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ABSTRACT

The high cost of grain-based concentrates and crop residues are increasingly affecting profitable ruminant farming in Nigeria
because of inadequate green forage all year round. Duckweeds are aquatic plants which constitute a nuisance in an earthen
fish pond. However, information about their forage value is limited. Hence, this study was conducted to evaluate the nutritive
value, secondary metabolites and in vitro fermentation characteristics of duckweed from earthen fish ponds. Duckweed
represented as T1, T2, T3, T4 and T5 from different locations were collected, dried and analysed for chemical composition
and in vitro gas production using buffered rumen fluid from goats. Cumulative gas production was measured at 3 to 48 hours
of incubation periods. Results indicated that crude protein content was similar, while NDF, ADF and ADL were significantly
different, with mean values of 54.11 %, 29.53 % and 11.57 %, respectively. Saponin content (0.407 -0.468 %) was higher than
alkaloids (0.312-0.433 %) and total phenols (0.158 -0.175 %). Calcium and phosphorus varied from 0.09 to 0.54 % and 0.01
to 1.05 %, respectively. Lead and cadmium ranged from 0.01 to 0.17 mg.kg™ and 0.01 to 0.03 mg.kg™, respectively. Gas from
the insoluble fraction (b), potential gas (a+b), the rate (c) and volume (Y) of gas produced were comparable. Cumulative gas
produced increased as hours of incubation progressed, with gas volumes higher (3.93 mL/200 g DM) at 48 hr and least (1.07
mL/200 g DM) at 12 hr post-incubations. Metabolizable energy was similar and ranged from 3.13 to 3.68 MJ/Kg DM. Organic
matter digestibility was higher (40.58 %) for T1 and comparable with T5 (36.76 %). Short-chain fatty acids (ranged = 0.02 -0.05
umol/200 mg DM) were comparable. In vitro dry matter degradability (ranged = 24.00 to 39.67 %) was significantly different.
In conclusion, duckweed from earthen fish ponds is fairly degradable in vitro, and the nutrient contents elucidate its forage
value for ruminants.
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INTRODUCTION

Forages are feed resources for ruminants in
humid and Sub-Saharan African countries, where
the high cost of grain-based rations could no longer
guarantee profitable ruminant production systems.
Meanwhile, the availability of quality forage all year
round has always been affected by unpredictable
variations of seasons and recently, by climate change.
The consequences of climate change often result in feed
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crises and the performance of ruminants below the
optimal level of productivity. The poor nutritive value
of tropical forages limits the efficiency of animal
production (Halmemies-Beauchet-Filleau et al., 2018).
Based on the premises above, an unwanted aquatic
plant species with a potential forage value though
largely unexplored that can be added to ruminant's
feed resource base in Nigeria is duckweed. Duckweed
is a free-floating aquatic plant species that grow on calm
surface waters such as ponds and lakes (Ziegler et al.,
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2015). Most of the fish farmers in Nigeria consider its
growth on surfaces of fish ponds as a nuisance. However,
Luhana (2022) reported that duckweeds are valuable
plant species for resolving crucial environmental issues.
Duckweed can be consumed in fresh or dried forms
by ruminants (Heuze and Tran, 2015). The fresh form
of duckweed improved nitrogen use efficiency in West
African dwarf goats (Babayemi et al., 2006). A20and 30 %
inclusion levels of duckweed in Taiwan grass-based
diets improved nutrient digestibility, nitrogen retention
and NH;-N levels in Pelibuey lambs though with a de-
creased dry matter intake (Zetina-Cordoba et al., 2013).
However, Gule et al. (2023) reported that up to 50 %
supplementary proportion of duckweed in commercial
feed offered Horo ram increased growth performance,
yield and quality of carcass.

Considerable dry matter yields (68.8 and 73.0
tons ha* per annum) of duckweed have been reported
under outdoor pond fertilised (Mohedano et al.,
2012) and field cultivation (Hassan and Chakrabarthi,
2009) conditions, respectively. Moreover, duckweed
is potentially rich in protein (Appenroth et al., 2017),
which is highly degradable in the rumen (Heuze and
Tran, 2015). The considerable amounts of lipids (Yan
et al., 2013), minerals (van der Spiegel et al., 2013) and
lower fibre fraction, especially lignin (Heuze and Tran,
2015), in duckweed species make it valuable forage
for ruminants. In contrast, the high oxalic and phytic
acids, condensed tannins and phenolic concentrations
(Negesse et al., 2009; van der Spiegel et al., 2013),
ditto harmful heavy metals, often accumulated in
duckweed species (Showqi et al., 2018), might limit its
use either as a sole diet or in combination with other
feedstuffs for livestock. Nevertheless, the nutritionally
desirable components of duckweed species demand
its evaluation either by in vivo or in vitro techniques to
validate the digestibility and subsequent impact on the
performance of ruminants when offered as feed.

Duckweeds, though an unwanted aquatic plant
species in aquaculture/fish pond management systems,
as explained by the high cost of removal from surfaces
of ponds (Yahaya et al., 2022), has not been adequately
accepted for feeding ruminants in Nigeria, despite
their use as feed resources in aquacultures and
monogastric elsewhere (Gwaze and Mwale, 2015). In
vitro gas production reveals the extent of digestibility
of feed and fermentation in ruminants (Sallam, 2007)
and assesses the feed's nutritive value, especially
pasture forage resources (Rittner and Reed, 1992).
To justify the use of duckweed as an alternative and
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novel aquatic-derived fodder in ruminants' feeding
strategies, preliminary investigation via in vitro gas
production technique is paramount. This study,
therefore, assessed the nutrient and mineral potential,
secondary metabolites and in vitro gas production
characteristics of duckweed to estimate the short-
chain volatile fatty acids, metabolizable energy, organic
matter digestibility and apparent in vitro dry matter
degradability.

MATERIAL AND METHODS

Location of study and collection of duckweed

The study was carried out at the Animal Science
Department, University of lbadan. Duckweed was
harvested in July during the rainy season, from the
surfaces of earthen fish ponds at Olodo, Igangan,
Igboora, Eruwa, Lanlate located in Ibadan/Ibarapa,
Oyo State, Nigeria, Southwest geo-political zone
(Latitude, 70.15°N and 70.55°N and Longitude, 30°E
and 30.30°E). The area has a humid climate with an
annual rainfall of 1,250 mm. Harvesting of duckweed
was carried out using a sieve (4 mm diameter mesh
size). Other plant species harvested with the duckweed
were removed and samples from each location were
pooled, kept in sterile polythene bags and taken to
the laboratory for authentication of the species. The
sample collected was wilted under shade for 12 hours
and weighed. The samples were oven-dried at 60 °C
until constant weight was attained to determine the
dry matter, ground to pass through a 1 mm screen size
and kept in sterile containers until chemical analysis.

Chemical and mineral analyses of duckweed

Dried and ground samples of duckweed (Lemna
species) were analysed for crude protein, ether extract
and ash contents according to AOAC (2005). Fibre
fractions (neutral detergent fibre, acid detergent fibre
and lignin) were determined as reported by Van Soest
et al. (1991). After wet digestion of ash in nitric and
perchloric acid mixture (ratio = 4.1 v/v), the mineral
concentrations (calcium, potassium and sodium)
were determined according to the method of AOAC
(2005) using a flame photometer (Jenway Digital
Flame Photometer, Model: PFP7). Other minerals
(phosphorus, cadmium, lead and chromium) were
analysed using Spectronic 20 spectrophotometer and
Atomic Absorption Spectrophotometer (Buck 200, VGP
Model, Buck Scientific), accordingly.
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Quantitative determination of alkaloids, saponin and
total phenols

The samples of duckweeds were analysed
quantitatively for alkaloids and saponin concentrations
using standard procedures of Tambe and Bhambar
(2014) and Obdoni and Ochuko (2002), respectively.
Total phenols were analysed by the Folin-Ciocalteu
spectrophotometric method using tannic acid as a
standard (Porter et al., 1986). All determinations were
carried out in triplicates.

In vitro gas production procedure

The in vitro fermentation of duckweed was
carried out, as described by Menke and Steingass
(1988). Rumen liquor from West African dwarf goats
(n=6, average live weight of 26 +0.12 kg) offered
Megathyrsus maximus and concentrate ad libitum
was used for the study. Rumen liquor was collected
into a pre-warmed thermoflask (at 39 1 °C) before
morning feeding using a suction tube (Babayemi and
Bamikole, 2006). The rumen fluid was diluted using
the reduced buffer medium in the proportion 1:2 (v/v)
under flushing with CO,. Dried duckweed samples
(200 mg) from each location (T,, T,, T5, T,, and Ts)
were incubated separately in buffered rumen fluid
using 120 mL calibrated transparent plastic syringes
with plungers and tilted silicon tube under anaerobic
conditions for 48 hours at 39 °C. Gas production was
measured at 3-hour intervals from 3 to 48 hours. All
the incubated samples, including blanks (inoculum),
were replicated four times.

The average volume of gas produced from the
blanks was deducted from the volume of gas produced
for each sample. The volume of gas produced at
different intervals was plotted against the incubation
time, and the gas production characteristics were
estimated from the graph using the equation Y=a + b
(1-e%) of Orskov and McDonald (1979) to estimate gas
production characteristics, where:

Y =volume of gas produced at time, t = time of incubation,
a = intercept (initial gas produced from the soluble
fraction), b = gas produced from insoluble fraction, ¢ =
gas production rate for the insoluble fraction/rate
of degradability (b), a + b =final gas produced. At 48 h
post-incubation, the in vitro dry matter degradability
(1vDMD) was determined following the method described
by Aderinboye et al. (2016). The residual material was
oven-dried at 48°C for at least 48 hours, weighed, and
the percentage of in vitro apparent dry matter (DM)
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degradability was calculated as follows:

% IVDMD =
Substrate DM incubated-(Residual DM -Blank DM) x 100

Substrate DM incubated
where: DM = Dry matter.

Metabolizable energy (ME, MJ/Kg DM) and Organic matter
digestibility (OMD %) were calculated according to Menke
and Steingass (1988) equations: ME = 2.20 + 0.136 GV +
0.057 CP +0.0029 CF; OMD = 14.88+0.889 GV + 0.45 CP +
0.651 XA.

Short-chain fatty acids (SCFA, umol) were calculated as
described by Getachew et al. (2002) after 48 hours in
vitro gas production as SCFA = 0.0239 GV-0.0601, where:
GV = 48 h total gas volume (mL.200 mg?), CP = crude
protein (%), CF = crude fibre (%) and XA = ash (%).

Statistical analysis

Data were subjected to analysis of variance
(ANOVA) using the General Linear model procedures
of SAS (Statistical Analysis System, version 9.4) (2002)
for a completely randomised block design. Means were
separated using the Duncan Multiple Range Test and
significance was declared at p < 0.05.

RESULTS AND DISCUSSION

Chemical composition and secondary metabolites of
duckweed

The chemical composition of duckweed
(Lemna species) across the locations of collection
(Table 1) was significantly different (p < 0.05) except
for the crude protein content. Ether extract content
of duckweed though comparable across the locations,
the range (3.55 to 8.95 % EE) obtained was higher
than the 3.45-4.68 % reported by Chatterjee et al.
(2019) for Lemna minor. The range of ash content
(2.25-24.02 %) for the duckweed despite a relatively
lower values in T, and T;, revealed the mineral
potential of duckweed, as reported by Chatterjee
et al. (2019). The fibre fractions of a ration are vital
determinant of dry matter intake and digestibility.
The mean value of NDF (54.11 %) content for duckweed
across the locations was lower compared to 57.4
g/100 g DM reported for duckweed of Lemna species
(Huque et al., 1996). The mean ADF (29.53 %) content
was higher than values (20.3, 21.5 and 22.7 g/100 g
DM) documented by Huque et al. (1996) for Lemna and
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other duckweeds (Spirodela and Wolffia), respectively,
and similarly the ADL content reported by Chatterjee
et al. (2019) for Lemna minor. Higher content of
structural cell wall fraction in duckweed (Lemna spp.),
according to Huque et al. (1996), was associated with
long hairy roots. Meanwhile, NDF (51.67-57.03 %),
ADF (24.66-33.45 %) and ADL (10.10- 12.96 %) contents
of duckweed obtained aligned with the fibre fractions
that could increase feed intake and promote ruminal
digestibility (McDonald et al., 1995). Observed significant
variations in the chemical composition of duckweed
across locations are indicative of the nutrient content
of the growth media, as established by Appenroth et al.
(2017). Remarkably, the mean values for the contents of
CP (10.50 %), EE (6.22 %), ash (13.09 %), NDF (54.11 %),
ADF (29.53 %) and ADL (11.57 %) in duckweed, which
was in the range of nutrients required by ruminants
for optimal performance, elucidate its potential as a
valuable alternative or non-conventional forage.
Secondary metabolites from plants are critical to
the bioavailability of nutrients and the degradability of
feed in ruminants. The duckweed across the locations
had a relatively comparable content of saponin,
phenols and alkaloids (Table 1). Saponin content
in duckweed (0.407-0.468 %) across the locations
was higher than 0.0032 % observed in Lemna minor

(Negesse et al., 2009). This range of values for secondary
metabolites (Saponin = 0.407-0.468 %, Total phenol =
0.158-0.175 % and Alkaloids=0.312-0.433 %) revealed
a higher concentration of saponin in duckweed,
which confirmed the findings of Ife et al. (2021),
that duckweed species contain saponin. Saponins
suppress fat accumulation (Zhao et al., 2018) and the
proliferation of ruminal protozoa counts (Wang et al.,
2000). Alkaloids play a significant role in modulating
rumen microbial functions of animals under thermal
or pH stress (Estrada-Angulo et al., 2016), specifically
in the activity of methanogenic archaea to mitigate
methane production (Khiaosa-ard et al., 2020). The
range of alkaloids (0.312-0.433 %), observed in the
duckweed, was higher than the recommended limits
of 0.25-0.5 ppm for calf and beef cattle (Coufal-
Majewski et al., 2016). Nevertheless, the negative
impact of higher alkaloid concentration on ruminants
could be counteracted by high saponin or tannin
content (Jensen, 2012) in forages. Moreover, duckweed
can manipulate the ruminal fermentation pathway for
propionate production with a lesser acetate, reduce
enteric methane and ammonia emissions, when
includedinruminantdiets. Ontheotherhand,themean
total phenol content (0.168 %), observed in duckweed,
was lower than values of 1.3 % to 2.9 % reported by

Table 1. Chemical composition and secondary metabolite of duckweed (Lemna species) from earthen fish

ponds (n = 4)
Duckweed

Nutrients (%) T, T, T, Ta Ts Mean SEM P-value
Dry matter 6.51¢ 8.23° 12.14° 4.67¢ 5.28¢ 7.37 1.24 <.0001
Crude protein 17.50 11.67 10.50 8.17 4.67 10.50 2.02 0.3898
Ether extract 8.95° 5.43%* 6.02% 3.55° 7.15% 6.22 0.72 0.1637
Ash 22.83° 2.25¢ 2.28¢ 14.07¢ 24.02° 13.09 2.54 <.0001
NDF 55.49° 57.03° 51.67¢ 52.91¢ 53.45¢ 54.11 0.54 <.0001
ADF 29.81¢ 32.20° 33.45° 27.50¢ 24.66° 29.53 0.87 <.0001
ADL 11.51¢ 12.80° 12.96° 10.10¢ 10.48¢ 11.57 0.38 <.0001
Secondary metabolite (%)

Saponin 0.468° 0.453° 0.464° 0.407¢ 0.411°¢ 0.441 0.01 <.0001
Phenols 0.167" 0.158¢ 0.166¢ 0.175° 0.173* 0.168 0.01 0.0010
Alkaloids 0.345" 0.312¢ 0.371%c  0.428%* 0.433° 0.378 0.01 0.0283

acdeNeans in the same row with different superscripts differ significantly (p < 0.05); SEM = Standard error of mean;
T, = Duckweed from Eruwa; T, = Duckweed from Lanlate; T; = Duckweed from Igboora; T, = Duckweed from Igangan;
Ts = Duckweed from Olodo; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; ADL = Acid detergent lignin.
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Dewanji and Matai (1996) in Lemna spp. The presence
of phenols in the duckweed suggests its potential
to prevent bloat, reduce gastrointestinal nematode
counts (Waghorn and McNabb, 2003) and exhibit
antimicrobial capacities (Gonzalez-Renteria et al., 2020).

Mineral concentration in duckweed

The macro- and trace minerals in duckweed were
significantly different (p <0.05; Table 2). It is apparent
that duckweed is high in trace minerals. The mean
value of phosphorus (0.69 %) was higher than 0.59 %
reported for aquatic plants (Chatterjee et al., 2019),
while the calcium content in duckweed was lower than
1.11 %, documented for aquatic plants by the same
authors. The trace minerals (Zn, Cu, Fe, Pb and Cd) observed
in duckweed indicated accumulation of heavy metals,
which could negatively impact the health of livestock
and humans. Meanwhile, the mean values of Zn, Cu,
Fe, Pb and Cd (0.46 mg.kg?, 0.26 mg.kg?, 79.31 mg.kg?,
0.07 mg.kg*and 0.02 mg.kg?, respectively) in duckweed,
except Fe, were below the findings of Daud et al.
(2018) for Lemna minor. More importantly, the trace
minerals or heavy metals observed in duckweed from
this study were below the levels that could affect the
health and performance of ruminants. Variations in the
mineral contents of duckweed from this study might
not be unconnected with the nutrient concentration
of the growth media, periods of pond fallow and the
uptake of minerals.

In vitro fermentation characteristics of duckweed

The mean values of in vitro fermentation
characteristics of duckweed incubated for 48 hr are
presented in Table 3. In vitro fermentation characteristics
of duckweed from across the locations differed
significantly (p < 0.05), though the values of gas produced
from the insoluble fraction (b), potential gas produced
(a + b), the rate (c) and volume (Y) of gas produced
were similar and comparable. Overall, volumes of gas
produced by duckweed were generally lower. However,
gas volumes (Y) were higher in Ts (3.33 mL/200 mg DM)
and lower in T, (1.33 mL/200 mg DM) groups. Gas
production is essentially the aftermath of carbohydrate
fermentation to acetate, propionate and butyrate, though
a higher gas production from highly fermentable
nutrients contributes to SCFAs production (Remesy et
al., 1995). The range of short-chain fatty acids produced
in duckweed was lower (0.02 to 0.05) compared
to values (0.62-0.77) reported for ensiled cassava
foliage with Guinea grass (Binuomote and Babayemi,
2012). The lower SCFA rate of degradation recorded
possibly suggests lower carbohydrate content, hence,
lower potential gas produced, which is also likely due
to presence of secondary metabolites in duckweed.
Metabolizable energy (ME) was similar and comparable
with values ranging from 3.13 to 3.68 MJ/Kg DM across
treatments. Organic matter digestibility (OMD) was
more (40.58 %) for duckweed collected at Eruwa (T,)
and comparable with the 36.76 % in duckweed from
Olodo (Ts).

Table 2. Mineral concentration in duckweed from earthen fish ponds (n = 4)

Duckweed
Minerals T, T, T, T, Ts Mean SEM P-value
Phosphorus (%) 0.65¢ 0.76¢ 1.05° 0.99° 0.01¢ 0.69 0.09 <.0001
Calcium (%) 0.25¢ 0.09¢ 0.23¢ 0.54° 0.40° 0.30 0.04 <.0001
Zinc (mg/kg DM) 0.48° 0.39¢ 0.20¢ 0.97° 0.27¢ 0.46 0.07 <.0001
Copper (mg/kg DM) 0.24° 0.19° 0.24° 0.37° 0.25° 0.26 0.02 <.0001
Iron (mg/kg DM) 112.00? 81.50° 83.50° 51.20¢ 68.00° 79.31 5.36 <.0001
Lead (mg/kg DM) 0.15° 0.02¢ 0.01¢ 0.01¢ 0.17° 0.07 0.02 <.0001
Cadmium (mg/kg DM) 0.02° 0.03° 0.01¢ 0.02° 0.02° 0.02 0.00 0.0046

aedeeans in the same row with different superscripts differ significantly (p < 0.05); SEM = Standard error of mean;
T, = Duckweed from Eruwa; T, = Duckweed from Lanlate; T; = Duckweed from Igboora; T, = Duckweed from Igangan;

Ts = Duckweed from Olodo.
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Table 3. In vitro fermentation characteristics of duckweed incubated for 48 (n = 4)

Duckweed b a+b c 4 ME OMD SCFA IVDMD
T, 3.33%® 3.33® 0.02% 2.33% 3,68 40.58° 0.02% 29.33¢
T, 4.67° 4.67° 0.03° 3.00®  3.532 25.75¢ 0.05° 24.00¢
Ts 2.67° 2.67° 0.04° 1.33% 3.20%® 23.46¢ 0.00° 26.33«
T, 4.33° 4.33° 0.02° 2.33%c  320% 3157  0.04° 39.67°
Ts 4.67° 4.67° 0.03° 3.332 3.13* 36.76*  0.05? 33.00°
Mean 3.93 3.93 0.03 2.46 3.37 31.62 0.03 30.47
SEM 0.30 0.30 0.00 0.29 0.11 1.86 0.01 1.48
P-value 0.0016  0.0016 0.0508 0.0668 0.1395 <.0001 0.0016 <.0001

acd\eans along the same column with different superscripts are significantly different (p < 0.05); SEM = Standard error of
mean; T; = Duckweed from Eruwa; T, = Duckweed from Lanlate; T; = Duckweed from Igboora; T, = Duckweed from Igangan;
Ts = Duckweed from Olodo; Y = volume of gas produced at time 't'; a = gas produced from the soluble fraction; b = gas
produced from insoluble fraction, c = rate of gas production for the insoluble fraction; a + b = final gas produced; ME =
Metabolizable Energy (MJ/Kg DM); SCFA = Short Chain Fatty Acid (umol); OMD = Organic Matter Digestibility (%); IVDMD =

In vitro dry matter degradability (%).

The reduced rate of degradation for duckweed
in this study is also evident in the lower values
(24.00-39.67 %) of in vitro dry matter degradability,
which is below 50 %. Obtained IVDMD values in
duckweed differed from the range of values (610-875
g.kg?), reported by Huque et al. (1996) for in sacco dry
matter degradability of duckweed species (Spirodela,
Lemna and Wolffia) at 48 hours incubation using cattle.
Reasons for the wide variation in values of dry matter
degradability in this study, compared to the findings
of Huque et al. (1996), might be ascribed, amongst
other factors, to differences in the rumen liquor/
inocula of animals and techniques of evaluation used,
diets fed to animals as well as growth media of the
feed samples (duckweed). Generally, the slow release
of essential nutrient media for the proliferation of

cellulolytic microbes needed for adhesion to substrate
and rapid degradation, perhaps due to lignin content
and phenolic compounds in duckweed (Table 1),
might explain the significantly lower fermentation
characteristics, metabolizable energy and organic
matter digestibility, compared to most conventional
feed (e.g. cereal grains, tubers, etc.) estimated in vitro.

In vitro cumulative gas production by duckweed

The trend of cumulative gas production in
duckweed across the location of collections varied
(p<0.05) with the hours of incubation (Table 4). The mean
gas volume from duckweed was more (3.93 mL/200 g
DM) at 48 hours post-incubation than cumulative gas
(1.07, 2.53 and 2.81 mL/200 g DM) produced at other
periods (12, 24 and 36 hrs) of incubation. The significant

Table 4. In vitro cumulative gas production (mL/200 g DM) by duckweed post-incubation (n = 4)

Gas production volume/duckweed

Hours (hr) of incubation T, T, T T Ts Mean SEM P-value
12 1.00¢ 1.33° 0.33¢ 1.00¢ 1.67° 1.07 0.12 <.0001
24 2.00¢ 2.33¢ 2.67° 3.00? 2.67° 2.53 0.09 <.0001
36 2.33 3.00 2.67 3.00 3.00 2.81 0.11 0.1536
48 3.33¢ 4.67° 2.67¢ 4.33° 4.67° 3.93 0.21 <.0001

*cdMeans in the same row with different superscripts differ significantly (p < 0.05); SEM = Standard error of mean;
T, = Duckweed from Eruwa; T, = Duckweed from Lanlate; T; = Duckweed from Igboora; T, = Duckweed from Igangan;

Ts = Duckweed from Olodo.
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increase in the volumes of gas produced by duckweed
as hours of incubation advanced corroborates the
reports of Khan et al. (2002) for aquatic plants. This
observation suggests a direct relationship between
fermentation patterns with substrate retention time
in the rumen. Gasmi-Boubaker et al. (2005) affirmed
a positive correlation between crude protein and gas
production of browse species.

Although, gas production volumes of duckweed
for this study revealed a negative correlation with
crude protein content, it was observed that the
relatively higher crude protein (10.50 %) and lower
NDF (51.67 %) components for T; (Table 1) did not
result in a higher gas production volume (Table 4).
According to Khan et al. (2002), aquatic plants are
reportedly high in undegradable protein. In other
words, the relatively lower cumulative gas production
volumes observed (Table 4) imply, that the protein
fraction in the duckweed was not readily available for
rumen microbial breakdown, possibly attributed to the
protein-binding effect of phenolic compounds besides
the possibility of lower fermentable carbohydrate.
Plant secondary metabolites inhibit microbial
growth (Forbey et al. 2009), degradation of feed and
consequently, a reduction in metabolizable energy.
Nevertheless, differences in chemical composition (fibre
fractions, CP and EE) and the presence of secondary
metabolites identified in the duckweed (Table 1)
could be responsible for the variations in volumes of
cumulative gas produced.

CONCLUSION

The crude protein and fibre fraction, an
appreciable amount of calcium, phosphorus and lower
levels of heavy metals/trace minerals in duckweed
(Lemna spp.) justify its use as non-conventional
forage. Saponin was of a higher concentration and in
vitro fermentation of duckweed revealed a lower rate
of degradation and gas production, which explains
the protein-binding effect of phenolic compounds.
Therefore, the nutrient content of duckweed
elucidates its value as non-conventional forage for
ruminants. Further in vivo studies to evaluate the
responses of ruminants to duckweed-based rations
and their effects on quality of ruminant products are
required.
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