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Abstract

this report.

Background: The study highlighted the potential of three common and under-utilized tropical leguminous seeds
(Tomentosa nilotica, Dioclea reflexa and Monodora myristica) to be used as supplementary feed to ruminant livestock.
These seeds (their plants inclusive) are valuable sources of food and medicine for the prevention of illness and
maintenance of human health. The medicinal properties of these seeds include antimicrobial, anti-inflammatory,
anti-oxidant and immuno-stimulant. Trypsin inhibitors, which are common anti-nutritional factors in legumes and

for monogastric animals, do not exert adverse effects in ruminants because they are degraded in the rumen. Hence,
the crux of this study is to examine the effect of processing methods on the nutritional composition (proximate, fibre
fractions, minerals, anti-nutrients) and in vitro digestibility of Tomentosa nilotica, Dioclea reflexa and Monodora myristica
seeds and their suitability as feedstuff (protein sources) in small ruminant feed, particularly during off-season.

Results: From the results, raw Tomentosa nilotica and Monodora myristica have the highest crude protein (30.35% CP)
and fat (22.40% EE), respectively. It is noteworthy that roasting best improve the mineral and significantly reduce the
anti-nutrients observed in this study better compared to boiling and soaking methods. The highest organic matter
digestibility, short-chain fatty acids, metabolizable energy and in vitro dry matter digestibility values were obtained in
Dioclea reflexa compared to other test seeds. Roasting best improved the nutritive values, while Dioclea reflexa seed
was rated highest for all the nutritional attributes and in vitro digestibility.

Conclusions: Dioclea reflexa could be incorporated in ruminants’diet as protein source, particularly during the off-
season, for improved ruminant production in Nigeria. However, in vivo study is therefore recommended to validate
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Background

Leguminous plants comprise many species, whose seeds
differ considerably in their chemical composition and
nutritive value. In the tropics, particularly in Nigeria,
a number of them are grossly under-utilized. Some of
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which are Tomentosa nilotica (Acacia), Dioclea reflexa
(marble plant), Monodora myristica (African nutmeg).
These plants impact the environment through soil
reclamation, soil enrichment, protection against fire
and wind, and as a haven for biodiversity and ornament.
The medicinal properties include improved digestibility,
antimicrobial, anti-inflammatory, anti-oxidant and
immuno-stimulant (Eugenius et al. 2017). They are high
in nutritional values. Hence, the plants and their seeds
are widely used as sources of protein. Besides protein,
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the seeds provide many other important components,
such as minerals and B-complex vitamins and have
other vital health protective compounds—phenolics,
inositol phosphates and oligosaccharides. Meanwhile,
minerals are known to play important metabolic and
physiological functions in living cells and are needed by
the body to trigger the thousands of chemical reactions
necessary to maintain good health (Vaclavic and
Christian 2008). However, leguminous seeds contain
undesirable biologically active substances, including
anti-nutritional factors (ANFs)—tannins, alkaloids,
protease inhibitors and others. In addition, feeds differ
in their methane production potentiality depending on
chemical composition, and plant metabolites present
in them (Patra 2012; Eugenius et al. 2017). These
plant metabolites/anti-nutritional factors (ANFs) are
substances which either by themselves or through their
metabolic products, interfere with feed utilization,
affect the health and production of animal or which
act to reduce nutrients intake, digestion, absorption
and utilization and may produce other adverse effects
(Akande et al. 2010; Omotoso 2018). Trypsin inhibitors,
which are ANFs for monogastric animals, do not exert
adverse effects in ruminants because they are degraded in
the rumen. Generally, tannin induces negative responses
such as astringency, bitterness or unpleasant taste when
consumed (Brown 2008; Huang et al. 2018; Ramos
et al. 2020). Tannins and phytates have been reported
to negatively affect the bioavailability of minerals such
as iron when consumed in large quantities (Clemens
2014) by forming insoluble anti-nutritional mineral
complexes before absorption (Gorczyca et al. 2013).
Meanwhile in ruminants, methane production in the
rumen represents 2—12% loss of feed energy (Wanapat
et al. 2015) decreasing the metabolizable energy content
of feeds. In addition, production of greenhouse gases
from animals and their impact on climate changes are
a major concern worldwide (Martin et al. 2010; Gerber
et al. 2013). Methane is the second highest anthropogenic
greenhouse gas after carbon dioxide, which contributes
to the problems of global warming and climate change
(Tubiello et al. 2011). Enteric methane is normally
produced during the fermentation of feeds mostly in
the rumen by hydrogenotrophic methanogenic archaea,
which results in the inefficient conversion of potential
energy of feeds into methane that is not utilized by
ruminants (Pal et al. 2015). Reduction in enteric methane
emission enhances the efficiency of nutrient utilization
and augments productivity and also reduces methane
impact on global warming. Hence, the crux of this
study is to determine the effect of processing methods
on the nutritional composition and in vitro digestibility
of Tomentosa nilotica, Dioclea reflexa and Monodora
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myristica seeds and their suitability as feedstuff for small
ruminant, particularly during off-season.

Methods

Experimental site

The research work was carried out at the Ruminant Unit
of the Livestock Section, Teaching and Research Farm,
while laboratory analysis was carried out at Nutritional
Laboratory of the Department of Animal Production and
Health, Federal University of Technology, Akure (FUTA)
located on Latitude 7°15"N and Longitude 5°15"E
(Ajibade et al. 2014).

Tomentosa nilotica, Dioclea reflexa and Monodora myristica

seed collection

Matured Tomentosa nilotica pods were harvested within
the campus of the Federal University of Technology,
Akure, while the seeds of Dioclea reflexa and Monodora
myristica were sourced from the villages around Akure
metropolis, Ondo State, Nigeria. The seeds were screened
and were subjected to three processing methods (boiling
with water at 100 °C for 10 min, roasting inside frying
pan till the seeds are crispy and turned golden brown and
soaked in water for 24 h, in air-tight container thereafter,
the filtrate were decanted and sun-dried) to enhance the
nutritive values and facilitate easy grinding to form the
respective seed meals.

Chemical analysis

The samples were analyzed for proximate, minerals and
antinutrients composition using standard procedures of
AOAC (2011) methods. Neutral detergent fibre (NDF)
was determined by the method of Van Soest et al. (1991),
whereas acid detergent fibre (ADF) and acid detergent
lignin (ADL) were analyzed according to Van Soest
and Robertson (1985). All analyses were carried out in
triplicate.

In vitro degradability trial

In vitro degradability study of the raw and differently
processed seed meals was carried out using in vitro
gas production techniques according to the modified
methods of Babayemi and Bamikole (2006). Rumen
liquor was collected from matured goat-bucks after
been fed with grass and concentrate diet for two
weeks to activate the rumen microbes activities. The
rumen liquor/fluid was collected using a suction tube
into the thermo-flask that had been pre-warmed to a
temperature of 39 °C. Buffer solution prepared was the
McDougall’s solution which consist solution (g/1) of 9.8
NaHCO3;+2.77 Na,HPO,+0.57 KCl+0.47 NaCl+2.16
MgSO;-7H,0+16 CaCl,-2H,0 and mixed with rumen
liquor at 1:4 (v/v) under continuous flushing with CO,
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to minimize changes in microbial populations and to
avoid O, contamination for the incubation. Incubation
procedure was carried out using 120 ml calibrated
transparent plastic syringes with fitted silicon tube.

The sample weighing 200 mg (n=3) was carefully
dropped into syringes and thereafter, 30 ml each of
the inoculum containing cheese cloth strained rumen
liquor and buffer solution. The syringe was tapped and
pushed upward by the piston in order to completely
eliminate air in the inoculum. The silicon tube fitted to
the syringe was then tightened by a metal clip so as to
prevent escape of gas. Incubation procedure was carried
out using 50 ml calibrated transparent plastic syringes
with fitted silicon piston. The syringe was covered and
pushed upward by a piston in order to get rid of air
completely in the inoculums. Incubation was carried at
39+£1 °C, and the gas production volume was measured
at 0, 3, 6, 9, 12, 16, 18, 21 and 24 h. At the end of the
termination hour, 4 ml of NaOH (10 M) was introduced
to estimate the methane production according to Fievez
et al. (2005), metabolizable energy (ME), organic matter
digestibility (OMD) and short-chain fatty acids (SCFA)
were estimated according to the methods of Menke and
Steingass (1988). The average volumes of gas produced
from the blanks were deducted from the total volume of
gas produced per sample. The following were calculated
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as: ME (MJ/KgDM)=2.20+0.136GV +0.057CP + 0.0
029 CF; OMD (%)=14.88+889GV +0.45CP +0.651
XA; SCFA=0.0239V —0.0601. Where; GV, CP CF and
XA are total gas volume, crude protein, crude fibre and
ash, respectively. The in vitro dry matter digestibility
(IVDMD) was determined with the method of McDonald
(1979).

Experimental design and Statistical analysis

The experimental layout was completely randomized
design, and all data generated were subjected to analysis
of variance (ANOVA), and the treatment means were
compared by the methods of Duncan’s Multiple Range
Test using SAS (2010) version 9.3. Significant difference
was set at p<0.05.

Results

Chemical composition of raw and differently processed
Tomentosa nilotica, Dioclea reflexa and Monodora myristica
seed meals

Table 1 presents the chemical composition of raw and
differently treated seeds of Tomentosa nilotica, Dioclea
reflexa and Monodora myristica. The treatments/
processing techniques—boiling, soaking and roasting,
had significant (p<0.05) influence on the nutritive
compositions on the seeds. Raw/unprocessed Monodora

Table 1 Chemical composition (g/100g DM) of raw and differently processed Tomentosa nilotica, Dioclea reflexa

and Monodora myristica seed meals

Seed Processing Drymatter Crude protein Crude fibre Fat Neutral Acid detergent Acid detergent
methods detergent fibre fibre lignin

Tomentosa Raw 88.164+0.28" 30354067 12664048 21674+098° 30.4840.08° 20.1040.76° 962+0.78°
nilotica

Dioclea reflexa 8440+051° 1897+£059° 13704032 2230+001% 29.60+1.18° 20.7540.61° 10.1041.98°

Monodora 89.204033" 1637+085  11.00£0.18° 224040077 40.0040.50° 253040.78° 9.65+0.52°
myristica

Tomentosa Boiled 89214058 32034022 9204008  19.0040.05® 39.8340.88° 34304474 17.5042.42°
nilotica

Dioclea reflexa 87.034+033% 2005+067° 12204007 182040.18° 343340.82° 23.9840.88° 16.94+3.51°

Monodora 899040427 17.90+033°  1005+0.13° 19504008 50.2040.28° 33954256 13.04+1.08°
myristica

Tomentosa Soaked 81304054 27584102  11.00£021° 20.10£038  36.0240.66° 20.1041.53° 11.2040.15°
nilotica

Dioclea reflexa 89204048 1820+2.18°  11.70£051* 18024028° 352040.58° 20.7540.88° 11.3040.38°

Monodora 83604051 14704111 9104035  189540.22° 47.2040.54° 25.3040.38° 14.004047°
myristica

Tomentosa Roasted 909040577 33234097  1300£0.18° 16604+058° 389040.91° 26.0040.78° 12.864+0.16°
nilotica

Dioclea reflexa 86.50+£0.34° 2296+058°  13.00£061° 16.10+055° 36.1040.85° 24.9040.98¢ 11.024051¢

Monodora 90.5040.18% 186040765 13904055 180040487 49.204048° 33.0540.54° 15.9040.33°
myristica

p value <001 <001 <001 <001 <001 <001 <001

2 bcMeans within the same row with different superscripts are significantly (p < 0.05) different. n=3
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Table 2 Mineral and anti-nutrient compositions (g/100g DM) of raw and differently processed Tomentosa nilotica, Dioclea
reflexa and Monodora myristica seed meals

Seeds Processing Calcium Phosphorus Sodium Alkaloid Tannin Phytate
methods
Tomentosa nilotica Raw 2.204£0.08° 1.1040.05° 2.70£0.15° 4.4040.89° 3.514+0.05° 4.1840.18°
Dioclea reflexa 1.70£0.02° 0.80£0.04° 030£021° 2.0040.04° 3.754+0.24° 4.674+£0.15°
Monodora myristica 1634001° 0.8040.04° 0.364049° 40840.16° 46340197 3.734+0.09°
Tomentosa nilotica Boiled 2.50£0.50° 1.9540.13° 4.1040.23° 2.0640.27° 1.53+0.30° 2.044£021°
Dioclea reflexa 1.6040.00P 1300.19° 28040.14° 180£061¢ 176 £0.17° 2.0240.06°
Monodora myristica 1.7040.01° 1.2540.01° 2.7040.02° 3.9840.32° 2664033° 1.7140.03°
Tomentosa nilotica Soaked 26040.18° 14340.08° 39040.16° 29740.12° 0.5340.00° 15040112
Dioclea reflexa 2.064068° 1504015 2.0640.05° 08040.18° 0.7840.01° 1.0240.09°
Monodora myristica 2204012 1.10+0.11° 2.2040.15° 2904058 06040.01° 1.0840.08°
Tomentosa nilotica Roasted 2.9040.02° 1.954+0.11° 2.3040.01° 2804055 2.06+0.03° 2.834+0.08°
Dioclea reflexa 2.3440.03° 1674+0.15° 1.024£0.00° 1.0540.49° 26340.13° 2.8640.03
Monodora myristica 225+0.14° 1.1340.05¢ 2054003 26340337 262+001° 1974002°
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
2 bMeans within the same row with different superscripts are significantly (p <0.05) different. n=3
myristica seed had high dry matter (89.20 g/100g DM), |
fat (22.40 g/100g), neutral detergent fibre (40.00 g/100g), N CH4 (ml)
acid detergent fibre (25.30 g/100g), while raw Tomentosa "
- . L. @ 70 y=1.3448x - 49.383 ®
had the highest crude protein (30.35 g/100g). The lipid ® R?=0.4177 .
content of Monodora myristica (40.60 g/100g DM) is s 5 e
significantly higher than other test seeds. The overall @ 40 e e I | hd
nutritive value of Dioclea reflexa seed was best improved % 30 T . °
by roasting technique followed by Tomentosa nilotica 20 - °
seed. = 10
The mineral and anti-nutrients composition of raw and %o 55 60 65 70 75 80
differently processed seeds of Tomentosa nilotica, Dioclea IVDMD, %

reflexa and Monodora myristica are presented in Table 2.
There were significant (p<0.05) differences among the
parameters observed. The Ca, P and Na contents of
T. nilotica were higher compared to other test seeds. It
is noteworthy that roasting best improve the mineral
and significantly reduce the anti-nutrients observed in
this study compared to boiling and soaking methods.
The Ca, P and Na concentrations were highest in raw T.
nilotica seed and progressively and linearly improved by
the treatments. Boiled and roasted seeds of T. nilotica
had similar and highest P contents (1.95 g/100g DM).
The alkaloid, tannin and phytate concentrations of the
seeds were drastically reduced with roasting techniques
compared to other treatments. Figures 1 and 2 show the
relationship that exist between the in vitro digestibility
and methane gas production; that of in vitro methane
and percentage of tannin in the seeds as it may affect
protein utilization, respectively.

The highest in vitro characteristics (OMD, SCFA,
ME and IVDMD) values were obtained in Dioclea
reflexa seeds for all the processing methods adapted

Fig. 1 Relationship between in vitro digestibility and the percentage
of methane in the gas
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Fig. 2 Relationship between in vitro methane and percentage of
tannin in the seeds
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(Table 3). From the table, there were significant (p <0.05)
differences among all the in vitro characteristics
parameters determined. For the raw seeds, Dioclea
reflexa had the highest (51.47%) organic matter
digestibility (OMD) value and least in AMonodora
myristica (32.79%) which had statistically (p>0.05)
similar value with Tomentosa nilotica (35.72%) but
differed numerically. However, the values increased
progressively with the treatment and D. reflexa had the
highest OMD value (61.74%) with soaking technique. The
short-chain fatty acids (SCFA) content ranged between
0.04 pmol/200 mg DM (Monodora myristica | roasted)
and 0.78 pmol/200 mg DM (Dioclea reflexa | soaked).
However, the Metabolizable energy (ME) ranged between
3.94 MJ/kg DM (Monodora myristica | raw) to 8.64 MJ/
kg DM (Dioclea reflexa | soaked). The highest methane
(4.67 ml) and carbon dioxide gases (9.33 ml) generated
were obtained in Dioclea reflexa in boiled sample, while
in vitro dry matter digestibility (IVDMD) of roasted
Dioclea reflexa was the highest (77.56%).

Discussion

The analyzed seeds were characterized by high dry
matter (DM) content, i.e. over 80 g/100g DM (Table 1).
Similar high DM content was reported by Eugenius
et al. (2017) for yellow and Andean lupine seeds. An
indication that microbial activity will be reduced to a
minimum and thus, can be stored for a long period.
Also, the DM and CF could be handled by ruminants and
would encourage rumination if fed to ruminants as they
would stay longer in the stomach (gut fill) and probably
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increase the villi length which consequently enhance
the growth performance. The seeds of the legume plants
were characterized by high protein content, in particular
the Tomentosa nilotica (30.35 g/100g DM). Lower value
19.00 g/100g DM crude protein has been reported for
Acacia nilotica seed (Heuze et al. 2016). The disparity
could be attributed to the species of the Tomentosa and
soil nutrient profile on which they were grown. The CP
contents were adequate to enact the activities of the
rumen microbes. A significant reduction in nutrient
values was noticed with the soaking methods compared
to roasting. This could be attributed to the washing away
of some nutrients (leaching) in the process of decanting
the filtrate. The high lipid content of Monodora myristica
is indicative of the fact that these seeds proved to be oil-
bearing species and are good source of flavour since they
are rich in essential oil and also suggests possible sources
of oil-soluble vitamins. Meanwhile, the dietary fibre
fractions are essential for the digestion.

NRC (2007) suggested that calcium contents in the
range of 0.2 and 0.82% of DM are adequate for lamb
and sheep at gestation and lactation stages, respectively,
while 0.16 and 0.38% of DM are adequate for lamb and
sheep at production stages and Na contents in the range
1 to 4 g/kg DM at most production stages. The highest
Ca and P contents in the roasted seeds samples imply
that there absorption would prevent bone diseases such
as rickets, osteoporosis and osteomalacia. Notably,
calcium also enhances the effective absorption of iron in
the system (Adeyeye 2013). Anti-nutritional substances
comprise compounds that significantly diminish the

Table 3 In vitro characteristics of raw and differently processed Tomentosa nilotica, Dioclea reflexa and Monodora

myristica seed meals

Seed Processing OMD (%) SCFA (um) ME (Kcal/g) CH,4 (ml) CO, (ml) IVDMD (%)
methods
Tomentosa nilotica Raw 35.7240.78° 0.0540.02° 46640.12° 2.0040.00° 26740.88° 535241.15°
Dioclea reflexa 51474+089° 0.54£0.02° 6.72+£0.14° 1334+067° 767 +£1.67° 52.0840.52°
Monodora myristica 32.794148° 0.0840.04° 3.944023° 1.00£0.00° 467+167° 62.68+0.57°
Tomentosa nilotica Boiled 4848+751° 0.35£0.20° 6.67+£1.15° 400460 6.67 +3.28° 64.3940.81°
Dioclea reflexa 57.194+3.88° 049+0.10% 6.68+£0.59° 4674033° 933449 65.1440.58°
Monodora myristica 39.5642.07° 0.07 £ 0.06° 4074032° 233+067° 3.00+2.08° 63.6940.98°
Tomentosa nilotica Soaked 39434£143° 0.090.03° 5174£017° 2.00=£0.00% 4334120 67.6240.58
Dioclea reflexa 61744694 0.78+£0.19% 864+1.067 400 1.007 3.00+£6.93 68494208
Monodora myristica 4077 +1.03° 0.05+0.03° 40940.16° 1334+033° 3.67+£0.88° 64484 1.25
Tomentosa nilotica Roasted 54,064 0.00° 0.080.00° 5.23+0.00° 267+£033° 3334033° 751242.18°
Dioclea reflexa 60.9340.59° 0.690.02° 7.87 £0.09° 43340233 2.00+0.58 77.564+457°
Monodora myristica 4398+051° 0.04=£001° 3.98+0.08° 2.00£0.00° 2.000.58° 74394 1.58°
p value <0.01 <001 <001 <001 <001 <001

OMD organic matter digestibility, SCFA short-chain fatty acids, ME metabolizable energy, IVDMD in vitro dry matter digestibility

2 bMeans within the same row with different superscripts are significantly (p <0.05) different. n=3
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nutritional value of leguminous plants and hinder
nutrient absorption (Table 2). Tannins are polyphenolic
compounds capable of forming stable complexes with
proteins, minerals and vitamins A and B,,, which results
in deterioration of the digestibility and availability of
nutrients (Ramos et al. 2020). Their negative impact is
reflected not only in deterioration of protein digestibility
through complexation thereof, but also in blocking the
activity of proteolytic enzymes. The three processing
methods implored in this study lowered the anti-
nutrients to a tolerable level that can easily be degraded in
the rumen, if fed to ruminants as a feedstuft/ingredient in
a complete concentrate diet, and thus nutrient absorption
(vitamin D, iron, calcium and phosphorus) and general
growth performance would not be hindered. The quantity
of tannin of the roasted and soaked seed samples was
lower than 5% that was reported to adversely affects dry
matter intake and digestibility in ruminants (Ksiezak and
Bojarszczuk 2014). Consequently, the astringent taste
may lead to more water consumption by the animals, if
fed. However, Huang et al. (2018) opined that the effect of
tannins may depend on the type of tannins consumed or
the chemical structure and molecular weight. The strong
relationships between in vitro methane gas and tannin
as it affects digestibility are confirmed by the correlation
coefficient values of the seeds (Figs. 1 and 2). The linear
reduction in Fig. 2 is an indication that in vitro methane
production may have been depressed due to formation of
protein-tannin complexes, which may cause reduction in
protein solubility. Tannin may depress the fibre digestion
and methane gas production either by direct inhibition of
cellulolytic microorganisms or by inhibition of fibrolytic
enzymatic activity or both. This harmful effect of tannins
is alleviated by the thermal treatment of seeds (Sashikala
et al. 2015). The trend noticed in Table 3 revealed high
fractional rate of gas production in Dioclea reflexa
seed, and this could translate to availability of adequate
nitrogen and high dry matter intake of ruminants for an
improved performance. The highest OMD, SCFA, ME
and IVDMD obtained in Dioclea reflexa compared to
other test seeds implies that the microbes activities may
be enhanced in the rumen and increase nutrients uptake
(Chumpawadee et al. 2007; Ramos et al. 2020). The
volume of gas produced is a function of relatively high
protein quality and tolerable levels of anti-nutrients of the
D. reflexa (Figs. 1 and 2) and thus, predicts possible high
digestibility, fermentation end-product and microbial
protein synthesis of the substrate by rumen microbes,
if fed to ruminants. More so, the more percentage
methane, the less propionic acid and therefore lower
the feed value. The relatively low methane gas observed
in this present study is an indication that the seed would
not aid methanogenesis (bloat).
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Conclusions

From the foregoing, it is established that the Tomentosa
nilotica, Dioclea reflexa and Monodora myristica seeds
have the nutritional potentials to be used as supplementary
feed ingredients (protein sources) in ruminant ration,
particularly during scarcity and or dry season. The
processing methods employed had a significant
improvement on the chemical composition and in vitro
digestibility values. The overall nutritive value of Dioclea
reflexa seed was best improved by roasting technique.
Further, in vitro degradability study revealed Dioclea
reflexa seed to be best among the three seeds and thus,
could be harnessed for improved and sustained ruminant
production in the tropics. However, it is pertinent to carry
out in vivo study to validate this report.
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