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ABSTRACT

Conventional legumes like soybean and cowpea are costly and often reserved for humans, high-
lighting the need for affordable, underutilized forage legumes for ruminant feeding. A compara-
tive study, using a randomized complete block design (RCBD) with plots treated as blocks to ac-
count for soil variability, was conducted to evaluate the nutritive composition and in vitro ferment-
ative characteristics of five underutilized Fabaceae forages; four cultivars of Mucuna pruriens
(Tropical, Cream, Bush, and Black) and Canavalia ensiformis, harvested at four phenological
stages (weeks 4, 8, 12, and 16). Proximate and fibre analyses were performed alongside in vitro
gas production and degradation kinetics to assess their degradability potential for ruminant feed-
ing. Statistical analyses were performed using the GLM procedure in Minitab Statistical Software
at p < 0.05 using Tukey’s test. Results showed significant differences (p < 0.05) in dry matter
(DM), crude protein (CP), and fibre fractions (NDF, ADF) among the cultivars and growth stages.
The CP peaked between weeks 8—12, followed by a decline at week 16, corresponding with an in-
crease in NDF and ADF, suggesting a shift from soluble to structural carbohydrate dominance.
Nitrogen-free extract (NFE) increased at mid-maturity, reflecting enhanced soluble carbohydrate
availability. In vitro gas production mirrored chemical composition, rising from week 4 to a maxi-
mum at week 8—12 before declining at week 16. Tropical and Cream Mucuna cultivars consistent-
ly exhibited superior fermentability, while C. ensiformis displayed lower gas yields and degradabil-
ity constants. The degradation kinetic parameters (b and c) confirmed that mid-maturity forages
(week 8—12) provided optimal fermentative efficiency. Overall, early-to-mid harvests offered the
best balance between nutrient density and fermentability, while late-matured forages were more
fibrous and suited to maintenance diets. These findings highlight the potential of Mucuna pruri-
ens cultivars and Canavalia ensiformis as sustainable, protein-rich forage options for tropical ru-
minant systems, but further in vivo studies are needed to confirm their efficacy in ruminant diets.

Keywords: Underutilized forages, Mucuna pruriens, Canavalia ensiformis, in vitro gas production,
forage maturity, ruminant nutrition.

INTRODUCTION This spike, caused by rising affluence and popu-
Animal production systems face a significant lation, calls for creative solutions to fulfil the
challenge from the growing demand for animal  skyrocketing need in an environmentally respon-
protein, which is expected to increase by 14%  sible manner. Forages which include grasses,
worldwide by 2030 (Nykolyuk et al., 2021). legumes and herbaceous plants become essential
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elements in tackling this issue since they are
vital in supplying livestock production systems
with sustainable feed sources (Moorby, 2021;
Tremblay et al., 2023).

Crucial aspects of animal performance, includ-
ing growth, milk production and reproductive
efficiency, are greatly impacted by the quality
and nutritional value of forages (Kim e al.,
2019; Kim et al., 2020). The problem still exists
despite the copious amount of research conduct-
ed on the broader topic of forages, including
digestibility, nutrient content and management
techniques. As important factors that determine
the nutritional value of forage for different ani-
mal species, current studies focus on chemical
composition, which includes crude protein, fibre
fractions, minerals and energy content
(Chilibroste et al., 2015).

Further strides in forage research aim to develop
improved varieties, enhancing yield, nutritional
composition, disease resistance and environmen-
tal adaptability (NRC, 2007). These extensive
studies not only contribute to the advancement
of academic knowledge but also serve as a foun-
dation for the development of efficient feeding
plans, enhancements to animal performance and
reduction of the environmental impact of live-
stock production (Prates et al., 2018). Ruminant
animals have distinct digestive systems and
mostly rely on forages especially grasses and
legumes as sources of nourishment. For rumi-
nants, the densely nutrient-rich and fibrous for-
ages derived from grasses and legumes are ideal.
According to Beauchemin et al. (2009) rumen
microbes play a crucial role in the complex in-
teractions between various forages by facilitat-
ing the fermentation of fibrous components,
which provide vital nutrients required for growth
and maintenance. Furthermore, the relevance of
this relationship for the ruminant animals' nutri-
tion, productivity and general health is highlight-
ed by the fact that the protein content of forage
legumes significantly helps in meeting their pro-
tein requirements (Chilibroste et al., 2015).

Poore and Nemecek (2018) reported that leg-
umes are known for their sustainability and have
a lower carbon footprint than foods derived from
animals. Legumes that are not commonly used
as feeder crops worldwide are known as un-
derutilized legumes and using them is one of the

most important ways to improve global food
security. In addition to providing a sustainable
source of protein during the switch to plant-
based proteins during the protein transition, the-
se legumes address the issue of food security in
impoverished countries (Padulosi et al., 2013).

Soybeans (Glycine max), a well-known legume
imported from temperate regions provide a por-
tion of the protein needed for livestock produc-
tion in most regions of the tropics and subtropics
including Ghana. However, the high cost and
genetic modification of soybeans have sparked
interest in underutilized protein sources. Un-
derutilized legumes, that have not been widely
employed as a feeding crop, are a key compo-
nent of the global food security equation since
they reduce the excessive reliance on imported
feeds high in protein (Purwandari et al., 2023).

The Velvet bean (Mucuna pruriens var utilis)
and the Jack or sword bean (Canavalia ensi-
formis) are two subgroups of the legume family
(Fabaceae) that stand out as a potential alterna-
tive source of protein for ruminants but are un-
derutilized. Native to Asia and Africa, Mucuna
pruriens is a tropical legume cover crop that is
highly prized for its traditional uses as a food
source, medicinal plant and as a potential protein
supplement. Studies by Mekuriaw (2018), Wyse
et al. (2022), Yusriani et al. (2021), and Chikag-
wa-Malunga et al. (2009) have demonstrated
that supplementation with Mucuna foliage hay,
characterized by its high crude protein content,
significantly improves the nutritional value of
low-quality forages such as maize stover and
tropical grass hays, thereby enhancing ruminant
performance.

The Jack bean (Canavalia ensiformis) is another
underutilized legume. In South America, West
Africa, Asia, and the South Pacific, jack beans
are grown in tropical and subtropical climates.
According to Sridhar and Seena (2006) the leg-
ume has 23-35% protein, 46—65% carbohydrates
and 5-11% fibre. Canavalia ensiformis grows
quickly and yields enormous, broad leaves and
flat seeds, which can be used as leaf biomass to
feed ruminants (Purwandari et al., 2023). As
pertains to legumes, the Velvet and Jack beans
have special qualities including turning atmos-
pheric nitrogen into organic forms and improv-
ing soil fertility when used as cover crops and/or

118 Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026



Growth state-dependent variations in nutrient composition ...

Ramos et al

a great source of green manure. Legumes are
well-known for their symbiotic interactions with
nitrogen-fixing bacteria (Biichi et al., 2015;
Matata et al., 2017). Compared to grasses, leg-
umes have a higher nutritional value and include
vital vitamins, minerals, and amino acids that are
needed for animal growth (Purwandari et al.,
2023). They are also a good source of energy for
ruminants due to their better digestibility and
lower fibre content (Osman et al., 2019; Ojo et
al., 2021; Bhandari et al, 2023; Castro-Montoya
and Albarran-Portillo, 2023). Legume bean har-
vest practices are mainly influenced by soil con-
ditions and geographic location (Eilitta et al.,
2002). Beans are generally harvested 110 —270
days after planting (DAP) and plant leaf bio-
masses are collected 90 —120 DAP when culti-
vated for forage (Eilitta et al., 2002).

This study was conceptualized based on the
recognition that, despite some prior scientific
exploration of Mucuna pruriens var utilis and
Canavalia ensiformiss cover crops and green
manure crops, their utilization as forage crops is
relatively limited compared to other legumes
within the same Fabaceae family, such as cow-
pea (Vigna unguiculata) and soybean (Glycine
max), especially in the Ghanaian context. Addi-
tionally, there is lack of clarity on the optimal
time for harvest of these underutilized forage
legumes to maximize their nutritive value. The
degree to which maturity-related dynamics in
nutritional composition differ among cultivars is
also poorly understood, creating a knowledge
gap. Therefore, the main aim was to evaluate the
nutritional composition, fibre characteristics, and
ruminal digestibility of five underutilized Faba-
ceae legumes; four cultivars of Mucuna pruriens
(Tropical, Cream, Bush, and Black) and Ca-
navalia ensiformis, harvested at four phenologi-
cal stages (weeks 4, 8, 12, and 16) to determine
their potential as sustainable feed resources for
ruminants. It was hypothesized that both cultivar
type and harvest age significantly influence the
nutritional value, fibre composition, and ruminal
fermentability of the selected Fabaceae legumes.

MATERIALS AND METHODS

Study Area

The agronomic study was conducted in the
Asutifi North District of the Ahafo Region at
Ahafo Kenyasi. The area lies between Latitudes

6°40' and 7°15' North and Longitudes 2°15' and
2°45' West (Agariga et al., 2021). The region is
located in the wet semi-equatorial zone, which is
characterized by two double rainfall maxima in
June and October, with a mean annual rainfall
between 1250mm and 2000mm. March through
to June marks the beginning of the first rainy
season and August through to October marks the
beginning of the second (Agariga et al., 2021).
During the two rainy seasons, relative humidity
ranges from 75% to 80%, while the rest of the
year it ranges from 70% to 80%. The soil type is
the sandy loam, fully rich in nutrients such as
Nitrogen and Phosphorus. It has free drainage
thus suggested for food crops including corn,
beans and cassava as well as tree crops like co-
coa, citrus and coffee (Agariga et al., 2021).
The chemical and nutritional analyses were con-
ducted in the Nutritional Laboratory of the De-
partment of Animal Science, Kwame Nkrumah
University of Science and Technology
(KNUST), Kumasi, Ghana.

Collection and Preparation of Leaf Samples
The leguminous seeds were obtained from the
Centre for No -Till Agriculture at Amanchia in
the Ashanti region. The experimental design
utilised for the study was a randomized complete
block design (RCBD). Plots were treated as
blocks in this study because of the potential soil
nutrient variability between plots. The five culti-
vars of cowpea were planted in five different
blocks located in various areas of the field dur-
ing the wet season. Each block contained five
replicated plots of the five leguminous cultivars,
which were; Tropical Mucuna pruriens (Tr-MP),
Cream Mucuna pruriens (Cr-MP), Bush Mucuna
pruriens (Bu-MP), Black Mucuna pruriens (Bl-
MP) and Canavalia ensiformis (CE).

The agronomic study followed standard practic-
es, examining the growth of the five forages.
Each plot had a planting distance of Im x Im.
Three seeds were sown per hole and thinned to
one plant per hole after emergence. Weed con-
trol, thinning and staking were the cultural prac-
tices that were carried out and there was no ferti-
lizer application. This deliberate choice aimed to
assess the intrinsic nutrient composition of the
leguminous forages without external inputs that
could potentially affect the outcomes. The leaf
and twig samples were harvested from each rep-
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licated plant from the five cultivars on all the
plots at 4, 8, 12 and 16 weeks respectively. The
samples were air-dried for three days, then
milled to pass through a 1lmm sieve size and
then sub sampled and stored in zip lock bags
separately for proximate and detergent fiber
analyses and In vitro gas production.

Chemical Analysis

The proximate compositions of the milled sam-
ples were determined using the procedures of
AOAC (Horwitz, 1964). Briefly, dry matter was
determined by oven-drying, ash by incineration,
crude protein by the Kjeldahl method (N x 6.25),
ether extract by solvent extraction, and crude
fibre by acid—alkali digestion. Neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were
determined following Van Soest et al. (1991)
using detergent fractionation of cell wall compo-
nents.

Dry Matter
The DM was estimated using the formula:

Weightof Dry Sample
Weightof FreshSample

%DM = =100

(D)

Crude protein

Crude protein was determined using the Kjeldahl
method following the procedures of AOAC
(Horwitz, 1964). Samples were digested with
concentrated H2SO4 in the presence of a catalyst,
followed by neutralization, distillation, and titra-
tion to determine nitrogen content. Crude protein
was calculated as nitrogen x 6.25 (Equation 2):

%CP = Nitrogen x 6.25 -(2)

Ash

Ash content was determined according to
AOAC (Horwitz, 1964) by incinerating samples
in a muffle furnace at 600°C to constant weight.
The residue was expressed as a percentage of
the original sample weight (Equation 3):

Weightof AshedSample 5
Weightof FreshSample

% Ash= 100

(3

Ether extract

Ether extract was determined using the Soxhlet
extraction method as described by AOAC
(Horwitz, 1964). Samples were continuously
extracted with petroleum ether and the lipid frac-
tion quantified gravimetrically after solvent re-
moval. Percentage ether extract was calculated
using Equation 4:

Weightof Extracted Fat

x ...(4)
Weightof FreshSample

% EE = 100

Crude Fibre (CF)

Crude fibre was determined following the proce-
dures of AOAC (Horwitz, 1964) through se-
quential acid and alkali digestion to remove sol-
uble components, followed by drying and ashing
of the residue. Crude fibre was expressed as the
difference between initial sample weight and ash
weight relative to the original sample (Equation
5):

Initialsampleweight- Ash weight><

% CF = 100 ....(5)

Initial sampleweight

Nitrogen free Extract (NFE)

Nitrogen-free extract was calculated according
to AOAC (Horwitz, 1964) using the difference
method:

%NFE =100 —(%DM +%CP+%EE + CF+ Ash) ----(6)
Detergent fibre analyses

Neutral detergent fibre (NDF), acid detergent
fibre (ADF), and acid detergent lignin (ADL)
were determined using the ANKOM 2000 sys-
tem following Van Soest et al. (1991). NDF and
ADF were obtained through detergent reflux and
filtration to isolate cell wall fractions, while
ADL was determined by treating ADF residue
with 72% H2SOa. Residues were dried at 105°C
to constant weight for gravimetric determina-
tion.

In vitro Gas Production (IVGP)

Rumen fluid used for the in vitro studies was
obtained from 10 male N’dama beef cattle with
an average age of 3 ' years old and a live
weight of 297 kg. The sheep were slaughtered at
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the Kumasi Abattoir Company Limited, Ghana,
and the rumen digesta was collected as soon as
the carcasses were opened and placed in a pre-
warmed vacuum flask. The digesta was strained
through a four-layer cheese cloth under continu-
ous CO: flushing to maintain anaerobic condi-
tions. The rumen liquor was then mixed with
buffer in a ratio of 1:4 (liquor: buffer) following
the procedure of Menke et al., (1979). Two hun-
dred milligrams of each milled forage sample
were incubated with the rumen liquor—buffer
mixture in calibrated glass syringes using stand-
ard procedures (Menke and Steingass, 1988).
Incubation was conducted in a water bath at 39°
C (Blu and Qrskov, 1993) in two independent
runs. For each run, samples were incubated in
triplicate and gas production was recorded at 3,
6, 12, 24, 48, 72, and 96 h, giving six statistical
repetitions. Each run included two blanks con-
taining only rumen liquor and buffer, and all gas
values were corrected for blank incubation.

Statistical Analysis

Statistical analyses were performed using the
GLM procedure in Minitab Statistical Software
(version 19.0, Minitab, LLC, NY, US, 2019).
Data were presented as means of three replicate
samples. The plant species served as the experi-
mental units, while chemical composition pa-
rameters (DM, CP, CF, EE, NFE, ash, NDF, and
ADF) and in vitro gas production and degrada-
tion parameters (a and b) were the response vari-
ables. Significance was determined at p < 0.05
using Tukey’s test. For in vitro gas production,
an exponential curve was fitted using SigmaPlot
(version 15.0, SYSTAT Software Inc.), applying
the Orskov and McDonald (1979) model as fol-
lows:

Y=b(l—e—ct) (D

Where:

Y = volume of gas produced at time t (ml)

b = potential gas production (mL/200
mgDM)

c = rate at which gas was produced from

the insoluble fraction (mL/hr),

t = incubation time.

RESULTS AND DISCUSSION

Analytical dry matter (DM) composition
Table 1 shows the dry matter compositions at
different harvesting times of the leguminous
cultivars. Results show that DM differed signifi-
cantly among cultivars at week 4, week 8 and
week 12 (p < 0.05) but not at week 16 (p >
0.05). The trend was that Black Mucuna (Bl-
MP), Bush Mucuna (Bu-MP) and Tropical
Mucuna (Tr-MP) showed the highest DM at
week 4 (=82.7, 81.8, 81.7% respectively), while
Canavalia ensiformis (CE) had the lowest
(78.7%). By week 8 Tr-MP and Cream Mucuna
pruriens (Cr-MP) reached a peak DM (98.39%)),
indicating a sharp rise in dry matter concentra-
tion at this stage. The CE peaked later (week 12,
87.03%), and by week 16 cultivar differences
were no longer significant (p > 0.05), reflecting
stabilization of moisture loss. Differences in DM
across cultivars and harvest stages indicate that
genetic makeup and growth stage strongly affect
biomass buildup and water content. The early
high DM of certain Mucuna cultivars suggests
more rapid tissue maturation or lower initial
moisture content compared with CE. The week-
8 DM surge (particularly for Tr-MP and Cr-MP)
suggests an optimal harvest window to maximise
preservable biomass, a practical point for fodder
conservation. These observations are consistent
with general forage phenology where legumes
can show cultivar-specific peaks in DM
(Cabiddu et al., 2009). The later peak in CE
agrees with reports that Canavalia species can
accumulate DM more slowly than some Mucuna
genotypes (Smith et al, 2018). Practically, for
silage or hay production, harvesting most of
these Mucuna cultivars around week 8 will max-
imise DM for storage while Canavalia ensiform-
is may be harvested slightly later if higher DM is
required.

Analytical crude protein (CP) composition

Table 2 provides summary of crude protein con-
centrations at different harvesting times of the
leguminous cultivars. The data shows significant
differences among treatments at weeks 4, 8 and
16 (p < 0.05) with no significant difference at
week 12 (p > 0.05). At week 4, Cream and Trop-
ical Mucuna were highest (~18.3—18.5%), while
Canavalia  ensiformis (CE) was lowest
(14.85%). Bush Mucuna attained the highest CP
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Table 1: Dry matter compositions of the leguminous cultivars at different harvesting times

Cultivar Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 81.70¢ 98.39 84.37° 84.43
Cream Mucuna 79.79%¢ 98.39 83.63° 81.73
Bush Mucuna 81.77:® 81.70° 85.07° 82.41
Black Mucuna 82.702 80.57% 84.87° 82.41
Canavalia ensiformis 78.73¢ 78.83¢ 87.032 82.99
SEM 0.415 2.380 0.343 0.513
P-value <0.001 <0.001 0.003 0.618

abc
s

at week 16 (19.25%). Black Mucuna showed an
increase to week 12 then a decline by week 16,
suggesting temporal protein accumulation fol-
lowed by dilution or senescence. The CP values
for these Mucuna cultivars (~14-19%) reported
in this study align with reported foliage ranges
for Mucuna pruriens whole plant biomass (Okla
et al., 2021; Yusriani et al, 2021) and support
previous findings that Mucuna foliage is a useful
protein supplement (Wyse ef al., 2022). The CE
CP values were comparable to Smith et al,
(2018) for whole-plant Canavalia (~15%) but are
lower than seed protein ranges reported by
Tilahun et al., (2019), which is expected because
seed protein is concentrated relative to vegeta-
tive biomass. The mid-season increases in CP
followed by declines in some cultivars confirm
observations that protein concentration can be
diluted as structural carbohydrates (cell wall
components) accumulate with maturity (Olfaz et
al., 2018). Optimising protein supply for rumi-
nants requires harvesting at stages when crude
protein (CP) concentration is maximal but not
yet diluted by advancing structural growth. In
this study, the plateau or pre-dilution phase for
most Mucuna cultivars occurred between weeks
8 and 12, corresponding to the period of highest
protein yield relative to biomass. Notably, Bush
Mucuna maintained elevated CP levels even at
week 16, indicating potential suitability for situ-
ations demanding higher protein content, such as
lactating or growing animals. All evaluated for-
ages exhibited markedly superior nutritional

Mean values within a column with different superscripts are significantly different (p < 0.05).

profiles compared with typical dry-season crop
residues like rice straw, which contains approxi-
mately 5% CP (Babayemi et al, 2020). The
Mucuna pruriens cultivars also compared fa-
vourably with Avena sativa (15% CP), common-
ly used as a dry-season forage, and were compa-
rable to Canavalia ensiformis but somewhat
lower than Lolium multiflorum foliage, which
averages around 20% CP (Andriarimalala et al.,
2021). More so, the crude protein contents of the
Mucuna pruriens cultivars and Canavalia ensi-
formis observed in this study fall within the 17.0
—18.5% range, closely comparable to the 17.0—
18.52% reported for selected Vigna unguiculata
(cowpea) genotypes by Wyse et al., (2022). This
similarity suggests that these underutilized leg-
umes have protein concentrations sufficient to
meet the maintenance and moderate production
requirements of ruminants, positioning them as
viable protein sources alongside cowpea.

Analytical crude fat composition

Table 3 shows the crude fat concentrations at
different harvesting times of the leguminous
cultivars. The crude fat differed among cultivars
at weeks 4, 8 and 16 (p < 0.05), but not at week
12 (p > 0.05). Black Mucuna recorded the high-
est EE at multiple sampling points (9.67% at
wk4 and 9.42% at wk16). Canavalia ensiformis
(CE) had lower values at wk4 and wk8 but in-
creased to 9.62% at wk12. The crude fat results
suggest clear cultivar differences in lipid re-
serves or cuticular wax accumulation, with
Black Mucuna exhibiting relatively higher lipid
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content compared with C. ensiformis and the
other Mucuna cultivars. While elevated crude fat
can enhance the energy density of forages, the
overall levels observed remain within moderate
ranges. Compared with published data, Yeanpet
et al., (2022) reported approximately 2.4% crude
fat in Mucuna foliage, lower than the present
findings, which may reflect variations in plant
parts sampled, environmental conditions, or ana-
lytical extraction methods. Such discrepancies
are common in forage studies and emphasize the
importance of standardized sampling procedures
(Smith et al., 2018). Cultivars with slightly high-

er crude fat, such as Black Mucuna, may provide
marginal benefits in energy supply; however,
differences in crude fat are likely secondary to
crude protein and fibre fractions in determining
overall feeding value.

Analytical ash composition

The ash content of the leguminous cultivars
across the four harvesting periods is presented in
Table 5. Significant differences among cultivars
were observed at weeks 8, 12, and 16 (p < 0.05),
whereas week 4 showed no significant variation
(p > 0.05). Across sampling times, Black Mucu-

Table 2: Crude protein compositions of the leguminous cultivars at different harvesting times

Cultivar Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 18.34% 17.35° 8.40 17.93%
Cream Mucuna 18.46° 16.50° 8.52 17.60
Bush Mucuna 17.72° 18.29* 9.28 19.25°
Black Mucuna 16.61° 16.78™ 8.92 14.644
Canavalia ensiformis 14.85¢ 16.02° 9.62 16.20°
SEM 0.194 0.437
0.364 0.217
P-value 0.238 <0.001
<0.001 <0.001

“0-5% Mean values within a column with different superscripts are significantly different (p < 0.05).

Table 3: Crude fat compositions of the leguminous cultivars at different harvesting times

Cultivar Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 8.60% 8.10%° 8.40 7.87°
Cream Mucuna 9.16™ 7.55% 8.52 7.23°
Bush Mucuna 9.32% 7.62® 9.28 7.78%
Black Mucuna 9.67% 8.67% 8.92 9.42%
Canavalia ensiformis 7.73° 6.62° 9.62 7.20°
SEM 0.194 0.265
0.228 0.220
P-value 0.238 0.019
0.029 0.015

“P Mean values within a column with different superscripts are significantly different (p < 0.05).

Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026 123



Growth state-dependent variations in nutrient composition ...

Ramos et al

Table 4: Crude fibre compositions of the leguminous cultivars at different harvesting times

Cultivars Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 13.50 14.13 13.07° 18.60
Cream Mucuna 13.88 13.87 16.53% 20.77
Bush Mucuna 14.50 16.10 17.13%® 18.00
Black Mucuna 13.92 14.03 17.13% 16.30
Canavalia ensiformis 13.55 11.73 20.37% 18.67
SEM 0.646 1100 0.735 0.564
P-value 0.993 0.858 <0.009 0.150

“’Mean values within a column with different superscripts are significantly different (p < 0.05)

na and Canavalia ensiformis (CE) consistently
exhibited relatively higher ash concentrations
(Black Mucuna: 13.20% at week 4 and 12.23%
at week 8; C. ensiformis: 13.35% at week 4). In
contrast, Tropical and Cream Mucuna generally
recorded lower ash values at later harvests, sug-
gesting possible cultivar-specific mineral accu-
mulation patterns. The observed differences in
ash content likely reflect inherent genetic varia-
tion in mineral uptake efficiency and transloca-
tion, as well as environmental or soil nutrient
effects. Elevated ash levels indicate higher total
mineral matter and could be associated with
greater uptake of macro- and microelements
such as calcium, potassium, and magnesium.
The comparatively higher ash content in Black
Mucuna suggests potential agronomic value for
soil nutrient recycling or green manuring, con-

sistent with earlier observations that leguminous
cover crops can enhance soil fertility through
mineral deposition (Smith ez al., 2018). Howev-
er, excessive ash may slightly reduce the organic
energy density of the forage, potentially influ-
encing its feed value. Thus, interpretation should
consider both nutritional and agronomic objec-
tives. For feed purposes, moderate ash levels are
desirable to maintain energy balance, whereas
for soil enrichment applications, cultivars with
higher ash content such as Black Mucuna, C.
ensiformis may be preferable due to their miner-
al restitution potential.

Analytical Nitrogen-Free Extract (NFE)
Composition

The nitrogen-free extract (NFE) contents of the
five leguminous cultivars at different harvesting

Table 5: Ash compositions of the leguminous cultivars at different harvesting times

Cultivars Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 10.20 8.70° 7.73¢ 6.97°
Cream Mucuna 9.22 7.60° 12.17% 8.10%
Bush Mucuna 9.78 7.70¢ 9.84° 7.67™
Black Mucuna 13.20 12.23% 8.57° 12.87*
Canavalia ensiformis 13.35 9.17° 8.13¢ 8.60°
SEM 0.695 0.457 0.437 0.570
P-value 0.152 <0.001 <0.001 <0.001

“PMean values within a column with different superscripts are significantly different (p < 0.05)

124 Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026



Growth state-dependent variations in nutrient composition ...

Ramos et al

stages are summarized in Table 6. The data
showed significant differences observed only at
week 12 (p < 0.05), whereas variations at weeks
4, 8, and 16 were not significant (p > 0 0.5).
Across the growth stages, NFE, representing the
soluble carbohydrate fraction, tended to peak
around week 12 in several cultivars. Tropical
Mucuna showed the highest value at this stage
(52.53%), while Cream Mucuna and C. ensi-
formis exhibited comparatively lower levels.
This mid-season increase suggests enhanced
accumulation of non-structural carbohydrates
such as starches and soluble sugars as plants
transition from vegetative expansion toward
reproductive development. The observed trend
aligns with established plant physiological pat-
terns, where soluble carbohydrate reserves in-
crease temporarily before being mobilized for
flowering or pod formation (Wyse et al., 2022).
Such transient carbohydrate enrichment can
improve the fermentable energy supply for ru-
minants, thereby enhancing microbial activity
and rumen efficiency. The inter-cultivar differ-
ences observed here indicate genetic variability
in carbohydrate partitioning and may serve as a
useful basis for selecting energy-dense forage
materials within the Mucuna and Canavalia
genera. From a practical standpoint, harvesting
at mid-growth (around week 12) appears opti-
mal for maximizing NFE and overall energy
value of the foliage. Cultivars like Tropical

Mucuna, which exhibited superior NFE at this
stage, could therefore provide better energy sup-
plementation potential in ruminant feeding sys-
tems compared with later, more fibrous harvests.

Analytical Neutral Detergent Fibre (NDF)
Composition

Table 7 presents the neutral detergent fibre
(NDF) contents of the five leguminous cultivars
across the four harvesting stages. The NDF dif-
ferences among cultivars were significant at
week 12 (p < 0.05) and week 16 (p < 0.05), but
non-significant at weeks 4 and 8. A clear pat-
tern of increasing NDF concentration with ad-
vancing plant age was observed, indicating a
progressive build-up of structural carbohydrates.
The highest NDF values occurred at week 16,
notably in Bush Mucuna (57.47%), while Black
Mucuna and Tropical Mucuna also showed ele-
vated levels at later stages. This trend reflects
normal physiological maturation, where deposi-
tion of cellulose, hemicellulose, and lignin in the
cell wall intensifies, reducing cell solubility and
digestibility. These results are consistent with
earlier findings for forage legumes, where NDF
levels rise with advancing maturity (Wyse ef al.,
2022). The mean NDF values observed at 16
weeks (~53.6%) are comparable to those report-
ed by Wyse et al., (2022), while lower than the
66.2% reported by Yeanpet et al., (2022), sug-
gesting the influence of genotype and environ-

Table 6: Nitrogen free extract compositions of the leguminous cultivars at different

harvesting times

Cultivars Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 49.35 51.72 52.53% 48.63
Cream Mucuna 49.27 56.46 45.48° 46.30
Bush Mucuna 48.68 50.30 46.80° 47.30
Black Mucuna 46.60 48.25 46.75° 46.78
Canavalia ensiformis 50.51 56.46 4537° 49.33
SEM 0.799 0.601
1.27 1.270
P-value 0.002 0.518
0.853 0.265

“?Mean values within a column with different superscripts are significantly different (p < 0.05)
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Table 7: Neutral detergent fibre compositions of the leguminous cultivars at different

harvesting times

Cultivars Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 39.13 41.97 48.47° 5477
Cream Mucuna 29.30 43.20 46.47% 53.53%
Bush Mucuna 36.70 42.60 41.30° 5747
Black Mucuna 39.13 47.83 49.60° 48.43°
Canavalia ensiformis 33.23 42.57 43.97% 51.40%
SEM 1.730 1.290 0.939 1.040
p-value 0.337 0.663 0.006 0.032

*PMean values within a column with different superscripts are significantly different (p < 0.05)

mental conditions on fibre deposition. Compared
with grasses, these moderate NDF levels indicate
relatively better forage quality and potential for
higher voluntary intake, as legumes typically
possess less structural fibre and higher digestible
fractions. From a practical feeding perspective,
the steady increase in NDF with age implies that
delayed harvesting could reduce palatability and
intake potential due to lower rumen degradabil-
ity. For optimal forage quality, harvesting before
week 12, when NDF remains moderate would
enhance voluntary intake and animal perfor-
mance. Beyond this stage, rising NDF and con-
current lignification may constrain digestibility
and limit energy availability to ruminants. Im-
portantly, the levels of NDF observed in the pre-
sent study were lower than those typically re-
ported for cereal or grass hays and silages, which
can reach up to 60% NDF. Structural carbohy-
drates such as NDF are critical determinants of
forage quality and digestibility in ruminant nutri-
tion (Arif ef al., 2022). Consequently, the com-
paratively lower fibre levels in these leguminous
forages suggest a higher potential for voluntary
intake and improved digestibility relative to con-
ventional cereal or grass hays.

Analytical Acid Detergent Fibre (ADF) Com-
position

Table 8 presents the acid detergent fibre (ADF)
contents of the leguminous cultivars across the
four harvesting stages. The data revealed signifi-

cant differences among cultivars at weeks 8, 12,
and 16 (p < 0.05), while week 4 differences were
marginal (p > 0.05). A general increase in ADF
concentration with plant maturity was observed,
reflecting the progressive deposition of cellulose
and lignin within the cell wall matrix. Cream
Mucuna and Canavalia ensiformis (CE) exhibit-
ed particularly high ADF levels at weeks 12—16
(approximately 38%), which corresponded to
reduced digestibility potential compared to the
other Mucuna cultivars. Such fibre accumulation
is characteristic of advancing vegetative and
structural development, leading to reduced cell
solubility and higher proportions of indigestible
fractions. The progressive increase in ADF ob-
served with advancing plant maturity in this
study is consistent with established patterns re-
ported by Diop (2021) and Wyse et al., (2022),
who noted a linear rise in ADF as structural car-
bohydrates accumulate and cell wall lignification
intensifies. The mean ADF value at 16 weeks
(~33.64%) was notably lower than the ~44.8%
reported by Yeanpet et al, (2022), suggesting
superior fibre digestibility in the current forages,
likely influenced by genotype, soil fertility, and
environmental conditions. Across all cultivars
and harvest periods, ADF levels remained within
the 20-45% range previously reported for tropi-
cal forages (Asaolu ef al, 2011; Martens et al.,
2012), indicating good potential for rumen de-
gradability and nutrient availability. According
to Nguku et al, (2016), ADF serves as a key
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Table 8: Acid detergent fibre compositions of the leguminous cultivars at different

harvesting times

Cultivars Week 4 Week 8 Week 12 Week 16
Tropical Mucuna 29.27 25.03° 32.33° 33.67°
Cream Mucuna 24.87 26.27° 38.10% 38.13%
Bush Mucuna 22.33 26.00° 32.13° 32.57°
Black Mucuna 23.37 33.50° 29.23¢ 30.20°
Canavalia ensiformis 20.93 24.83° 33.23° 38.49°
SEM 0.801 0.090
1.030 0.933
p-value <0.001 <0.001
0.071 <0.001

*®Mean values within a column with different superscripts are significantly different (p < 0.05)

indicator of forage digestibility; thus, the moder-
ate ADF values observed here imply acceptable
digestibility for most ruminant classes. However,
when ADF content approaches or exceeds 35—
40%, as seen in Cream Mucuna and C. ensiform-
is at later harvests, digestibility and voluntary
intake may decline, reducing feeding value for
high-producing animals (Wyse et al, 2022).
Therefore, to optimize fibre utilization and ener-
gy yield, harvesting between 8 and 12 weeks
before ADF surpasses 30-35%, is recommend-
ed, particularly for lactating or growing rumi-
nants with higher nutrient demands.

In vitro Gas Production and Fermentation
Kinetics of the Harvested Cultivars

Further analysis of the forage cultivars harvested
at different growth stages was conducted using
the in vitro gas production technique, a laborato-
ry fermentation assay that simulates rumen con-
ditions to evaluate the rate and extent of sub-
strate degradation, providing insight into the
fermentative characteristics and feeding value of
the forages for ruminant nutrition. The technique
allows for a controlled environment, mimicking
the rumen conditions, enabling researchers to
measure gas production over time (Menke et al.,
1979; Menke and Steingass, 1988; Bovera et al.,
2011; Storm et al., 2018; Sarkwa et al., 2020).
Generally, it reflects the extent of the fermenta-
tion and digestibility of feed. Figure 1 illustrates
the cumulative in vitro gas production (mL/200

mg DM) of the forages (cultivars of Mucuna
pruriens and Canavalia ensiformis) harvested at
week 4 across incubation times. Gas production
increased sharply within the first 48 hours and
plateaued between 72 and 96 hours of incuba-
tion, signifying rapid fermentation of readily
degradable substrates. Among the cultivars,
Tropical Mucuna pruriens exhibited the highest
cumulative gas volume, followed by C. ensi-
formis, Black Mucuna pruriens, Cream Mucuna
pruriens, while Bush Mucuna pruriens recorded
the lowest yield. This pattern is consistent with
the dominance of soluble carbohydrates and
crude protein, and the relatively low levels of
structural fibre (ADF and NDF) in young vege-
tative forage tissue (Osafo et al., 2023). At this
early stage of maturity, the high gas yield and
steep fermentation curve reflect rapid microbial
colonization, as the substrates are predominantly
soluble and easily fermentable. Such a pattern
typifies early growth-phase forages, where the
cellular contents exceed cell wall constituents
(NDF, ADF), supporting efficient microbial
activity and high ruminal degradability (Menke
et al., 1979; Menke & Steingass, 1988). Howev-
er, despite the rapid fermentation rate, the total
gas volume remained moderate, likely due to the
limited accumulation of fermentable biomass at
this immature stage. Consequently, week 4 for-
ages, while highly digestible, may offer lower
total energy per unit area due to reduced dry
matter yield. Table 9 presents the degradation
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Table 9: Degradation kinetics of the incubated cultivar samples at week 4

. Tropical Cream Bush Black Canavalia
Variable Mucuna  Mucuna  Mucuna  Mucuna ensiformis SEM P-value
b (%) 18.52° 19.06* 17.84% 18.10% 16.92° 0.482 0.019
c(h™) 0.041%® 0.045" 0.049* 0.043% 0.038° 0.004 0.027

“PMeans with different superscripts in a row differ significantly (P<0.05); b (%) = potentially fermentable but insoluble
fraction; ¢ = rate of fermentation of b. SEM = standard error of means,; P-value = probability value

Gas pattern at week 4

Gas production, ml/0.2gDM

0 T T T T T T T T

0 12 24 36 48 60 72 84

Incubation time (hours)

96

Tr-MP* week 4
CE*week 4
BI-MP*week 4
Cr-MP*week 4
Bu-MP*week 4

Figure 1: Cumulative in vitro gas production (mL/200gdm) of the forages
(cultivars of M. pruriens and C. ensiformis) harvested at week 4

kinetics of the incubated samples at week 4. The
potentially fermentable but insoluble fraction (b)
ranged from 16.92% in C. ensiformis to 19.06%
in Cream Mucuna, with Tropical and Cream
Mucuna showing significantly higher (p < 0.05)
values than Canavalia. The fermentation rate
constant (¢) was highest in Bush (0.049 h™!) and
Cream Mucuna (0.045 h™!), indicating that these
cultivars supported faster fermentation of the
degradable fraction, whereas C. ensiformis rec-
orded the slowest rate (0.038 h'). Integrating
these results with the cumulative gas production
pattern, it can be inferred that Bush Mucuna,
despite lower total gas output, fermented more
rapidly, suggesting that its degradable fraction
was composed mainly of soluble, rapidly fer-
mentable components. In contrast, Tropical
Mucuna, with a higher b-fraction and moderate
fermentation rate, sustained fermentation over a

longer incubation period, explaining its superior
total gas volume. These findings align with pre-
vious reports indicating that forage maturity
influences fermentability and gas output through
variations in cell wall composition and lignifica-
tion (Osafo et al., 2023; Sasu et al., 2023). The
observed high fermentability and efficient fer-
mentation kinetics at week 4 imply that early-
harvest forages are ideal as energy supplements
in high-performance ruminant diets, where rapid
ruminal fermentation and microbial protein syn-
thesis are desirable. However, as suggested by
Storm et al., (2012) and Bovera et al., (2011),
the limited dry matter yield and lower structural
fibre at this stage may reduce rumen fill and
chewing activity if such forages are used as the
sole roughage source. Overall, week 4 forages
represent an early, highly fermentable growth
phase, rich in soluble carbohydrates and proteins
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but limited in total yield. These results establish
a baseline for Figure 2 (week 8), where advanc-
ing plant maturity is expected to shift the bal-
ance towards higher fibre accumulation and
structural carbohydrate content, potentially
moderating fermentation rate and gas production
while increasing total degradable matter and
biomass yield.

Figure 2 presents the cumulative in vitro gas
production (mL/200 mg DM) of the Mucuna
pruriens and Canavalia ensiformis cultivars
harvested at week 8 across 96 hours of incuba-
tion. Gas production increased markedly com-
pared to week 4, with the most pronounced rise
occurring between 24 and 60 hours, an indica-
tion of heightened microbial activity and a
stronger fermentation response to substrates of
intermediate maturity. Among the -cultivars,
Cream Mucuna pruriens produced the highest
cumulative gas volume, followed by Black
Mucuna, Tropical Mucuna, and Bush Mucuna,
while C. ensiformis recorded the lowest gas
yield. This enhanced gas output across the culti-
vars suggests that week 8 represents a physio-
logical phase where the forage matrix contains a
balanced proportion of soluble and structural
carbohydrates, favoring sustained fermentation.
The steep slopes of the gas curves during the
early incubation phase (0—60 h) reflect an in-
creased presence of readily fermentable carbo-
hydrates and moderate cell wall fractions (NDF,
ADF). According to Menke and Steingass
(1988) such substrates promote active microbial
colonization and efficient energy release in the
rumen. The high gas volumes observed, particu-
larly in Cream Mucuna pruriens, indicate opti-
mal substrate availability and nutrient synchro-
nization, contributing to superior energy yield
and feed efficiency. Supporting these observa-
tions, Table 10 presents the degradation kinetics
of the same cultivars at week 8. The potentially
fermentable but insoluble fraction (b) ranged
from 21.92% in C. ensiformis to 25.33% in
Tropical Mucuna, with Tropical and Cream
Mucuna exhibiting significantly higher (p <
0.05) values than C. ensiformis. The fermenta-
tion rate constant (c) was highest in Bush Mucu-
na (0.044 h'), followed by Tropical Mucuna
(0.039 h™'), and lowest in C. ensiformis (0.035
h™). These results suggest that at week 8, the
Mucuna cultivars combined both a high de-

gradable fraction and moderate fermentation
rate, indicators of efficient ruminal fermentabil-
ity and energy conversion (Gasmi-Boubaker et
al., 2005; Basha et al., 2012). Integrating the
gas production and degradation kinetics results,
the forages at week 8 exhibited a clear shift
from the early, highly soluble substrate domi-
nance (as in week 4) toward a more balanced
nutritional composition. The elevated b-fraction
values across cultivars indicate greater potential
degradability of the insoluble fraction, while the
moderate c-values reflect sustained fermenta-
tion rather than rapid depletion. Cream Mucuna
in particular demonstrated superior gas produc-
tion and substantial b-fraction values, implying
that its fermentation profile supports both im-
mediate and extended microbial activity, a fa-
vorable attribute for ruminant feed efficiency.
These findings confirm that week 8 represents
an optimal harvest point for achieving maxi-
mum ruminal energy yield without significant
loss in digestibility. The balance between cell
contents and cell wall carbohydrates at this
stage promotes both microbial growth and sus-
tained gas production, consistent with the re-
ports of Osafo et al, (2023) and Sasu et al.,
(2023), who emphasized that moderate plant
maturity enhances overall digestibility and vola-
tile fatty acid production. In summary, it is
clearly seen that as the legume’s maturity ad-
vances further toward week 12 (Figure 3), a
gradual shift in gas production pattern is ex-
pected, reflecting increasing structural carbohy-
drate content and declining fermentation effi-
ciency.

Figure 3 illustrates the cumulative in vifro gas
production (mL/200 mg DM) of the Mucuna
pruriens cultivars and Canavalia ensiformis
harvested at week 12. Gas volumes continued to
increase across all cultivars, reflecting the pro-
gressive development of fermentable substrate
with advancing maturity. Cream Mucuna pruri-
ens again exhibited the highest cumulative gas
production, followed closely by Black and Bush
Mucuna pruriens, while Tropical Mucuna pru-
riens and C. ensiformis recorded comparatively
lower gas yields. This consistent trend indicates
that the Cream and Black cultivars maintain
superior fermentative efficiency throughout
growth, likely due to their balanced carbohy-
drate and moderate fibre profiles. Despite con-
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Table 10: Degradation kinetics of the incubated cultivar samples at week 8.
. Tropical Cream Bush Black Canavalia
Variable Mucuna Mucuna  Mucuna  Mucuna  ensiformis SEM p-value
b (%) 25.33° 23.45% 22.80% 23.18% 21.92° 0.526 0.013
c(h™) 0.039%® 0.037% 0.044° 0.036™ 0.035° 0.003 0.021

b Means with different superscripts in a row differ significantly (P<0.05),; b (%) = potentially fermentable but insoluble
fraction; ¢ = rate of fermentation of b. SEM = standard error of means; P-value = probability value

Gas pattern at week 8
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Figure 2: Cumulative in vitro gas production (mL/200gdm) of the forages (cultivars
of M. pruriens and C. ensiformis) harvested at week 8

tinued gas production, a slight flattening of the
gas curves beyond 72 hours was evident across
all species, suggesting that microbial fermenta-
tion slowed as structural fibre components (NDF
and ADF) increased, limiting microbial accessi-
bility to the residual substrate. This pattern
aligns with the biochemical transition typical of
mid- to late-maturity tropical legumes, where
cell wall lignification and lower soluble carbo-
hydrate content begin to constrain ruminal deg-
radation (Sreekala et al, 2020). Nevertheless,
the sustained gas volume reflects the persistence
of moderately fermentable fractions and nitrogen
-free extract (NFE), indicating that week 12 for-
ages still support substantial microbial activity
and energy release potential.

Table 11 complements the gas production pat-
terns by detailing the degradation kinetics of the
incubated samples. The potentially degradable
but insoluble fraction (b) ranged from 20.65% in

C. ensiformis to 23.40% in Tropical Mucuna,
with Cream, Bush, and Black Mucuna showing
intermediate yet comparable values. The fer-
mentation rate constant (c) varied between 0.029
h™ in C. ensiformis and 0.038 h™' in Black
Mucuna, indicating that while the amount of
fermentable substrate remained relatively stable,
the rate of microbial fermentation had slowed
slightly compared with week 8. The reduction in
“c” values signifies the onset of maturity-related
fibre accumulation and partial cross-linking of
lignocellulosic structures (Menke and Steingass,
1988). Collectively, the gas production and ki-
netic data suggest that week 12 represents a tran-
sitional phase in forage quality. Although fer-
mentation remains efficient, the increasing fibre
content begins to reduce degradation rates and
perhaps microbial access to soluble carbohy-
drates. From a feeding perspective, this stage
still provides adequate fermentability and digest-
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Table 11: Degradation kinetics of the incubated cultivar samples at week 12
. Tropical Cream Bush Black Canavalia
Variable Mucuna Mucuna Mucuna  Mucuna ensiformis SEM P-value
b (%) 23.40° 22.06® 21.73*  2221% 20.65° 0.497 0.018
ct™ 0.031% 0.034° 0.036° 0.038* 0.029° 0.003 0.025

“®*Means with different superscripts in a row differ significantly (P<0.05); b (%) = potentially fermentable but insoluble
fraction; ¢ = rate of fermentation of b. SEM = standard error of means; P-value = probability value

Gas pattern at week 12
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ible energy but signals the approaching decline
typical of late-maturity tropical legumes. Thus,
harvesting between weeks 8 and 12 would sus-
tain high gas production while maintaining opti-
mal degradability and nutritive value for rumi-
nant feeding systems.

Figure 4 presents the cumulative in vitro gas
production (mL/200 mg DM) of the Mucuna
pruriens cultivars and Canavalia ensiformis
harvested at week 16. The overall cumulative
gas volumes declined markedly across all culti-
vars, indicating reduced fermentation efficiency
at late maturity. Canavalia ensiformis and
Cream Mucuna pruriens maintained moderate
gas yields, followed by Tropical and Bush
Mucuna pruriens, while Black Mucuna pruriens
recorded the lowest cumulative gas production.
This downturn in gas volume corresponds with
the compositional shift typical of advancing
physiological maturity, where neutral detergent
fibre (NDF) and acid detergent fibre (ADF) frac-
tions increase while soluble carbohydrate and

96

crude protein concentrations decline (Yusriani et
al., 2021). The subdued gas production and
slower cumulative curve patterns beyond 48
hours of incubation suggest a substantial reduc-
tion in microbial accessibility and substrate de-
gradability due to increased lignification and cell
wall cross-linking, which hinder microbial colo-
nization and enzymatic hydrolysis. These find-
ings support the assertion that late-harvested
tropical legumes exhibit diminished fermenta-
tion rates and lower ruminal energy release (Ojo
et al., 2018; Osman et al., 2023). Consequently,
the forages harvested at week 16 are best suited
for maintenance rations or low-production sys-
tems, where moderate digestibility suffices with-
out the need for high fermentative energy sup-
ply. Table 12 reinforces the gas production
trends through the degradation kinetics parame-
ters. The potentially degradable but insoluble
fraction (b) ranged from 19.76% in C. ensiform-
is to 24.43% in Tropical Mucuna, with signifi-
cant cultivar variation (P < 0.05). Although the
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Table 12: Degradation kinetics of the incubated cultivar samples at week 16
. Tropical Cream Bush Black Canavalia
Variable Mucuna Mucuna  Mucuna Mucuna ensiformis SEM P-value
b (%) 24.43" 21.05% 20.82° 21.75% 19.76° 0.511 0.016
c(h™) 0.017° 0.036% 0.044° 0.031% 0.031* 0.003  0.023

*P\Means with different superscripts in a row differ significantly (P<0.05); b (%) = potentially fermentable but
insoluble fraction; ¢ = rate of fermentation of b. SEM = standard error of means; P-value = probability value

Gas pattern at week 16

Gas production, ml/0.2gDM
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Figure 4: Cumulative in vitro gas production (mL/200gdm) of the forages (cultivars of M.

pruriens and C. ensiformis) harvested at week 16.

“b” fraction for some Mucuna cultivars remained
within the mid-range observed at week 12, the
fermentation rate constant (c) showed a pro-
nounced decline, dropping to 0.017 h™* in Tropi-
cal Mucuna, the lowest across all growth stages.
In contrast, Bush Mucuna retained the highest
rate (0.044 h™'), suggesting that cultivar-specific
morphological or structural traits influence de-
gradability under advanced maturity. The overall
pattern of gas production and degradation kinet-
ics across the sampling timeline (weeks 4—16)
exhibits a parabolic relationship with maturity,
characterized by a sharp rise from early growth
(week 4), a peak at intermediate maturity (week
8-12), followed by a decline at week 16. This
trajectory mirrors the biochemical transition
from soluble to structural carbohydrate domi-
nance, reflecting the trade-off between yield and
nutritional quality (Menke and Steingass, 1988;
Osafo et al,2023). From a nutritional manage-

ment perspective, the week 16 harvest represents
a threshold of diminishing fermentative return,
marking the onset of structural rigidity and lower
degradable organic matter. Therefore, while late-
stage forages contribute bulk of roughage, they
are best utilized in maintenance feeding systems
or combined with energy-dense supplements to
balance ruminal fermentation efficiency.

CONCLUSION

This study revealed that cultivar type and growth
stage significantly influenced the nutritional
composition and fermentative characteristics of
the underutilized Fabaceae forages. Crude pro-
tein (CP) and nitrogen-free extract (NFE) con-
tents peaked between weeks 8 and 12, coinciding
with optimal fermentability, while neutral deter-
gent fibre (NDF) and acid detergent fibre (ADF)
increased steadily with maturity, reflecting great-
er structural lignification. The in vitro gas pro-
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duction patterns mirrored these compositional
shifts, reaching a maximum at mid-harvest and
declining thereafter, indicating reduced microbial
accessibility of substrates with advancing age.
Among the cultivars, Tropical and Cream Mucu-
na pruriens consistently demonstrated superior
gas production and degradation kinetics, suggest-
ing higher ruminal degradability and metaboliza-
ble energy potential compared to Canavalia ensi-
formis. From a feeding standpoint, harvesting at
weeks 8—12 offers the best compromise between
protein supply, energy yield, and fibre digestibil-
ity, ideal for high-producing ruminants, while
later harvests may serve maintenance or soil-
enrichment roles. Consequently, Mucuna pruri-
ens cultivars, particularly the Tropical and
Cream accessions, emerged as promising dry-
season protein supplements in tropical livestock
systems. Future research should validate these in
vitro results through in vivo digestibility and ani-
mal performance trials, assess mineral and anti-
nutritional profiles for safe inclusion levels, and
evaluate agronomic resilience under varying eco-
logical conditions to support sustainable forage
utilization and integrated livestock—crop produc-
tion systems.

ACKNOWLEDGEMENT

The researchers are grateful to Center for No —
Till Agriculture Amanchia in the Ashanti Region
Ghana, for providing the leguminous seeds for
this study.

REFERENCES

Agariga, F., Abugre, S., & Appiah, M. (2021).
Spatio-temporal changes in land use and
forest cover in the Asutifi North District of
Ahafo Region of Ghana, (1986-2020). Envi-
ronmental Challenges, 5, 100209. https://
doi.org/10.1016/j.envc.2021.100209,

Andriarimalala, J. H., Dubeux, J. C. B., Jaramil-
lo, D. M., Rakotozandriny, J. N., & Salgado,
P. (2021). Using n-alkanes to estimate herb-
age intake and diet composition of cattle fed
with natural forages in Madagascar. Animal
Feed Science and Technology, 273, 114795.
DOI: https://doi.org/10.1016/j.anifeedsci.
2020.114795.

Arif, M., Pourouchottamane, R., Kumar, A.,
Gupta, D., & Kmuar, R. (2022). Evaluation

of forage berseem (Trifolium alexandrinum
L.) for yield and nutritive qualities under
varying seed rates and phosphorus fertiliza-
tion. Indian Journal of Animal Nutrition, 39
(2), 154-162. DOI: https://doi.org/10.5958/
2231-6744.2022.00020.2.

Asaolu, V., Binuomote, R., Akinlade, J., Oyela-
mi, O., & Kokako, K. (2011). Utilization of
Moringa oleifera fodder combinations with
Leucaena leucocephala and Gliricidia sepi-
um fodders by West African dwarf goats.
International Journal of Agricultural Re-
search, 6(8), 607—-619. DOI: https://doi.org/
10.3923/ijar.2011.607.619.

Babayemi, O. J. & Adebayo, A. A. (2020). As-
sessment of nutritive value of selectively
grazed forbs by cattle in communal grazing
land of Ido Local Government Area, Oyo
state, Nigeria. Nigerian Journal of Animal
Production, 47(5). DOI: https://doi.org/10.
51791/njap.v47i5.1264.

Basha, N. A. D., Scogings, P. F., Dziba, L. E., &
Nsahlai, I. V. (2012). Diet selection of Ngu-
ni goats in relation to season, chemistry and
physical proportions of browse in sub-humid
subtropical savanna. Small Ruminant Re-
search, 102, 163—-171. DOI: https://doi.org/
10.1016/j.smallrumres.2011.08.02.

Beauchemin, K. A., McAllister, T. A., &
McGinn, S. M. (2009). Dietary mitigation of
enteric methane from cattle.. Cabi Reviews,
1-18. DOI: https://doi.org/10.1079/pavsnnr
20094035

Bhandari, K. B., Rusch, H. L., & Heuschele, D.
J. (2023). Alfalfa Stem Cell Wall Digestibil-
ity: Current Knowledge and Future Research
Directions. Agronomy, 13(12), 2875. DOI:
https://doi.org/10.3390/agronomy13122875

Blu, M., & Qrskov, E. R. (1993). Comparison of
in vitro gas production and nylon bag degra-
dability of roughages in predicting feed in-
take in cattle. Animal feed science and tech-
nology, 40(2-3), 109-119. DOI: https://
doi.org/10.1016/0377-8401(93)90150-i.

Bovera, F., Marono, S., Meo, C. D., lannaccone,
F., Attia, Y. A., & Nizza, A. (2011). Com-
parison of caecal and faeces fermentation
characteristics of ostrich byin vitrogas pro-

Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026 133


https://doi.org/10.1016/j.envc.2021.100209
https://doi.org/10.1016/j.envc.2021.100209
https://doi.org/10.1016/j.anifeedsci.2020.114795
https://doi.org/10.1016/j.anifeedsci.2020.114795
https://doi.org/10.5958/2231-6744.2022.00020.2
https://doi.org/10.5958/2231-6744.2022.00020.2
https://doi.org/10.3923/ijar.2011.607.619
https://doi.org/10.3923/ijar.2011.607.619
https://doi.org/10.51791/njap.v47i5.1264
https://doi.org/10.51791/njap.v47i5.1264
https://doi.org/10.1016/j.smallrumres.2011.08.02
https://doi.org/10.1016/j.smallrumres.2011.08.02
https://doi.org/10.1079/pavsnnr20094035
https://doi.org/10.1079/pavsnnr20094035
https://doi.org/10.3390/agronomy13122875
https://doi.org/10.1016/0377-8401(93)90150-i

Growth state-dependent variations in nutrient composition ...

Ramos et al

duction technique. Acta Agriculturae Scan-
dinavica Section a — Animal Science, 61(2),
72-79. DOI: https://doi.org/10.1080/
09064702.2011.582510

Biichi, L., Gebhard, C., Liebisch, F., Sinaj, S.,
Ramseier, H., & Charles, R. (2015). Accu-
mulation of biologically fixed nitrogen by
legumes cultivated as cover crops in Swit-

overview. In Food and Feed from Mucuna:
Current Uses and the Way Forward, Work-
shop, CIDICCO, CIEPCA and World Hun-
ger Research Center, Tegucigalpa, Honduras
(April 26-29, 2000), 18-47. Available at:
https://echocommunity-conversations.
s3.dualstack.us-east-1.pdf. Date retrieved:
11/06/2025.

zerland. Plant and Soil, 393(1-2), 163-175.  Gasmi-Boubaker, A., Kayouli, C., & Buldgen, A.

DOI:  https://doi.org/10.1007/s11104-015-
2476-7

Cabiddu, A., Decandia, M., Salis, L., Scanu, G.,
Fiori, M., Addis, M., ... & Molle, G. (2009).
Effect of species, cultivar and phenological
stage of different forage legumes on herbage
fatty acid composition. Italian Journal of

(2005). In vitro gas production and its rela-
tionship to in situ disappearance and chemi-
cal composition of some Mediterranean
browse species. Animal Feed Science and
Technology, 123-124, 303-311. DOI: https://
doi.org/10.1016/j.anifeedsci.2005.04.017.
Date retrieved: 11/06/2025.

Animal Science, 8(sup2), 277-279. DOI: Horwitz, W. (1964). The Association of Official

https://doi.org/10.4081/ijas.2009.s2.277.

Castro-Montoya, J. and Albarran-Portillo, B.
(2023). Digestibility of Additional Crude
Protein From Tropical Legumes in Mixed

Agricultural Chemists (AOAC). Reviews of
Environmental Contamination and Toxicolo-
gy, 37-60. DOI: https://doi.org/10.1007/978-
1-4615-8389-9 3

Grass-Legume Rations for Ruminants. Chil-  Kim, D., Stoddart, N., Rotz, C. A., Veltman, K.,

ean Journal of Agricultural & Animal Sci-
ences, 39(1), 65-74. DOL: https://doi.org/
10.29393/chjaa39-6dajb20006

Chikagwa-Malunga, S., Adesogan, A., Sollen-
berger, L. E., Phatak, S. C., Szabo, N., Kim,
S., ... & Littell, R. C. (2009). Nutritional
characterization of Mucuna pruriens. Animal
Feed Science and Technology, 148(2-4), 124
-137.  DOI: https://doi.org/10.1016/j.ani
feedsci.2008.03.003

Chilibroste, P., Gibb, M. J., Soca, P., & Mattiau-

Chase, L., Cooper, J., Ingraham, P., Izaur-
ralde, R. C., Jones, C. D., Gaillard, R.,
Aguirre-Villegas, H. A., Larson, R. A,
Ruark, M., Salas, W., Jolliet, O., & Thoma,
G. J. (2019). Analysis of beneficial manage-
ment practices to mitigate environmental
impacts in dairy production systems around
the Great Lakes. Agricultural Systems, 176,
1-12. Available at: https://www.cabidigit
allibrary.org/doi/full/10.5555/20193489503.
Date retrieved: 11/06/2025.

da, D. A. (2015). Behavioural adaptation of Kim, J. D., Seo, M., Lee, S. C., & Han, K.

grazing dairy cows to changes in feeding
management: do they follow a predictable
pattern?. Animal Production Science, 55(3),
328-338. DOI: https://doi.org/10.1071/an1
4484

Diop, M. S. (2021). Production, Seed Manage-
ment and Utilization of Velvet Bean
(Mucuna pruriens L. Dc) in Western Kenya.
Available at: http://erepository.uoeld.ac.ke/
handle/123456789/1632. Date retrieved:
11/06/2025.

Eilitta, M., Bressani, R., Carew, L. B., Carsky, R.
J., Flores, M., Gilbert, R., ... & Szabo, N. J.
(2002). Mucuna as a food and feed crop: an

(2020). Review of the Current Forage Pro-
duction, Supply, and Quality Measure
Standard in South Korea. Journal of the Ko-
rean Society of Grassland and Forage Sci-
ence, 40(3), 149-155. DOI: https://
doi.org/10.5333/kgfs.2020.40.3.149

Martens, S. D., Tiemann, T. T., Bindelle, J., Pe-

ters, M., & Lascano, C. E. (2012). Alterna-
tive plant protein sources for pigs and chick-
ens in the tropics — nutritional value and
constraints: a review. Journal of Agriculture
and Rural Development in the Tropics and
Subtropics, 113(2), 101-123. Available at:
http://jarts.info/index.php/jarts/article/

view/490. Date retrieved: 11/06/2025.

134 Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026


https://doi.org/10.1080/09064702.2011.582510
https://doi.org/10.1080/09064702.2011.582510
https://doi.org/10.1007/s11104-015-2476-7
https://doi.org/10.1007/s11104-015-2476-7
https://doi.org/10.29393/chjaa39-6dajb20006
https://doi.org/10.1016/j.anifeedsci.2008.03.003
https://doi.org/10.1016/j.anifeedsci.2008.03.003
https://doi.org/10.1071/an14484
https://doi.org/10.1071/an14484
http://erepository.uoeld.ac.ke/handle/123456789/1632
http://erepository.uoeld.ac.ke/handle/123456789/1632
https://echocommunity-conversations.s3.dualstack.us-east-1.pdf
https://echocommunity-conversations.s3.dualstack.us-east-1.pdf
https://doi.org/10.1016/j.anifeedsci.2005.04.017
https://doi.org/10.1007/978-1-4615-8389-9_3
https://doi.org/10.1007/978-1-4615-8389-9_3
https://www.cabidigitallibrary.org/doi/full/10.5555/20193489503
https://www.cabidigitallibrary.org/doi/full/10.5555/20193489503
https://doi.org/10.5333/kgfs.2020.40.3.149
http://jarts.info/index.php/jarts/article/view/490
http://jarts.info/index.php/jarts/article/view/490

Growth state-dependent variations in nutrient composition ...

Ramos et al

Matata, P., Passos, A. M. A. d., Masolwa, L.,
Marcolan, A. L., & Ribeiro, R. d. S. (2017).
Incorporation of Leguminous Cover Crops
in Smallholder Cassava-Based Production
System in Western Tanzania. American
Journal of Plant Sciences, 08(13), 3490-
3501. DOI: https://doi.org/10.4236/ajps.20
17.813235

Mekuriaw, S., Tegegne, F., Tsunekawa, A., &
Ichinohe, T. (2018). Effects of substituting
concentrate mix with water hyacinth
(Eichhornia crassipes) leaves on feed intake,
digestibility and growth performance of
Washera sheep fed rice straw-based diet.
Tropical Animal Health and Production, 50
(5), 965-972. DOI: https://doi.org/10.1007/
s11250-018-1519-5.

Menke, K. H., & Steingass, H. (1988). Estima-
tion of the energetic feed value obtained
from chemical analysis and gas production
using rumen fluid. Animal Research Devel-
opment, 28, T7-55. Available at: https://
cir.nii.ac.jp/crid/1573387450798066432.
Date retrieved: 12/06/2025.

Menke, K. H., Raab, L., Salewski, A., Steingal,
H., Fritz, D., & Schneider, W. (1979). The
estimation of the digestibility and metaboliz-
able energy content of ruminant feed-
ingstuffs from the gas production when they
are incubated with rumen liquor in vitro.
The Journal of Agricultural Science, 93(1),
217-222.  DOI:  https://doi.org/10.1017/
$0021859600086305

Moorby, J. M. and Fraser, M. D. (2021). Review:
New feeds and new feeding systems in in-
tensive and semi-intensive forage-fed rumi-
nant livestock systems. Animal, 15, 100297.
DOI: https://doi.org/10.1016/
j-animal.2021.100297.

Nguku, S. A., Musimba, N. K. R., Njarui, D. N.,
& Mwobobia, R. M. (2016). The chemical
composition and nutritive value of Brachiar-
ia grass cultivars at Katumani Dryland Re-
search Station in South Eastern Kenya. Jour-
nal of Advances in Agriculture, 5(2). Availa-
ble at: https://www.academia.edu/download/
103282490/pdf 81.pdf. Date retrieved:
13/06/2025.

NRC (National Research Council). (2007). Nu-
trient requirements of small ruminants:
Sheep, goats, cervids, and New World came-
lids. National Academy Press. Available at:
https://www.ncbi.nlm.nih.gov/books/
NBK231918/. Date retrieved: 13/06/2025.

Nykolyuk, O., Pyvovar, P., Chmil, A., Bogonos,
M., Topolnyckyi, P., Cheban, 1., & Felmann,
T. (2021). Agricultural markets in Ukraine:
current situation and market outlook until
2030. Report No. JRC126768. European
Union. Available at: https://www.resear
chgate.net.pdf. Date retrieved: 14/06/2025.

Ojo, V. O. A., Oyaniran, D., Adewumi, O. O.,
Adeyemi, T. A., & Muraina, T. O. (2020).
Comparative studies on the yield of some
herbaceous legumes and effects of storage
on the quality of their pellets. Nigerian Jour-
nal of Animal Production, 45(1), 296-308.
DOI:  https://doi.org/10.51791/njap.v45il.
375.

Okla, M. K., Akhtar, N., Alamri, S., Al-Qahtani,
S. M., Ismail, A., Abbas, Z. K., ... & AbdEl-
gawad, H. (2021). Potential Importance of
Molybdenum Priming to Metabolism and
Nutritive Value of Canavalia spp. Sprouts.
Plants, 10(11), 2387. DOI: https://doi. or-
2/10.3390/plants10112387

Olfaz, M., Kilig, U., Boga, M., & Abdi, A. M.
(2018). Determination of the In Vitro Gas
Production and Potential Feed Value of Ol-
ive, Mulberry and Sour Orange Tree Leaves.
Open Life Sciences, 13(1), 269-278. DOI:
https://doi.org/10.1515/biol-2018-0033

Orskov, E. R. and McDonald, 1. (1979). The esti-
mation of protein degradability in the rumen
from incubation measurements weighted
according to rate of passage. The Journal of
Agricultural Science, 92(2), 499-503. DOI:
https://doi.org/10.1017/s00218596
00063048.

Osafo, E. L. K., Osman, A., Attoh-Kotoku, V.,
Antwi, C., Abdul Aziz, Y., & Idan, F.
(2023). Chemical composition and in vitro
gas production of Brachiaria decumbens.
Available at: https://agris.fao.org/search/en/
providers/124157/records. Date retrieved:
07/06/2025.

Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026 135


https://doi.org/10.4236/ajps.2017.813235
https://doi.org/10.4236/ajps.2017.813235
https://doi.org/10.1007/s11250-018-1519-5
https://doi.org/10.1007/s11250-018-1519-5
https://cir.nii.ac.jp/crid/1573387450798066432
https://doi.org/10.1017/s0021859600086305
https://doi.org/10.1017/s0021859600086305
https://doi.org/10.1016/j.animal.2021.100297
https://doi.org/10.1016/j.animal.2021.100297
https://www.academia.edu/download/103282490/pdf_81.pdf
https://www.academia.edu/download/103282490/pdf_81.pdf
https://www.ncbi.nlm.nih.gov/books/NBK231918/
https://www.ncbi.nlm.nih.gov/books/NBK231918/
https://www.researchgate.net.pdf
https://www.researchgate.net.pdf
https://doi.org/10.51791/njap.v45i1.375
https://doi.org/10.51791/njap.v45i1.375
https://doi.org/10.3390/plants10112387
https://doi.org/10.3390/plants10112387
https://doi.org/10.1515/biol-2018-0033
https://doi.org/10.1017/s0021859600063048
https://doi.org/10.1017/s0021859600063048
https://agris.fao.org/search/en/providers/124157/records
https://agris.fao.org/search/en/providers/124157/records

Growth state-dependent variations in nutrient composition ...

Ramos et al

Osman, A., Kamaldeen, B. A., Osafo, E. L. K.,
Attoh-Kotoku, V., & Abdul Aziz, Y. (2019).
Biomass yield and chemical composition of
Red Napier grass harvested at 3 different
dates after planting in the forest zone of
Ghana. Ghanaian Journal of Animal Sci-
ence, 10, 154-165. Available at: https://
www.researchgate.net/profile/Alhassan-
Osman/publication/341709651.pdf. Date
retrieved: 07/06/2025.

Osman, A., Osafo, E., Attoh-Kotoku, V., &
Yunus, A. A. (2023). Effects of supplement-
ing probiotics and concentrate on intake,
growth performance and blood profile of
intensively kept Sahelian does fed a basal
diet of Brachiaria decumbens grass. Journal
of Applied Animal Research, 51(1), 414-
423. DOI:  https://doi.org/10.1080/09712
119.2023.2211652

Padulosi, S., Ravi, S., Rojas, W., Valdivia, R.
A., Jager, M. B., Polar, V., ... & Mal, B.
(2013). Experiences and Lessons Learned in
the Framework of a Global Un Effort in
Support of Neglected and Underutilized
Species. Acta Horticulturae, (979), 517-532.
DOI:  https://doi.org/10.17660/actahortic.
2013.979.56

Poore, J. & Nemecek, T. (2018). Reducing
food’s environmental impacts through pro-
ducers and consumers. Science, 360(6392),
987-992.  https://doi.org/10.1126/science.
aaq0216

Prates, L. L., Lei, Y., Refat, B., Zhang, W., &
Yu, P. (2018). Effects of heat processing
methods on protein subfractions and protein
degradation kinetics in dairy cattle in rela-
tion to protein molecular structure of barley
grain using advanced molecular spectrosco-
py. Journal of Cereal Science, 80, 212-220.
DOI:  Dhttps://doi.org/10.1016/j.jcs.2018.
01.008

Purwandari, F. A., Westerbos, C., Lee, K., Fogli-
ano, V., & Capuano, E. (2023). Proximate
composition, microstructure, and protein
and starch digestibility of seven collections
of Jack bean (Canavalia ensiformis) with
different optimal cooking times. Food Re-
search International, 170, 112956. DOI:
https://doi.org/10.1016/j.foodres.2023.
112956

Sarkwa, F. O., Madibela, O. R., Adogla-Bessa,
T., Mphinyane, W. N., Perkins, J. S., &
Timpong-Jones, E. C. (2020). Chemical
composition, in vitro dry matter digestibility
and gas production of four browse species
and their combinations used as feed for
small ruminants. West African Journal of
Applied Ecology, 28(2), 106—117. Available

at:  http://168.167.220.55/bitstream/handle/
13049/316/202713.pdf.  Date  retrieved:
08/06/2025.

Sasu, P., Attoh-Kotoku, V., Anim-Jnr, A. S.,
Osman, A., Adjei, O., Adjei-Mensah, B., ...
& Kweitsu, D. O. (2023). Comparative nu-
tritional evaluation of the leaves of selected
plants from the Poaceae family (bamboos
and grasses) for sustainable livestock pro-
duction in Ghana. Frontiers in Sustainable
Food Systems, 7. DOI: https://doi.org/
10.3389/fsufs.2023.1087197

Smith, J. W. (2018). The role of livestock in
developing countries. Farming, Food and
Nature, 69-74. DOLI: https://doi.org/10.4324/
9781351011013-10.

Sreekala, V., Vijaykishan, B., Rajasekar, S., &
Rajesh, R. (2020). Phytochemical analysis
and in vitro DPPH assay of ethanolic extract
of Mucuna pruriens seed. International
Journal of Current Pharmaceutical Re-
search, 93-96. DOI: https://doi.org/10.
22159/ijcpr.2020v12i6.40300.

Sridhar, K. R. & Sharma, B. B. (2020). Bioac-
tive Compounds of Jack Beans (Canavalia
Species). Reference Series in Phytochemis-
try, 1-26. DOI: https://doi.org/10.1007/978-
3-030-44578-2 26-1.

Storm, I. M. L. D., Hellwing, A. L. F., Nielsen,
N. L., & Madsen, J. @. (2012). Methods for
Measuring and Estimating Methane Emis-
sion from Ruminants. Animals, 2(2), 160-
183. DOI: https://doi.org/10.3390/ani202
0160

Tilahun, M., Etifu, M., & Shewage, T. (2019).
Plant Diversity and Ethnoveterinary Practic-
es of Ethiopia: A Systematic Review. Evi-
dence-Based Complementary and Alterna-
tive Medicine, 2019, 1-9. DOI: https://
doi.org/10.1155/2019/5276824

136 Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026


https://www.researchgate.net/profile/Alhassan-Osman/publication/341709651.pdf
https://www.researchgate.net/profile/Alhassan-Osman/publication/341709651.pdf
https://doi.org/10.1080/09712119.2023.2211652
https://doi.org/10.1080/09712119.2023.2211652
https://doi.org/10.17660/actahortic.2013.979.56
https://doi.org/10.17660/actahortic.2013.979.56
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1016/j.jcs.2018.01.008
https://doi.org/10.1016/j.jcs.2018.01.008
https://doi.org/10.1016/j.foodres.2023.112956
https://doi.org/10.1016/j.foodres.2023.112956
http://168.167.220.55/bitstream/handle/13049/316/202713.pdf.
http://168.167.220.55/bitstream/handle/13049/316/202713.pdf.
https://doi.org/10.3389/fsufs.2023.1087197
https://doi.org/10.3389/fsufs.2023.1087197
https://doi.org/10.4324/9781351011013-10
https://doi.org/10.4324/9781351011013-10
https://doi.org/10.22159/ijcpr.2020v12i6.40300
https://doi.org/10.22159/ijcpr.2020v12i6.40300
https://doi.org/10.1007/978-3-030-44578-2_26-1
https://doi.org/10.1007/978-3-030-44578-2_26-1
https://doi.org/10.3390/ani2020160
https://doi.org/10.3390/ani2020160
https://doi.org/10.1155/2019/5276824

Growth state-dependent variations in nutrient composition ...

Ramos et al

Tremblay, G. F., Thériault, M., Séguin, P.,
Godin, X., Claessens, A., Bittman, S., ... &
Thivierge, M. (2023). Legume addition to
alfalfa-based mixtures improves the forage
energy to protein ratio. Agronomy Journal,
115(4), 1842-1855. DOLI: https://
doi.org/10.1002/agj2.21386

Van Soest, P. V., Robertson, J. B., & Lewis, B.
(1991). Methods for dietary fiber, neutral
detergent fiber, and non-starch polysaccha-
rides in relation to animal nutrition. Journal
of Dairy Science, 74, 3583-3597.DOLI:
https://doi.org/10.3168/jds.S0022-0302(91)
78551-2.

Wyse, J., Latif, S., Gurusinghe, S., McCormick,
J., Weston, L. A., & Stephen, C. (2022).
Phytoestrogens: A Review of Their Impacts
on Reproductive Physiology and Other Ef-
fects upon Grazing Livestock. Animals, 12
(19), 2709. DOI: https://doi.org/10.3390/
anil2192709

Yeanpet, C., Pilajun, R., Lunpha, A., & Glinu-

bon, J. (2022). Effect of Mucuna pruriens
leaves in dairy cow feed on gas production,
digestibility and rumen fermentation by
using in vitro gas production technique.
International Journal of Agricultural Tech-
nology, 18(3), 1331-1338. Available at:
https://1104.tci-thaijo.org/index.php/IJAT/
article/view/7347. Date retrieved: 07/06/
2025.

Yusriani, Y., Usrina, N., & Sabri, M. (2021).

The increase of ruminant population based
on agricultural waste potential as feed in
Aceh Tamiang district. BIO Web of Confer-
ences, 33, 04003. DOI: https://doi.org/
10.1051/bioconf/20213304003.

Ghanaian Journal of Animal Science, Vol. 17 No.1, 2026 137


https://doi.org/10.1002/agj2.21386
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3390/ani12192709
https://doi.org/10.3390/ani12192709
https://li04.tci-thaijo.org/index.php/IJAT/article/view/7347
https://li04.tci-thaijo.org/index.php/IJAT/article/view/7347
https://doi.org/10.1051/bioconf/20213304003
https://doi.org/10.1051/bioconf/20213304003

