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Abstract

This study was carried out to determine the chemical composition and in situ de-
gradability of agro-industrial by-products found in Eritrea. Three categories of by-
products were evaluated and were the milling industry (wheat bran; WB, short; WS,
and middling; WM), brewery (brewers’ dry grain; BDG, hops; BDH, and yeast; BDY)
and sesame cakes (sesame cake machine extracted; SCM and manually extracted;
SCT). The dry matter (DM) varied between 88.46% in BDY to 92.39% in SCT. The
lowest (P < 0.05) crude protein (CP) content was recorded in WM at 10.11% while
the highest was from the BDY at 48.20%. The metabolisable energy (ME) value of the
agro-industrial by-products ranged from 8.72 to 11.18 MJ per kg DM with the BDH
recording the lowest value (P < 0.05). The sesame cakes (SCM and SCT) recorded
higher values of 11.17 and 11.18 MJ per kg DM respectively. The SCT recorded the
highest ash content at 10.93% followed by BDY at 10.16% with the least being ob-
tained from WM at 2.48%. The ether extract and acid detergent lignin contents were
generally low in all cases for all the by-products. Generally, the results indicated that
there was no clear pattern in terms of nutrients content amongst the by-products.
The in situ DM, organic matter (OM) and CP degradability differed amongst and
within the sesame cakes, milling and brewery by-products. The wide variation in
chemical composition, DM, OM, CP degradability, and ME obtained from this study
offer farmers huge flexibility in formulating rations according to the productive per-
formance of target animals.
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1. Introduction

There is potential for increased livestock production in Eritrea through use of agro-

DOI: 10.4236/0jas.2017.71002 December 27, 2016



http://www.scirp.org/journal/ojas
http://dx.doi.org/10.4236/ojas.2017.71002
http://www.scirp.org
http://dx.doi.org/10.4236/ojas.2017.71002
http://creativecommons.org/licenses/by/4.0/

E. Haile et al.

industrial by-products as a supplement in ruminant diets. The bulk of livestock feed
(estimated to be about 90%) comes from grazing on pastures and stubble. According to
[1], grazed pastures in Eritrea are declining partly as a result of overgrazing aimed at
producing more protein to satisfy the increasing demand resulting from an increase in
human population. This coupled with climate change and increased climatic variability
has resulted in reduction in nutrients available for grazing stock thus compromising
productivity. Besides the increase in the protein demand, competition for cereal grains
between animal and human has been on the rise leaving very little for use in animal
feeding. This implies the need to have alternative source of animal feed and/or sustain-
able supplementation. Cereal and legume crop residues and agro-industrial by-prod-
ucts have played a major role in supplying supplemental nutrients to the grazed stock
in Eritrea [1]. Studies by [2] evaluated the chemical characteristics and nutritive value
of the cereal and legume residues respectively and found out that they contained nu-
trients that can supply up to 10% of the total nutrients required by grazing livestock.
Furthermore, chemical composition and nutritive value data available for most of crop
residues and agro-industrial by-products available in the tropics indicate that they can
satisfy significant proportion of the nutritional requirement of ruminant animals [2]-
[8].

Despite their potential use in supplementing ruminant nutrition, crop residues have
been shown to have high fibre content besides being low in metabolized energy (ME)
and crude protein [9] [10] [11] that result in low degradability in the rumen. Various
approaches that have potential to increase digestibility and intake have been proposed.
Besides the crop residues, Eritrea’s agro-industries produce substantial amounts of by-
products [2] with potential to be used in supplementing the grazing animals thus fur-
ther availing the much needed nutrients to increase livestock production. However, the
chemical composition and nutritive value data for the by-products are scanty. This im-
plies that there is a need to determine the chemical and nutritional characteristics of the
by-products so as to optimally integrate them in the animal feeding strategies utilised in
Eritrea. The aim of this study was to determine the chemical composition and nutritive

value of agro-industrial by-products in ruminant nutrition in Eritrea.

2. Material and Methods

2.1. Sample Collection and Chemical Analysis

A total of 8 different samples including wheat bran (WB), short (WS) and middling
(WM); brewers’ dry grain (BDG), hops (BDH) and yeast (BDY); and sesame cakes
(SCM and SCT) were collected from milling, beer and oil industries respectively. Dry
samples were collected from milling and oil industries while those from the beer indus-
tries were wet. The wet samples were sun dried before grinding. Samples for each feed-
stuff were pooled and milled for the chemical and in situ (nylon bag technique) analy-

sis.

2.2. Chemical Analysis

The dry matter (DM) and organic matter (OM) were determined according to the
standard methods [12]. The ash content was determined by ashing samples in a muffle
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furnace at 550°C for 6 h while the nitrogen (V) content was determined using Kjeldahl
method [12]. 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 [12]. The nitrogen free extract (NFE) was determined as:

NFE =[100—(CP + EE +CF + Ash) |

The cell wall components (NDF, ADF and ADL) were determined according to [13].

2.3. In Situ Degradation Procedures

The nylon bag procedure described by [14] 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 [15].

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 was calculated using the exponential equation by [14] 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 [16]:

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 [16]. The metabo-
lisable Energy (ME) content was estimated using equation described by [16] 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

10

K
0:53: Scientific Research Publishing



E. Haile et al.

compare the samples means. Differences were accepted when P < 0.05.

3. Results
3.1. Chemical Composition of Crop Residues

The chemical composition of the agro-industrial by-products are presented in Table 1.
The DM varied between 88.39% for WB to 92.39% for the SCT. The WM recorded the
highest OM content at 97.52% while the lowest recorded was from SCT at 89.07%. The
SCT recorded the highest ash content at 10.93% followed by BDY at 10.16% with the
least being obtained from WM at 2.48%. The CP was highest in SCT at 40.41% and
lowest in WM at 10.11% while the SCM and SCT contained the highest ME at 11.17
and 11.18 MJ per kg DM respectively. The EE and ADL contents were generally low in
all cases for all the by-products. Generally, the results indicated that there was no clear
pattern in terms of nutrients content amongst the by-products.

The CP content of the agro-industrial by-products ranged from 10.11% to 48.20%.
The lowest (P < 0.05) was recorded in WM while the highest (P < 0.05) was obtained
from the BDY. The WS had higher (P < 0.05) CP amongst all the milling by-products
with the BDG recording lower (P < 0.05) CP when compared to the other brewers’
by-products. The CF content for different by-products ranged from 1.14% in BDY to
22.58% in BDG. The NDF, ADF, and ADL ranged between 3.30% in BDY to 74.43 in
BDG, 1.55% in BDY to 21.18% in BDG and 0.9% in BDY to 5.23% in BDH respectively.
Generally, the BDY had lower (P < 0.05) CF, NDF and ADF content. Conversely, the
BDG recorded higher values (P < 0.05) for the parameters when compared to all other
agro-industrial by-products. The WM resulted in lower (P < 0.05) CF, NDF and ADF
than the other milling by-products.The metabolizable energy (ME) value of the agro-
industrial by-products ranged from 8.72 to 11.18 MJ per kg DM with the BDH recording

Table 1. Chemical composition of agro-industrial by-products.

Agro-Industrial By-Products!

Nutrients? WB WS WM BDG BDH BDY SCM SCT
DM 88.39% 90.42° 88.9° 90.17° 91.35° 88.46° 92.00° 92.39°
Ash 5.32° 4.45¢ 2.48* 5.32° 2.53° 10.16¢ 9.82¢ 10.93f
OM 94.68° 95.55% 97.52° 94.68° 97.47° 89.84° 90.18° 89.07¢
CP 11.05" 12.27¢ 10.11° 19.96¢ 21.63¢ 48.20° 37.45° 40.41°
EE 2.98%® 4.03° 2.25% 5.924 2.52% 0.47¢ 16.84¢ 15.43¢
NFE 67.96¢ 66.46% 79.2f 46.22° 60.12° 40.02° 27.86% 26.17°
CF 12.7¢ 12.79¢ 5.96° 22.58° 13.2¢ 1.14° 8.04¢ 7.05¢

NDF 61.95 46914 2093  7443°  22.63° 3.3 18.54° 18.98*
ADF 19.73¢ 13.78* 5.88¢ 21.18f 13.51% 1.55¢ 9.18° 9.02°
ADL 3.96* 3.66% 2.51% 4.07% 523" 0.9¢ 1.5¢ 1.29¢
ME (M]J/kg DM) 10.32° 10.52° 9.89% 8.85¢ 8.72¢ ND 11.17¢ 11.18¢

Means within the same row with different superscript are significantly different (P < 0.05). 'See text for the descrip-
tion of the Agro-Industrial By-Products. “See text for the description of the nutrients; the values for the Ash, OM,
CP, EE, NFE, CF, NDF, ADL are presented as per cent of the DM content. ND = Not Determined.
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the lowest value (P < 0.05) of 8.72 M] per kg DM. The sesame cakes (SCM and SCT)
recorded higher values (P < 0.05) of 11.17 and 11.18 MJ per kg DM respectively.

The in situ DMD, OMD and crude protein (CP) degradability of agro-industrial by-
products are presented in Table 2. The CPD data is presented for the 72 hours beyond
which the entire sample had been degraded in most of the by-products. The sesame
cakes (SCM and SCT) had the highest (P < 0.05) DMD at all incubation times while the
brewer’s yeast by-products had the least (BDG and BDH). The WM had lower values (P
< 0.05) compared to the other milling industry by-products except at 0 h where WB
recorded the lowest value of 32.57%.

Table 2. In situ DM, OM and CP degradability of agro-industrial by-products (% DMD, OMD
and CPD).

AIBP! Time of Incubation in the Rumen (Hrs.) SEM

0 4 8 16 24 48 72 96

DMD
WB 32.57% 48.33¢ 53,724 61.57¢ 66.93¢ 74.98¢ 77.568 77.67¢8  0.169
WS 36.63* 47.72¢ 53.23¢ 60.62¢ 66.16" 76.848 79.03¢ 79.03¢  0.140
WM 34.34® 42.21¢ 46.15° 50.91° 57.91¢ 70.95% 73.97% 73.98%  0.208
BDG 21.77¢ 34.62¢ 39.11f 44774 49.278 61.31" 64.47" 65.05"  0.293
BDH 29.17° 32.87° 37.43f 43.14¢ 47.728 60.04" 61.56" 61.68" 0.057
SCM 63.88¢ 65.35° 67.45° 71.15¢ 74.90" 82.87) 85.30/ 8534  0.178
SCT 62.01¢ 64.39° 67.50* 71.53¢ 74.91" 82.98 85.36/ 8536  0.081
SEM 4.200 3.334 3.140 3.001 2.882 2.403 2.421 2.378
OMD
WB 32.59° 47.10° 52.40° 59.75¢ 65.19¢ 73.01f 76.27% 76.27°  0.085
WS 33.94° 45.56° 52.46" 60.47¢ 65.44¢ 75.788 78.15 78.15  0.040
WM 33.87° 40.57¢ 45.57¢ 49.40° 56.23¢ 69.67" 73.11 73.121  0.023
BDG 19.23° 33.68° 38.00¢ 44.22° 48.78f 60.38° 63.38" 63.98"  0.091
BDH 27.63¢ 31.43% 36.18* 42.06° 45.844 58.87' 60.728 60.898  0.036

SCM 64.03¢ 65.71° 67.88¢ 71.53¢ 75.44° 83.18 85.78f 85.787  0.016
SCT 63.51¢ 65.89° 68.43¢ 71.34¢ 75.10° 83.37) 85.86" 85.867  0.089

SEM 4.498 3.586 3.330 3.112 3.044 2.530 2.542 2.502

CPD

WB 28.22¢ 50.26° 67.367  74.14% 77588  79.798 79968 - 0.348
WS 35.22¢ 54.98° 69.82f 76.70¢ 78.508 80.96™  81.08M" - 0.216
WM 22.05¢ 45.62° 56.11° 66.97° 73.03¢ 77.108 77.58" - 0.179
BDG 27.19° 36.64¢ 48.39° 67.68" 77.528 83.78! 84.18' - 0.114
BDH 30.13° 45.03° 56.02¢ 69.63" 77.53¢ 83.76' 84.15' - 0.188
SCM 77.80° 82.57¢ 90.75%  91.81% 92.78 93.82f 93.82f - 0.142
SCT 78.40° 82.34° 90.52¢  91.87% 92.82 94.28f 94.61° - 0.088
SEM 6.287 4.727 4.321 2.968 2.067 1.737 1.719 -

Means within the same row with different superscript are significantly different (P < 0.05) while those within the
same column with different superscript are significantly different (P < 0.05). 'See text for the description of the crop
residues.
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The in situ OMD differed amongst and within the sesame cakes, milling and brewery
by-products. However, a pattern similar to the one in the DMD was obtained with the
cakes having the highest OMD content followed by the milling by-products with least
content being obtained from the brewery by-products.

The CPD pattern differed from that of the DMD and OMD except for the sesame
cakes which remained higher (P < 0.05) than the brewery and milling by-products. The
highest CPD was obtained from SCT at 94.61% in the 96™ hour of incubation while the
lowest was from WM at 22.05% before start of the incubation in the rumen. Generally,
an increase in the incubation time led to increase in the CPD for all by-products.

The DM, OM and CP disappearance from the nylon bags incubated in the rumen in-
creased with increase in time. The rate of increase however reduced with increase in the
incubation time. In all cases, there was minimal change in DMD, OMD and CPD be-
tween hours 72 and 96. Although, the level of degradability was different at the various
incubation times both between and within the feedstuff, it was revealed that there was
no significant difference (P < 0.05) within the feedstuff and between the by-products
from milling, or brewers’ industry after 48 h.

3.2. Degradability Characteristics

The percentage DM, OM and CP rapidly soluble fraction (a), potentially degradable
fraction (), rate of degradation of b fraction (¢) and the effective degradability (ED) of
different by-products are presented in Table 3. The respective values of the DM, OM
and CP a, b, ¢, (a + b) and ED parameters varied amongst by-products. The highest
values of DM, OM and CP a were obtained from SCT at 61.85%, SCM at 63.86% and
78.40% from SCT respectively. The respective b values were 44.73% in WB, 46.65% in
WS and 57.08% in BDG. The DM (a + b) varied between 62.01% in BDH and 85.43% in
SCT. Respective values for the OM (a + b) were 61.25% in BDH and 85.94% in SCT
while they were between 77.58% in WM and 94.61% in SCT for the CP. The rate of the
degradation of b fraction varied minimally between the DM whose range was between
0.040 in WM and 0.071 in SCM and SCT as the two by-products resulted in a similar
value. The rate in OM was similar to that in DM. The CP ¢ values were higher than the
corresponding DM and OM c values and ranged between 0.077 for BDG and 0.186 for
SCM and SCT which had a common value. In general, the value of ¢ was highest in
SCM and SCT in all cases. The SEM was generally high for the percentage DM, OM
and CP degradability characteristics and the effective degradability values of different
agro-industrial by-products. This could result from variation in the processing proce-
dure rather than the differences in the by-products.

The values for DMED at 0.02, 0.05 and 0.08 hourly rate of passage ranged between
51.90% to 80.61%, 43.16% to 76.45% and 38.18% to 73.95% respectively. Similarly, re-
spective rates in the OM were 50.50% to 80.98%, 40.77% to 76.76% and 35.65% to
74.23% while in the CP the rates ranged between 69.58% to 93.04%, 61.13% to 91.18%
and 55.23% to 89.74% respectively. The sesame cakes (SCT and SCM) had higher (P <
0.05) DM, OM and CP ED than all the by-products at all the passage rates.

The DM, OM and CP ED varied among by-products and passage rates. However,
there was no significant difference for the DM ED amongst the milling (WB, WS and
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Table 3. The percentage DM, OM and CP degradability characteristics and the effective degrad-
ability values of different agro-industrial by-products.

Agro-industrial by-products! SEM
WB WS WM BDG BDH SCM SCT
DM
a 30.61%° 34.86 31.89%® 20.97¢ 28.12° 63.71¢ 61.85¢ 4.342
b 47.64° 4473 42.86¢ 44.28 33.89° 21.70° 23.58° 2.746
(a+ b) 78.25F 79.59¢ 74.75¢ 65.25° 62.01¢ 85.41° 85.43° 2.363
cperh 0.042° 0.044% 0.040° 0.049° 0.047° 0.071¢ 0.071¢ 0.004
ED (%)
0.02 63.13 65.69° 60.65° 52.48° 51.90¢ 80.61° 80.22° 3.218
0.05 53.16° 56.37° 51.83° 43.16° 44.84° 76.45¢ 75.70¢ 3.603
0.08 48.10° 51.58° 47.44° 38.18° 41.12° 73.95 72.98" 3.785
oM
a 30.41° 32.07° 31.51° 18.26° 26.50¢ 63.86¢ 63.34¢ 4.651
b 46.51° 46.65° 42.36° 45.94° 34.75¢ 21.99° 22.60° 2.832
(a+ b) 76.92° 78.72° 73.87¢ 64.20¢ 61.25¢ 85.85¢ 85.94f 2.484
cperh 0.041° 0.0434 0.040° 0.046° 0.045% 0.071° 0.071* 0.004
ED (%)
0.02 61.90° 64.03¢ 59.97¢ 50.50° 50.71° 80.98° 80.93° 3.238
0.05 52.21¢ 54.28° 51.24° 40.77¢ 43.45° 76.76¢ 76.60¢ 3.755
0.08 47.34° 49.30° 46.89° 35.65° 39.67¢ 74.23¢ 73.99¢ 3.993
(014
a 28.22° 35.22° 22.05¢ 27.12° 30.09¢ 77.80° 78.40¢ 6.289
b 51.74° 45.85° 55.53¢ 57.08¢ 54.07¢ 16.03f 16.22f 4.693
(a+ b) 79.96 81.08 77.58 84.20 84.16 93.82 94.61 1.714
cperh 0.175 0.176 0.119° 0.077¢ 0.082¢ 0.186¢ 0.186¢ 0.013
ED (%)
0.02 74.65° 76.39° 69.58¢ 72.49¢ 73.51° 92.27 93.048 2.481
0.05 68.468 70.91f 61.13¢ 61.82¢ 63.62¢ 90.43° 91.18° 3.334
0.08 63.72° 66.72° 55.23¢ 55.23¢ 57.40¢ 89.01° 89.74f 3.884

Means within the same row with different superscript are significantly different (P < 0.05). 'See text for the descrip-
tion of the agro-industrial by-products. *Not significant.

WM), the brewery (BDG and BDH) and sesame cakes (SCM and SCT) by-products.
The OM ED for the WS within the milling by-products was always higher (P < 0.05) as
did the BDH and SCM between the brewery and sesame cake by-products respectively.

4. Discussion

This study has provided vital information on the chemical composition as well as the
nutritive value of different agro-industrial by-products produced in Eritrea. As expected,
the composition and nutritional values varied within (by-products from a common crop)

and between by-products. This implies that they would supply different quantity and

K
14 0:53: Scientific Research Publishing



E. Haile et al.

quality nutrients when used in livestock feeding [17], while studying the chemical
composition, DM and in vitro gas production of different ruminant feedstuff noted that
the difference in chemical composition as well as the feeding quality between alterna-
tive feedstuffs could be explained by the variation in the composition of the original
material, the method used in processing (physical or chemical) and type of components
extracted.

The values for different parameters used in evaluating the ruminant feedstuffs ob-
tained in this study were compared to findings from other studies with care being taken
to consider those obtained from study areas and production systems similar to the con-
ditions found in Eritrea to avoid bias. It was found that the CP and EE for WB reported
by [18] were higher than those obtained in the present study while the NDF and ADF
were lower. Similarly, [19] reported higher values for the CP, EE and NDF in WM than
those obtained from this study. However, the CP for BDG in the present study was sim-
ilar to that reported by [20] as did the CP content in SCM which matched that reported
by [21] and [22].

The DMD, which is an indicator of the level of cell walls in a feedstuff, varied within
and between by-products. This implies that the values of DM, OM and CP a, band (a +
b) would be dependent on the content and the composition of the cell walls of particu-
lar feedstuff. [23] reported that there are strong correlations among the b fraction and
the NDF, ADF and ADL contents of test feedstuff. The study further demonstrated that
the content and the composition of the cell walls are the best variables to describe the
variation of DM (a + b) of the feedstuff. It is [24] who determined the relationship be-
tween the degradability parameters a, b and ¢ and the chemical composition of 60 test
feeds and noted that the slowly fermentable structural carbohydrates in feedstuff are the
determinant of the degradation characteristics in the rumen. Generally, SCM and SCT
had high levels of DMD, OMD and CPD at all incubation times. This can be attributed
to the availability of rumen degradability nitrogen thus optimizing on the microbial ac-
tivity which would then enhance the sesame cake by-products to be degraded to their
potential. Despite high NDF in WB, its corresponding DMD and CPD were higher than
in the WM which can be explained by high levels of soluble containing fraction of DM
and CP as well as the high hemicellulose in NDF content that tend to have high degra-
dability.

The values for the degradability parameters a, 6 and ¢ obtained from this study
match most of those reported in other studies. For instance, the values of the DM a and
¢ fractions for WB were similar to those obtained by [20] while the DM c¢ fraction in
BDG reported by [19] is similar to that of the present study. [22] also presented CP ¢
fraction similar to the one obtained in this study. This is possible since the industrial
processing would be expected to follow the same principles and probably use similar
machinery in the extraction resulting in by-products that only differ as a result of other
factors rather than the extraction procedures. Besides, it is common to find commonal-
ity in different crop production conditions from different countries implying that the
differences might not be such huge. It is however possible to find small differences in
similar by-products in different studies such as the one by [20] who reported a slightly
higher DM c fraction in BDG this would be explained by the use of test feed that was
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low in NDF. Similarly, [21] reported slightly lower DM a ¢ and higher b fractions in
SCT and SCM than those obtained in the current study. The small differences were ex-
pected and could be explained by factors such as variation in laboratory equipment and

techniques as well as differences in the milling screen sizes among others.

5. Conclusion

This study has shown that different agro-industrial by-products differ in terms of chemi-
cal composition as well as in nutritional value. Generally, the wide variation in chemical
composition, DMD, OMD, CPD, and ME offer farmers huge flexibility in formulating
rations according to the productive performance of target animals. By determining the
chemical composition and the nutritional value of different by-products, the findings
have demonstrated the opportunity available in utilizing them in ruminants feeding. It
is evident that legume by-products are superior in terms of nutritional value when
compared to the cereal based ones. However, it is important to evaluate the availability
of the nutrients to the target animal by carrying out feeding trials and determining the
performance (such as growth rate) of animals fed on diet incorporating different by-

products.
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