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ABSTRACT: Degradability characteristics of dry matter (DM), protein free DM (PFDM) and nitrogen
(N) were estimated in maize stover, rice straw and their botanical fractions using the nylon bag
technique. True intestinal digestibility of the intact feed protein (TID) was also estimated using the
mobile bag technique. The results indicated that cereal straws and their botanical fractions have
substantial variation in the extent and rate at which DM, PFDM and N were degraded in the rumen.
The protein values of Total amino acid absorbed from the small intestine (AAT) , Protein balancein
therumen (PB) and TID ranged from49 to 81 g kg'DM, in PBV from—-89 to — 61 g kg DM and TID
of 34 to 69 percent DM in both straws and their botanical fractions. The predicted dry matter intake
(DMI) value for whole maize stover was slightly higher (5.2 kg DM d*) than wholerice straw (4.9 kg
DM d%). Highvariations(4.5t0 6.1 kg DM d* for maize stover and 4.5t0 5.7 kg DM d™* for rice straw)
were observed within the two cereal straw botanical fractions. It was concluded that the two cereal
straws are of very low feeding value and to increase their production potential improvement method

strategies like chemical treatment and/or supplementation are inevitable.
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INTRODUCTION

Various methods have been advocated for evaluating
tropical feedstuffs (Preston, 1995). Incubation of test feeds
in nylon bagsin the rumen of fistulated animals have been
used to evaluate not only the extent, but also the rate at
which feed fractions are degraded in the rumen (Kimambo
et al., 1994; Shem et al., 1995). Also the mobile bag
technigue has been used to measureintestinal digestibility
of undegraded dietary protein (Mgheni et a., 1994) and
intact feed protein (Kimambo et al., 1994). Similar
evaluation methods have been used by other workers
elsewherefor nylon bag technique (Weishjerg et al., 1990;
Stensig et al.,1994) and for mobile bag technique
(Hvelplund et a., 1992). The results have been used not
only to rank feedstuffs into their potential feeding value
but a so to develop model sthat have been used to predict
how much theanimal can eat (Jrskov et a., 1988; Kimambo
eta., 1994; Madsen et al., 1994; Shem et a., 1995). The
authors concluded that the nylon bag technique, is a
powerful tool that can be used to evaluate the potential
feeding value of tropical forages. The technique has been

the basis of the AAT-PBV protein evaluation system
(Madsen et a., 1995) and “Fill” values based on rumen
pool sizeof DM (Madsen et al., 1994) and NDF (Stensig et
al., 1994). The parameters have been used with acceptable
precision to predict voluntary feed intake of DM and NDF.
This is an added information about the feeding value of
thefeed that gives approximately how much the animal can
eat assuming physical limitation of intake. Considering
the importance of cereal crop residues being among the
major animal feeds available in the tropics for ruminant
animal sduring the dry season, the information can be used
for proper planning and feeding strategies. An experiment
was therefore conducted to evaluate the feeding value of
maize stover and rice straw and their botanical fractions
using these different evaluation methods.

MATERIALSANDMETHODS
Animals, feedsand feeding
Threerumen fistulated dry Friesian cowsfed 5.4 kg DM of

good quality hay (156 g crude protein (CP) kg'DM) plus
2.6 kg DM concentrate (184 g CPkg*DM) per cow per day
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were used. Mineralsand vitaminswere provided sufficiently
for microbial activity (ARC, 1990). The animalswerefed
twice per day at 0900 and 1600 h and had free access to
water.

Maize stover from maize crop var. STAHA was collected
from thefield on the same day the crop was being harvested.
Samplesof maize stover were separated into their different
botanical fractions viz: leaves, leaf sheaths, husks, stems
and panicles. Rice straw var. SUPA was collected also from
the field within one week after rice grain was harvested.
The straw was separated into different botanical fractions,
viz: leaves, leaf sheaths, stems and panicles. All samples
were air dried at room temperatures and ground to pass
through a 2.5mm sieve, packed into labelled nylon bags
and air-freighted to Denmark (Danish Institute of
Agriculture Sciences) where the experiment was conducted.

Rumen degr adability

Rumen degradability of dry matter (DM), proteinfreedry
matter (PFDM) and nitrogen (N) were determined using
the nylon bag techniquein similar procedure described by
Mgheni et al. (1996). Incubation timeintervalsused were
0, 8,16, 24, 48, 96, 144, and 192 h. Samplesweretrestedina
stomacher (Model 400 Lab Blender) before analysis to
remove microbial contamination. True intestinal
digestibility of the intact feed protein was determined by
the mobile bag technique according to the methods
described by Hvelplund et al. (1992).

Chemical analysis

Dry matter (DM), ash and N contents were determined
according to the procedure outlined by AOAC (1991). The
neutral detergent fibre (NDF), acid detergent fibre (ADF),
acid detergent lignin (ADL) and acid insoluble ash (AIA)
inthe strawswere determined according to the procedures
outlined by Goering and Van Soest (1970). The water
insoluble ash (WIA) in all samples was determined
according to the procedure described by Mgheni et al.
(1996).

Calculations

Description of thedegradation profile

The degradation profile of protein for each forage was
described using the mathematical model of @rskov and
McDonald (1979) with lag time as suggested by Dhanoa
(1988):

p=a+b(l-e ) fort>t ..............eee (Modd 1)

where,

p = degraded fraction at timet

a = water solublefraction

b = insoluble, potentially degradable fraction
c = degradation rate constant (h?)

t = incubation time (h)

t, =lagtime

The data were analysed using the SAS program PROC
NLIN (SAS1990) for estimation of degradation constants.
Parameters of Model (1) were bound only to accept t >0

Digestible carbohydrate (DCHO), actual intestinal
digestibility of intact feed protein, and effective
degradability

Thedigestible carbohydrate (DCHO), the actua intestinal
digestibility of intact feed protein (TID), effective
degradability (ED) of DM, PFDM and N were estimated
using equations described by Mgheni et al. (1996).

Egimated AAT-PBYV valuesand truedigestibility of protein
(TID)

AAT-PBV values were calculated according to the
equations of Madsen et al. (1995) for protein evaluation
system. The TID was calculated using the equation given
by Hvelplund et al. (1992).

Estimation of rumen physical fill —Fill (day)

Assuming that afeedstuff will remainin the rumenuntil it
is either degraded or has passed out of the rumen, the
physical fill - Fill (day) of agiven feedstuff fractioninthe
rumen can be cal culated according to Madsen et al. (1994)
and lag timeincluded as:

—1 a bxe_k"0 +L ><e_k"0

Fill=2"2x{1-* )+
Kk ctk

wherea, b and c are parametersfrom Model 1,t_isthelag
time (h) and k isoutflow rate (h?).

Prediction of intake

Predicted intake was cal cul ated assuming arumen capacity
(rumen pool) of 7 kg total DM measured in mature non-
pregnant Holstein Friesian X Boran heifers weighing on
average 270 kg live body weight (Mgheni et al., 1996).
Assuming 1.5 kg DM to be microbial matter, gives5.5 kg
DM microbia free DM rumen capacity. The potential intake
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(kg DM d?) of the ceredl strawsand their botanical fractions
can be estimated assuming a physical limitation of the
reti culo-rumen capacity according to Madsen et al. (1994)
as.

Rumen capacity (kgDM)
DMI (kgDM d?) =

Fill (day)  .ocvcov.. (Model 3)

RESULTS
Chemical composition

Chemical composition of maize stover and rice straw and
their botanical fractionsareshownin Table 1. TheN content
(gkg!DM) inmaize stover ranged from 3.2 (stems) t0 9.1
(panicles) andfrom 3.5t0 5.7 for ricestraw stemsand leaves
respectively. The NDF, ADF and ADL (g kg! DM)
respectively, were higher in whole maize stover (746.5;
492.8; 68.6) thanwholericestraw (635.7; 421.1; 46.3). Their
botanical fractionswere not analysed because the samples
taken to Denmark were exhausted. The HCL fat content (g
kg!DM) in maize stover ranged from 13.7 (husks) to 24.8
(leaves) and from 10.8t0 19.9 inrice straw stemsand leaves
respectively. Total ash content in rice straw and its
botanical fractions were higher than that of maize stover
and its botanical fractions.

Table 1. Chemical composition of tropical cereal straws
(maize stover and rice straw) and their botanical fractions.

Feed fractions (g kg _1DM)1

Feed type

N HCL fat Totalash WIA
Maize stover:
Whole 53 16.6 818 41.2
Leaves 75 248 1437 97.1
Leaf shedths 46 14.2 80.6 54.5
Husks 35 137 331 54
Stem 32 144 75.4 145
Panicles 91 203 499 324
Rice Straw.
Whole 49 165 196.1 147.8
Leaves 57 199 2227 2114
Leaf sheaths 36 1438 209.8 165.9
Stens 35 108 1736 9.7
Panicles 56 123 93.8 69.6

1 Other analysis made were NDF, ADF and AIA ((g kg!DM) =
746.5, 68.6 and 39.4 respectively for whole maize stover; 635.7,
421.1, 46.3 and 159.9 respectively for whole rice straw.

Rumen degradation char acteristics

The estimated degradation characteristicsfor maize stover,
rice straw and their botanical fractionsaregivenin Table 2.
Valuesfor solublefraction (a) for DM and PFDM for whole
rice straw and stems were higher compared to other
botanical fractionsand wholemaize stover and itsbotanical
fractions. Solublefraction (a) for N weremoreor lesssimilar
except for maize stover panicles that showed the highest
value. More or less similar values were observed in both
whole cereal straws. The insoluble, but potentially
degradable fraction (b) for DM and PFDM were more or
less similar while that for N were lower than that of DM
and PFDM. The rate constants (c) were very low in both
fractions. The degradability characteristicsfor DM, PFDM
and N were not estimated in rice straw panicles, as Model
(1) failed to handle the data even when lag time was
included as suggested by Dhanoa (1988) as the PROC
NLIN failed to converge. The N degradability values for
ricestraw panicleswere23.5,33.8,29.9,31.3,21.2,34.3,434
and 48.8 % DM for 0, 8, 16, 24, 24, 48, 96, 144 and 192 h
respectively. Thevauesweretherefore omitted in thisstudy
for further calculations. Effective degradability (ED) for
DM, PFDM and N for maize stover, rice straw and their
botanical fractions are given in Table 3. The ED for DM,
PFDM and N decreased with increasing outflow rates.

True intestinal digestibility (TDI), total amino acid
absorbed from the small intestine (AAT) and protein
balancein therumen (PBV)

Trueintestinal digestibility of intact feed protein (TID) of
maize stover, rice straw and their botanical fractions are
showninTable4. TheTID washigher inricestraw and its
botanical fractions than in maize stover except for maize
stover panicles. The calculated digestible carbohydrate
(DCHO), AAT and PBV valuesare also givenin Table 4.
TheDCHO vauesweremoreor lesssimilar in maize stover
and rice straw and their botanical fractionsexcept for maize
stover stems, which had the lowest value. The AAT had
moreor lesssimilar valuesin both strawsand their botanical
fractions. The PBV was negativefor both strawsand their
botanical fractions.

Calculated Fill (day) and predicted dry matter intake
(ODMI)

Fill (day) values calculated using Model (6) , predicted
DMI (PDMI) inkg DM d ! calculated using Model (7) and
expressed as percentage of live body weight are givenin
Table 5. As expected maize stover stems had the highest
Fill value compared to maize stover leaves, which had the
lowest value. Thisis contrary to rice straw where stems
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Table2. Degradability constantsfor dry matter (DM), protein free dry matter (PFDM) and nitrogen (N)
for maize stover and rice straw and their botanical fractions.

Degradability constants (% DM)

a b Rates constant ¢ (% h-1) 0.04
Type of DM PFDM N DM PFDM N DM PFDM N DM PEDM N
Straw
Maize
stover:
Whole 11.80 11.00 33.10 67.81 68.49 33.78 253 2.77 2.13 050 121 12.87
Leaves 15.60 14.40 37.70 7156 73.39 43.34 3.09 2.95 231 290 159 9.60
Leaf sheaths 13.20 12.23 32.22 68.02 69.04 3520 2.13 2.18 1.48 0.00 0.00 0.00
Husks 940 8.80 3297 77.93 7888 3794 342 355 1.90 409 510 31.03
Sems 13.74 13.49 27.21 5496 55.61 28.36 2.09 2.10 0.29 0.00 0.00 48.00
Panicles 12.90 11.30 4298 61.25 63.11 25.11 233 2.35 2.78 117 160 0.00
Rice straw:
Whole 17.19 16.40 29.27 74.05 63.39 77.66 1.29 2.62 0.39 0.00 256 4.13
Leaves 1490 14.10 31.35 80.96 82.85 50.17 1.37 1.37 1.38 201 154 39.26
Leaf sheaths 14.20 13.60 23.32 78,57 77.25 29.18 1.12 126 0.19 261 359 841
Sems 20.90 20.70 25.16 65.94 66.03 99.42 197 2.06 0.28 0.06 0.60 5.60
Paniclest - - - - - - - - - - -

Table 3. Effective degradability (ED) of dry matter (DM), protein free dry matter (PFDM) and nitrogen (N)
for maize stover and rice straw and their botanical fractions

Effective degr adability (% ) at outflowrate (% ) of:
0.01 0.02 0.03 0.04

Type of DM |(PFDM |N DM PFD [N DM |PFDM [N DM [PEDM [N
Straw M
Mai ze stover :
Whole 60.16 |60.73 [53.31 [49.30 (49.83 |46.57 |42.37 [42.72 |42.64 |37.56 |37.71 |[40.12
Leaves 68.10 |68.36 [65.19 [56.57 |[56.79 |56.88 [48.86 (49.12 [51.84 |43.35 |43.66 |[4851
Leaf sheaths |59.50 [59.59 |53.21 |48.29 |48.27 |47.18 (41.46)|41.32 |43.84 |36.85 |36.61 |41.72
Husks 67.30 [67.28 |51.21 [54.74 |54.36 [42.92|46.15|45.49 |38.78 [39.93 |39.05 |36.51
Stems 50.92 (51.15 |3L14 |41.83 |41.96 |2858|36.31|36.38 |27.80 [32.61 |32.63 |27.49
Panicles 5528 [54.87 |6145 |45.12 |44.32 |57.58|38.77|37.73 |55.06 [34.43 |3321 |53.28
Rice straw:
Whole 58.88 |61.14 [50.50 [46.20 (3058 [41.14(39.43 (4379 |[37.31 |35.23 |39.07 |[35.23
Leaves 60.76 |61.24 |51.04 |4651 (46.74 |40.73(38.79(38.88 [36.23 |33.95 |33.96 ([34.04
Leaf sheaths |54.68 |55.08 |41.86 [41.00 [41.33 |32.56|33.98(34.06 [29.15 [29.79 (2958 |27.40
Stems 64.61 [64.91 |4597 (5350 [53.83 [36.22|46.99 |47.13 |32.43 (42.61 |42.64 |30.43
Paniclest - - - - - - - - - - - -

+ PROC NLIN failed to converge.
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Table 4. True intestinal digestibility (TID) of intact feed,
protein balanceinthe rumen protein, and total amino acid
(AAT) for maize stover and rice straw and their botanical
fractions.

Type of DI (% DCHO PBV AAT?
straw DM) (g kg —1DM) (g kg-1DM) (g kg —1DM)
Mai ze stover :

Whole 48,6 43459 -77.45 67.40
Leaves 384 484.79 -86.30 81.44
Leaf sheaths 33.8 437.03 -77.91 64.82
Husks 39.1 498.57 -88.94 66.98
Stem 344 344.59 -61.48 49.45
Panicles 433 392.40 -69.74 78.03
Rice Straw:

Whole 489 435.36 -77.62 65.90
Leaves 415 431.49 -76.49 68.68
Leaf sheaths 38.3 34.14 -63.17 52.07
Stems 69.4 439.34 -78.37 60.75
Panicles - - -

'Used to calculate the intestinal digestibility of the undegraded
protein (Madsen et a., 1995) as given in Model (3).

2Estimated using the AAT-PBV protein evaluation system (Madsen
et al. 1995) as given in Model (4) and (5).

Table5. Predicted dry matter intake (PDMI) of maize stove,
rice straw and their botanical fractions.

Typeof straw Fill (day) PDMI 1 PDMI2 (%

(kg DM d-1) Live (Body
Weight)

Mai ze stover :

Whole 1.06 521 193

Leaves 0.9 6.08 225

Leaf sheaths 1.07 511 1.89

Husks 0.4 5.83 2.16

Stem 121 451 167

Panicles 114 4.81 178

Rice Straw:

Whole 112 491 1.82

Leaves 111 4,94 183

Leaf sheaths 1.23 4.47 1.65

Stems 0.98 5.69 211

Panicles - - -

Predicted using Model (7) according to Madsen et al. (1994).
2Live body weight (270 kg) was assumed to be equal to that of
mature non-pregnant Friesian x Boran heifers as measured by
Mgheni et al. (1998).

had the lowest Fill value compared to therest of its
botanical fractions. The PDMI expressed as a percent-
age of live body weight is lower than the conventional
3.5 percent. Therewasno marked differencein PDMI
between maize stover and rice straw and their botanical
fractions although maize stover leaves showed the
highest PDMI and rice leaf sheaths the lowest PDMI.

DISCUSSION

Chemical constituentsof thetwo tropical cereal strawsare
in agreement with those reported for rice straw and their
botanical fractions (Bainton et al., 1991); maize husksand
maize stover whole (Kimambo et al., 1994). Asexpected,
total ash content in rice straw and its botanical fractions
were higher than that of maize stover and its botanical
fractionsdueto high silicacontent inthelater. Similar trend
was observed for water insoluble ash (WIA) and acid
insolubleash (AIA).

The N content for both cereal strawswasfound to be very
low. Suchlow valuesof N areknown to depressDM and N
degradability and result in low intake in rice straw
(Djajanegara and Doyle, 1989; Shem et al., 1995).
Djajanegaraand Doyle (1989) indicated that low levels of
N decrease microbial activitiesand that intake of roughages
islimited when N contentis<10gkg?* DM. Alsothehigh
NDF, ADFand ADL values (Tablel) inthesecered straws
may result into low intake.

The low water soluble fraction (@), high insoluble but
potentially degradable fraction (b) and low rate of
degradation (c) for DM, PFDM and N (Table 2) for these
cereal straws suggest that they will have ahigh Fill value
and thus low intake (Table 5). Thisisin agreement with
other findings by Kimambo et al., (1994) who reported low
feeding value of tropical roughages. High potential
degradablefraction, b (Table2) for DM, PFDM and N may
suggest that proper supplementation may increase
potential rumen degradability. Dhanoa (1988) suggested
that when dealing with low degradable feeds and in the
presence of largelag times (Table 2) one should remember
to take samples over a longer period of incubation time
above 72 h or higher depending on the feed sample. This
is to make sure that the asymptote is reasonably defined
otherwise fitting of Model (1) may not be possible.
Although long incubation time was used in this study
(192 h), Model (1) could not handle the datafor N for rice
straw panicles (Table 2) and therefore its values were
removed when the effective degradability and Fill values
werecalculated. Thiscan be explained by too long lag time
(Table 2) and low degradation for N for these feedstuffs.
This may suggest that it is useless to analyse for N
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(especially degradation constants) in such feedstuffs and
their N values should therefore be considered asnegligible
or closeto zero.

The decreased ED with increasing outflow rate (Table 3)
clearly demonstrates that actual value of outflow rate is
necessary for proper estimate of ED. Intestinal digestibility
of the intact feed protein estimated by the mobile bag
techniquewasgenerally very low (Table4). Thiswasalso
reported by Kimambo et al. (1994) for tropical feeds. The
results suggest that utilisation of tropical dietary protein
is only possible through an increased degradation in the
rumen and the conversion of this degraded protein into
microbial protein. Intestinal digestibility of theundegraded
dietary protein is of great importance for estimating the
protein value of feeds (Hvelplund et al., 1992 and Mgheni
etal., 1994). Thisimpliesthat the value of the undegraded
feed protein of these strawsisalmost negligibleand that is
dueto high cell wall content (Kimambo et al., 1994) that
normally binds this feed fraction. As suggested by the
AAT/PBV protein evaluation system (Madsen et al., 1995)
the digestibility of undegraded protein in straw should be
assumed to be equal to zero.

Bainton et al. (1991) reported variation in the nutritivevalue
of straw species, between varieties and also between their
botanical fractionsinricestraws. Walli et al. (1988) found
that in rice straw varieties the leaf fraction was slightly
less digestible than the stems. This may suggest that if
generousfeeding isadvocated the animalswill not beable
to differentiate the more digestible fraction in rice straw.
The general trend found in this study is that these cereal
srawsarelowinN (Table 1), negative PBV, low AAT values
(Table4) andlow digestibility (Table 2 and 3) resulting into
low predicted DMI (Table 5). This may suggest that in
order toincreasetheir production potential, strategieslike
chemical treatment and/or supplementation and probably
be generous feeding are inevitable.

Thepredicted DMI (Table5) varied between the two cereal
straws and within their botanical fractions. Thisvariation
isdueto differencesin chemical composition (Table1) and
degradation constants (Table 2). Theresultsare, however,
in close agreement with those reported by Kimambo et al.
(1994) using similar models. Precision of using degradation
characteristicsto predict DMI has been tested for tropical
feedstuffsin cattlewith high r =0.90 and 0.93 for DMI and
digestible DMI respectively (Shem et al., 1995). Similar
work hasearlier been reported by @rskov et al. (1988) based
on degradation characteristics and intake studies of
different varieties of strawsby cattlewith aprecision of r
=0.88.

Predicted DMI especially, may tempt oneto suggest that if
animals are fed generously (>3x ad libitum) animals may
be able to select the most nutritious part of the straw (e.g.
maize stover leaves and rice straw stems) and achieve
reasonabl e production potential. However, the animal may
not differentiate between stems and leaves of rice straw.
Also prablem will arise on the economies of collection of
enormous amounts of these straws and how to dispose
the huge amount of |eft over by theanimals. Thisisan area
that needs further study.

CONCLUSON

It was concluded that the feeding value (in terms of
chemical composition, rumen digestibility and PDMI) maize
stover, rice straw and their botanical fractionswerefound
to be very low. The N waslower (4.9 g kg*for wholerice
straw and 5.3 g kg for whole maize stover) than the
recommended value (7.0 g kg?) below which intake is
depressed. Some of their botanical fractionswerefound to
be of better nutritivevalue (e.g. N =9.1and 7.5gkg!and
5.6 and 5.7 g kg for both maize stover and rice straw
panicles and leaves respectively) than whole plants. As
for other botanical fractions their N values were so low
that for most practical purposes their N values can be
negligibleor assumed to be zero. It can further be concluded
that dueto low N, rumen digestibility and thus high “Fill
values’ resulted in PDMI lower than that, which can
support animal production.
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