40
Standard error 1.98 2.87 2.42 .11 1.06

aControl vs. treated; P<0.01.

bCa(OH),+NH; vs. Ca(OH),+urea; P<0.01.

<Ca(OH), vs. (Ca(OH),+NH, vs. Ca(OH),+urea; P<0.05.
9NH, vs. urea, P<0.01.

*NH, and urea vs. Ca(OH),+NH; and Ca(OH ), +urea; P<0.01.
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Studies using ammoniated straw (Dryden and Kempton, 1983; Zorrilla-Rios
et al., 1985; Brown et al., 1987) also showed the increased extent of digestion
and the decreased lag time, but no significant effect on rates of fiber digestion.
Latham et al. (1979) concluded that treatment with NaOH increased the
number of adhesion sites available to the cellulolytic bacteria, but that alone
did not permit them to digest many of the quantitatively important types of
plant cell wall. This could explain the decreased lag time for chemically treated
maize stover since the attachment of microorganisms to fiber particles is nec-
essary to initiate digestion)(Varga, 1987). In addition, forage substrates differ
in rates of hydration or rates of chemical or physical alteration before enzy-
matic degradation (Mertens and Ely, 1982). It is possible that chemical treat-
ment removed some chemical or physical inhibitors or increased the capabil-
ity of the fibers to swell via hydration which is needed before enzymes can
contact and react with fiber molecules.

The digestibilities of the different fiber fractions at 8, 16, 24, 32 and 48 h
of incubation were higher (P<0.05) for chemically treated maize stover than
the control-(Table 6). This indicates that chemical treatment increased the
digestible fiber pool. Although the digestion rates were similar, an increase in
digestible fiber pool would consequently result in a greater amount of di-
gested fiber fraction of chemically treated compared with untreated maize
stover.

Rate of passage

Untreated maize stover had a slower (P<0.05) rate of particulate passage
than chemically treated maize stover (Table 4). This is consistent with the
increased rate of particulate passage reported for ammoniated maize stover
(Oji et al., 1979), maize cobs (Nelson et al., 1984) and wheat straw (Zor-
rilla-Rios et al., 1985). Maize stover treated with Ca(OH), had a slower
(P<0.05) rate of particulate passage than maize stover treated with Ca(OH),
plus either NH; or urea. The rate of fluid passage, flow rate and ruminal fluid
volume decreased with reduced intake with no significant differences ob-
served between untreated and chemically treated maize stover, and among
chemical treatments. Ca (OH ), probably does not increase the rate of passage
or at least not as much as NaOH (Brandt and Paterson, 1981; Owen et al.,
1982). Aines (1985) reported that the particulate turnover rate did not in-
crease in Ca(OH ),-treated wheat straw fed steers and appeared to decrease
with the increasing level of Ca(OH ), treatment.

Chemical treatment had no significant effect on the rate of fluid passage,
flow rate and ruminal fluid volume. This is in agreement with previous stud-
ies using ammoniated cobs (Nelson et al., 1984, 1985), wheat straw (Zor-
rilla-Rios et al., 1985; Naseeven and Kincaid, 1992) or Ca(OH ),-treated
wheat straw (Aines, 1985). Calcium hydroxide treatment, however, had a
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tendency to induce a faster rate of fluid passage and flow rate, and greater
ruminal fluid volume than the other chemical treatments. Similarly, a signif-
icant difference in fluid rate of passage was observed between Ca(OH),+NH;
and Ca(OH),+urea treatment.

Zorrilla-Rios et al. (1985) reported that fragility, estimated as the amount
of DM that passed through a 1-mm sieve after 20 s of grinding and 10 min of
sieving, was increased in ammoniated wheat straw indicating a greater sus-
ceptibility to mechanical fracture. A faster rate of reduction of ingested par-
ticles during chewing and rumination could be expected (Reid et al., 1979;
Birkelo et al., 1986), resulting in a larger pool of small particles. This pool
would have a positive effect on intake if cleared at a faster rate by digestion
and passage, and by reducing the time that undigested particles remain in the
rumen (Morrison, 1979). This could account for the relatively faster rate of
passage and higher intake of maize stover treated with NH; and
Ca(OH),+NH3 compared with other chemical treatments. On the other
hand, the slow rate of passage could also be responsible for the low intake of
Ca(OH ),-treated maize stover.

The variable response of crop residues to Ca(OH ), treatment could be re-
lated to conditions prevailing during the reaction period. Since Ca(OH),isa
weaker base than NaOH, it takes longer to react with the cell wall. Aines
(1985) reported that Ca(OH),-treated wheat straw could have undergone
fermentation during the reaction period. Organic acids produced during fer-
mentation may then have neutralized some of the Ca(OH ), before it was able
to react with the cell wall. Thus, Ca(OH ), may act as a fermentation buffer
rather than a delignifier.

Conclusion

Not surprisingly, among the chemical treatments NH; and urea consis-
tently improved the feeding value of maize stover. However, the addition of
Ca(OH), alone or to either NH; or urea did not improve utilization of maize
stover more than NH; or urea used alone.
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