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Abstract. This study determined the response of methane emission and growth performance of yearling
male Boer goats fed a basal diet of Avena sativa hay supplemented with Acacia karroo (sweet thorn) leaf
meal. Twelve yearling male Boer goats with initial mean live weights of 23 + 2 kg were used in a 21-day
experiment. The goats were randomly assigned to four dietary treatments, each containing sweet thorn
leaf meal at 10, 15, 20 and 30% with Avena sativa hay as a basal diet. The data collected was subjected to
analysis of covariance and analysis of variance in a completely randomized design using Statistical
Analysis Software. Differences were separated at 5% level of probability. Sweet thorn leaf meal inclusion
level had no effect (p > 0.05) on diet intake, methane emission, live weight changes and digestibility.
Feed conversion ratio improved linearly with increased Sweet thorn leaf meal inclusion level. The low
tannin contents in sweet thorn leaves indicate that these leaves can be safe to use as a source of protein in
animal nutrition if used sparingly. Although, sweet thorn leaf meal reduced methane emission, the
optimal dose was not determined. Further validation is required to determine sweet thorn inclusion levels
for optimal methane production and emission by goats.
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Introduction

Africa’s livestock accounts for one-third of the global livestock population (AU-
IBAR, 2015) and about 40% of agricultural GDP in Africa, ranging from 10% to 80%
in individual countries. Livestock will be increasingly important in the future in sub-
Saharan Africa (SSA) because the demand for animal-source food is projected to
increase due to population growth, increased incomes, and urbanization. In South
Africa, goats play multiple roles in the livelihoods of the populace (Ng’ambi et al.,
2013). The total national goat population in the commercial sector of South Africa is
approximately 3.2 million (DALRRD, 2020). Although the exact population of goats in
the South African communal sector cannot be readily established, the Eastern Cape and
Limpopo provinces are the largest communal goat-producing provinces. However,
methane produced by goats from enteric fermentation contributes to the emission of
greenhouse gases (GHG) into the atmosphere. According to Peters et al. (2018),
methane along with other GHG arising from anthropogenic activities have a greater
contribution to global warming. Furthermore, Canul-Solis et al. (2020) stated that
ruminant production systems contribute betweenl8% and 33% of total methane
emissions. Gerber et al. (2013) reported that African livestock have significant impacts
on the environment. Tubiello et al. (2014) ascertained that more than 70% of
agricultural GHG emission in Africa comes from the livestock sector dominated by
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enteric methane (CH4) emission. Production of methane translates into lost energy
which can negatively affect ruminant productivity (Ramin and Huhtanen, 2013).
Therefore, in Africa, sustainable livestock production must address food security and
climate change concerns simultaneously in addition to social and economic aspects.
Currently, most countries in Africa rely on the Intergovernmental Panel on Climate
Change (IPCC) tier 1 methodology to estimate their livestock-based emissions.

Furthermore, there is a general lack of detailed, precise activity data and accurate
estimates of natural resource use and environmental impact by livestock to inform the
adoption of climate-smart livestock interventions (Gaitan et al., 2016. This situation
calls for more research into the potential use of tropical foliage trees, pods, and
secondary metabolites to reduce methane emissions from ruminant supply chains.
Optimal livestock production that couples the use of environmentally friendly practices
within the tropical regions is attainable when the relevant stakeholders have a better
knowledge of the available strategies for efficient foliage use (Ku-Vera, 2020). Most
tropical forages contain high tannin levels and some studies have reported beneficial
effects of tannins in livestock production and more recent studies have revealed
beneficial effects of tannins in domestic ruminants. For example, Anantasook et al.
(2014), Gunun et al. (2016) and Canul-Solis et al. (2020) reported that tannins
containing plants contribute to inhibiting the enteric methane emission. Thus, the
mitigation of rumen methane production with the foliage and metabolites of tropical
trees represents an interesting challenge in the field of ruminant nutrition. Research on
the utilization of tropical forages is particularly important in goat production. Goat
mouth structure allows them to select the high-quality parts of the woody plants and
they can effectively detoxify secondary compounds such as tannins and terpens. These
observations have led to a growing interest in finding feed alternatives, which may help
to mitigate methane production in the goat rumen. It was observed by Canul-Solis et al.
(2020) that the presence of a vast range of secondary metabolites in tropical trees
(coumarins, phenols, tannins, and saponins, among others) may be a valuable alternative
to manipulate rumen fermentation and partially defaunate the rumen, and thus reduce
enteric methane production.

This study explored sweet thorn as an alternative for sustainable livestock production
in South Africa. Sweet thorn is one of the tropical trees that have been reported to have
a potential to mitigate methane emissions from Boer goats. Aboagye and Beauchemin
(2019) pointed out that CH4 mitigation options that are inexpensive would allow wide
implementation to reduce enteric CH4 emissions associated with ruminant production.
The use of tannins may offer such a possibility because they are naturally occurring in
numerous plants, and hence widely available to ruminant producers. There is neither
extensive nor conclusive data on tanniniferous sweet thorn leaf meal inclusion levels for
optimal reduction in methane production and emission in the ruminant animals.
Additionally, extensive knowledge on inclusion levels of sweet thorn leaf meal for
optimal goat productivity is also minimal.

Materials and methods

This study was conducted at the University of Limpopo Experimental farm, Limpopo
province, South Africa. The farm is situated 10 km north-west of main campus of the
University of Limpopo. The University of Limpopo lies at latitude 27.55°S and longitude
24.77°E. The ambient temperatures around this area are above 32 °C during summer and
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between 5 and 25 °C during winter seasons. The mean annual rainfall ranges between
446.8 and 468.4 mm. The dry season occurs between April and October and the rainy
season occurs between November and March (Kutu and Asiwe, 2010). Vegetation
structure is a Savanna type (bushveld) that is characterised by trees, shrubs and grass
undercover. Browsing animals, traditionally, keep a balance between trees and grass.

The experimental diets consisted of Avena sativa hay as a basal diet mixed with
sweet thorn leaves. Sweet thorn leaves were hand-harvested at the University of
Limpopo Experimental farm. The leaves were then shade-dried and stored indoor for
14 days prior to chopping. The samples were chopped, using a 2 mm screen, and then
stored in airtight bags until needed for analysis and feeding. Avena sativa hay was
bought from a local supplier. The hay was harvested before summer rains while still
green, soft and less stalky. It was shade-dried before being chopped and stored in bags
under a shade until needed for analysis and feeding.

The first part of the study determined tannin levels of sweet thorn leaf meals and
Avena sativa hay. The dietary means were compared using Fisher’s least significant
difference at the 5% level of probability. The second part of the study determined the
effect of sweet thorn leaf meal inclusion level on diet intake and digestibility, methane
emission and growth response of yearling male Boer goats. Twelve yearling male Boer
goats with initial mean live weights of 23 + 2 kg were used in a 21-day experiment. The
goats were randomly assigned to four dietary treatments, each containing sweet thorn
leaf meal inclusion levels at 10, 15, 20 and 30% with Avena sativa hay as a basal diet.
The experimental diets were as indicated in Table 1. These inclusions include high and
low tannin-levels as indicated in the literature (Makkar, 2003). The pens and
surrounding environment were cleaned thoroughly and disinfected. Each goat was
housed in well-ventilated individual metabolic pen. The diets were replicated three
times. The data collected were subjected to analysis of covariance and analysis of
variance in a completely randomized design using SAS. Differences were separated at
5% level of probability.

The feeding trial lasted for 21 days, with the last 7 days being for data collection.
The goats were fed once at 8:00am on daily basis. The feed was offered ad libitum. The
goats were weighed at the start of the experiment, on the 14™ day when data collection
commenced and on the last day of the experiment. Methane emissions were measured at
the start of the experiment and again on the last 5 consecutive days of the experiment
together with intake and digestibility. Dry matter digestibility was calculated according
to Khan et al (2003). Methane emissions were measured using a hand-held portable
laser methane detector (LMD) manufactured by Growcon according to Chagunda et al.
(2009).

Table 1. Dietary treatments for sweet thorn and Avena sativa hay diet

Diet code Diet description

Hase0AK1o | Yearling male Boer goats fed a mixed diet of 90% Avena sativa hay and 10% sweet thorn
HasssAKi1s | Yearling male Boer goats fed a mixed diet of 85% Avena sativa hay and 15% sweet thorn
HassoAK2o | Yearling male Boer goats fed a mixed diet of 80% Avena sativa hay and 20% sweet thorn
Has70AKso | Yearling male Boer goats fed a mixed diet of 70% Avena sativa hay and 30% sweet thorn

All the diets and faecal output were analysed for dry matter, organic matter, ash,
crude protein, fat, energy and minerals according to AOAC (2002). Neutral and acid
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detergent fibre contents of feeds and faeces were determined according to VVan Soest et
al (1991). Tannin contents were determined using the methods of Waterman and Mole
(1994). The total phenolic and tannin contents were measured using Folin-Ciocalteu
method according to Makkar (2000). Hydrolysable tannins were measured using a
modified method of Hartzfeld et al. (2002).

The nutrient and tannin contents of sweet thorn leaves and Avena sativa hay diets
were subjected to analysis of variance (ANOVA) using SAS (2008). Intake,
digestibility, live weight, weight gain and feed conversion ratio (FCR) were adjusted for
final weight, FCR, dry matter intake, FCR and weight gain, respectively, by covariance
analysis and were presented as adjusted least-square means. In the case of methane, data
was scrutinised by ANCOVA using methane baseline values as the covariates to control
statistically for differences in baseline values. Where the covariates showed no
significant effect, the data were analysed with ANOVA in a completely randomized
design at 5% (p <0.05) level of probability with diet as a fixed factor (SAS, 2008).
Where significant treatment effects were detected, means were separated by Fisher’s
least significant difference (LSD) using SAS (2008).

Results

Table 2 shows the tannin contents of sweet thorn leaves. Total tannins and condensed
tannins were found in sweet thorn leaves. However, no hydrolysable tannins were
detected. Sweet thorn leaf meal inclusion level had no effect on diet dry matter (DM)
intake. Increasing sweet thorn leaf meal inclusion level in the diet increased total
phenolics, total tannins and condensed tannins (CT). Sweet thorn leaf meal inclusion
level had no effect on diet intake, methane emission, live weight and weight gain of
goats (Table 3). Similarly, sweet thorn leaf meal inclusion level had no effect on diet
DM digestibility by goats. Feed conversion ratio improved with increased sweet thorn
leaf meal inclusion level. Boer goats on a diet containing a 30% sweet thorn leaf meal
inclusion level had a higher (p < 0.05) FCR value than those on diets having 10, 15 or
20% sweet thorn leaf meal inclusion levels. Similarly, goats on a diet with a 15% sweet
thorn leaf meal inclusion level had a higher (p < 0.05) FCR value than goats on a diet
having a 10% sweet thorn leaf meal inclusion level. However, goats on diets having 10
or 20% sweet thorn leaf meal inclusion levels had similar (p >0.05) FCR values.
Similarly, goats on diets containing 15 or 20% sweet thorn leaf meal inclusion levels
had similar (p > 0.05) FCR values.

Table 2. Composition of tannins in the experimental sweet thorn diets

_ Diet?
Nutrient
Hass0AK 10 HasssAK 15 HassoAK 20 Has70AK 3o
Total phenolics* 0.289+ 0.002 0.41¢+ 0.002 0.55°+ 0.003 0.832+ 0.005
Total tannins* 0.219+0.001 0.32¢+0.002 0.43°+0.003 0.642+ 0.004
Condensed tannins** 0.169+ 0.001 0.24°+0.001 0.32°+0.002 0.482+ 0.003
Hydrolysable tannins (mg/g) 0.00 £ 0.000 0.00 £ 0.000 0.00 = 0.000 0.00 £ 0.000

ab.¢.dMeans in the same row not sharing a common superscript are different (p < 0.05)
*Percentage DM tannic acid equivalent

**Percentage DM leucocyanidin equivalent

“Diet codes are explained in Table 1
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Table 3. Effect of sweet thorn leaf meal inclusion level on diet intake, digestibility, methane
emission, live weight change and feed conversion ratio of yearling male Boer goats fed an
Avena sativa hay-based diet

Variable Diet
Haso0AK10 HasssAK1s HassoAK20 Has70AK 30
Intake (g/goat/day)

DM 264+ 40.223 337 +£40.451 370 + 40.602 288 + 40.247

Digestibility (decimal)
DM 0.55+0.147 0.55+0.063 0.63+0.078 0.42+0.277
Methane emission (ppm-m) | 13.80 + 1.668 13.07+0.668 | 13.33+0.668 12.40 + 0.698
Initial live weight (kg) 23.15+3.715 22,52 +2.639 | 23.97+2.965 22.85+2.707
Final live weight (kg) 23.38 +3.534 22.88+2.511 | 24.33+2.821 23.27 +2.576

Weight gain (g/goat/day) | 46.00 +200.621 | 73.33 +86.252 | 73.33 + 106.608 | 83.33 + 379.350

Feed conversion ratio 5.74°+ 0.241 4.60° +0.238 5.04*+0.238 3.45°+0.242

a5, ¢Means in the same row not sharing a common superscript are different (p < 0.05)
“Diet codes are explained in Table 1

Discussion

Some studies have attempted to provide dose-response information on the effect of
including tannin based diets on methane emission in goats. Naumann et al. (2017)
showed that total condensed tannins vs. methane production gave a correlation of
R? = 0.44, suggesting that only 44% of the reduction in methane production is explained
by total CT. Many studies have demonstrated that forage plants with diverse natural
products as well as tannin rich legumes such as Mimosa spp. and Acacia mearnsii can
decrease gas production by ruminants, including methane emissions (Bhatta et al., 2013;
Durmic et al., 2014). Generally, condensed tannins (CT) and hydrolysable tannin (HT)
supplementation have no deleterious effects (dose dependent) on animal performance
(Krueger et al., 2010). Several studies reported that some tannins based forage are
beneficial and some are deleterious (Dey and De, 2014). Tannins in higher
concentrations reduce feed intake, carbohydrates metabolism, protein digestibility and
ultimately animal production performance (Shewangzaw, 2016.

Sweet thorn leaf meal inclusion levels of 10 - 30% in the present study had no effect
on nutrient intake per goat. The intakes, irrespective of dietary treatments, are consistent
with the previous reports (Bwire et al., 2004; Pathak et al., 2014; Dey and De, 2014).
These authors reported that moderate levels of 1 - 4% of CT in the diet from various
plant sources exerted no significant effect on diet intake. VValues of CT of 0.16 - 0.48%
in sweet thorn leaf meal diets in the current study fell below the moderate levels of CT
reported. The non-significant effect of sweet thorn leaf meal inclusion on intake by
goats may be attributed to low concentration of CT in the diets. Pathak et al. (2013),
also, reported non-significant differences in total intake of DM in lambs fed on diets
with or without tannin leaf meal mixtures. It has been reported that diets containing up
to 5% tannins are utilised efficiently by the animals without any harmful effect on
intake (Barry and McNabb, 1999). This differs from the findings of Gwanzura et al.
(2011) who reported a high level of voluntary intake by goats, which were fed tannin-
rich diets. Ramirez and Ledezma-Torres (1997) reported that inclusion of Acacia
rigidula and Acacia farnesiana did not adversely affect forage intake of goats. Nunez-
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Hernandez et al. (1989) observed similar DM intakes for Angora goats on a diet
containing a high tannin shrub (Juniperus monosperma) compared with goats fed an
alfalfa hay diet. Other studies have indicated that plant secondary metabolites (PSM)
such as tannins may reduce dry matter intake of forage legumes by decreasing
palatability (Estell, 2010). Brown et al. (2016) observed that tannin-rich plant leaves
when fed in a mixed diet can influence preference and intake by goats. Tannins have
been associated with low palatability values, however, medium to low levels may be
tolerated by ruminant animals (Lamy et al., 2011). Reduced dry matter intake associated
with tannin supplementation have been reported in some studies (Fernandez, 2012). In a
study by Aboagye et al. (2018), dry matter intake of beef steers was not affected by
hydrolysable or a combination of hydrolysable and condensed tannin, at the inclusion
level of 15 g/kg DM. The influence of tannin on nutrient intake may vary widely and
depend on several factors such as the concentration of tannin in the diet, animal factor,
biological characteristics of the tannin compound, effect of prolonged adaptation, rumen
fermentation or diet characteristics (Dschaak, 2011; Archimede, 2016). The methane-
reducing potential of Acacia tannin and other tannin additives has been noted in
previous studies (Carulla, 2005; Grainger, 2009). The methane suppressing effects of
tannins relate to a combination of direct toxicity on the methanogenic archaea or
reduced fibre degradation (Patra and Saxena, 2011; Beauchemin, 2007). Feed
conversion ratio (FCR) measures the amount of feed an animal requires to gain per unit
body weight. In the present study, feed conversion ratios significantly improved as
Sweet thorn inclusion level increased.

Ngambu et al. (2013) reported a higher growth performance in Xhosa lop-eared goats
that were supplemented with sweet thorn and attributed this to the high nutritive value
of the foarge (Ngongoni et al., 2007; Mapiye et al., 2009; Marume et al., 2012). The
significance of tannins in ruminant diets lies in their effect on protein digestion. It has
been observed that tannins can reduce the amount of protein that is degraded in the
rumen and increase the protein flow for digestion in the small intestine (Mueller-
Harvey, 2006). This tannin-protein interaction leads to increased protein metabolism
into the muscle, leading to higher slaughter weights and heavier carcasses (Gleghorn et
al., 2004). In a study by Mapiliyao et al. (2012), goats, which were allowed access
Sweet thorn encroached areas, had higher growth responses as compared to those in
open grassland.

Brown et al. (2018) reported improved body weight gains in Pedi goats on diets
higher in sweet thorn inclusion levels and attributed this to an improved protein
utilization in line with the findings of Solaiman et al. (2010). Similarly, Gwanzura
(2011) reported higher body weight gains in Pedi goats fed taninniferous Mucuna hay.
The variation in the feed conversion ratio among goats in the present study as compared
to previous studies could be due to other factors which were not controlled which also
concurs with previous studies that compared performance of sheep (Mukasa-Mugerwa
et al., 2000; Mapiliyao et al., 2012), goats (Rumosa-Gwaze et al., 2009) and cattle
(Mapiye et al., 2009). Results of Njidda and Ikhimioya (2010) with tannin-rich plants
revealed that some rumen microorganisms are able to metabolize tannins or remain
active in a high tannin environment and overcome their detrimental effects, which in
turn improves animal performance. A study by Ash and Norton (1987) observed higher
average daily gains in goats consuming a diet with a 50% sweet thorn leaf meal
inclusion level and attributed this to increase in diet digestibility with an increase in
sweet thorn inclusion level. However, Tanner et al. (1990) observed that higher
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concentrations of total polyphenols in a diet tended to reduce nutrient availability to the
animals, thus adversely affecting their body weight gains. In the present study, the
highest inclusion level for sweet thorn was 30% and this could have been lower to yield
significantly higher weight gains.

Dry matter digestibility was affected by sweet thorn leaf meal inclusion level even
though the differences across the treatments were not significantly different.
Digestibility was optimised at 13.50 and 16.75% sweet thorn leaf meal inclusion levels,
respectively. Boer goats on diets having 30% sweet thorn leaf meal inclusion level had
the lowest digestibility values. The reduction in digestibility could be due to the
negative effect of tannins and phenolics through formation of indigestible complexes
with proteins and other nutrients (Dubey et al., 2012). This is also supported by the
findings of Salem et al. (2006). The authors reported that ingestion of tannin-containing
feed by ruminants may reduce nutrient digestibility. In other studies, digestibility in
sheep was decreased by adding CT of A. mearnsii to grass-based diets (Carulla et al.,
2005). Thus, effects of CT on dry matter digestion, in the present experiment, were
expected.

Daily gain indicates production performance of animals which is determined by the
feeding value of the feed consumed (Waghorn, 2008). In the present study, the goats
attained desired live weight gains and remained in good health condition throughout the
experiment. Initial and final live weights of Boer goats were similar irrespective of
sweet thorn leaf meal inclusion levels. This accounted for comparable daily weight
gains of the goats. These comparable results are in conformity with the findings of
several workers (Anbarasu et al., 2001). The authors observed similar body condition in
animals on various tannin-rich forage meals. However, Waghorn (2008) reported
improved live weight gain in sheep fed temperate forages with CT. The author
suggested that increased protein due to higher levels of sweet thorn leaf meal inclusion
might also have contributed to improvements in live weight gains.

In the present study, inclusion of tanniferous sweet thorn in the diet showed a
potential to reduce methane emission. However, the differences in the amount of
methane emitted across the treatments were not significant. Earlier studies suggested
that feeding forages that contain tannins for ruminants generally effectively inhibit CH4
produced during enteric fermentation (Puchala et al., 2005; Animut et al., 2008). In this
regard, tannins of lower molecular weights were found to be more effective against
methanogens than their monomeric precursors or tannins of higher molecular weight
(Tavendale et al., 2005). However, there is huge diversity in tannin structure and
concentration, and other chemical constituents among the browses, which may affect
variably, the observed response in rumen fermentation, digestibility of nutrients and
methanogen activity (Mueller-Harvey, 2006). This indicates that tannin from different
plants might show a different response in gas production, true digestibility and methane
production. Tan et al. (2011) reported that with different graded levels of CT inclusion,
total gas production, CHs production and total VFA concentration decreased at a
decreasing rate with increasing levels of CT and so were the in vitro DM degradation
and N disappearance.

Estimates of rumen methanogenic archaea and protozoa populations later showed
linear reductions in total methanogens and total protozoa with increasing levels of CT
(Tan et al., 2011) and this may justify the observed outcome. In another study, reduced
emissions of CH4 were observed at all levels with the greatest reduction observed at
50%. The values of methane (CH4) emissions for goats are still being estimated (IPCC,
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2006; Moeletsi, 2017). There are reports indicating a decrease in CHs emission with
inclusion of CT-containing forage (Carulla et al., 2005; Puchala et al., 2005). In the
current study, variations in sweet thorn leaf meal inclusion level had different effects on
the enteric CH4 emission by the goats. Different effects of sweet thorn leaf meal
inclusion levels on CH4 emission may indicate that inclusion level of CT (0.16-0.48%)
in this study were below the required effective level.

Inclusion of sweet thorn leaf meal in the diets of male Boer goats did not cause a
significant reduction in CHs emission. This indicates that tannins in sweet thorn leaf
meal at the inclusion levels used in the present study were not enough to inhibit
methanogens. This differs from Woodward et al. (2001) who reported lower (decreased
by 24 - 29%) CH4 production relative to digestible dry matter intake (DMI) in sheep
when CT-containing forage, Lotus pedunculatus, was fed compared with ryegrass or
alfalfa. The same authors observed a similar decrease of 23% in CH4 emission relative
to DMI when cows were fed Lotus corniculatus silage compared with ryegrass silage.
This is because CH4 emission is less in animals fed legumes than grasses (Benchaar et
al., 2001; Van Dorland et al., 2007). Grobler et al. (2014), also, did a study comparing
CHa production in different cattle breeds and reported that Bonsmara, Jersey and Nguni
cattle produced less CH4 on forage sorghum compared to natural pasture. The same
authors further concluded that less CH4 production in forage sorghum is possibly due to
the tannin content found in forage sorghum, which inhibits methanogens. Carulla et al.
(2005) reported that inhibition of methanogens by CT was primarily the result of
suppressed fibre degradation that limits hydrogen gas (Hz) derived from synthesis of
acetate. Results of the present study revealed that tannin contents in sweet thorn leaf
meal inclusions were not adequate for suppressing CHas production and emission by
Boer goats.

Conclusions and recommendations

It is concluded that nutrient composition of sweet thorn leaves in this study appeared
adequate for ruminant growth. The species contained more than 12% of crude protein.
This is quite high and ideal for protein supplementation in animal nutrition. In general,
it is advisable to use sweet thorn leaves as a source of protein. Additionally, the low
tannin contents in sweet thorn leaves indicate that sweet thorn can be safe to use in
animal nutrition if used sparingly. With regard to methane emission, sweet thorn leaf
meal inclusion levels used in the present study did not have a significant reduction on
methane emission. However, there is need to determine levels of inclusion for optimal
methane emission reduction in goats.

Acknowledgements. The authors would like to acknowledge the Department of Agricultural Economics
and Animal Production, University of Limpopo for the financial assistance offered to carry out data
collection.

REFERENCES

[1] Aboagye, I. A., Beauchemin, K. A. (2019): Potential of molecular weight and structure of
tannins to reduce methane emissions from ruminants: a review. — Animals 9: 856
https://doi.org/10.3390/ani9110856

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1139-1151.
http://www.aloki.hu e ISSN 1589 1623 (Print)  ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_11391151
© 2022, ALOKI Kft., Budapest, Hungary



[2]

[3]

[4]

[5]

[6]

[7]
[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mathobela et al.: Sweet thorn and methane emission in goats
- 1147 -

Aboagye, I. A., Oba, M., Castillo, A. R., Koenig, K. M., Iwaasa, A. D., Beauchemin, K.
A. (2018): Effects of hydrolyzable tannin with or without condensed tannin on methane
emissions, nitrogen use, and performance of beef cattle fed a high-forage diet. — Journal
of Animal Sciences 96: 5276-5286.

African Union Inter-African Bureau for Animal Resources (AU-IBAR) (2015): The
Livestock Development Strategy for Africa 2015-2035. — AU-IBAR, Nairobi.
Anantasook, N., Wanapat, M., Cherdthong, A. (2014): Manipulation of ruminal
fermentation and methane production by supplementation of rain tree pod meal
containing tannins and saponins in growing dairy steers. — Journal of Animal Physiology
and Animal Nutrition 98: 50-55.

Anbarasu, C., Dutta, N., Sharma, K. (2001): Use of leaf meal mixture as a protein
supplement in the ration of goats fed wheat straw. — Animal Nutrition and Feed
Technology 1: 113-123.

Animut, G., Puchala, R., Goetsch, A. L., Patra, A. K., Sahlu, T., Varel, V. H., Wells, J.
(2008): Methane emission by goats consuming diets with different levels of condensed
tannins from lespedeza. — Animal Feed Science and Technology 144: 212-227.

AOAC (2002): Official method of Analysis of Association of Official Analytical
Chemists, International. 17" ed. — AOAC, Washington, DC.

Archiméde, H., Rira, M., Barde, D. J., Labirin, F., Marie-Magdeleine, C., Calif, B.,
Periacarpin, F., Fleury, J., Rochette, Y., Morgavi, D. P. (2016): Potential of tannin-rich
plants, Leucaena leucocephala, Glyricidia sepium and Manihot esculenta, to reduce
enteric methane emissions in sheep. — Journal of Animal Physiology and Animal
Nutrition 100: 1149-1158.

Ash, A., Norton, B. W. (1987): Studies with the Australian cashmere goat. I. Growth and
digestion in male and female goats given pelleted diets varying in protein content and
energy level. — Australian Journal of Agricultural Research. DOI: 10.1071/AR9870957.
Barry, T. N., McNabb, W. C. (1999): The implications of condensed tannins on the
nutritive value of temperate forages fed to ruminants. — British Journal of Nutrition 81:
263-272.

Benchaar, C., Pomar, C., Chiquette, J. (2001): Evaluation of dietary strategies to reduce
methane production in ruminants: a modelling approach. — Canadian Journal of Animal
Science 81: 563-574.

Bhatta, R., Baruah, L., Saravanan, M., Suresh, K. P., Sampath, K. T. (2013): Effect of
medicinal and aromatic plants on rumen fermentation, protozoa population and
methanogenesis. — Journal of Animal Physiology and Animal Nutrition 97: 446-456.
Brown, D., Ng’ambi, J. W., Norris, D. (2016): Voluntary intake and palatability indices
of Pedi goats fed different levels of Acacia karroo leaf meal by cafeteria method. — Indian
Journal of Animal Research 50: 41-47.

Bwire, J. M., Wiktersson, N. H., Shayo, C. M. (2004): Effect of level of Acacia tortilis
and Faidherbia albida pods supplementation on the milk quality of dual purpose dairy
cows fed grass hay based diets. — Livestock Production Science 87: 229-236.

Canul-Solis, J., Campos-Navarrete, M., Pifieiro-Vazquez, A., Casanova-Lugo, F., Barros-
Rodriguez, M., Chay-Canu, A., Cardenas-Medina, J., Castillo-Sanchez, L. (2020):
Mitigation of rumen methane emissions with foliage and pods of tropical trees. — Animals
10: 843. https://doi.org/10.3390/ani10050843.

Carulla, J. E., Kreuzer, M., Machmiiller, A., Hess, H. D. (2005): Inclusion of Acacia
mearnsii tannins decreases methanogenesis and urinary nitrogen in forage-fed sheep. —
Australian Journal of Agricultural Research 56: 961-970.

Chagunda, M. G. G., Ross, D., Raberts, D. J. (2009): On the use of a laser methane
detector in dairy cows. — Computers and Electrics in Agriculture 68: 157-160.

DALRRD (2020): Abstract of Agricultural Statistics. — Department of Agriculture, Land
Reform and Rural Development, South Africa.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1139-1151.
http://www.aloki.hu e ISSN 1589 1623 (Print)  ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_11391151
© 2022, ALOKI Kft., Budapest, Hungary



[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Mathobela et al.: Sweet thorn and methane emission in goats
- 1148 -

Dey, A., De, P. S. (2014): Influence of condensed tannins from Ficus bengalensis leaves
on feed utilization, milk production and antioxidant status of crossbred cows. — Asian-
Australasian Journal of Animal Sciences 27(3): 342-348.

Dschaak, C. M., Williams, C. M., Holt, M. S, Eun, J. S., Young, A. J., Min, B. R. (2011):
Effects of supplementing condensed tannin extract on intake, digestion, ruminal
fermentation, and milk production of lactating dairy cows. — Journal of Dairy Sciences
94: 2508-2519.

Dubey, M., Dutta, N., Banerjee, P. S., Pattanaik, A. K., Sharma, K., Singh, M. (2012):
Effect of condensed tannins supplementation through a tree leaves mixture on
erythrocytic antioxidant status and gastrointestinal nematodes in kids. — Animal Nutrition
and Feed Technology 12: 91-102.

Durmic, Z., Moate, P. J., Eckard, R., Revell, D. K., Williams, R., Vercoe, P. E. (2014): In
vitro screening of selected feed additives, plant essential oils and plant extracts for rumen
methane mitigation. — Journal of the Science of Food and Agriculture 94: 1191-1196.
Estell, R. E. (2010): Coping with shrub secondary metabolites by ruminants. — Small
Ruminant Research 94: 1-9.

Fernandez, H. T., Catanese, F., Puthod, G., Distel, R. A., Villalba, J. J. (2012):
Depression of rumen ammonia and blood urea by quebracho tannin-containing
supplements fed after high-nitrogen diets with no evidence of self-regulation of tannin
intake by sheep. — Small Ruminant Research 105: 126-134.

Gaitan, L., Laderach, P., Graefe, S., Rao, I., van der Hoek, R. (2016): Climate-smart
livestock systems: an assessment of carbon stocks and GHG emissions in Nicaragua. —
PLoS ONE 11(12): e0167949. https://doi.org/10.1371/journal.pone.0167949

Grainger, C., Clarke, T., Auldist, M. J., Beauchemin, K. A., McGinn, S. M., Waghorn, G.
C., Eckard, R. J. (2009): Potential use of Acacia mearnsii condensed tannins to reduce
methane emissions and nitrogen excretion from grazing dairy cows. — Canadian Journal
of Animal Sciences 89: 241-251.

Gerber, P. J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci,
A., Tempio, G. (2013): Tackling climate change through livestock: a global assessment of
emissions and mitigation opportunities. — Food and Agriculture Organization of the
United Nations (FAO), Rome.

Gleghorn, J. F., Elam, N. A., Galyean, M. L., Duff, G. C., Cole, N. A., Rivera, J. D.
(2004): Effects of crude protein concentration and degradability on performance, carcass
characteristics, and serum urea nitrogen concentrations in finishing beef steers. — Journal
of Animal Science 82: 2705-2717.

Grobler, S. M., Scholtz, M. M., van Rooyen, H., Mpayipheli, M., Neser, F. W. C. (2014):
Methane production in different breeds, grazing different pastures or fed a total mixed
ration, as measured by a laser methane detector. — South African Journal of Animal
Science 44: 5-10.

Gunun, P., Wanapat, M., Gunun, N., Cherdthong, A., Sirilaophaisan, S., Kaewwongsa,
W. (2016): Effects of condensed tannins in mao (Antidesma thwaitesianum Muell. Arg.)
seed meal on rumen fermentation characteristics and nitrogen utilization in goats. —
Asian-Australasian Journal of Animal Sciences 29: 1111-1119. doi: 10.5713/ajas.15.0552
Gwanzura, T., Ngambi, J. W., Norris, D. (2011): Effects of selected species and forage
sorghum hay grown in Limpopo province on voluntary intake and relative palatability
indices of Pedi goats. — Asian Journal of Animal and Veterinary Advances 12: 1249-
1255.

Hartzfeld, P. W., Forkner, R., Hunter, M. D., Hagerman, A. E. (2002): Determination of
hydrolyzable tannins (Gallotannins and Ellagitannins) after reaction with potassium
iodate. — Journal of Agricultural and Food Chemistry 50(7): 1785-1790.

IPCC (2006): IPCC Guidelines for National Greenhouse Gas Inventories. Prepared by the
National Greenhouse Gas Inventories Programme, edited by Eggleston, H. S., Buendia,
L., Miwa, K., Ngara, T., Tanabe, K. — IGES, Japan.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1139-1151.
http://www.aloki.hu e ISSN 1589 1623 (Print)  ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_11391151
© 2022, ALOKI Kft., Budapest, Hungary



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Mathobela et al.: Sweet thorn and methane emission in goats
- 1149 -

Khan, M. A., Nisa, M. U., Sarwar, M. (2003): Review techniques measuring digestibility
for the nutritional evaluation of feeds. — International Journal of Agriculture and Biology
5(1): 1560-8530.

Krueger, W. K., Gutierrez-Banuelosf, H., Carstens, G. E., Min, B. R., Pinchak, W. E.,
Gomez, R. R., Anderson, R. C., Krueger, N. A., Forbes, T. D. A. (2010): Effects of
dietary tannin source on performance, feed efficiency, ruminal fermentation, and carcass
and non-carcass traits in steers fed a high-grain diet. — Animal Feed Science and
Technology 159: 1-9.

Kutu, F. R., Asiwe, J. A. N. (2010): Assessment of maize and dry bean productivity
under different intercrops system and fertilization regimes. — African Journal of
Agricultural Research 15: 1627-1631.

Ku-Vera, J. C., Castelan-Ortega, O. A., Galindo-Maldonado, F. A., Arango, J., Chirinda,
N., Jiménez-Ocampo, R., Valencia-Salazar, S. S., Flores-Santiago, E. J., Montoya-Flores,
M. D., Molina-Botero, I. C., Pifieiro-Vazquez, A. T., Arceo-Castillo, J. I., Aguilar-Pérez,
C. F., Ramirez-Avilés, L., Solorio-Sanchez, F. J. (2020): Review: strategies for enteric
methane mitigation in cattle fed tropical forages. — Animals 14(3): 453-463.

Lamy, E., da Costa, G., Santos, R., Capela e Silva, F., Potes, J., Pereira, A., Coelho, A.
V., Sales Baptista, E. (2011): Effect of condensed tannin ingestion in sheep and goat
parotid saliva proteome. — Journal of Animal Physiology and Animal Nutrition 95: 304-
312.

Makkar, H. P. S. (2000): Quantification of tannins in tree foliage. A laboratory manual
for the FAO/IAEA co-ordinated research project on ‘use of nuclear and related
techniques to develop simple tannin assays for predicting and improving the safety and
efficiency of feeding ruminants on tanniniferous tree foliage’. — FAO/IAEA Working
Document, Vienna, Austria.

Makkar, H. P. S. (2003): Effects and fate of tannins in ruminant animals, adaptation to
tannins, and strategies to overcome detrimental effects of feeding tannin-rich feeds. —
Small Ruminants Research 49: 241-56.

Mapiliyao, L., Pepe, D., Marume, U., Muchenje, V. (2012): Flock dynamics, body
condition and weight variation in sheep in two ecologically different resource-poor
communal farming systems. — Small Ruminant Research 104: 45-54.

Mapiye, C., Chimonyo, M., Dzama, K., Strydom, P. E., Marufu, M. C., Muchenje, V.
(2009): Nutritional status, growth performance and carcass characteristics of Nguni steers
supplemented with Acacia karroo leaf-meal. — Livestock Science 126: 206-214.

Marume, U., Chimonyo, M., Dzama, K. (2012): Influence of dietary supplementation
with Acacia karroo on experimental haemonchosis in indigenous Xhosa lop-eared goats
of South Africa. — Livestock Science 144: 132-139.

Moeletsi, M. E., Tongwane, M. I, Tsubo, M. (2017): Enteric methane emissions estimate
for livestock in South Africa for 1990-2014. — Atmosphere 8(5): 69-81.

Mueller-Harvey, 1. (2006): Unravelling the conundrum of tannins in animal nutrition and
health. — Journal of the Science of Food and Agriculture 86: 2010-2037.
Mukasa-Mugerwa, E., Lahlou-Kassi, A., Anindo, D., Rege, J. E. O., Tembely, S,
Markos, T., Baker, R. L. (2000): Between and within breed variation in lamb survival and
the risk factors associated with major causes of mortality in Indigenous Horro and Menz
sheep in Ethiopia. — Small Ruminant Research 37: 1-12.

Naumann, H. D., Tedeschi, L. O., Zeller, W. E., Huntley, N. F. (2017): The role of
condensed tannins in ruminant animal production: advances, limitations and future
directions. — Revista Brasileira de Zootecnia 46: 929-949.

Ng’ambi, J. W., Alabi, O. J., Norris, D. (2013): Role of goats in food security, poverty
alleviation and prosperity with special reference to Sub-Saharan Africa: a review. —
Indian Journal of Animal Research 47: 1-9.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1139-1151.
http://www.aloki.hu e ISSN 1589 1623 (Print)  ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_11391151
© 2022, ALOKI Kft., Budapest, Hungary



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Mathobela et al.: Sweet thorn and methane emission in goats
- 1150 -

Ngambu, S., Muchenje, V., Marume, U. (2013): Effect of sweet thorn supplementation on
growth, ultimate pH, colour and cooking losses of meat from indigenous Xhosa lop-eared
goats. — Asian-Australasian Journal of Animal Science 26(1): 128-133.

Ngongoni, N. T., Mapiye, C., Mwale, M., Mupeta, B. (2007): Effect of supplementing a
high-protein ram press sunflower cake concentrate on smallholder milk production in
Zimbabwe. — Tropical Animal Health and Production 39: 297-307.

Njidda, A. A., Ikhimioya, I. (2010): Nutritional evaluation of some semi-arid browse
forages leaves as feed for goats. — European Journal of Applied Sciences 2: 108-115.
Nunez-Hernandez, G., Holechek, J. L., Wallace, J. D., Galyean, M. L., Tembo, A,
Valdez, R., Cardenas, M. (1989): Influence of native shrubs on nutritional status of goats:
nitrogen retention. — Rangeland Ecology and Management 42: 228-232.

Pathak, A. K., Dutta, N., Banerjee, P. S., Pattanaik, A. K., Sharma, K. (2013): Influence
of dietary supplementation of condensed tannins through leaf meal mixture on intake,
nutrient utilization and performance of Haemonchus contortus infected sheep. — Asian-
Australasian Journal of Animal Sciences 26(10): 1446-1458.

Pathak, A. K., Dutta, N., Banerjee, P. S., Goswami, T. K., Sharma, K. (2014): Effect of
condensed tannins supplementation through leaf meal mixture on voluntary feed intake,
immune response and worm burden in Haemonchus contortus infected sheep. — Journal
of Parasitic Diseases 40(1): 100-105.

Patra, A. K., Saxena, J. (2011): Exploitation of dietary tannins to improve rumen
metabolism and ruminant nutrition. — Journal of the Science of Food and Agriculture 91:
24-37.

Peters, P., Peylin, B., Pinty, M., Ramonet, S., Reimann, T., Réckmann, M., Schmidt, M.,
Strogies, J., Sussams, O., Tarasova, J., van Aardenne, A. T., Vermeulen, F., Vogel
(2018): JRC Science for Policy Report, 2018. — Publications Office of the European
Union, Luxembourg.

Puchala, R., Min, B. R., Goetsch, A. L., Sahlu, T. (2005): The effect of condensed tannin-
containing forage on methane emission by goats. — American Society of Animal Science
83: 182-186.

Ramin, M., Huhtanen, P. (2013): Development of equations for predicting methane
emissions from ruminants. — Journal of Dairy Science 96: 2476-2493.

Ramirez, R. G., Ledezma-Torres, R. A. (1997): Forage utilization from native shrubs
Acacia rigidula and Acacia farnesiana by goats and sheep. — Small Ruminant Research
25: 43-50.

Rumosa Gwaze, F., Chimonyo, M., Dzama, K. (2009): Variation in the functions of
village goats in Zimbabwe and South Africa. — Tropical Animal Health and Production
41: 1383-1391.

Salem, A. Z. M., Salem, M. Z. M., EI-Adawy, M. M., Robinson, P. H. (2006): Nutritive
evaluation of some browse tree foliages during the dry season: secondary compounds,
feed intake and in vivo digestibility in sheep and goats. — Animal Feed Science
Technology 127: 251-267.

SAS (2008): Statistical Analysis System User’s Guide: Statistics. 9th Ed. — SAS Institute,
Raleigh, North Caroline, USA.

Shewangzaw, A. (2016): Effect of dietary tannin source feeds on ruminal fermentation
and production of cattle: a review. — Journal of Animal and Feed Research 6(2): 45-56.
Solaiman, S., Thomas, J., Dupre, Y., Min, B. R., Gurung, N., Terrill, T. H., Haenlein, G.
F. W. (2010): Effect of feeding sericea lespedeza (Lespedeza cuneata) on growth
performance, blood metabolites, and carcass characteristics of Kiko crossbred male kids.
— Small Ruminant Research 93: 149-156. DOI: 10.1016/j.smallrumres.2010.05.015.

Tan, H. Y., Sieo, C. C., Abdullah, N., Liang, J. B., Huang, X. D., Ho, Y. W. (2011):
Effects of condensed tannins from Leucaena on methane production, rumen fermentation
and populations of methanogens and protozoa in vitro. — Animal Feed Science and
Technology 169: 185-193.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1139-1151.
http://www.aloki.hu e ISSN 1589 1623 (Print)  ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_11391151
© 2022, ALOKI Kft., Budapest, Hungary



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Mathobela et al.: Sweet thorn and methane emission in goats
- 1151 -

Tanner, J. C., Reed, J. D., Owen, E. (1990): The nutritive value of fruits (pods with seeds)
from four Acacia spp. compared with noug (Guizotia abyssinica) meal as supplements to
maize stover for Ethiopian highland sheep. — Animal Production 51: 127-133.

Tavendale, M. H., Meagher, L. P., Pacheco, D., Walker, N., Attwood, G. T.,
Sivakumaran, S. (2005): Methane production from in vitro rumen incubations with Lotus
pedunculatus and Medicago sativa, and effects of extractable condensed tannin fractions
on methanogenesis. — Animal Feed Science and Technology 123: 403-419.

Tedeschi, L. O., Callaway, T. R., Muir, J. P., Anderson, R. C. (2011): Potential
environmental benefits of feed additives and other strategies for ruminant production. —
Revista Brasileira de Zootecnia 40: 291-293.

Tubiello, F. N., Salvatore, M., Condor Golec, R. D., Ferrara, A., Rossi, S., Biancalani, R.,
Federici, S., Jacobs, H., Flammini, A. (2014): Agriculture, Forestry and Other Land Use
Emissions by Sources and Removals by Sinks. - FAO, Rome.
https://www.uncclearn.org/wp-content/uploads/library/fac198.pdf (accessed June 7:
2021).

Van Dorland, H. A., Wettstein, H. R., Leuenberger, H., Kreuzer, M. (2007): Effect of
supplementation of fresh and ensiled clovers to ryegrass on nitrogen loss and methane
emissions in dairy cows. — Livestock Science 111: 57-69.

Van Soest, P. J., Robertson, J. B., Lewis, B. A. (1991): Methods for dietary fibre, neutral
detergent fibre and non-starch polysaccharides in relation to animal nutrition. — Journal of
Dairy Science 74: 3583-3597.

Waghorn, G. (2008): Beneficial and detrimental effects of dietary condensed tannins for
sustainable sheep and goat production progress and challenges. — Animal Feed Science
and Technology 147: 116-139.

Waterman, P. G., Mole, S. (1994): Analysis of Phenolic Plant Metabolites. — Methods in
Ecology Blackwell Scientific Publications, Oxford.

Woodward, S. L., Waghorn, G. C., Ulyatt, M. J., Lassey, K. R. (2001): Early indication
that feeding lotus will reduce methane emission from ruminants. — Proceedings of the
New Zealand Society of Animal Production 61: 23-26.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1139-1151.
http://www.aloki.hu e ISSN 1589 1623 (Print)  ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_11391151
© 2022, ALOKI Kft., Budapest, Hungary



