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Abstract

The chemical composition and in situ dry matter (DM) and organic matter (OM)
degradability of seven different cereal crop residues were evaluated in this study.
They included the Sorghum stovers (SS) and its threshed head residues (STH), millet
stovers (MS) and its threshed head residues (MTH), corn stover (CS), wheat (WS)
and barley (BS) straws. A legume crop residue (lentil, Lens esculanta, straw; LS) was
included for comparison with the cereal crop residues. The CS was high (P < 0.05) in
crude protein (CP) and acid detergent lignin (ADL) and the lowest (P < 0.05) in
Neutral Detergent Fibre (NDF) and acid detergent fibre (ADF) when compared to the
amounts in SS and MS. It was found out that LS had higher (P < 0.05) CP, ADL, ME
and low (P < 0.05) NDF and ADF than the cereal crop residues. There were differ-
ences in digestible DM (DMD) at various incubation times both between and within
the feed samples. The DM and OM a, ¢ fraction were highest (P < 0.05) for LS when
compared to all the cop residues evaluated. The BS and MS had the lowest effective
degradability (ED) DM at 0.02 and 0.05 (P < 0.05) rates of passage, while the LS had
the highest. The chemical composition and degradability of different crop residues
found in Eritrea indicate the potential the residues have in supplementing grazing
animals.
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1. Introduction

Grazed livestock production systems in many developing countries are constrained by
the quality and quantity of feed resources available at any given time of the year [1] es-

pecially in dry land systems where feed demand and supply fluctuates within and be-
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tween years as a result of climatic variability [2]. In the extensive grazed livestock pro-
duction systems of Eritrea, animals are grazed on poor quality unimproved pastures
which results in poor animal productivity [3]. However, studies [4] [5] [6] [7] have
shown that crop residues and agro-industrial by-products can be used to supplement
the grazing animals and that the nutritional value of the feedstuffs can be enhanced us-
ing tested treatment procedures [8] [9] [10] [11].

A survey carried out in Eritrea indicated that the country produced up to 1.2 million
tons of crop residues each year [12] which justified a study of their potential use in
livestock production. Understanding the chemical and nutritive characteristics of the
crop residues would aid in designing optimal utilization strategies at farm and/or na-
tional levels. Furthermore, these characteristics indicate the feeding value of the feeds-
tuffs. In Eritrea, the information on the chemical composition and nutritive value of
available crop residues is scanty. Therefore, this study was undertaken to determine the
chemical composition and ruminal degradation kinetics of seven different cereal crop
residues and a legume straw. Since the cell-wall carbohydrates are the most important
components of the straws, an efficient microbial digestion in the rumen is crucial for
their utilization in ruminant feeding. In recent years, a number of studies have sug-
gested that degradation characteristics of these types of feeds in the rumen will provide

a useful basis for the evaluation of their nutritive value [13] [14] [15].

2. Material and Methods
2.1. Sample Collection

A total of eight cereal crop residues found in different agricultural zones in Eritrea were
collected for analysis. They included the Sorghum stovers (SS) and its threshed head re-
sidues (STH), millet stovers (MS) and its threshed head residues (MTH), corn stover
(CS), barley (BS) and wheat (WS) straws and Lentil, Lens esculanta, straw (LS). The LS
was included for the purposes of comparing the chemical and nutritional characteristics
of legumes with that of the cereal crop residues. Samples of each collected feedstuff
were grounded for chemical and in situ procedures. To avoid bias resulting from dif-
ferent crops growing conditions in different zones in Eritrea, only those from the same
zone were pooled. The results for the same residue from similar zones were tested for
any significant difference in chemical and nutritional characteristics before obtaining
their average. Where differences were found for similar residue from different zones,

results were considered and discussed differently.

2.2. Chemical Analysis

The dry matter (DM) and organic matter (OM) were determined according to the
standard methods [16]. The ash content was determined by ashing samples in a muffle
furnace at 550°C for 6 h while the nitrogen (V) content was determined using Kjeldahl
method [16]. The crude protein (CP) was calculated as:
CP=N=6.25
The crude fiber (CF) and ether extract (£E) were determined by the methods de-
scribed in the [16]. The nitrogen free extract (NFE) was determined as:

NFE =[100—(CP + EE +CF + Ash) |
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The cell wall components were determined according to [17].

2.3. In Situ Degradation Procedures

The nylon bag procedure described by [18] was used in determining the nutritive value
of the crop residues considered in this study. In all, a 5 g of dried sample of the crop re-
sidues were milled through a 3 mm screen. The sample was then weighed in nylon bags
(16 x 8 cm, pore size 45 to 60 um) which were then incubated in the rumen of two cat-
tle fitted with rumen cannula. The research adhered to the guidelines proposed in the
Guide for the Care and Use of Agricultural Animals in Agricultural Research and
Teaching [19].

The bags were withdrawn at 4, 8, 16, 24, 48, 72 and 96 h intervals following insertion.
They were subsequently rinsed with cold water until it became clear. This was followed
by drying of the bags and samples at 60°C for 48 h. The soluble fraction (0 h) value was
obtained by soaking two bags of the sample in warm water (38°C) bath for 1 h which
was then followed by washing in cold water for 15 min in a washing machine. The
samples were then dried for 48 h at 60°C. The rumen degradation kinetics of DM and

OM were calculated using the exponential equation by [18] as:

P=a+b(1—e’°‘)

where p is the percentage degradability for response variable at time #which is the time
relative to incubation (hours), a represents the highly soluble and readily degradable
fraction (%), b the insoluble and slowly degradable fraction (%), c is the rate constant
for degradation (h™') and e is the natural logarithm base (2.7182). The effective degra-
dability (£D) of the DM and OM of each sample was determined using the equation
proposed by [20]:

ED=a+ M

(c+k)

where parameters a, b and c are as previously defined while & is the rate constant of
passage (h™") which was assumed to be 0.02, 0.05 and 0.08 per hour [20] (The metabo-
lisable Energy (ME) content was estimated using equation described by [20] as):

ME (MJ/kg DM ) = 2.27563+0.1073DMD

where, DMD is rumen dry matter degradability at 48 h of incubation.

2.4. Statistical Analysis

Data on chemical composition and degradation characteristics were subjected to analy-
sis of variance while the least significant differences (LSD) test was used in all cases to
compare the samples means. Differences were accepted when p < 0.05.

3. Results
3.1. Chemical Composition

Results for the chemical composition analysis of the crop residues are presented in Ta-
ble 1. The DM content of the residue was generally high falling between 90.6% in CS
and 91.9% in SS. Similar trend was observed in the OM content with the highest value
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Table 1. Chemical composition of crop residues (% DM).

Crop Residues’ SEM

Nutrients?

SS STH MS MTH (o WS BS LS
DM (%) 91.9% 91.4% 91.5° 91.3° 90.6° 91.3*  91.01¢ 91.5° 1
Chemical composition (%)

Ash 8.6° 8.7¢ 12.2¢ 511° 759 9700 13.02f  9.99°  0.61
oM 91.4* 91.2° 87.8° 949> 9244 90.3¢ 86.0f  90.01°  0.61
CP 3.6° 6.734 3.81° 10.7° 7.68° 7.45° 6.71¢ 9.40'  0.59
EE 1.10* 1.48° 5.40° 2.47¢ 0.82° 1.10® 1.43° 3.82¢  0.39
NFE 51.3* 56.01° 32.2¢ 66.4¢ 45.6° 417 37.1# 4055 2.69
CF 35.4¢ 27.0° 46.5 15.3¢ 38.3°  40.05°  41.7¢ 36.3°  2.36
NDF 74.1° 76.8° 79.3¢ 6254 66.4° 7197 738 520" 216
ADF 46.6¢ 31.5° 5328 20.6° 37.0° 439" 46.78 32,5 2.56
ADL 6® 5.48* 10.4° 7.60¢ 18.3¢  6.08°  6.78™ 19.1° 1.36
MED(g/ kg 7.05° 7.83° 6.64°  8.51¢ 7.14¢  6.80°  6.32¢ 839! 0.2

Means within the same row with different superscript are significantly different (P < 0.05). 'See text for the descrip-
tion of the crop residues. *See text for the description of the nutrients; the values for the Ash, OM, CP, EE, NFE, CF,
NDF, ADL are presented as percent of the DM content.

of 94.9% being recorded from MTH and the lowest being 86.0% from BS. There were
minor differences in chemical and nutritional characteristics of samples from different
zones and therefore the results presented were obtained from averaging the data across
zones for the same crop residue.

The ash content varied from a low of 5.11% from MTH to a high of 13.02% in BS.
The CS had significantly higher (P < 0.05) CP, ADL and lower (P < 0.05) NDF and
ADF than the SS and MS. The WS contained higher (P < 0.05) CP than BS. The STH
and MTH were found to have higher (P < 0.05) CP, ME and lower (P < 0.05) CF and
ADF content than SS and MS. It was generally observed that there was more (P < 0.05)
CP, ADL, ME and low (P < 0.05) NDF and ADF in the legume straw than in cereal crop
straws/stovers. The EE was highest (P < 0.05) in MS and lowest in CS while NFE was
highest (P < 0.05) in MTH and lowest in MS.

3.2. In Situ Degradability

3.2.1. Dry Matter Degradability (DMD)

Dry matter degradability (DMD) of crop residues is presented in Table 2. The SS, CS
and WS had higher (P < 0.05) level of degradability than MS and BS in all the incuba-
tion times.

The percentage DMD in STH and MTH was lower (P < 0.05) at 4 and 8 h than SS
and MS, whereas it was higher (P < 0.05) for the same residues. The legume straw had
higher (P < 0.05) DMD at 0, 4, 8, 16, and 24 h than all the cereal crop residues. It is
notable that an increase in the incubation time led to increase in DMD and that the

DMD amongst different crop residues varied with the incubation time. However, it was
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Table 2. In situ dry matter degradability of crop residues (% DMD)

Time of Incubation in the Rumen (Hrs.) SEM

regfi‘;isl 0 4 8 16 24 48 72 96
SS 20.4h 24.6% 28.21 33.9¢ 38.49 44.58 46.68 46.68 0.33
STH 14.8¢ 18.7¢ 21.9¢ 35.3b 4154 518 56.1° 56.1° 0.73
MS 16.6" 22.06% 26.24 30.8%¢ 34.U 40.7% 43.1% 43,18 0.35
MTH 17.8¢ 18.8%¢ 20.7¢h 30.5% 47.6' 58.1 62.2Mm 622%™ 0.70
CS 21.03" 24.9* 27.9 34.3%d 39.19 44.98 47.4% 47.9% 0.102
WS 19.07¢ 22.2% 24,6 29.9bd 3499 4228 4234 42.4% 0.61
BS 16.76' 22.1° 24.4% 286 323 37.7¢ 39.8! 39.8! 0.69
LS 24.4° 30.6¢ 34.34 40f 46.5! 56.9m  59.8'm  59.8 .56

SEM 0.76 0.95 1.09 1.001 1.47 1.86 2.12 2.12

Means within the same row with different superscript are significantly different (P < 0.05). Means within the same
column with different superscript are significantly different (P < 0.05). 'See text for the description of the crop resi-
dues.

observed that there was no significant difference (P < 0.05) in DMD after 48 h amongst

all the residues.

3.2.2. Organic Matter Degradability (OMD)

The organic matter degradability (OMD) of crop residues is presented in Table 3. It
varied amongst residues and incubation times. However, the percentage OMD within
the respective crop residues was not significantly different (P < 0.05) after 48 h of incu-
bation.

The SS had higher (P < 0.05) OMD than all the cereal crop residues measured at all
the incubation intervals except for CS after 48 h. The STH and MTH had lower (P <
0.05) OMD at 0, 4, 8 and 16 h than the SS and MS, however, the trend reversed after 16
h with the SS and MS having significantly higher (P < 0.05) OMD at 24, 48, 72 and 96.
The legume straw was found to have higher (P < 0.05) OMD at all incubation intervals

than all the cereal crop residues.

3.3. Degradability Characteristics

The results for the rapidly soluble fraction (a), potentially degradable fraction (b), rate
of degradation of b fraction (¢) and effective degradability (ED) are presented in Table
4 besides the ED of DM and OM at 0.02, 0.05 and 0.08 per hour rates of passage.

The respective DM and OM a fraction for MS were the lowest (P < 0.05) at 11.40%
and 2.80% amongst all the crop residues. Generally, the DM and OM a fraction was
higher (P < 0.05) in legume residue than in the cereal crop residues. The DM and OM b
fraction was higher (P < 0.01) in MTH and STH than in the SS and MS. The WS and BS
had higher (P < 0.01) c fraction for the DM and OM than the other cereal residues but
lower than the legume straw. Similarly, higher DM and OM b fraction was obtained in
MTH and STH than in SS and MS.

The respective ED of DM and OM was higher (P < 0.001) at 0.02 and (P < 0.01) at

%
035: Scientific Research Publishing

23



E. Haile et al.

Table 3. In situ organic matter degradability of cereals crop residues (% OMD).

Time of Incubation in the Rumen (Hrs.) SEM
re(:irgfel 0 4 8 16 24 48 72 96

SS 19.4" 23.71 27.6 32.9° 37.88 449! 46.5¢ 46.9¢ 0.27
STH 13.7¢ 17.8f 20.7! 34.1 40.8° 50.9° 55.8¢ 55.8¢ 0.19
MS 8.1f 111t 17.2 22.6* 26.14 32.9° 37.4° 37.4° 0.22
MTH 15.8¢ 16.7¢ 18.7 29.5 47.5! 58.1 62.1° 62.1° 0.05
CS 15.58 18.9¢ 21.7° 29.8f 35.6" 41.6™ 450" 451 0.07
WS 14.78 16.03° 19.4¢ 25.5¢ 30.5* 39.6' 42.40 42.5" 0.06
BS 9.6 16.3¢ 19.9¢ 27.28 30.3* 36.1 38.5% 38.5° 0.05
LS 21.1 27.6° 30.9° 36.6° 433 542k 58.8% 58.8% 0.07

SEM 1.07 1.22 1.14 1.33 1.76 2.16 2.28 2.279

Means within the same row with different superscript are significantly different (P < 0.05). Means within the same
column with different superscript are significantly different (P < 0.05). 'See text for the description of the crop resi-

dues.

Table 4. The DM and OMD characteristics and effective degradability values of crop residues.

Crop Residues? SEM Sig.
S STH MS MTH CS ws BS LS
DM
a (%) 1578 134>  11.4° 16 16 17.64 15.1® 23.6° 0.87 *
b (%) 32.2° 43° 33.1> 46.6°  33.4° 25.2¢ 25.34 36.5° 1.84 *
(a+b)% 48  56.4° 445 62.6°  49.4° 42.8f 40.48 60.1 2.0
cperh 0.03¢  0.04¢ 0.03° 0.04¢ 003  0.04™ 0.04° 0.05*  0.001 i
ED (%)
0.02 35.6°  42.5°  314°  473% 365 34.5° 31.7¢ 49.5° 168 ok
0.05 2974 333> 255° 374  305°  29.3° 265 41.8° 1.34 bt
0.08 2728 28.7° 229  325¢ 27.9°  24.8¢ 24.0% 37.8¢ 115 ol
oM
a (%) 14.9° 123 2.8  14.04° 1044 12.4° 7.2¢ 2047 127 *
b (%) 32.9° 438 356 4844 36 30.7¢ 31.8%  387° 149 *
(a+ b) 47.8* 56.04° 384 625¢  464°  43.04f 39.08  59.02" 222
cperh 0.03*  0.04> 0.02° 0.04® 0.03° 0.03¢ 0.034 0.05¢  0.002 i
ED (%)
0.02 35.2° 419" 236 46.6°  32.1° 32.1° 27.3 47.7¢ 213 el
0.05 29.1°  32.6° 17.2¢  362¢  256° 25.8° 20.7 39.66  1.83 i
0.08 264° 278 146> 3114  22.7° 22.8° 17.7f 352¢ 1.64 ok

Means within the same row with different superscript are significantly different (p < *0.05, **0.01 or ***0.001);
SEM = Standard Error Mean, Sig. = significance level (*0.05, **0.01 and ***0.001). 'See text for the description of the
crop residues.

K
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0.05 rates of passage for STH and MTH than SS and MS. The BS and MS had the lowest
ED MD at 0.02 (P < 0.001) and 0.05 (P < 0.01), while LS had the highest.

4. Discussion
4.1. Chemical Composition

The chemical composition results of cereal and legume straw obtained in this study are
in agreement with those presented in [4] and [5] whose studies found higher levels of
CP and lignin and low NDF and ADF in legumes than in cereal crop residues. The re-
sults for the EE and OM obtained in this study match those reported in [4] and [5] stu-
dies for the WS and BS. The CP, EE OM, NDF and ADF values obtained from SS and
CS in the current study are consistent with those reported by [4]. Results for the CP,
CF, NDF, ADF, ADL and ash content of LS reported here are similar to those determined
by [21]. The SS residue OM value presented in [7] is higher than that obtained in the
current study however the CP content is in agreement. Generally, chemical composi-
tion values reported for cereal and legume crop residues [4] [22] are consistent and
within the ranges of those obtained in this study.

The small variations that exist in the chemical composition of different crop residues
realized in this study and those presented in other studies can be explained by the dif-
ferences in varieties, proportion of botanical fractions, growing conditions (geographic,
seasonal variations, climatic conditions and soil characteristics), extent of foreign mate-
rials and impurities such as soil contamination, different measuring methods and la-
boratories procedures [11] [23] [24] [25] [26] [27].

4.2. In Situ Degradability Parameters and Effective Degradability

The values of DM a fraction and ¢ parameter for the SS obtained in the present study
correspond to those reported in [6] and [11]. However, in the work done by [11] for the
SS, the b fraction and ED were higher than those obtained in the present study. [9] and
[28] reported lower values of DM and OM a, c fraction and higher b fraction for SS
than those obtained in this study. However, the value of the degradable fraction (a + b)
for DM for the SS was similar to that determined in the Hamed ef al studies. It is [11]
who observed that the nutritional characteristics of SS varied widely and could be ex-
plained by differences in the proportion and chemical composition of the botanical
fractions.

The values obtained for the DM b fraction and ¢ for CS in this study are similar to
those reported in Silva et al (2008) but results from the two studies differ in that the a
fraction is lower in the current study than in [10]. Further, [10] pointed out that the
high value for the a fraction of CS in their study could be explained by the lower NDF
content across four stage of maturity tested.

The DM disappearance at 0 h incubation time for CS reported by [8] is lower than
the value determined in this study which could be due to higher NDF content of the
whole CS evaluated in the [8] study. The degradation parameters a, b, and ¢ fraction
and the ED at all passage rates of DM for WS are in agreement with those presented in
[29]. Besides, the potentially degradable (a + b), and c fraction as well as the ED at 0.02
and 0.05 passage rates of DM for WS were identical to those reported in [30]. However,
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the value of a fraction of DM for WS is lower and that of & higher in the studies of [31]
and [30] than in the current study. The OM a fraction for WS is similar to that reported by
[30] while b, cfraction and ED are lower in the present study. The DM a4, b fractions for
LS are similar to those obtained by [32] with the exception of the (a + b) which was higher.

The DM c fraction and ED values for BS obtained in the current study are similar to
those reported by [33] however the a fraction is higher while b is lower. The values of b
fraction and ED of DM for BS are different from those reported by [31] and [30]. The
OM a, b fractions and ED for BS are lower than those reported by [30]. The differences
in the values presented in the other studies and those obtained in the current study
could be explained by probable use of different crop varieties evaluated in the studies.
The potential differences as a result of use of different varieties in degradability tests
was confirmed by the study carried out by [34] who detected differences in in situ DM
degradability in WS of different varieties. [35] also reported differences in in situ de-
gradability parameters between straw varieties. The differences could also be attributed
to differences in the proportion of leaf and stem, animal and diet effects, particle size,
incubation characteristics, rumen conditions and microbial contamination [36].

Other factors that could account for the differences between published values for
different crop residues and those obtained in the current study would include different
chemical composition, leaves to stems proportion, method of feedstuff evaluation (in
vivo, in vitro and in situ), straw varieties, maturity and impurity as well as technical
variation such bag pore size, sample size, washing procedures, grinding size, diet of ex-
perimental animal, species of animal, sample preparation, incubation time and washing
method [24] [25] [26] [27] [34] [37].

5. Conclusion

There are differences in chemical and nutritive characteristics amongst cereals and be-
tween cereal and legume crop residues found in Eritrea as hypothesized in this study.
The ED of DM and OMD values were higher for legume residue than in the cereal crop
residues. Similar trend was observed in the values of parameters a, b, (2 + b) and ¢
which were generally high for the legume than cereal crop residues. In all cases, the le-
gume residue in situ DM and OM degradability value was higher than all cereal crop
residues except the DM and OM in MTH after 24 and 72 h respectively. The crop resi-
dues produced in Eritrea compare favorably with those produced in other countries in
terms of nutrients and degradability implying that they have high potential for use in
supplementing grazed livestock. Alternative treatments methods exist that can be ap-
plied on the residues so as to release more nutrients. For the findings from the current
study to be useful in evaluating potential use of the crop residues tested in feeding
grazing livestock, there is a need to determine the effect of implementing different crop
residues treatments approaches to improve their nutritional value. This should be coupled
with feeding trial to ascertain that the nutrients released are actually taken up by ani-

mals for beneficial biological functions such as weight gain in growing stock.
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