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Abstract

A study was conducted at Mekelle Agricultural Research Center, Northern Ethiopia, with the objective of evaluating chemical composition, anti
nutritional constituent and digestibility of Acacia saligna provenances. Leaf samples from 15 provenances of three Acacia species (A. saligna, A.
microbotrya and A. daphnifolia) were collected during the wet season (late August). Conventional chemical analysis procedures and in vitro organic
matter digestibility (IVOMD) were used to determine the nutritional and anti nutritional content of the Acacia provenances. Results showed that crude
protein content was highest (28.3%) in Bulk of four enclosures and lowest (16.4%) in Mingenew. A range of 1.41% - 3.03% and 4.02%-9.45% values
were recorded for fat and ash respectively. The fiber contents ranged from 28.3% to 37.1%, 22.6% to 36.2%, 2.34% and 4.96% for Neutral Detergent
Fiber, Acid Detergent Fiber and Acid Detergent Lignin respectively. Digestibility was highest (73.6 %) in Tincurrin and lowest (62.9%) in Arrowsmith
River. The highest tannin content was in Tincurrin while low in Bulk of four enclosures. The results of this study showed that the Acacia provenances
in general contained high levels of nutrients and hence have potential as supplementary feed for ruminants in northern Ethiopia.
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Introduction

Legume browse species provide significant amount of biomass from leaves and pods for livestock production to meet the requirement during the
critical periods of the year (Canbolat 2012; Kaya and Kamalak 2012). As mentioned in many studies (Muluken et al 2015, Bruh and Destalem 2015)
the importance of these browse plants in the arid and semi-arid areas is well recognized throughout Ethiopia. The major value of foliage of browse
species is as a source of protein. Forage of browse species is expected to be most useful during the dry season when most grasses and other herbaceous
species dry off. The ability of most browses to remain green in the dry season is attributed to their deep roots that enable them to extract water and
nutrients from deep in the soil profile. Moreover, leguminous browse species fix atmospheric nitrogen, and this increases soil fertility that can be
utilized by the companion or subsequent crops grown in the area (Atta-Krah AN 1990), and also contributes to the increased CP content of the foliage
of browse species.

Acacia species is a leguminous shrub which provides large amounts of fodder for ruminants in arid and semi-arid regions (Safinaz et al 2010). A.
saligna is one of the introduced browse shrub or tree species, which is widely grown and evergreen in different agro-ecological zones of Tigray
(Shumuye and Yayneshet 2011). A. saligna has reasonably large amount of crude protein (Moujahed et al 2000), which has the potential to supplement
the predominantly poor quality fibrous feeds widely used by smallholder farmers. Like other tropical forages, A. saligna is deficient in energy and could
be provided to ruminants with other energy sources (Safinaz et al 2010). Studies have indicated that leaves of Acacia species better performance in
terms of dry matter intake, body weight gain, and digestibility (Shumuye and Yayneshet 2011). The economic value of these species to animal
production will depend on when the nutrients are available (i.e. does foliage/seed/pod production match feed gap and the concentrations of essential
nutrients and secondary or anti-nutritive compounds. A number of Acacia saligna provenances were selected from Australia for the purpose of
comparing their relative adaptation to conditions in northern Ethiopia with the naturalized type. However, the nutritive value to livestock of these
provenances is yet to be examined. Hence, the objective of this study was to determine chemical composition, in vitro organic matter digestibility
(IVOMD) and tannin content of the Acacia species provenances foliage used to feed ruminants.

 
Materials and methods

The study was conducted at Mekelle Agricultural Research Center. The altitude of the study area is 1960 m.a.s.l. The mean annual temperature ranges
from 15 to 16°C. The hottest month is May with a mean maximum temperature of 24.8°C and mean minimum temperature of 11.5°C. The coolest
month is December characterized by maximum and minimum temperature of 24.5°C and 11.3°C, respectively. The rainy season is June to September.
Most of the annual rainfall occurs during July and August and to some extent in June and September with a mean annual rain fall about 532 mm. Soil
type of the experimental site is vertisol and soil texture is clay. Acacia species had been grown in a triplicates trial since planting in 2012.

Foliage sample collection and preparation

Leaf samples from each Acacia species (A.saligna, A. microbotrya and A. daphnifolia) fifteen provenances were collected for chemical composition
analysis and in vitro Organic Matter Digestibility (IVOMD). Samples were collected by hand picking from randomly selected nine individual A.
species trees of each provenance. All the provenances sampled were the same age. Foliage samples were taken at three heights (top, middle and bottom
of sample trees of canopy) during the wet season (late August). For each provenance, leaves collected were thoroughly mixed and three composite
samples were taken for laboratory analysis. A sub-sample of each composite sample was taken for laboratory analysis. The samples were air dried in a
well-ventilated room until transported to the laboratory and further dried in an oven at 65°C for 72 hours. Samples were ground in a Wiley mill to pass
through a 1 mm sieve (for chemical analysis). The samples were then placed in plastic bags, sealed and kept for further analysis.

Chemical composition analysis

Triplicate samples of each Acacia species provenances were taken for chemical composition analysis. Dry matter content of the different samples
(foliage) was determined by oven drying the samples at 60°C for 48 hours. Total Nitrogen (N) was determined by the Kjeldahl method (AOAC 1990).
Crude protein (CP) was calculated as N x 6.25. Ash was determined by complete burning the samples in a muffle furnace at 500°C overnight according
to the procedure of AOAC (1990). The structural plant constituents, namely Neutral Detergent Fiber (NDF), Acid Detergent Fiber (ADF) and Acid
Detergent Lignin (ADL), were determined using the detergent extraction method (Van Soest et al 1991). The fat content was estimated according to the
procedure of AOAC (1990). Condensed tannin content was determined according to Burns (1971).
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In vitro organic matter digestibility

In vitro Organic Matter digestibility (IVOMD) of foliage samples was determined by the method of Tilley and Terry (1963) as modified by Van Soest
and Robertson (1985). About 0.5 g of the samples was incubated in 125 ml Erlenmeyer flasks containing rumen fluid-medium mixture for 48 hours in a
water bath maintained at 39°C. After the first 48 hrs of incubation, 35 ml of pepsin solution was added to the flasks and again incubated for another 48
hrs in a 39°C water bath. Shaking flasks was done at 2, 4, and 6 hours after pepsin addition. Results of the chemical composition, tannin and in vitro
organic matter digestibility (IVOMD) were subjected to the one way analysis of variance (ANOVA) using a general linear model (GLM) of SAS 9.3
(SAS Institute 2002). Tukey test at p<0.05 was used to compare the treatment means.

 
Results

All chemical constituents showed marked variation between provenances (Table 1). The highest content of CP was measured for Bulk of four
enclosures while the least CP content was recorded for Mingenew. Ash content varied from a low of Tincurrin to a high of Arrowsmith River. Tincurrin
has shown highest tannin content while bulk of four enclosures recorded the least. The highest NDF content was obtained from Palmer block while
lowest from Bambun Rd (Table 2). Maximum NDF value was recorded for Palmer Block whereas minimum value was recorded for Bambun Rd. The
highest content of ADF was measured for Mingnew while the least ADF content was recorded for Tincurrin. The least ADL content was recorded in
Tincurrin whereas a maximum value was determined in Tall selection Adishehu enclosure, Palmer Block and Mingenew.

Table 1. Chemical composition (% in DM) and tannin content (g/kg DM) of leaf samples from Acacia species provenances
Species Provenances CP Fat OM Ash Tannin

A. saligna Arrowsmith River 18.4i 1.70b 85.9l 14.1a 24.6h

A. saligna Flynn Drive 19.7h 1.93ef 89.7g 10.3f 32.9b

A. microbotrya Tincurrin 20.4g 2.68b 95.9a 4.10l 47.6a

A. saligna Bulk of four enclosures 28.3a 1.41k 90.2f 9.83g 9.15o

A. saligna Murchison River 24.3c 1.57hij 87.6j 12.4c 27.2f

A. saligna Bambun Rd 21.5f 2.15d 86.7k 13.3b 29.3d

A. daphnifolia Coorow 16.6j 2.35c 88.6i 11.4d 31.7c

A. microbotrya Stawell 2011 21.7ef 3.03a 87.7j 11.3d 19.2n

A. saligna Parkeyeering 21.3f 1.94e 89.2h 10.8e 22.5k

A. saligna Palmer Block 22.1e 1.64hi 90.7e 9.30h 31.5d

A. saligna Pruinescens 26.8b 1.50ijk 91.4cd 8.60i 20.9m

A. saligna Mingenew 16.4j 1.44jk 92.1b 7.90k 22.8j

A. saligna Lake Coolengup 22.0e 2.40c 90.2f 9.80g 22.0l

A. saligna Muntagin 22.9d 1.55ijk 91.2d 8.80i 26.7g

A. salign Tall selection Adishehu enclosure 26.9b 1.78gf 91.7bc 8.30j 22.9i

SEM 0.18 0.05 0.18 0.25 0.012
p <0.001 <0.001 <0.001 <0.001 <0.001

 
 

Table 2. Fiber fractions and digestibility (IVOMD) of the leaves of Acacia species provenances

Acacia species Acacia provenances
% in DM

NDF ADF ADL IVOMD

A. saligna Arrowsmith River 30.5h 26.1g 3.44efg 62.9h

A. saligna Flynn Drive 30.0hi 26.4g 3.79c 66.0f

A. microbotrya Tincurrin 31.2g 22.6j 2.34h 73.6a

A. saligna Bulk of four enclosures 29.9i 24.5i 3.39gf 70.5b

A. saligna Murchison River 29.7i 25.2h 3.68cdef 64.6g

A. saligna Bambun Rd 28.3j 24.2i 3.47defg 63.5h

A. daphnifolia Coorow 32.4f 28.4e 4.18b 64.7g

A. microbotrya Stawell 2011 31.0g 26.4g 3.73cd 64.6g

A. saligna Parkeyeering 34.5c 29.2d 3.86c 63.8hj

A. saligna Palmer Block 37.1a 34.3b 4.83a 64.8g

A. saligna Pruinescens 32.3f 27.2f 3.34g 68.5c

A. saligna Mingenew 36.2b 36.2a 4.74a 67.4de

A. saligna Lake Coolengup 33.1e 27.5f 3.73cde 66.7def

A. saligna Muntagin 33.7d 30.3c 4.41b 66.5ef

A. saligna Tall selection Adishehu enclosure 36.8a 33.3bc 4.96a 67.7cd

SEM 0.15 0.14 0.10 0.5
p <0.001 <0.001 <0.001 <0.001

 
Discussion

The values of CP content of Acacia species provenances reported here are comparable to those reported by (Abdulrazak et al 2000; Dynes et al 2002
and Alam et al 2007) for Acacia species which was between 13.1 and 25.6%. The difference in CP content among species can be explained by inherent
characteristics of each species related to the ability to extract and accumulate nutrients from soil or to fix atmospheric nitrogen, which is the case for
leguminous plants. The CP contents of these Acacia species were higher than the minimum of 7- 8% necessary to provide the minimum ammonia levels
required by rumen micro-organisms to support optimum rumen activity (Norton 2003). The CP concentration above the threshold CP content (11-12%)
is required for moderate level of ruminant production (ARC 1980) and a minimum of 15% CP is required for lactation and growth (Norton 1982). In
addition, high protein in the forage should be aimed at as it will favorably enhance intake and digestibility. This indicates the Acacia species
provenances under this study may be well utilized as a protein supplement to low quality feed such as grasses and crop residues due to a higher level of
crude protein.
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In the present study, NDF contents were greater than those reported by (Boufennara et al 2012) and (Gebeyew et al 2015) who reported that NDF value
of Acacia species to range from 18.6% to 24.5%. This could be attributed to differences in species, agro-ecology, stage of maturity at harvest and
harvesting season. NDF content above 55% was reported by Van Soest (1994) to limit appetite and digestibility. Singh and Oosting (1992) also
categorized roughages with NDF content of 45-65% as a medium quality feed, while feeds with NDF below 45% as high quality feeds. Tree forages
with a low NDF concentration (20–35%) are usually of great digestibility (Bakshi and Wadhwa 2004).

In this finding the ADF content was in range with the previous reports of (Boufennara et al 2012) who reported that ADF value of Acacia species to
range from 9.2% to 26.7%. With the exception of some of the provenances like Muntagin, Tall selection Adishehu enclosure, Palmer block and coorow
were higher than of those previous reports.

In vitro Organic Matter Digestibility (IVOMD) of Acacia provenances reported in this study was higher than the 56% to 66% reported earlier for
tropical browse species (Sanon et al 2007). The higher digestibility values could be partially attributed to the higher CP content of the feeds while the
lower digestibility records might be associated with higher proportion of NDF, ADF, and lignin (Moore and Jung 2001; Zewdu 2008). The data reported
in this study indicate that the leaves from Acacia provenances have a good potential to supply highly digestible feeds for ruminants.

Condensed tannin content in this present study were higher than the reports of (Elseed et al 2002) who reported that Acacia species during early June
but lower than the same Acacia species during late dry season. According to Waghorn et al (1994a) tannins levels in excess of 50 g/kg dry matter can
lead to low palatability, reduce digestibility, lower intake, inhibit digestive enzymes and be toxic to rumen micro-organisms. Accordingly, tannin
contents of the Acacia provenance leaves in this study were lower than this range.

 
Conclusions

The results of this study suggest that Acacia provenances were superior in terms of chemical composition, In vitro organic matter digestibility
and lower in tannin content.

  
The provenances had high level of protein content, easy degradability and low tannin content which deserved them to be potential feed for
ruminants.

  
Acacia provenances like Murchison river, bulk of four enclosures, pruincense and tall selection Adishehu enclosure could be mainstreamed as
live fences, fodder banks, alley farms and as sources of homegrown supplements to low quality crop residues, especially during the dry season
and as biological treatment to soil and water conservation structures would be useful in securing the sustainable development of the area.
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