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ABSTRACT

Tropical small farmers face forage shortages during the dry season, impacting livestock
productivity. C4 grasses in tropical regions, including Indonesia, offer high biomass
production and drought resistance, though they pose nutritional challenges. Kikuyu grass
(Pennisetum clandestinum), native to Africa, shows potential as a high-protein forage feed
despite its high oxalic acid content, which can hinder mineral absorption. This study
evaluated the biomass and nutritive value of three indigenous Kikuyu accessions in tropical
conditions, aiming to promote its use among smallholder farmers. Three Kikuyu accessions
(KBB, KTP, KBT) were planted at 1300 m elevation. The experimental design involved daily
irrigation, fertilizer application, and sampling for biomass production and nutrient analysis.
Dry matter, organic matter, crude protein, and fiber fractions were measured, along with
mineral content and energy values. Results showed significant differences in leaf and stem
proportions, with KBT having the highest leaf percentage. KTP had the highest dry matter
yield. Nutrient analysis revealed higher crude protein and energy values in leaves, while
stems had higher fiber content. Digestibility rates varied, with KBT showing the highest
digestible energy. The study highlights the potential of Kikuyu grass, especially KBT and
KBB accessions, as high-quality forage for equines in tropical regions. Factors such as
defoliation schedule, fertilizer treatment, and soil conditions are crucial for optimizing
forage quality. Promoting Kikuyu grass can improve livestock productivity for smallholder
farmers in the tropics.
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INTRODUCTION exceptional biomass production capabilities. These
grasses possess a unique leaf anatomy that enables more
efficient carbon fixation and generates higher
concentrations of carbon compounds, such as oxaloacetic

acid (Niyogi et al, 2015). In addition, C4 grasses exhibit

Tropical small farmers often experience a shortage of
forage during the dry season, which results in
malnutrition and reduced livestock productivity due to a

lack of adequate pasture land. This issue was highlighting
the challenge of forage scarcity for tropical farmers due
to long dry seasons, which affects production of livestock
animals (Ngongo et al, 2021). Meanwhile grasses in
tropical country like Indonesia, they are commonly
classified as C4 grasses and widely recognized for their

superior water and drought resistance compared to C3
grasses (Marais, 2001). Their advantageous characteristics
regarding plant productivity and adaptability may be
more significant than the drawbacks related to their
nutrient quality (Serrapica et al, 2019) and antinutritive
compounds (Marais, 2001).

ST
Cite this Article as: Mansyur, Indriani NP, Nagara W, Wahyuni DS, Maulana S, Martono S, Herdis, r.,,@‘(’ “',‘,’
Harper K], Rifianda NFD, Niderkon V and Yanza YR, 2024. Assessing the potential of indigenous kikuyu < %2
grass (Pennisetum clandestinum) as high-quality equine forage from different accessions in tropical regions. ?,USP@:

International Journal of Agriculture and
https://doi.org/10.47278/journal.ijab/2024.173

Biosciences 13(4):

701-708.
A Publication of Unique

Scientific Publishers


https://doi.org/10.47278/journal.ijab/2024.173
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-3582-9869
https://orcid.org/0000-0002-6671-479X
https://orcid.org/0000-0002-9822-9385
https://orcid.org/0000-0002-7478-2178
https://orcid.org/0000-0002-1586-2960
https://orcid.org/0000-0001-8433-7644
mailto:mansyur@unpad.ac.id
https://doi.org/10.47278/journal.ijab/2024.173

Kikuyu grass (Pennisetum clandestinum) is a plant
species belonging to the Pennisetum family, an exceptional
and unique plant with distinct characteristics. It is native to
Africa, and several research studies conducted by Garcia et
al. (2014) and Royani et al. (2021) have confirmed the
potential of Kikuyu as forage feed. This grass is highly
regarded and widely used in pastures, sports fields, public
spaces, and golf courses (Shahrivar et al., 2019). Kikuyu
grass boasts a substantial percentage of CP (228g/kg DM)
(Garcia et al, 2014), surpassing the protein content of
other tropical grasses. However, caution is warranted
regarding mineral deficiencies when feeding Kikuyu grass
to livestock because of its high oxalic acid content. This
antinutritional substance can bind calcium, magnesium,
and iron in both soluble and insoluble forms (Rahman et
al., 2013). Importantly, oxalate salts can form an insoluble
chelate complex with dietary calcium, potentially reducing
its availability and absorption in the gut (Marais, 2001).

Compared to common tropical grasses like elephant
and dwarf elephant grasses, The Kikuyu is underutilized as
forage feed, especially for equine animals. The lack of
information on its possible nutritional content, the scarcity
of superior genetics, and its emerging biomass production
needs to be examined. Despite the known nutritional
challenges of C4 grasses in tropical regions, Kikuyu grass,
demonstrates significant potential as a high-protein,
digestible energy forage for equines and potentially other
livestock (Garcia et al,, 2014; Charry et al.,, 2020; Royani et
al, 2021). Therefore, the present study was conducted with
the aim of evaluating the biomass production and nutritive
value of three indigenous Kikuyu accessions in tropical
conditions. The objective of this study was to investigate
the potential of Kikuyu grass in different accessions as
high-quality forage for equines, particularly in tropical
countries like Indonesia. The study presents an innovation
in promoting this African-native grass for regions like
Indonesia, showing its adaptability and resilience,
especially under drought-prone condition. This study was
conducted in order to helps address forage shortages
faced by small farmers, especially at tropical environment
in optimizing forage quality by adjusting factors such as
defoliation schedule, fertilizer application, and soil
conditions to enhancing overall livestock productivity for
smallholder farmers in the tropics.

MATERIALS & METHODS

The investigated Kikuyu  Grass  (Pennisetum
clandestinum), comprising three accessions sourced from
three distinct locations, was planted in an area at an
elevation of 1300m above sea level. The average daily
temperature and humidity were 23.85°C and 75.44%,
respectively. The average daily precipitation during the
experimental period fluctuated between 337 and
17.95mm.

Treatments and Variables

Three separate accession samples of Penissetum
clandestinum (KBB, Burangrang accession; KTP, Tangkuban
Perahu accession; and KBT, Bukit Tunggul accession) were
evaluated over three distinct harvest periods. The grasses
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were planted in an area measuring 3000m?, with each plot
measuring 50m? arranged in a randomized complete block
design (accession and plant fraction). The grass was
irrigated daily with a water sprinkler. Fertilizer application
was carried out post-harvest using 171tons of sheep
manure, 300kg of urea (46.6% N; PT. Petrokimia Gresik,
Indonesia), and 200kg of NPK (16% N, 16% P, and 16% K;
Yaramila®, PT. Yara Indonesia) per hectare.

We collected samples from five locations (0.5 square
meters each) in each plot, four from the corners and one
from the center, using a quadrant frame, and then weighed
them. Annual biomass production was calculated from the
yield data. Yield data were converted into dry matter (DM)
production in kg/m? and tons/ha/year. Samples were
separated into leaf and stem fractions (L/S) following the
methodology described by Acero-Camelo et al. (2020).
Fractionated samples from each collection spot were
combined to create composite samples for further
laboratory analysis.

Sample Measurements and Analysis

The dried samples were ground to a size of Tmm
following their drying process in an oven at 55°C for three
days. Analysis of dried matter (DM) was performed
according to protocol SNI no 01-2891-1992. The sample
was dried in an oven (Memmert UFE500, Memmert Unk
+Co. KG, Schwabach, Germany) at 105°C for three hours.
The organic matter (OM) of the samples was measured by
tanning at 600°C for two hours in a Thermolyne FB 1400
furnace (Thermo Fischer Scientific, Massachusetts, USA). The
disappeared matter from the tanning process is referred to
as OM (Latimer, 2012). The crude protein (CP) content of
each dried sample was analyzed in accordance with AOAC
method no 2011.11 (Latimer, 2012) using a FoodALYT
D3000 destructor and FoodALYT TS10 titration station
(Omnilab Laborzentrum GmbH+Co. KG, Bremen, Germany).
The fiber fraction such as neutral detergent fiber (NDF),
acid detergent fiber (ADF), crude fiber (CF), and ether
extract (EE) were analyzed using the ANKOM A200 fiber
analyzer and ANKOM XT10 Extractor, following the
manufacturer's protocols provided by ANKOM Technology,
Macedon, NY, USA.

For the Hemicellulose content of samples, they were
calculated by subtracting NDFa from ADF, while cellulose
was calculated from ADF minus lignin. The nutrient quality
of the whole plant was determined based on the L/S ratio
for each accession. Mineral content analysis was
conducted at IPB University laboratory using a Shimadzu
AA-6880 atomic absorption spectrometer (Shimadzu Corp,
Kyoto, Japan) in conjunction with the wet ashing method
for sample preparation, as per Marshall (2010). The
assessment included Ca, P, Mg, S, Fe, Zn, and Co.
Meanwhile for the non-fibrous carbohydrate (NFC) was
calculated based on the findings of Chavez et al. (2014) as
follows:

NFC= 100% - (CP (%) + NDF (%) + EE (%) + ash (%)
Gross energy (GE) in the samples was determined using
the bomb calorimeter model CCO01/M2, following the
manufacturer's instructions provided by Toshniwal
Technologies Pvt. Limited, New Delhi, India. Moreover,
metabolic energy of each sample was calculated using the



equations outlined by Kienzle and Zeyner (2010). For the
digestible energy (DE) of each sample, it was calculated
using the formula based on the guidelines provided by the
National Research Council (NRC, 2007), as follows:

DE= 2,118 + 12.18 x CP (%) — 9.37 x ADF (%) — 3.83 x
hemicellulose (%) + 47.18 x EE (%) + 20.35 x NFC (%) —
26.3 x ash (%)

Meanwhile for the percentages of nitrogen free extract
(NFE) and total digestible nutrient (TDN) were calculated
using equations as described by Detmann & Valadares

Filho (2010), as follows:

NFE=100-((100-OM) + CP + EE + CF);
TDN= 531 + 0412 x CP (%) + 0.249 x CF (%) + 1.444 x EE
(%) + 0.937 x NFE (%)

In vitro Evaluation through DAISY Experiment using
Equine Faecal

The present DAISY in vitro digestibility evaluation was
performed following Earing et al. (2010) protocol,
performed using the Daisy I ANKOM (ANKOM
Technology, New York, USA) method, where equine feces
as the inoculum media. For instance, Two ANKOM buffer
solutions (buffers A and B) were pre-warmed at 39°C and
mixed in a 1:5 ratio. The fecal samples, as inoculants, were
freshly collected in the afternoon from Sandalwood
Equines and then transferred into a warmed insulated
thermos jar under anaerobic conditions (CO; purged). The
jars were transported to the laboratory at 39°C in a warm-
insulated container.

Fecal samples were subsequently combined and mixed
with two parts (w/v) of ANKOM buffer using a blender. The
blended inoculant and buffer were then transferred into the
digestion vessel, flushed with CO; for 15s, and placed in a
Daisy Il incubator at a temperature of 39°C. Ground Kikuyu
samples were accurately weighed (approximately 0.5g) and
sealed inside an F57 filter bag (ANKOM Technology, New
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York, USA). These bags were then incubated anaerobically
in the Daisy Il incubator for 48h in order to obtain the in
vitro digestibility estimation may closely be similar to the
in vivo value (Tassone et al., 2019). Furthermore, the filter
bags were washed with fresh water until they were clear
and then dried after the incubation process was
completed, before being analyzed for DM, OM, and NDF,
as described in the chemical analysis.

Statistical Analysis

Collected data were statistically analyzed using the
randomized complete block design (RCBD) analysis
whereas accession and plant fractions serving as main
factors. The data structure for biomass production, mineral
content, and in vitro digestibility only had accession as a
single factor in the RCBD analysis. Statistical analyses were
conducted using SAS OnDemand for Academics (SAS
Institute Inc., Cary, NC, USA). Between accessions were
considered significantly different at P<0.05 (*), very
significantly different at P<0.001 (**), and most
significantly different at P<0.001 (***). Furthermore, the
analysis was continued with using Tukey-Kramer's test in
interpreting the differences range between treatments
represented by different superscript letter.

RESULTS

In the present study, the leaf's proportion of KBT was
significantly higher than the KTP (P<0.05), whereas the KBB
and KTP were considered similar (Fig. 1A). However, the
proportion of stems was statistically similar between
accessions. Moreover, the descriptive results (Fig. 1B and
1C) of Kikuyu grass overall dry matter (DM) production
from KBB accession was 0.32kg/m? or 28.94 tons/ha/year.
However, the highest average DM production was found in
the KTP accession at 0.38kg/m? or 34.22ton/ha per year.

0.60 50
g 00 £ 40
E; g
= 0.40 -g “
= =3
2 030 EZ
2" Z5
020 2=
a” é
= i E 10
g ow z
0.00 . 0
EKBB mKBl ®KIP Izl EKBB mKBT =KTP
80 a
= ab
=70 b
£ 60 - I
= 50
e 1
Z 40 -
'E 30 4
= a0
g
a 10 4
04
Stem Leaf
B KBB mKBT K'TP

Fig. 1: Dry matter production per harvesting (A) and per year (B), and stem:leaf ratios (C) of three accession of Kikuyu in Indonesia.



Proximate analysis of the plant accessions revealed
that the OM proportion was significantly higher in KBT
than in KBB accessions (P<0.05; Table 1). No significant
differences were observed in the other nutrient parameters
among the accessions. However, the leaves fraction of
Kikuyu grass was significantly higher in CP, EE, and TDN
proportion than the stem fraction (P<0.0001). In contrary,
the CF and NFC proportion in stem of Kikuyu grass from all
accessions was significantly higher in than the leaves
(P<0.0001). Furthermore, gross energy (GE), digestible
energy (DE), and metabolizable energy (ME) content in
leaves were higher than the stem (P<0.001). However, only
the DE content showed a significant difference among
accessions whereas the KBT considered as the highest
(8.61MJ/kg DM).

The results of the fiber fraction analysis revealed
distinct differences in the levels of ADF, cellulose, and lignin
between the plant accessions (P<0.05), with no interaction
effect between plant fraction and accessions (Table 2).
Specifically, the KBB accession exhibited significantly lower
levels of ADF and cellulose, whereas the lowest lignin level
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was in the KBT accession. Moreover, variations in the
concentrations of ADF, cellulose, within the stem in each
accession was also higher than the leaves (P<0.0001),
whereas silica content in leaves was higher than the stem in
each accession (P<0.0001). Moreover, the KBB possess
lower cellulose and ADF content than the other accessions.
Additionally, there were no discernible variations between
the three Kikuyu grass accessions in terms of their DM, OM,
and NDF invitro digestibility values (Table 2).

DISCUSSION

Biomass Production and Nutrient Content of Kikuyu
Grass

Biomass production is a pivotal determinant in the
quest for high-quality forage and represents the
culmination of intricate biochemical processes within
plants. Through photosynthesis, plants adeptly transmute
humble substrates, such as carbon dioxide, water, and
various inorganic elements, into a rich array of organic
compounds, predominantly comprising carbohydrates,

Table 1: The mean value of chemical composition and energy in three Kikuyu accessions and plant fractions

Chemical composition KBT KTP KBB Accession SEM P-Values
Leaf Stem Leaf Stem Leaf Stem KBT KTP KBB A F AxF
DM (%) 27.02 25.12 27.79 24.55 29.69 2535 26.12 26.02 27.72 083 NS NS NS
Nutrient composition (%DM)
oM 90.44 90.04 89.62 87.97 89.8 89.65 90.62° 88.93%8 89.67A 022 * NS NS
cP 22.38° 15.82 21.9° 16.52 23.45b 17.97° 20.28 19.56 21.58 056 NS ** NS
CF 22.61° 27.76° 23.76° 27.50° 21.532 29.97° 2438 25.48 24.23 078 NS ** NS
EE 2.82° 1.562 2.96° 122 3.02° 1.452 241 2.20 249 015 NS ** NS
NFE 42.63 4492 41 42.76 41.81 40.26 43.54 41.68 4137 0.64 NS NS NS
NFC 8.522 12.62° 7.77% 11.18° 8.562 11° 9.96 9.09 9.68 052 NS * NS
TDN 64.18° 63.07° 62.93° 60.76° 63.86° 60° 64.03 61.95 62.59 051 NS * NS
Energy content (Mega Joule/kg DM)
GE 16.49° 14.32 16.53° 14.062 15.46° 14.312 15.95 15.59 15.18 020 NS ** NS
DE 8.72b 8.272 8.53b 7.87° 8.78b 8.2° 8.618 8.23* 8.618 0.08 * ** NS
ME 7.99° 6.942 7.66° 6.482 8.08° 6.27% 7.68 7.14 7.48 017 NS ** NS

KBT=Bukit Tunggul; KTP=Tangkuban Perahu; KBB=Burangrang; DM=Dry matter;, OM=0rganic matter; CP=Crude protein; CF=Crude fibre; EE=Extract ether.
NFE=N-free extract. NFC=Non-Fibrous Carbohydrate. TDN=Total Digestible Nutrient; GE=Gross Energy DE=Digestible Energy. ME=Metabolism Energy.
Different superscript letters in the same column are showing significant differences. *=P<0.05, **=P<0.001, ***=P<0.0001; NS=not significant; A=Accession,

F=Plant Fraction, AxF=Interaction between Accession and Plant Fraction.

Table 2: The mean proportion of fibre fractions in different accessions and plant fractions of Kikuyu grass

Fibre Fraction content (%) KBT KTP KBB Accessions SEM P-Values
Leaf Stem Leaf Stem Leaf Stem KBT KTP KBB A F AxF
NDFa 56.83 60.05 56.99 59.09 5478 59.23 57.96 58.07 55.91 056 NS NS NS
NDFom 56.72 59.99 56.88 59.01 54.66 59.14 57.88 57.97 55.81 057 NS NS NS
ADF 28.50°  33.70° 29.78% 3443 2830* 3293  30.34"® 31938 29.86* 075 * *** NS
Hemicellulose 28.22 26.36 27.20 24.66 26.47 26.29 27.62 26.14 26.06 034 NS NS NS
Cellulose 23.94*  29.12°  2429°  29.01°  2357° 2762 2576 2643% 2501 070 * ** NS
Lignin 4.57 4.58 5.49 5.42 473 531 4.58% 5.508 4.858 014 * NS NS
Silica 0.18° 0.112 0.18° 0.112 0.17° 0.112 0.16 0.15 0.15 0.01 NS ** NS
KBT= Bukit Tunggul; KTP= Tangkuban Perahu; KBB= Burangrang. NDFa= Neutral Detergent Fibre (amylase). NDFom= Free ash NDF. ADF= Acid Detergent

Fibre. Different superscript letters in the same row are showing significant differences. ***=P<0.0001; NS=not significant; A=Accession, F=Plant Fraction,
AxF=interaction between Accession and Plant Fraction. Same remarks as above.

Table 3: Macro and micro minerals content of three indigenous accession Kikuyu in Indonesia

Minerals Accessions Mean SEM P values
KBT KTP KBB
Macro minerals (g/kg DM)
Ca 33 35 3.6 35 0.11 NS
P 16 17 17 17 0.05 NS
Mg 13 13 12 13 0.09 NS
S 8.3P 8.7° 9.52 8.8 0.20 *
Micro minerals mg/kg DM
Fe 121.50 134.52 140.78 132.27 23.14 NS
Zn 30.00 3436 3241 32.26 4.99 NS
Co 0.13° 0.12° 0.192 0.15 0.01 el

KBT=Bukit Tunggul; KTP=Tangkuban Perahu; KBB=Burangrang.
***=P<0.0001; NS=not significant.

Different superscript letters in the same row are showing significant differences. *=P<0.05;



proteins, and lipids (Baslam et al, 2020). These organic
reserves, meticulously stored within plant structures, play a
crucial role in sustaining the vital functions of equines and
facilitating their growth, reproduction, and overall
sustenance. The annual dry matter (DM) production of
three distinct Kikuyu accessions exhibited noteworthy
variability, ranging from 22.65 to 34.22tons/ha. Notably,
these figures surpassed previous reports, which
documented DM yields ranging from 7.03 to 16.24tons/ha
(Feedipedia, 2021). It is clear that the complex relationship
between factors such as nitrogen application rates and
prevailing climatic conditions has a significant impact on
DM vyield. Indeed, as elucidated by Shahrivar et al. (2019),
optimal DM vyields of Kikuyu grass were attained under
conditions characterized by elevated N application levels
during the summer season, resulting in a commendable
yield of up to 16.24tons/ha.

Moreover, an analysis of the stems among the three
Kikuyu grass accessions showed a remarkable consistency,
except for the KBT accession, which displayed a noticeably
greater leaf proportion, accounting for 70.23% of its
composition. However, this proportion falls short of the
80% dry matter (DM) yield attributed to two, four, and six
leaves per tiller interval, as reported by Fulkerson et al.
(1999). The reciprocal relationship between leaves and
stems in determining the leaf-to-stem ratio is intricately
tied to plant maturity. As forage matures, there is a
discernible decrease in the proportion of leaves, as
evidenced by the findings of Grev et al. (2020). Notably,
the research was conducted by Fulkerson et al. (1999)
delineated that the most favorable leaf yield was attained
by defoliating Kikuyu grass at 2 leaves per tiller to a height
of 3 c¢cm, yielding a remarkable leaf proportion of 90.2%.
Consequently, identification of an optimal defoliation
timeframe is imperative to achieve the desired leaf-to-
stem ratio in aggregation with the plant's maturation
trajectory.

The present study also explores the nourishing
properties of Kikuyu grass as a potent nutritional forage
choice for horses in tropical regions. Notably, the crude
protein content of Kikuyu grass in this study reached
21.00% of the dry matter, surpassing levels found in other
commonly utilized C4 grasses in Indonesia, such as
Pennisetum purpureum variants and native grasses
(Dahlanuddin et al.,, 2014; Zailan et al., 2016; Tuturoong et
al, 2019). Such elevated protein content has significant
implications for equine nutrition, particularly for meeting
the dietary requirements of mature horses engaged in
moderate exercise. Drawing upon the recommendations of
the NRC (2007), a mature equine weighing 500kg and with
heavy exercise needs daily intake about 2 to 2.5kg DM/100
kg body weight (BW) of equine, consist of 375g of CP.
Remarkably, feeding Kikuyu grass alone to 500kg BW
equine could fulfill 781g of crude protein, doubling the
minimum requirement. However, despite its high protein
content, Kikuyu grass exhibited a relatively low energy
content, corroborating previous findings (Garcia et al,
2014), as per the daily DE requirement of 38.91MlJ/kg
(NRC, 2007), equines consuming Kikuyu grass fall short of
meeting their energy demands by 9.79MJ/kg DE. Hence,
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addressing  this energy deficit requires dietary
supplementation to ensure optimal energy intake and
sustain equine performance (Collas et al.,, 2015).

Further analysis of the Kikuyu grass components
revealed significant variations in nutrient composition
between the leaves and stems. The leaf fraction had
significantly higher concentrations of CP, EE, TDN, GE, DE,
and ME than the stems, as reported by Buchanan et al.
(2015). These findings align with the predominant cellular
and plasma membrane structures in leaf tissues, and the
accession with the highest leaf proportion, KBT and KBB
was poised to offer better digestibility compared to other
accessions examined in this study. Conversely, the stem
fraction displayed higher concentrations of crude fiber (CF)
and neutral detergent fiber (NFC) than the leaves,
consistent with the supportive functions of cell walls in
plant structures (Carpita and McCann, 2015). These
findings collectively enrich our understanding of the
nutritive dynamics of Kikuyu grass and underscore the
importance of strategic dietary management in equine
nutrition.

A comparison of the mineral content in sampled
Kikuyu grass with the findings reported by Garcia et al.
(2014) indicated lower concentrations of phosphorus (P)
(0.17% vs. 0.35%), magnesium (Mg) (0.13% DM vs. 0.28%
DM), and iron (Fe) (132.27mg/kg DM vs 210mg/kg DM).
Meanwhile, (S) levels were higher (0.88mg/kg DM vs
0.25mg/kg DM) than the recommended levels (Garcia et
al., 2014). However, the concentrations of S, Mg and Fe in
dried Kikuyu surpassed the daily those minerals
quotation for equines by 429, 625, and 133%,
respectively (NRC, 2007). The essential minerals in animal
feed are crucial for health, production, growth, and
reproduction. Given the mineral requirements for light
breed equines (Martin-Rosset, 2015), a diet consisting
solely of Kikuyu grass lacks sufficient calcium (Ca),
phosphorus (P), cobalt (Co), and zinc (Zn), necessitating
supplementation. If the equine fed alone with Kikuyu
grass with lower content (Ca), phosphorus (P), cobalt
(Co), and zinc (Zn), might influence microbial diversity
and fermentation rates in equine's cecal environment,
whereas further may affects the digestive metabolism
and health performance of equine (Martin-Rosset, 2015;
Onyinyechukwu, 2017; Fehlberg et al., 2019; PaBlack et
al., 2021). Mineral supplementation can be administered
through commercial products, such as free-choice salt
and mineral blocks, or by incorporating legumes into the
diet as a mineral source (Morones et al., 2017).

Sulfur content in Kikuyu grass, particularly at the KBB
accession, may reflect interactions between soil conditions
and plant metabolism, influencing the synthesis of sulfur-
containing amino acids essential for plant growth (Havlin
et al, 2013). The improved nitrogen fertilization may
increase Kikuyu grass growth, suggesting that nitrogen
uptake plays a significant role in biomass production (Kaur
et al, 2016). Furthermore, the high levels of cobalt (Co) in
Kikuyu grass of the KBB accession may be also influenced
by soil conditions. However, attributing these levels
entirely to well-drained soils and soil conditions requires
further empirical evidence. Recent studies on Kikuyu grass



have shown a synergistic and/or antagonistic interaction
between trace elements that might affects the amino acid
synthesis and bioavailability (Mejia-Taborda et al., 2014).
Nonetheless, increased levels of minerals such as cobalt,
copper, and selenium in Kikuyu pastures may improve
health, productivity, and increase trace element uptake in
livestock animals (Cloete et al., 1994).

Fiber Fractions and In Vitro Degradability Rates of
Kikuyu Grass

Tropical grasses primarily comprise C4 grasses, which
are superior in converting solar energy into biomass
through a photorespiration-suppressing mechanism in
their photosynthetic systems (Weijde et al., 2013). Despite
their superiority in biomass production, C4 grasses are
characterized by high lignification in the secondary cell
walls, limiting their digestibility (Cesarino et al, 2016). In
accordance with the KTP accession, the environmental
factors, soil profile, and fertilizer treatments influence
nutrient uptake for Kikuyu growth, underscoring the
complex interplay of these factors in determining the
carbohydrate structure of the plant. However, the ADF,
cellulose, and lignin contents in Kikuyu grass under the
KTP accession were notably higher than the others,
suggesting that soil composition plays a crucial role in
determining the fiber content of grasses. Different soil
types result in varying levels of fiber fractions, such as ADF
and neutral detergent fiber (NDF), further highlighting the
complexity of this research.

Stopa et al. (2023) found that the application of soil
conditioners, such as biochar, in conjunction with
nitrogen-phosphorus-potassium (NPK) fertilizers leads to
enhanced soil quality and increased grass biomass while
maintaining consistent fiber content. This promising
finding suggests that with the right soil conditioners and
nitrogen fertilization, it is possible to improve soil quality
and increase grass biomass, offering a potential solution
for enhancing productivity in tropical grasses. Nitrogen
fertilization is another important factor that influences the
structural carbohydrate composition of grasses. Increasing
nitrogen rates up to 270kg/ha, as reported by Leite et al.
(2021), led to a reduction in ADF, NDF, and lignin content
of Marandu palisade grass, while the crude protein levels
increased. Moreover, the use of poultry manure alongside
nitrogen fertilizers improves dry matter digestibility in
tropical grasses, balancing nutrient ratios to enhance
productivity (Ewetola et al., 2020). This suggests that the
soil condition, Kikuyu's ability to absorb minerals, and
treatment with N fertilizer in the present study modulated
the structural carbohydrate accumulation of Kikuyu grass,
offering hope for improved grass quality and digestibility.

In the present study, equine feces were used as an
inoculum source to evaluate the nutrient digestibility of
feed using the Daisy Il in vitro method. This method is
considered a reliable indicator that may reflect the true
digestibility of evaluated forage in vivo trials (Earing et al,
2010). Although Kikuyu grass from different accessions
displayed similar digestibility rates after 72h of in vitro
incubation, the long-term utilization of Kikuyu grass from
the KTP might yield unsatisfactory results because of its
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high fibrous fraction and lower DE content compared to
Kikuyu grass planted in KBT and KBB. This relationship
between digestibility rates and nutrient content in the feed
was also confirmed by Hansen and Lawrence (2017).

The digestibility rates of forage can be influenced by
its neutral detergent fiber (NDF) content, particularly the
indigestible part of NDF, which can be predicted from the
acid detergent lignin (ADL) content (Harper & McNeill,
2015). The observed evidence suggests that the
digestibility rates of Kikuyu from the KTP accessions were
relatively low because of the high ADL content in the plant.
Indeed, the KTP accession in this study had significantly
higher acid detergent fiber (ADF), ADL, and cellulose
contents than the other accessions. High levels of ADF and
other fiber components negatively affect the digestibility
of dry matter (DM) and organic matter (OM) (Harris et al.,
2017). Furthermore, Kikuyu grass planted in the KBT
accession is a more promising source of high-quality
forage for equines based on its nutrient content, fibrous
fraction analysis, and in vitro digestibility rates.

Conclusion

In this study, the KBT accession of Kikuyu grass
demonstrated a significantly higher leaf proportion than
KTP, whereas KBB and KTP exhibited similar stem
proportions. However, the stem proportions remained
consistent across all accessions. The KTP accession
produced the highest overall dry matter (DM) yield at 0.38
kg/m? or 34.22tons/ha annually. Proximate analysis
revealed that accession KBT had the highest organic
matter (OM) proportion. Leaf fractions exhibited
significantly higher crude protein (CP), ether extract (EE),
and total digestible nutrients (TDN) contents, whereas
stem fractions contained higher crude fiber (CF) and non-
fiber carbohydrate (NFC) contents. Additionally, Kikuyu
leaves from all accessions displayed higher gross energy
(GE), digestible energy (DE), and metabolizable energy
(ME), with KBT leaves showing the highest DE content.
Fiber analysis showed that KBB had significantly lower acid
detergent fiber (ADF) and cellulose contents, whereas KBT
had the lowest lignin levels. Although differences in fiber
fractions were observed across accessions and plant parts,
the digestibility values of DM, OM, and neutral detergent
fiber (NDF) were similar. Differences in nutrient
composition and energy content between accessions
emphasize the importance of selecting appropriate Kikuyu
grass varieties for optimal forage quality. In conclusion,
essential factors such as the optimum defoliation schedule,
fertilizer treatment, soil condition, and environment can
enhance Kikuyu grass as a high-quality forage source for
equines, particularly when focusing on accessions such as
KBT and KBB.
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