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PREDICTING THE NUTRITIVE VALUE OF DIFFERENT
ROUGHAGES USED IN RUMINANTS FEEDING BY
SOME LABORATORY METHODS

SALEH, M. S.
Animal Production Dept., Faculty of Agriculture, Kafr El-Sheikh Univ,
' ABSTRACT

To test the possibility of developing quick laboratory methods for
predicting the nutritive value of different roughages with a reasonable
degree of accuracy, thirteen roughages commonly used in livestock
feeding were tested. Chemical composition including fiber fractions,
organic cell wall (OCW) including highly digestible fiber (Oa) and
slowly digestible fiber (Ob), gross energy (GE) and in vitro dry matter
disappearance (IVDMD) using pepsin-cellulase assay were estimated.
Also, in vivo dry matter digestibility (DMD) was predicted from IVDMD
using prediction equation of Goto and Minson (1977) for roughages.
Simple, multiple and stepwise regression was calculated between CF and
its fraction contents, also between each of IVDMD, GE and Ob and
chemical components of roughages to determine the strength of the
relationships between them, so examining the limits of their use in
practical application. The results indicated that, highly positive
relationships (p<0.01) were detected between CF content and its fractions
(NDF, ADF and “ADL+Silica”). Since the regression equations for
IVDMD, GE and Ob varled according to the values of adjusted of
determination coefficient (r?) and also affected strongly by specific
chemical components of roughages namely CF and its fraction contents.

Values of IVDMD, GE and Ob for the different roughages can be
predicted from chemical composition values using the more precise
equations as following :-

a) IVDMD (%) = 146.48 -1.52 CF - 0.646 Ob -1.24 “ADL+Silica”
(> = 0.85, p<0.01).

b) GE (cal/ g DM) = 3234.02 + 14.73 NDF (r'2 = 0.46, P<0.01).

¢) Ob (%) = 26.95 + 0.604 NDF - 0.665 Oa (1= 0.85, P<0.01).

Keywords: roughages, chemical components , nutritive values, enzymatic

methods, pepsin-cellulase assay, o amylase- actinase-
cellulase assay, prediction.
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INTRODUCTION

In Egypt, the animals are suffering from feed shortage particularly
during the summer season. Shortage of both concentrates and their
ingredients with their relatively high prices are the major problem in the
animal production sector. These necessitate using agricultural by-
products in animal feeding to minimize the feed cost and improve the
economical efficiency. The development and application of laboratory
methods for predicting the nutritive value of feedstuffs have been an
active and successful area of research during the latter half of last
century. Although the digestion trials are an accepted technique for
determining the nutritive value of forages for ruminants, the high cost of
equipment, animals and labor, also require large quantities of test feed
and time, these limit using it in evaluation of forage quality. For these
reasons, a variety of laboratory methods have been developed to estimate
the in vivo digestibility of domestic ruminants (lantcheva et al, 1999). In
vitro methods include the incubation in rumen liquor (Tilly and Terry,
1963), cellulase enzymes (Jones and Hayward, 1975) and other methods
depend on empirical equations that are nearly based on statistical
association to predict digestibility from chemical components (Minson,
1982). The pepsin-cellulase assay is recommended for estimate the
digestibility of feeds especially with high starch content than the other
laboratory methods. Moreover, with cereal grains or forage cereal grain
mixtures, using pepsin-cellulase plus amylase or in vitro Tilly and Terry
(1963) method is recommended. Using pepsin-cellulase plus amylase is
preferred for better repeatability, as involves less biological variation
than inocula based methods (Kitessa et al, 1999).

The aim of this study was to evaluation of some common
roughages used in feeding ruminants by quick laboratory enzymatic
methods and predicting their nutritive values from chemical components.
Fiber fractions, organic cell wall (OCW) content and in vitro dry matter
disappearance (IVDMD) were estimated. Moreover, in vivo dry matter
digestibility (DMD) was predicted from IVDMD using prediction
equation of Goto and Minson (1977) for roughages.
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MATERIALS AND METHODS

This study was carried out at the laboratory of Feed Science,
Department of Animal Science, Faculty of Agriculture, Kyushu
University, Fukuoka, Japan and Department of Animal Production,
faculty of Agriculture, Kafr El-Sheikh University, Egypt.

I- Preparation of roughage samples:

Thirteen samples representing different roughages including
legumes, non-legumes and its by- products were tested. Samples
including: 1- Alfalfa hay (AH); 2- Berseem (Trifolium Alexandrinium)
hay (BH); 3- Elephant grass (EG); 4- Corn (Zea mays, L) silage as whole
plants form (CS); 5- Corn stalk silage (CSS); 6-Sugar beet pulp (fresh,
SBPs); 7- Dried sugar beet pulp (pellets, DSBPp); 8- Peanut vine hay
(PVH); 9- Sweet potato (I[pomoea batatas) tops (fresh, SPT); 10- Sweet
potato tops hay (SPTy); 11- Watermelon vine hay (WMVH); 12- Wheat
straw (WS); 13- Rice straw (RS). All samples were collected from El-
Behera and Kafr El-Sheikh Governorates, five samples of each roughage
from the different five sites in the same location were collected, dried and
then mixed together, blended and representative samples were taken for
chemical analysis.

II- Laboratory measurements

Chemical composition was determined according to A.O.A.C.
(1990). Gross energy (GE) estimated using an adiabatic Bomb
Calorimeter, while crude fiber fractions were adopted according to
Goering and Van Soest (1970). Organic cell wall (QCW) and slowly
digestible fiber (Ob) contents were determined using - amylase-
actinase- cellulase assay as described by Japan Grassland Association
(1994), while highly digestible fiber (Oa) was estimated by difference
between OCW and Ob as shown in Fig. 1. Furthermore, in vitro dry
matter disappearance (IVDMD) estimated using pepsin-cellulase assay
according to method of Jones and Hayward (1975). Moreover, in viveo dry
matter digestibility (DMD) was predicted from IVDMD using prediction
equation of Goto and Minson (1977) for roughages as follows:-

Y =0.69 X + 20.32, were Y: predicted in vivo DMD and X: IVDMD values.
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Figure (1): Flowchert for fractionizing of feeds in the analysis of digestion in vitre
(Japan Grassland Association, 1994).

1II- statistical analysis

Relationships between fiber fractions (NDF, ADF, ADL and
“ADL+Silca™) as independent variables (§) and CF content as dependant
variable (x) were estimated. Moreover, relationships between IVDMD,
GE and Ob as independent variables (3} and chemical components such
as CP and CF and its fractions as dependent variables (x) were
calculated. Every variable was studed alone and cumulative with the
other variables. Data were statistically analyzed using Linear Regression
Models procedure adapted by SPSS (1997) for user s Guide, where
appropriate means were separated using Duncan's multiple range test.
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Simple, multiple and stepwise regression was calculated. Moreover,
some statistic measurments such as adjusted of deterimination coefficient
(r ) T and F values at levels 1% and 5% were determined. Prednctmg
equations were studied and arranged according to these importance in
affecting on independent variables. The regression relationships were
calculated from the equation of liner regression (§ = a + bx) between the
following parameters: -

1 - Crude fiber content as dependent variable (x) and its fractions (NDF,
ADF, ADL and “ADL+Silica™) as independent variables ().

2- Chemical components (CP, CF, NDF, ADF, “ADL+ Silica”, Ob and Oa)
as (x) from one side and IVDMD, GE and Ob (§) from the other side.

The predicting equations of IVDMD, GE and Ob values from some
chemical components such as CF, NDF, “ADL+ Silica”, Oa and Ob were
calculated for the tested roughage samples.

RESULTS AND DISCUSSIONS

1- Chemical composition:

As presented in Table 1, CP, EE, CF, NFE and ash contents of the
different roughages were ranged from (2.63-12.47), (1.24-3.40), (19.25-
39.10), (38.85-63.84) and (5.94-19.33) %, respectively. These results
indicated that, legumes and its by-products such as AH, BH and PVH
had higher of CP content (8. 96-12.47 %} than non-legumes and its by-
products such as EG, CS, CSS, WS and RS (2.63-8.53 %). Similar trend
was observed by many workers (Ahmed et al., 1990; De Boever, 1994
and Saleh et al, 2000). Chemical analysis could provide valuable
information about the actual chemical constituents influencing digestion
and in vitro methods (Van Soest, 1994). The actual nutrient contents for
by- products of feedstuffs are differing, this may be due to variation in
plant varieties and handling after processing (De Peters et al., 1997).
Generally, chemical composition of different roughages or crop residues
is depending on many factors such as plant age, species, climate, soil
types. fertilizers, system of crop harvesting and others. Using statistical
associations, characterization of fiber, lignin, protein and other chemical
components are used to predict the animal performance (Cherney, 2000).
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Table 1. Chemical composition of ﬂ:e tested different roughage sources
(on DM basis, n = 39 samples).

DM DM composition, % GE,
Feedstuffs* o,” oM CP EE CF NFE Ash Cal'e
1- AH 90.73 90.39 976 1.92 3043 4828 9.61 4301.84
2-BH 89.90 8820 1247 202 3157 4214 11.80 4164.62
3-EG 1925 89.59 659 273 2671 5356 1041 4134.84
4CS 3026 9250 853 289 2858 5250 7.50 427727
5. CS§ 3224 8895 678 190 2798 5229 1105 412926

6- SBPy 2125 9366 99 124 1925 6323 634 4180.02
7- DSBP, 89.75 9406 924 126 1972 63.84 594 420001
8- PVH 91.35 8846 896 340 2681 4929 1154 392775
9- SPT¢ 21.85 8255 1093 273 1996 4893 1745 384252
10- SPTy 8845 38506 919 234 2460 4893 1494 3790.0]
11-WMVH 8357 80.67 1099 267 2816 3885 1933 3689.05
12- W8 90.15 88.90 2463 166 3910 4551 11.10 4093.84
13- RS 89.74 8338 433 188 3359 4358 16.62 485853
Ov. mean 69.73 88.18 849 220 2742 50.07 11.82 412227

*1- Alfalfa hay (AH); 2- Berseem hay (BH); 3- Elephant grass {EG); 4- Corn silage
as whole plants form (CS); 5- Corn stalk silage (CSS); 6-Sugar beet pulp (fresh,
SBPg); 7- Dried sugar beet pulp (pellets, DSBP;); 8- Peanut vine hay (PVHY); 9- Sweet
potato tops (fresh, SBT;); 10- sweet potato tops hay (SPTy); 11- Watermelon vine hay
(WMVH); 12- Wheat straw (WS); 13- Rice straw (RS).

2- Fractions of the crude fiber contents:

As shown in Table 2, highest values of both NDF and ADF
contents were recorded for WS (79.59 and 54.80 %) and RS (73.63 and
52.84 %), respectively. However, PVH and SPTF had the highest ADL
content (10.31 and 11.95 %), respectively. Meanwhile, SPTy, DSBP; and
SBPf had the lowest NDF, ADF and ADL, being 39.33, 25.49 and 2.07
%, respectively, however RS had the highest silica content (8.53%).
These results are in close agreement and within the range reported by
Saleh et al. (2000), Mahmoud et al. (2003) and Saleh (2005). Otherwise,
the present values were higher than those reported by Koller et al. (1978)
and Ahmed et al. (1990). The differenses in the chemical components,

-
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especially CF and possibly ash content may explain the differences in
their NDF, ADF-and ADL contents (Koller et al., 1978). Higher lignin
content for some roughages may be related to stage of plant maturity (El-
Talty, 1973). However, higher silica content of some roughages was
possibly related to their high ash content (Ahmed et al., 1990). Forages
digestibility is determined by structural fractions, such as degree of
lignification also influenced by some factors such as physica! processing,
level of intake, protein content and other associative effects within mixed
diets (Mc Donald et al., 1995).

Table 2. Crude fiber fraction contents of the tested different roughage
sources {on DM basis, n = 39 samples).

Fiber fraction contents, %*

Feedstuffs “ :

NDF ADF  ADL Silica s};:::;: _c:':fu';‘o‘;e Cellulose
1- AH 6450 4474 956 060 1016 1976  35.18
2-BH 5664 4329 778 025 803 1335 3551
3-EG 73.41 4033 442 201 643 33.08 3591
4CS 65.19 3621 473 236 709 2898 3148
5 CSS 6825 3927 427 187 614 2898 3500

6- SBP; 56.30 25.67 207 0.28 235 30.63 23.60
7- DSBP, 50.10 2549 4.12 0.27 439 24.61 21.37
8- PVH 60.78 5228 10.31 1.01 11.32 8.50 41.97

9.-SPT; 3959 3773 1195 080 1275  1.86 25.78
10-SPT, 3933 3326 631 034 665 607 2695 -
1ILWMVH 3978 3820 655 051 706 158 3165
12- WS 7959 5480 730 402 1132 2479  47.50
13- RS 7363 5284 437 853 1290 2079 4847

Ov. mean 59.01 4032 6.44 1.76 8.20 18.69 33.88
NDF: Neutral detergent fiber (Cellulose + Hemicellulose + lignin).

ADF: Acid detergent fiber (Lignin + cellulose), ADL Acid detergent lignin (Lignin).
Hemicetluiose = NDF — ADF & Cellulose = ADF — ADL.

As presented in Table 3, there is a highly significant (P<0.01)
positive correlation was observed between fiber fractions (NDF, ADF
and “ADL+Silca™) and CF content. Values of > were 0.41. 0.66 and 0.23
for Equations No.1, 2 and 3, respectively, this mean that about 41, 66 and
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23% from the variations in these fiber fractions are attributed to CF
content, while 59, 34 and 77%, respectively due to the other unknown
factors. Meanwhile, effect of CF content on ADL was insignificant , 50 it
excluded from data presented in Table 3. Based on the obtained results, it
is possible to predict the NDF, ADF and “ADL+silica” contents of tested
roughages from their CF content. Such practice is of prime importance in
practical and applied conditions as Van Soest assay is costly, time
consuming and requires high technically-skilled personnel compared to
the CF assay (Ahmed et al., 1990). Fiber and lignin assays should be
continue to be important, due to their strong assocation with factors
affecting animal performance (Chemney, 2000).

Table 3. Predicting equations of fiber fractions (NDF, ADF and “ADL+Silica™)
from crude fiber content of the different roughage sources (n=39 samples).

Independent  Equ

varisbles (§)  No. Predicting equations  +SE r [ r?  Fvalue
§ = 16.31+1.56 CF

NDF m 1017 066 0.43 041 2784%
(1.98)* (5.28)**
§ = 3.56+1.34 CF

ADF @ 529 082 067 066 7630
(0.829)(8.73 )%+

" = 0,261+ 0.289 CF

s‘i‘“‘::,* o ! 283 050 025 023 12400

(0.113) (3.52 )**

Y: determined values of independent variables, 1: correlation coefficient, ©: coefficient of
deterimination value, r adjusted of r value, SE: standerd emor, Values between brackets
refer 1o calculated T values, Valuz of T table at level of 1%= 3.106 and at level of 5%=
2.250 & * : Significant a1 5% level of probability , **: Significant at 1% level of probability.

3- Organic cell wall contents:

As presented in Table 4, WS had the highest OCW and Ob values,
being 81.08 and 70.29%, respectively, while PVH was the lowest Oa
~ content {10.41%). However, SPTr contain the lowest OCW and Ob values
(50.80 and 32.31%), respectively, wherease, SBPr contain the highest Oa
(30.58%). Increase of slowly digestibie fiber { Ob) content was attributed to
increase of NDF or and highly digestible fiber (Oa) content (Tables 2&4).
Robertson and Van Soest (1977) indicated that, starch contamination of
NDF, particularly in forages contaning grain lead to overstimates of NDF
value. In the presnt study, increase of Ob content was accompaned by
decrease of Oa value because Oa was estimated by difference between
OCW and Ob as shown in Fig. 1. Generally all feedstuffs had higher Ob
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than Oa values, these may be related to higher both ADL and silica
contents for some roughage samples (Table 2). Haaksms (1993) concluded
that, sugar beet pulp is an excellent feed for dairy cows because it contain
carbohydrates that low lignin content and high digestibility.

Table 4. Organic cell wall contents of the tested different
roughage sources (on DM basis, n = 39 samples).

Feedstuffs OCW, % Ob, % Oa, %
1- AH _ 68.41 53.76 14.65
2- BH 60.48 48.72 11.76
3-EG 75.26 55.09 20.17
4-CS 77.38 60.32 17.06
5 CSS 73.17 59.35 13.82
6- SBPr | 66.86 36.28 30.58
7- DSBPp 73.40 46.10 27.30
8- PVH 70.47 . 60.06 10.41
9.SPTe 50.80 32.31 18.49
10- SPTy 56.59 39.36 17.23
11- WMVH 60.51 44.20 16.31
12- WS 81.08 70.29 10.79
13- RS 73.22 60.52 12.70
Overall mean 68.28 51.26 17.02

OCW: Organic cell wall, Ob: slowly digestible fiber, Oa: Highly digestible fiber.
OCW=0a+0b & Oa=O0CW-0b.

4- In vitro and predicted in vivo dry matter digestibility:

As shown in Table 5, sugar beet pulp (DSBPp and SBPf) had the
highest values of both IVDMD (93.23 and 92.32%) and predicted in vive
DMD (84.65 and 84.02%), respectively. While, WS had the lowest value,
being 29.82 and 40.90% for IVDMD and DMD, respectively. As
expected, most of roughages especially SBPr and DSBPp were higher of
both IVDMD and DMD values than straws (WS&RS) or corn silage
(CS&CSS). It was noticed that, DMD values took the same trend of
IVDMD because it is predicted from IVDMD values. Values of IVDMD
are in accordance with those reported by Ahmed et al. (1990).

The higher values of NFE and CP contents were reflected in the
higher values of both IVDMD and DMD. Contrary, the higher CF and its
fraction contents were associated with the lower of these values. These
results support those found by Koller et al. (1978) with different
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roughages. In the present study, both IVDMD and DMD were higher than
those reported by Delgado-Pertinesz et al. (2600), who found that IVDMD
estimated by pepsin-cellulase method ranged from 57.3 to 57.8%, while the
range of in vivo DMD was 47.5-53.9% for different roughages, they also
recorded that TVDMD values were higher than those reported by Tilly and
Teny method (47.2-48.3%). Andrighetto et al. (1992) reported that, IVOMD
estimated by pepsin-cellulase assay for mountain forage hay, silage and
fresh grasses was 50.5, 56.0 and 48.5%, respectively.Moreover, Jarrige et al.
(1970) found that, solubility in cellulase was highly correlated (r = 0.92)
with in vivo DMD for grass and legume forages.

Table 5. In vitro dry matter disappearance (IVDMD) and predicted
in vivo dry matter digestibility (DMD) of the tested different
roughage sources (on DM basis, n = 39 samples).

Feedstuffs IVDMD,% DMD, %
I- AH 60.60 62.13
2-BH 61.87 63.01
3. EG 55.33 , 58.50
4-CS 48.06 53.48
5-CSS 47.54 53.12
6- SBPf 9232 84.02
7- DSBPp 93.23 84.65
8-PVH 60.39 61.99
9. SPT 71.42 69.60
10- SPTh 77.85 74.04
11- WMVH 66.14 65.96
12- WS : 29.82 40.90
13-RS 39.86 47.82
Overall mean 61.88 63.02

IVDMD: In vitro dry matter disappearance, DMD: predicted in vivo dry matter
digestibility.

5- Prediction of in vitro data from chemical components of roughages:

5- I. Prediction of in vitro dry matier disappearance:

. Asshown in Table 6, there is a highly significant (P<0.01) negative
correlation between IVDMD as independent variable and CF, Ob and
“ADL+Silica” as dependent vanables (Equations No. 1, 2 and 3) for
tested roughages. Values of r” were 0.77, 0.81 and 0.85 for previous
equations, respectively. These values indicated that, Equ. No. 3 was the
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best one because it the highest r” value (0.85), this mean that about 85%
from the variations in IVDMD values caused by CF, Ob and
“ADL+8Silica”, while 15% only was due to the other factors. However,
the direct effect of other chemical components such as CP, NDF, ADF,
ADL and Oa on IVDMD value was insignificant, so it excluded from
data presented in Table 6.

Generally when introducing more chemical components such as Ob
or and “ADL+silica” with CF in the equation No. 3 gives more a
significant improvement in prediction of IVDMD value. Moreover, the
current values are nearly similar with those reported by Aufrere et al.
(1992) in prediction of OMD from chemical composition and in vitro
pepsin-cellulase digestibility for traditional forages. Delgado-Pertinesz et
al. (2000) indicated that, highly significant negative correlalions were
observed between IVDMD and each of NDF, ADF and ADL contents for
different roughages. Furthermore, Jarrige et al. (1970) found that,
solubility in cellulase was highly correlated (r = 0.92) with in vivo DMD
for grass and legume forages. Goto and Minson (1977) found that,
pepsin-cellulase solubility was highly correlated (r = 0.94) with in vivo
DMD of grasses, it was ranged from 40 to 70%. In the present study it
may be concluded that, each of CF, Ob and “ADL+Silica” contents can
be used as a good predictors for IVDMD in roughages.

5.2. Prediction of gross energy:

As presented in Table 6, there is a highly significant (P<0.01)
positive correlation between GE and NDF. Value of r? was 0.46, this
mean that, about 46% from the variations in GE value was attributed to
the effect of NDF, while 54% due to the other other factors (Equ. No. 4).
Meanwhile, the effect of other chemical components such as CP, CF,
ADF, ADL “ADL+Silica”, Oa and Ob on GE value was insignificant.
Spanghero and Volpelli (1999) reported that, chemical components and
gross energy (GE) content were used to predict the digestible energy
(DE) content. Also, DE content was closely correlated with NDF (r =
0.91), while ADF and CF were correlated to lesser degree (r = 0.75 and
0.79, respectively). Wiseman et al. (1992) recorded a negative relatioships
between both digestible energy (DE) together with digestibility of gross
energy (GE) and measurments of fiber. While, highly correlation (r = 0.87)
was observed between CF and DE and in fact greater than that recorded for
ADF, NDF and ADL (r = 0.81, 0.63 and 0.82, respectively) for raw
materials of different roughages. However, Delgado-Pertinesz et al. (2000)
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Table 6. Predicting equations of in vifro dry matter disappearance (IVDMD), gross energy (GE) and slowly digestible fibex (Ob)
from chemical components of the tested different roughage sources (n = 39 samples).

Independent  Equ. .. . .
variables (§)  No. Predicting equations +SE r r r F value

§=140.55-2.88 CF
1) 8.71 088 0.78 077  120.77+%+

(19.89)** (-11.39)**

§ = 145.61 — 1.97 CF - 0.583 Ob
IVDMD (2} 7.89 091 082 081 B83.50*

(22.00)** (- 5.22)%* (- 3.01)*

¥ =146.48 ~ 1.52 CF - 0,646 Ob — 1.24 “ADL+Silica”
7.15 093 086 085 7073

3
© (24.38)** (-4.04)** (- 3.65)** (-2.97)**
- § =3234.02 + 14.73 NDF
GE @) 20987 069 047 046  33.04%*
. (20.87)** (5.75)**
§ =9.72 + 0.704 NDF : '

)] 569 086 074 073 102.55%*

ob (2.31)* (10.13)** _
§ = 26.95 + 0.604 NDF - 0.665 Oa
(6) 426 092 086 085 106.38**

(6.06)** (10.94)** (- 547)**

¥: determined values of independent variables, r: correlation coefficient, r’: coefficient of determination value, r’: adjusted r* value,
SE: standard error. Values between brackets refer to calculated T values, Value of T table at level of 1% = 3.106 and at level of 5% =
2.250, *: Significant at 5% level of probability, **: Significant at 1% level of probability.




J. Agric. Res. Kafer EI-Sheikh Univ., 33(1) 2007 50

illustrated that, GE content is not significantly correlated with any chemical
- parameters and could not be predicted with sufficient precision from
chemical components of fresh or dried olive leaf.

5.3. Prediction of slowly digestible fiber:

As shown in Table 6, there is a highly significant (P<0.01) positive
relationship between Ob-and NDF (Equ. No. 5). Moreover, there is a
positive relationship between NDF and Ob, while a negative relationship
between Oa and Ob with highly significant (P<0.01) differences (Equ. No.
6). Values of r? were 0.73 and 0.85 for equations No. 5 and 6,
respectively. These values indicated that, Equ. No. 6 was better than Equ.
No. 5 because it had higher R value (0.85), which mean that, about 85%
from the variations in Ob value was attributed to the direct effect of NDF
and Oa, while only 15% due to the other factors. Meanwhile, the effect of
other chemical components such as CP, CF, ADF, ADL and
“ADL+48ilica” on Ob value was insignificant. It is observed that, the
precision can be improved by adding more chemical components such as
Oa as illustratrd in Equ. No.6.

It is noticed that, increase of Ob values were accompaned by
decrease of Oa values because the organic cell wall (OCW) including
highly digestible fiber (Oa) and slowly digestible fiber (Ob) contents as
shown in Fig. 1 (Japan Grassland Association, 1994). Also, higher NDF
content of different tested roughages was lead to icrease of Ob values
(Table 2). Van Soest (1994) indicated that, chemical analysis could
provide valuable information about the actual chemical constituents
influencing digestion, and in vitro methods. He also found that, lignin
and associated phenolics are most often identified as chemical
constituents in cell wall most limiting digestion. Moreover, Cherney
(2000) indicated that, statistical associations, characterization of forage
fiber, lignin, protein and other chemical components are used to predict
animal performance. Also, one fraction, soluble fiber that includes non-

starch polysaccharides, such as pectic polysaccharides is of particular
interest. '
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