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ABSTRACT

Two experiments, namely the situ nylon bag technique and the in vitro gas production tech-
nique, were carried out to determine the correlations between the in situ ruminal degradability
and the in vitro gas production of different forages, and to predict the ruminal degradability of the
forages using the gas production parameters. Forage samples from Napier grass (Pennisetum purpu-
reum), Guinea grass (Panicum maximumy), Para grass (Brachiaria mutica), Leucaena (Leucaena leucocephala),
Rain tree (Samanea saman), and Gliricidia (Gliricidia sepium) were incubated in the rumen of three
rumen-cannulated buffaloes using the in situ nylon bag technique for 3, 6, 12, 24, 48, and 72 h. The
six forage samples were also subjected to the in vitro gas production analysis following the modified
methods developed by Menke & Steingass (1988), along with 30 other commonly used forages in the
Philippines. Both experiments followed a randomized complete block design. Their dry matter (DM),
organic matter (OM), neutral detergent fiber (NDF), and crude protein (CP) degradation kinetics and
effective degradability (ED) as well as the gas production parameters were then estimated. Results
revealed that the ED of each nutrient was found to be moderately to strongly correlated with some of
the gas production times and estimated gas parameters. The predictor models generated using the gas
production parameters for the ED of DM, OM, and NDF were sufficiently strong (R?= 0.740, p value=
0.0002; R*= 0.659, p value= 0.0009; and R’= 0.813, p value < 0.0001, respectively) while that of CP was
only moderate (R*= 0.500, p value= 0.0055). It was concluded that the relationship between the two
techniques is sufficiently strong and therefore the gas production parameters can be used to predict
the in situ ruminal nutrient degradability of forages.
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INTRODUCTION

The digestibility or degradability coefficient of a
feed ingredient is one important factor to consider in
evaluating its nutritive value. The potential value of
a feed ingredient can be determined through various
chemical analyses. Its actual value, however, can only
be determined using digestibility or degradability
coefficients (McDonald et al., 2010). In ruminants, the
rumen degradability, i.e. the proportion of a feedstuff
that is degraded in the rumen, can be estimated through
various in situ and in vitro studies. The in situ nylon bag
technique is one way of estimating the degradability of
feedstuffs (Mehrez & Qrskov, 1977). The sample to be
analyzed is enclosed in a nylon bag and incubated in the
rumen of a cannulated animal and the disappearance of
the sample at any one point can be predicted mathemat-
ically. Although regarded as the reference technique in
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evaluating ruminant feed ingredients (Cone et al., 2009),
the in situ nylon bag technique is laborious and can be
prone to some sources of inaccuracies. One of which is
the colonization of the residues by the rumen microbes
which may cause the protein degradability to be un-
derestimated (Edmunds et al., 2012). Another method is
the gas production analysis, an in vitro technique which
makes use of the principles of gas production from
fermentation of feeds by microorganisms in the rumen
(Menke et al., 1988). In vitro degradability techniques
like the gas production technique allow the completion
of multiple samples’ degradability determination in a
shorter period of time (Mohamed & Chaudhry, 2008;
Karlsonn et al., 2009).

The in vitro gas production technique has been cor-
related with the in situ nylon bag technique, the most ex-
tensively used ruminant feed evaluation method, in past
studies because it is relatively much faster and easier to
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perform and can reasonably predict the in situ ruminal
degradability of forage samples. Ozkan & Sahin (2006)
and Kamalak ef al. (2005) compared the in vitro gas pro-
duction technique with the in situ nylon bag technique.
Their studies revealed that there is a sufficiently strong
correlation between the parameters obtained from the
two methods and that the gas production method can be
used as an alternative to the more laborious nylon bag
technique.

Degradability coefficients are crucial in avoid-
ing overestimates of the nutritional value of a feed
ingredient by accounting for the inevitable losses that
occur during digestion and metabolism of the animal
(McDonald et al., 2010). Moreover, degradability values
of some forages are outdated, incomplete or unavail-
able in feed reference manuals. Developing an effective
and efficient method in predicting the in situ ruminal
degradability of feed samples was one of the core objec-
tives of the present study.

The general objective of this study was to predict
the ruminal degradability of dry matter (DM), or-
ganic matter (OM), neutral detergent fiber (NDF), and
crude protein (CP) of commonly used forages in the
Philippines using the in vitro gas production technique.

MATERIALS AND METHODS
Experimental Animals and Diet

The present study is comprised of two components:
the in situ incubation (Experiment 1) and the in vitro gas
production (Experiment 2) of the forages. Both experi-
ments made use of three rumen-cannulated buffaloes:
a 13-year-old male Bulgarian Murrah; a 9-year-old
male 50:50 cross of Philippine Native and Murrah; and
a 3-year-old male 50:50 cross of Philippine Native and
Murrah. The cannulation was carried out by licensed
veterinarians and the surgery, care, and feeding of the
animals were in accordance to the regulations set by the
Institutional Animal Care and Use Committee (IACUC).
Preliminary weight range of the animals before fitting of
cannulas was 450-720 kg.

During the degradability trials, the animals were
fed ration containing 70% roughage (Napier grass, 60-90
days) and 30% concentrate feed (NLT 16% CP) equiva-
lent to 3% of their body weights (BW) in DM basis. The
specifications of the concentrate is shown in Table 1. The
experimental animals were fed the diet at 0830 and 1400
h and were given free access to clean water and mineral
licks.

Experiment 1. Determination of In Situ Degradability
of DM, OM, NDF, and CP

The samples that underwent ruminal incubation
were Napier grass (Pennisetum purpureum), Guinea
grass (Panicum maximum), Para grass (Brachiaria mutica),
Leucaena leaves (Leucaena leucocephala), Rain tree leaves
(Samanea saman), and Gliricidia leaves (Gliricidia sepium).
These samples were chosen because they are some of the
most commonly used grasses and legume forages for ru-
minants in the Philippines. Para grass was harvested at a

56-day regrowth while Napier and Guinea grasses were
cut at a 45-day regrowth. The legume samples were
harvested from mature trees, vines or shrubs. Prior to in
situ rumen incubation, collected samples were prepared
by oven-drying at 70°C for 3 days and grinding to pass
through 2 mm particle size (Laboratory Mill 3310, Perten
Instruments AB, Hégersten, Sweden). Three grams of
the ground samples were placed in a 9 x 15 cm digestion
bag made from a blend of polyester and silk, with 40-60
microns perforation sewn with a double line technique
using a polyester thread.

Each sample was incubated in triplicates in the
rumen of the cannulated buffaloes following a random-
ized complete block design for 3, 6, 12, 24, 48, and 72 h.
The gradually in-all out method was used, i.e. the bags
were placed in the rumen at designated time points and
retrieved all at once. After removal from the rumen, the
bags were washed with running water until washings
become clear and then dried to constant weight at 70°C
for 3 days. Inconsistencies in the loss in weight during
the washing of the samples with running water after the
incubation were corrected by soaking control samples in
water then washing and drying them normally (Jrskov
et al., 1980). Control bags were also incubated in the ru-
men at similar time intervals as the samples to correct
for the changes in weight of the bags due to soaking in
rumen liquor.

Each fraction of the sample withdrawn at an incu-
bation time was subjected to moisture (oven-drying),
crude protein (Kjeldahl digestion), ash (ignition), and
neutral detergent fiber (Van Soest method) determina-
tions following the official methods of analysis devel-
oped by AOAC (2016). Representatives of each sample
in duplicate before incubation were also subjected to the
aforementioned chemical analyses.

Ruminal degradabilities of DM, OM, NDF, and
CP of the grasses and legumes were then estimated by
fitting the data to the exponential equation (Eq. 1) pro-
posed by Urskov & McDonald (1979):

y=a+b(l-e) (1)

where y is DM, OM, NDF, or CP disappearance in ru-

men (%) at time t, a is the rapidly soluble fraction (%),
b is the potentially degradable fraction (%), c is the con-

Table 1. Specifications of the grower concentrate offered

Chemical composition/ ingredient Specification (%)
Total digestible nutrient min 80
Crude protein min 16
Crude fat min 4
Total calcium 09-1.2
Total phosphorus 0.5-0.6
Sodium min 0.4
Salt 0.7-1
Restrictions:

Copra meal max 30

Rice bran D1 max 25

Palm kernel meal max 30
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stant rate of degradation of b (%/h), and ¢ is incubation
time.

The model parameters were estimated using the
non-linear procedure of GraphPad Prism 7 (GraphPad
Software, Inc., San Diego, CA). Separate curves were
fitted to the data points of each replicate. The effective
DM, OM, NDF, and CP degradabilities were then calcu-
lated (Eq. 2) by assuming a rumen outflow rate of 2%/h
(recommended rate for animals at maintenance level;
NRC, 2001):

ED=a+ (bc/(c +k)) )

where (a), (b), and (c) are the same as in Eq. 1 and (k) is
the rumen outflow rate.

Experiment 2. In Vitro Gas Production Experiment

The six forage species tested in Experiment 1 along
with 30 other forages (Table 8) were used in Experiment
2. Sample preparation was similar as in Experiment 1.
Rumen fluid was collected from each buffalo 3 h after
the morning feeding. Rumen fluid squeezed from ru-
men contents was filtered through 3 layers of cheese
cloth into a beaker and immediately transferred and
sealed without air into zip lock polyethylene bags. The
bags were kept inside a polystyrene box with warm wa-
ter having an internal temperature of 38-41°C until the
in vitro gas production incubation.

In situ DM, OM, NDF, and CP degradabilities for
each sample were predicted using the rumen fluid gas
production technique based on the modified methods
of Menke & Steingass (1988). Collected rumen fluid was
immediately transferred to a 50 mL syringe (Terumo)
containing 200 mg dry matter of the sample, 5 mL 0.05
M K-PO, buffer pH 6.5 and 1 mL 0.154 M MgSQO, to at-
tain a final volume of 15 mL. The mixture was sealed at
the Luer lock of the syringe with hot-melt adhesive after
making sure that the liquid occupied all the space inside
the syringe. Duplicates of each sample together with
the blanks (mixture without samples) were incubated
immediately in an oven at 39°C. Gas produced was mea-
sured using the graduation of the syringe with readings
taken at 0, 3, 6, 12, 24, 48, and 72 h of incubation. Data
were also fitted to the model of @rskov & McDonald
(1979) (Eq. 1) except that the parameters a, b, and c were
associated with gas production instead of DM degrada-
tion. The gas production kinetics were also estimated
using the non-linear procedure of GraphPad Prism 7.

Statistical Analysis

One-way analysis of variance (ANOVA) was per-
formed using the PROC GLM of SAS 9.1.3 (SAS Inst.

Inc., Cary, NC) to determine significant differences in
the means of the estimated degradation and gas produc-
tion parameters among the samples. The animals and
the source of rumen fluid were treated as the blocks for
the in situ experiment and the in vitro experiment, re-
spectively. Pairwise mean comparisons were done using
the PDIFF command with the Tukey-Kramer adjustment
of SAS. The correlations between the model parameters
from the two incubation techniques were determined
using the CORR procedure of SAS. Significance level
was set to a= 0.05. The first step in the development of
the prediction models was to determine the existence
of multi-collinearity among the independent variables
using the VIF option in the MODEL statement of the
REG procedure of SAS. Extreme observations which
have a possibility to have a high influence on regression
estimation were also checked by using the INFLUENCE
option in the MODEL statement. Then, the conceptual
predictive criterion [C(p)] was used to determine the
candidate models that maximize explained variability
with as few variables as possible. The next step was the
use of the multiple regression analysis in SAS, in which
the model statements included the variables found in
the identified candidate models. The best regression
model was determined by considering the R? Akaike
information criterion (AIC), root mean square error
(RMSE), and the p value of each candidate model.

RESULTS
Nutrient Composition of the Samples

Table 2 shows the nutrient compositions in a dry
matter basis of the samples that were subjected to ru-
men incubation. It can be observed that the CP of the
legumes is considerably higher than that of the grasses.
On the other hand, NDF is generally higher in the
grasses than in the legumes.

In Situ Degradability of DM, OM, NDF, and CP

The nutrient degradation curves and the estimated
nutrient degradation kinetics of the six samples are pre-
sented in Figures 1a-1d and Table 3, respectively.

Dry matter degradation. With the exception of Rain tree
leaves, the samples follow a standard non-linear DM
degradation curve wherein majority of the degradable
fraction disappear from the bag within the first 24 hours.
Rain tree leaves follow a more horizontal DM degrada-
tion curve which suggests a limited degradability (Figure
1a).

Table 2. Initial chemical compositions in a dry matter basis of the grasses and legumes subjected to the in situ incubation experiment

. " Legumes Grasses
Chemical composition (%) - - - -
Rain tree leaves Leucaena leaves Gliricidia leaves Napier grass  Para grass  Guinea grass
Dry matter 44.05 30.51 25.21 16.97 21.60 34.56
Organic matter 93.82 92.57 90.48 80.18 86.99 89.87
Crude protein 20.21 18.96 19.27 8.92 6.92 7.23
Neutral detergent fiber 61.22 57.32 51.48 69.31 81.48 81.25
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Figure 1a. Dry matter (DM) degradation profiles of the samples
that underwent ruminal incubation; -e- rain tree
leaves; -m- Leucaena leaves; - A - Gliricidia leaves; - ¥ -
Napier grass; -#- Para grass; -x- Guinea grass.

60+

&
Qo
I

[ 5]
o
1

NDF degraded (%)

20 40 60 80
Incubation time (h)

Figure 1c. Neutral detergent fiber (NDF) degradation profiles of
the samples that underwent ruminal incubation; -e-
rain tree leaves; -m- Leucaena leaves; - A- Gliricidia
leaves; - ¥ - Napier grass; -#- Para grass; -x- Guinea
grass.
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Rapidly soluble DM fractions (a) were greatest
(p<0.001) in Rain tree and Gliricidia leaves. The poten-
tially degradable fraction (b) of Rain tree leaves were
lower (p<0.001) than the rest of the samples. As a result,
the calculated effective degradability (ED) of Rain tree
leaves was the lowest (p<0.001) among the six samples.
Gliricidia leaves had the greatest (p<0.001) calculated
ED together with Napier grass.

Organic matter degradation. The rapidly soluble OM
fractions and potentially degradable OM fractions of the
samples follow similar trends with the parameter coun-
terparts from their DM degradation (Figure 1b). However,
the rapidly soluble fraction of Napier grass was negative.
This means that the OM degradation for Napier grass has
an initiation period before the actual degradation begins.
As with their DM ED, Gliricidia leaves and Napier grass
had the greatest (p<0.001) estimated OM ED.

Neutral detergent fiber degradation. It is worth noting
that the NDF degradation curves of some of the samples
used in the experiment had negative degradability values
at earlier incubation periods (Figure 1c).

The calculated potentially degradable fractions
of Leucaena and Gliricidia leaves were the greatest
(p<0.001) among the six samples. However, this may be
attributed to the negative NDF degradation measure-
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Figure 1b. Organic matter (OM) degradation profiles of the sam-
ples that underwent ruminal incubation; -e- rain tree
leaves; -m- Leucaena leaves; - A - Gliricidia leaves; - ¥ -
Napier grass; -#- Para grass; -x- Guinea grass.
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Figure 1d.Crude protein (CP) degradation profiles of the sam-
ples that underwent ruminal incubation; -e- rain tree
leaves; -m- Leucaena leaves; - A - Gliricidia leaves; - ¥ -
Napier grass; -#- Para grass; -x- Guinea grass.

ments of the two samples. Rain tree leaves, on the other
hand, had the lowest (p<0.001) potentially degradable
fraction. The calculated ED of the grasses were greater
(p<0.001) than those of the legumes.

Crude protein degradation. Leucaena leaves had the
lowest (P<0.001) estimate for the rapidly soluble CP frac-
tion, which was negative (Figure 1d). Consequently,
the calculated ED of Leucaena leaves was the lowest
(p<0.001) among the six samples. Rain tree leaves, Para,
and Napier grasses had the greatest rapidly soluble frac-
tions. The potentially degradable fractions of Leucaena
and Cliricidia leaves were greater (p<0.01) than those of
Rain tree leaves and Para grass. Napier grass had greater
(p<0.001) ED than all the other samples except Gliricidia
leaves.

For each nutrient, degradation rates (c) of the
samples did not differ significantly from one another.

In Vitro Gas Production

The resulting cumulative gas production curves
from the in vitro fermentation of the six samples are
presented in Figure 2 and the estimated gas production
parameters are given in Table 4. All six samples had
negative values for the gas production from the im-
mediately soluble fraction (a). Napier grass had a lower
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Table 3. Effective degradability and estimated degradation kinetics of the samples incubated in the rumen

Forages
Rain tree Leucaena Gliricidia . . SEM p value
leaves leaves leaves Napier grass  Para grass  Guinea grass
Dry matter
a, % 25.772 15.48¢ 24.04% 10.92% 19.26 8.73¢ 0.830 <0.0001
b, % 14.52b 43.612 45.892 43.072 36.492 34.312 3.215 0.0002
a+b, % 40.300 54.74% 65.542 55.66* 54.742¢ 45.85b¢ 2431 0.0004
¢, %/h 0.021 0.029 0.075 0.104 0.048 0.054 0.018 0.0809
ED, % 34.20¢ 40.60¢ 52.49a 50.32% 42,94bd 36.48< 1.826 <0.0001
Organic matter
a, % 24.892 12.16° 21.332 -2.63¢ 11.05> 4.61¢c 0.946 <0.0001
b, % 16.04b 42.742 48.822 51.162 41.032 36.71a 3.060 <0.0001
atb, % 40.930 54.58® 65.762 52.83% 52.080 44.47° 2.721 0.0008
¢, %/h 0.021 0.027 0.072 0.105 0.047 0.053 0.018 0.0808
ED, % 34.16¢ 38.62°¢ 51.012 4431 38.82b¢ 34.39¢ 1.945 0.0004
Neutral detergent fiber
a, % -0.900 -20.992 -23.282 -11.30% 7.17° -0.75b 3.426 0.0005
b, % 21.73b 73.482 78.052 53.53% 44,99 37.81%¢ 4.825 <0.0001
a+b, % 20.83¢ 61.932 43.43® 47.12%® 52.15% 40.16 3.375 0.0002
¢, %/h 0.016 0.02 0.068 0.096 0.045 0.052 0.018 0.0904
ED, % 10.212 13.022 25.45b 37.66¢ 37.14%¢ 29.41% 2.489 <0.0001
Crude protein
a, % 31.612 -0.434 16.94 27.907¢ 30.422 22.62b¢ 1.093 <0.0001
b, % 23.85P 61.852 64.262 47.08*® 30.100 37.73%® 5.329 0.0088
a+b, % 55.09% 60.78® 75.662 74.982 52.46P 58.04° 3.725 0.0093
¢, %/h 0.022 0.015 0.052 0.066 0.088 0.024 0.018 0.0735
ED, % 44.78> 29.95¢ 56.44% 61.472 46.88 43.77° 2.760 <0.0001

Note: Means in the same row with different superscripts differ significantly (p<0.05). a: the rapidly soluble fraction (%), b: the potentially degradable

fraction (%), c: degradation rates, ED: effective degradability.
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Figure 2. Cumulative gas production profiles of the samples
that were subjected to the in vitro gas production
experiment; -e- rain tree leaves; -m- Leucaena leaves;
-A- Cliricidia leaves; -V- Napier grass; -#- Para
grass; -x- Guinea grass.

(p<0.01) gas production from the immediately soluble
fraction than Rain tree and Leucaena leaves. Although
the gas production from the immediately soluble frac-
tion of Napier grass was lower, its gas production from
the insoluble fraction (b) was the greatest (p<0.001)
among the six samples. As a result, its potential gas
production (atb) was also the greatest (p<0.001) out of
all the samples.
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Unlike the nutrient degradation rates analyzed in
Experiment 1, there was a significant difference (p<0.05)
in the gas production rates (c) among the samples. Rain
tree leaves, which had the lowest potential gas produc-
tion, had a higher rate of gas production than Gliricidia
leaves.

Correlation between the Effective Degradability and
the Gas Production Parameters

The ED of each nutrient which was calculated
in Experiment 1 was subjected to correlation analysis
with the gas production at each incubation time (Table
5) as well as with the estimated gas production param-
eters (Table 6). Effective degradability of DM was only
found to be moderately correlated with cumulative gas
production at 48 h and 72 h (p<0.05). Effective degrad-
ability of OM, on the other hand, did not have any
correlation with any of the gas production incubation
times. NDF effective degradability exhibited the most
correlations with the gas production measurements. It is
moderately correlated with cumulative gas production
at 6 h (p<0.05) and 12 h (p<0.01) and strongly correlated
with cumulative gas production at 24 h, 48 h and 72 h
(p<0.001). Effective degradability of CP also showed
correlations with cumulative gas productions at certain
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Table 4. Estimated gas production variables of the samples that were subjected to the in vitro gas production experiment

Forages
Rain tree Leucaena Gliricidia Napier grass ~ Para grass  Guinea grass SEM p value
leaves leaves leaves
a, mL -0.362 -0.852 -0.952 -3.14b -1.71% -1.90%® 0.375 0.0067
b, mL 1.612 3.71:® 5.12:® 13.13 6.46% 7.74b 1.052 0.0001
a+b, mL 1.352 2.86% 4.18%® 9.99 5.05b 5.84b 0.748 <0.0001
¢, mL/h 0.1052 0.082® 0.061° 0.093* 0.084% 0.097% 0.007 0.0426

Note: Means in the same row with different superscripts differ significantly (p<0.05). a: the rapidly soluble fraction (%), b: the potentially degradable

fraction (%), c: degradation rates.

Table 5. Correlation coefficients (r) of the relationship between the effective degradability of each nutrient with the cumulative gas

production at every time interval

Incubation times

3h, 6h,, 12h 24h 48h 72h

DM, 0.0451" 0.201% 0.345" 0.449 0.519* 0.535*
oM, -0.0627N 0.0255% 0.149" 0.2491 0.330" 0.346"
NDF, 0.265% 0.482* 0.639** 0.766* 0.783%+* 0.785%+*
CP, 0.300% 0.388" 0.494* 0.558* 0.608** 0.616*

is

Note: ***p<0.001; **p<0.01; *p<0.05; NS = not significant (p>0.05); DM= dry matter; OM= organic matter; NDF= neutral detergent fiber; CP= crude pro-

tein; is = in situ; gas = in vitro.

Table 6. Correlation coefficients (r) of the relationship between
the effective degradability of each nutrient with the es-
timated gas production parameters

Estimated variables

a,rz,as bgas a+b gas C as
DM, -0.389M8 0.501* 0.534* -0.667**
OM; -0.202N8 0.311™ 0.346N8 -0.724%%*
NDF, -0.687** 0.772%%* 0.790*** -0.380Ms
CP, -0.454N8 0.580* 0.616** -0.318Ns

Note: ***p<0.001; **p<0.01; *p<0.05; NS = not significant (p>0.05); is = in
situ; gas = in vitro; a = gas production from the immediately solu-
ble fraction; b = gas production from the insoluble fraction; a+b =
potential gas production; ¢ = gas production rate.

time intervals. It was moderately correlated with cu-
mulative gas production at 12 h and 24 h (p<0.05), and
strongly correlated at 48 h and 72 h (p<0.01).

Effective degradability values of each nutrient were
also found to be correlated with some of the estimated
gas parameters (a, b, atb, and c). DM effective degrad-
ability was moderately correlated with the gas produc-
tion from the insoluble fraction and the potential gas
production (p<0.05), and strongly but negatively corre-
lated with the rate of gas production (p<0.01). OM effec-
tive degradability was found to be only correlated with
gas production rate (p<0.001). Effective degradability of
NDF was strongly correlated (p<0.01) with the gas pro-
duction from the rapidly soluble fraction, and strongly
correlated with the gas production from the insoluble
fraction and potential gas production (p<0.001). Lastly,
effective degradability of CP was moderately correlated
with the gas production from the insoluble fraction
(p<0.05), and strongly correlated with the potential gas
production (p<0.01).

DISCUSSION
In Situ Degradability of DM, OM, NDF, and CP

Rain tree is a legume species with high tannin con-
tent (Anantasook et al., 2014). Tannin is an example of a
plant secondary metabolite whose primary purpose is to
protect the plant from foreign attacks such as from mi-
crobial pathogens (Kisworo ef al., 2017). Tannin reduces
DM degradability of forages by forming complexes with
many compounds like polysaccharides, proteins, nucleic
acids, steroids, and saponins (Ozkan & Sahin, 2006).
Lignin present in the Rain tree sample may have also
contributed to its poor DM degradability. The measured
lignin content of Rain tree foliage in a study by Delgado
et al. (2014) was 14.8%. This value is relatively greater
than the lignin content of Gliricidia leaves (12.19%)
(Ahmed et al., 2018) and of Napier grass (13%) (Liong et
al., 2013), the two forages with the greatest DM effective
degradability in the present study. Like tannin, lignin
limits the DM degradability of feed materials because
of the cross-linking of this compound with the other
cell wall polysaccharides (Niwinska, 2012; Moreira et
al., 2013). Gliricidia has a relatively low tannin content
(Ahmed et al., 2018) which is why it has the greatest (P <
0.001) calculated ED together with Napier grass.

Para grass is the only sample tested that does not
have a negative rapidly soluble NDF fraction. This
means that NDF degradation for the other samples actu-
ally begin after a certain initiation duration. However,
the negative values for the rapidly soluble NDF frac-
tions of Leucaena and Gliricidia leaves may be due to
the negative NDF degradations measured at the early
periods of their incubation. While very unlikely, one
possible reason for this is that small fractions of NDF
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from the digesta in the rumen percolated into the bags
and was included in the analysis of the samples. On the
other hand, the longer lag phase for Napier and Para
grasses may indicate that undegradable components in
the plant cell wall prevents the microbes to colonize the
samples immediately (Corréa ef al., 2014).

As with the other legumes in the study, Leucaena
leaves also exhibited a reduction in CP degradabil-
ity due to its tannin content (Paengkoum et al., 2013;
Foroughbakhch ef al., 2012). The tannins may have

Table 7. Correlation coefficients (r) of the relationship between
the dry matter degradation and gas production per

forage
Forages Correlation coefficients (r) P value
Rain tree leaves 0.934 0.0064
Leucaena leaves 0.922 0.0088
Gliricidia leaves 0.979 0.0006
Napier grass 0.981 0.0005
Para grass 0.960 0.0023
Guinea grass 0.950 0.0036

formed complexes with proteins (Ozkan & Sahin, 2006)
leading to a low CP degradability in the bags. In addi-
tion, a portion of the protein that escaped the digestion
bags may have been in the form of protein-tannin com-
plexes which were undegraded by the microorganisms
in the rumen (Nsahlai ef al., 1999; McNabb et al., 1996;
Perez-Maldonado & Norton, 1996 as cited by Morais
et al., 2018). This is one of the limitations of the nylon
bag technique when applied to tanniferous samples. In
any case, the low CP degradability of Leucaena leaves

Table 8. Effective degradability predictor models derived from
the gas production and estimated parameters

Equation R* pvalue Aic
DM y=65.88+0.99gas,, -310.01c, 0740 0.0002 47.47
OM  y=6577+0.46gas,, -309.29c, 0659 0.0009 48.94

NDF y=23.58 +3.93gas,, - 181.73¢ 0.813 <0.0001 56.76
ga:

CP  y=-3345+598gas,, +10.13a 0500 0.0055 79.08

s

Note: DM= dry matter; OM= organic matter; NDF= neutral detergent
fiber; CP= crude protein.

Table 9. Effective nutrient degradability values of some forages calculated using predictor models

Calculated effective degradability values (%)

Forages Scientific name DM (%) DM OM NDF cp
Guinea grass, 21 d Panicum maximum 29.41 49.90 47.75 27.39 45.75
Guinea grass, 42 d Panicum maximum 29.44 47.04 45.07 24.65 45.62
Guinea grass, 56 d Panicum maximum 37.12 46.49 44.70 23.16 44.70
Napier grass, 21 d Pennisetum purpureum 15.38 53.11 49.44 38.87 58.46
Napier grass, 42 d Pennisetum purpureum 15.52 50.31 46.80 36.22 55.14
Napier grass, 56 d Pennisetum purpureum 17.33 47.76 43.94 36.74 58.13
Napier grass (Florida), 45 d Pennisetum purpureum 17.74 34.83 31.02 29.33 47.40
Centrosema, 42 d Centrosema pubescens 28.57 40.99 38.38 25.23 43.58
Centrosema, 63 d Centrosema pubescens 31.25 50.48 47.89 30.46 51.65
Centrosema, 84 d Centrosema pubescens 29.03 55.09 52.33 34.28 56.39
Alabang grass, 28 d Dicanthum annulatum 20.93 49.16 46.46 30.47 48.21
Alabang grass, 56 d Dicanthum annulatum 30.07 44.80 42.29 26.74 45.96
Star grass, 56 d Cynodon nlemfuensis 24.53 47.81 45.29 28.56 47.93
Gambea grass, 45 d Andropogon gayanus 37.09 43.21 40.84 24.97 47.32
Cogon grass, 56 d Imperata cylindrica 40.00 26.56 24.70 12.26 39.49
Splendid grass, 45 d Setaria splendida 19.33 47.22 43.11 38.32 57.49
Golden Timothy, 56 d Setaria sphacelata 25.00 42.61 37.95 39.14 56.08
Leucaena tops Leucaena leucocephala 27.24 49.82 47.07 31.13 47.32
Corn silage Zea mays 31.71 41.80 40.01 20.46 44.82
Perennial Stylo Stylosanthes guianensis 20.44 53.71 49.13 44.97 65.49
Flemengia Flemengia macrophylla 27.34 39.77 38.67 14.92 38.59
Sesbania Sesbania grandiflora 23.28 53.91 49.40 44.64 61.66
Sugarcane tops Saccharum officinarum 26.15 47.79 46.12 23.14 44.37
Calopo Calopogonium muconoides 30.38 55.09 51.49 39.53 60.22
Kudzu Pueraria phaseoloides 21.80 53.26 49.99 36.39 57.19
Moringa Moringa oleifera 22.45 56.48 53.47 36.66 59.46
Rice straw Oryza sativa 89.39 58.18 55.58 34.97 54.01
Rensonii Desmodium rensonii 20.33 62.90 59.52 42.66 58.98
Peanut hay Arachis hypogea 93.66 47.58 44.47 32.17 54.72
Pigeon pea straw Cajanus cajan 95.17 46.87 44.05 29.97 49.19

Note: DM= dry matter; OM= organic matter; NDF= neutral detergent fiber; CP= crude protein.
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implies that the initial CP does not necessarily equate to
the extent of CP degradability of a sample.

In Vitro Gas Production

Compared to the findings of Sujani et al. (2016) and
Zailan et al. (2016), the gas production of the samples in
the current study is substantially low (Figure 2). This
may be because the conditions in the rumen fluid-buffer
mixture in the current in vitro experiment were more
adverse than those used in the mentioned studies. Those
authors used a digestion medium described by Menke
& Steingass (1988) which contains a more complete set
of macro and micro minerals. Still, the gas production
curve of a sample obtained in the current experiment
has a very strong correlation with the corresponding
DM degradability curve obtained from Experiment 1
(Table 7). This result signifies that within each sample,
the in situ incubation method and the in vitro gas pro-
duction method will produce non-linear curves which
are roughly similar in terms of the rate and extent of gas
production/nutrient degradation.

Prediction of Effective Degradability Using Gas
Production Parameters

The resulting predictor models for the computa-
tions of the ED of each nutrient using the estimated
gas parameters are shown in Table 8 and the calculated
effective nutrient degradability values of some
commonly used forages in the Philippines using the
predictor models are presented in Table 9. The predictor
model for the DM ED has a coefficient of determination
of 0.740 which indicates that the gas parameters present
in the equation explain 74% of the variability in the DM
ED of the forages. The predictor model for OM ED had a
lower coefficient of determination which was only 0.659.
The equation for NDF ED had the greatest coefficient
of determination which was 0.813. This is a justification
that most of the gas produced during fermentation in
the rumen comes from the degradation of plant cell wall
components by the rumen microbes. On the other hand,
CP ED predictor only had a coefficient of determination
of 0.500. Gas production from CP degradation
mostly comes indirectly from the fermentation of the
carbohydrates required to drive protein metabolism and
synthesis (McDonald et al., 2010).

CONCLUSION

The gas production and the estimated gas para-
meters obtained using the modified in vitro technique
used in the present study can be used to estimate the in
situ ruminal degradability of forages. The resulting coef-
ficient of determination (R?) of the predictor models for
the ED of DM, OM, and NDF were sufficiently strong
while that of CP was only moderate.
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