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ABSTRACT

The effects of Taiwan grass (TW) cutting interval and partial substitution with duckweed
on dry matter intake (DMI), in vivo DM digestibility (DMD), and digestibility of organic
matter (OMD), crude protein (CPD), neutral (NDFD) and acid detergent fiber (ADFD), as
well as on nitrogen balance, ruminal pH, production of volatile fatty acids (VFA) and
ammonia nitrogen (NH;3-N), was evaluated. For each experimental period (P) of 30 (P1), 45
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(P2), and 60 (P3) days of TW grass cutting interval, twelve Pelibuey lambs were randomly
assigned to three groups of four lambs each in a completely random design. Average
weights of lambs were 25.1£ 1.5, 27.6%£1.9 and 28.6% 1.8 kg. Lambs were housed in
individual metabolic cages, and assigned to three treatments (n=4): (T1) 100% TW, (T2)
80% TW+20% DW, and (T3) 70% TW+30% DW. Each experimental period lasted 16
days: 8 days for adaptation to the diet and 8 days for total feces collection and rumen liquor
sampling; urine was collected the last two days. Data were analyzed with MIXED
procedure and means compared with the Tukey test. Inclusion of DW decreased DMI (P <
0.01), whereas DMD, OMD, CPD, and NDFD increased (P < 0.05) as the age of the TW
increased; besides, ADFD showed differences (P < 0.05) among treatments only in Ps.
Nitrogen retention improved by DW (P < 0.05) in the three periods, and pH was affected
by periods (P > 0.05) only in P3 (P < 0.05). In the three periods, 20 and 30% DW increased
NH;3-N concentration and the acetate:propionate ratio (P < 0.05), but the VFA proportion
did not change.

Key words: Sheep, duckweed, Taiwan grass, digestibility, ruminal variables.

1. Introduction

The efficiency of a ruminant production system based on forages depends on grass
maturity, which determines their nutritional quality (Nelson and Moser, 1994); besides,
maturity affects feed intake and digestibility as well as nutrient absorption efficiency (Da
Silva et al., 2007). As forages mature, the cell wall increases and total and soluble nitrogen
decrease (Merchen and Bourquin, 1994); therefore, protein content will be lower than the
minimum required (6-8%) to supply enough ammonia for optimum ruminal microbial
fermentation (Norton, 1994), thus decreasing dry matter intake and digestibility. To solve
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this problem supplements with commercial concentrates and non-conventional protein
sources such as Gliricidia, Clitoria, and Mucuna (Juma et al., 2006), Guamuchil (Kahindi et
al., 2007), and duckweed (Babayemi et al., 2006; Cheng and Stomp, 2009) have been used.
Lemnoideae are aquatic plants with a great potential for supplying proteins with a high
biological value for animals of economic interest such as ruminants (Damry and Nolan,
2009; Zetina-Coérdoba et al., 2012), non-ruminants (Gutiérrez et al., 2001), birds (Akter et
al.,, 2011; Witkowska et al., 2012) and fish (de Almeida et al., 2010). Taiwan grass
(Pennisetum purpureum Schum) is an important forage species in tropical zones due to its
large biomass production and if harvested at the right moment can supply a high amount of
nutrients (Araya and Boschini, 2005), however it is affected by cutting interval (Kozloski et
al., 2003). Therefore, the objective of this work was to evaluate the effect of duckweed
(DW; an association of Lemna spp. and Spirodela sp.) as a suplement for Pelibuey lambs
fed Taiwan grass (TW) at different stages after regrowth on voluntary intake, in vivo
digestibility, nitrogen balance, concentration of ruminal nitrogen, volatile fatty acids

(VFA), and ruminal pH.

2. Materials and Methods

2.1 Animals and diets

Twelve Pelibuey male lambs were randomly assigned to three diets with Taiwan:duckweed
rations of 100:0, 80:20 and 70:30. The study had three periods (3 cutting intervals), with
the same Taiwan:duckweed rations. Average weights of lambs (n=4) were 25.1%* 1.5,
27.6% 1.9 and 28.6 £ 1.8 kg, for each period. Lambs were housed in individual metabolic

cages (1.2 x 15 m) and feed ad libitum, a las 08:00 y 16:00 h. DW was harvested daily at
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14.00 h from a lagoon located in the aquaculture research unit of the Colegio de
Postgraduados, Campus Veracruz. It was dried in a greenhouse and used the following day.
In order to have the TW grass at the required harvesting time, 16 plots of 36 m® were
established for each period (30, 45 and 60 days of regrowth) to get TW grass for 16
continuous days. TW grass was harvested at 7.00 h and chopped at a lenght of 3 cm, to be
mixed latter on with DW. Because TW:DW relation was calculated in DM basis for the
three treatments, every 48 h DM was determined in TW grass and DW, in order to adjust

the amount of each as fed basis.

2.2. Sampling and chemical analysis

For each experimental period, lambs had an 8 days adaptation period to the diet and 8 days
for total feces collection and rumen liquor sampling. Two days before the end of each
period, total urine was collected (Valadares et al., 1997) and samples were stabilized with
hydrochloric acid (50%) 50 ml L. Rumen liquor samples were taken from the median
ventral part of the rumen by esophageal probe 3 hours after feeding (07:00 h); pH was
immediately measured with a portable pH meter (Orion™, model 3Star). The rumen liquor
samples were stabilized with metaphosphoric acid (25%) at a 4:1 ratio, and ammonia
nitrogen (NH3-N) concentration was determined through absorbance in an ultraviolet light
spectrophotometer (Varian™, model Cary-1-E) at 630 nm. From the stabilized solution, 1.0
mL was placed in a 13x100 mm glass tube containing 7.5 mL phenol and 7.5 mL sodium
hypochlorite, shaken in a vortex mixer and incubated at 37 °C for 30 minutes, and the
reading was taken (McCullough, 1967). The determination of VFA was done according to
Erwin et al. (1961) using a Perkin Elmer™ Claurus 500 chromatograph, with a FFAP Elite

4



10

11

12

13

14

15

16

17

18

19

20

21

22

23

capillary column. Hydrogen was used as carrier gas with a 5.5 mL per minute flow. One pL
sample was placed in an injector and detector temperature was 250 °C per minute until
reaching a temperature of 140 °C, with a run time of 8 minutes (Kung and Hession, 1995).
TW (30, 45, and 60 days of cutting interval), DW, and feces were analyzed for DM,
organic matter (OM), crude protein (CP) according to AOAC (1990); neutral detergent
fiber (NDF) and acid detergent fiber (ADF) were determined according to Van Soest et al.
1991). Feces and urine samples were analyzed for nitrogen (AOAC, 1990).

Individual DM intake (DMI) was determined as the difference between the diet supplied
and rejected daily. In vivo digestibility was determined as the difference between the
nutrient ingested and excreted and nitrogen balance was estimated as the difference

between the ingested nitrogen and nitrogen excreted in feces and urine (Harris, 1970).

2.3. Statistical analysis

Data on digestibility, nitrogen balance, ruminal pH, VFA and NH;3-N were analyzed as
repeated measures, completely randomized design (Steel and Torrie, 1997) using the Mixed
procedure of SAS (2000). The model for the analysis included main effects of treatment,
periods, and treatment®period interaction. Initial weight was considered as covariate, and
least squares means were separated using adjust Tukey test. The model was the following:

Yiu=u + T; + R+ Py +( TP)u + p(Xyu— X)) + Eju

Where: Y = response variable, u= general mean, 7; = effect of the ith treatment , R;;=
effect of the jth replicate within the ith treatment, P, = effect of kth period, (TP)i =
treatment™*period interaction, S= regression coefficient, Xj; =covariate, and £j; = random

CITOT.
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3. Results

3.1. Chemical composition of the forage and experimental diets

The DM, NDF and ADF contents increased but OM and CP decreased as TW cutting
interval increased, whereas the DW used in each period showed little variation in chemical
composition. Including 20 (T2) and 30% (T3) DW decreased NDF and ADF content but

increased CP (Table 1).

3.2. Dry matter intake

As shown in Table 2, DMI was different among treatments (P < 0.01) and periods (P <
0.05) but it was not affected by the treatment*period interaction (P > 0.05). In the three
periods, TW dry matter intake was higher for the control (T1) as compared to treatments
with 20 or 30% DW diets, with a greater decrease for 30% DW (P < 0.01). As the regrowth

period increased DMI increased (P < 0.01), except at 60 days for 20% DW.

3.3. Nutrient digestibility

In P2 and P3 20 and 30% DW affected DMD and OMD (P > 0.05) but not in P1 (Table 2).
As regrowth of TW increased DMD decreased (P < 0.01) with a higher digestibility in
treatments with DW, but there was no effect of the treatment*period interaction. Period and
treatment®period interaction did not change (P > 0.05) OMD. In the three periods, CPD
increased with 20 and 30% DW in the diet (P < 0.01) and with the treatment*period
interaction (P < 0.05); therefore, CPD is improved by DW but it is negatively affected by
regrowth of TW. DW did not improve NDFD in P1, but it did so P2 and P3 (P < 0.05),
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whereas ADFD was increased (P < 0.05) by DW as compared to the control diet only in
P3. Regrowth and treatment*period interaction did not affect (P > 0.05) NDFD nor ADFD
(Table 2).

3.4. Effect on pH, NH;-N, VFA, and acetate:propionate ratio

As shown in Table 3, ruminal pH (P < 0.05) was changed by 20% DW in P3 and also by
regrowth (P < 0.05). The inclusion of 20 and 30% DW in the diet improved (P < 0.01)
NH;-N concentration in the three periods, decreasing (P < 0.01) with the regrowth and
showing a higher concentration in diets containing DW. Both pH and NH3-N concentration
were not affected by the treatment*period interaction (P > 0.05).

Molar concentrations of acetate, propionate and butyrate showed no differences for diets
with 0 or 30% DW, the highest amount of acetate was found with 20% DW, decreasing
propionate (P < 0.05), and maintaining the level of butyrate, whereas the molar
concentration of butyrate was not affected (P > 0.05) by the treatments (Table 3).
Concentration of acetate increased (P < 0.01) due to regrowth, with a decrease in P3, and a
similar response was observed for propionate concentration (P < 0.05). Treatments did not
affect the acetate:propionate ratio (P > 0.05) in P1 and P3, and higher values (P < 0.05)
were observed in P2 with 20% DW. The period did influence the acetate:propinate ratio (P

< 0.01), but not by the treatment*period interaction(P > 0.05).

3.5. Nitrogen balance

Diets with 20 and 30% DW increased (P < 0.01) nitrogen retention (NR) as compared to
the control diet (0% DW), in P1, P2 and P3. A positive nitrogen balance was observed in all
treatments and the three periods. The period influenced (P < 0.01) NR, decreasing with
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regrowth mainly in the control diet. The treatment*period interaction was also significant

(P <0.05).

4. Discussion

4.1. Nutritional value of the experimental diets and of duckweed

With the regrowth of TW there was an increase in DM, NDF, and ADF in T1, perhaps due
to a decrease in the leaf:stem ratio (Minson, 1990), and a subsequent decrease in OM and
CP. According to Merchen and Bourquin (1994), plant maturity affects the chemical
composition and quality of forages with an increase in fiber and a decrease of total and
soluble N. In this sense, CP content of TW in P3 was less than the 7.6 and 9.6 g kg”' DM
reported by Juma et al. (2006) and Kariuki et al. (2001), but similar to the 6.84 g kg’ DM
observed by Nyambati et al. (2003). The low CP content in the three periods may be
attributed to the lack of fertilization of TW in this experiment, taking into account that CP
is low in non-fertilized tropical grasses (Wuoters, 1987). The chemical composition of DW
remained constant in the three experimental periods and CP content was 28%, lower than
the 35.5% reported by Akter et al. (2011), but similar to the 29% found by Anderson et al.
(2011). In DW, CP content is influenced by factors, such as species, insect presence and
adherence of bacteria, ammonia concentration in the water and nutrient sources (Zetina et
al., 2010); which would partially explain the variation in the reported values. In diets with
DW, the increase in CP can be explained by the high content in the macrophyte, but the
decrease in DM could be due to the greater humidity in the aquatic plant. Ash percentage
could be the cause of the decrease of OM, while the lower NDF and ADF content in the
diets could be explained by low percentages in the macrophyte. In P1, diets containing 20
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and 30% DW showed a 2 and 4% NDF decrease, whereas in the control diet it decreased 5
and 7% in P2, and 7 and 10% in P3. ADF decreased in diets with 20 and 30% of DW
compared to control diet (8 and 12%, 9 and 14%, 10 and 15%, in P,, P, and Ps,
respectively). Mertens (1997) mentions that NDF values below 25% favor problems of
acidosis, laminitis, and abomasal displacement in dairy cows. The results of our study are
congruent with those observed by Babayemi et al. (2006), who used diets based on
Panicum maximun and varying DW (Spirodela polyrhiza) levels. Besides, the experimental
diets except those with only TW, showed above the 8% minimum CP required for optimum

ruminal function (Norton, 1994).

4.2. Dry matter intake

Oldman and Alderman (1980) report that ad libitum intake frequently increases due to a
higher CP level in the diet, which does not coincide with the observations of our study
since DMI decreased as CP levels in the diet increased. This could be explained by the fact
that DW was fertilized with sheep manure, affecting taste and smell and decreasing intake.
On the other hand, the high moisture content in fresh forages is often mentioned as a factor
regulating intake (Forbes, 1995). In this sense, Babayemi et al. (2006) report a decrease in
DMI when including 40% DW in diets based on P. maximum, and attribute it to the
moisture content in the diet, caused by DW inclusion. Zetina-Cérdoba et al. (2012) showed
that the supplementation of DW to sheep did not affect DMI of P. purpureum hay, mainly
because DW was not given ad libitum. This, however, does not coincide with the findings
of Kahindi et al. (2007), who observed an increase in DMI in diets with P. purpureum
supplemented with guamuchil (Pithecellobium dulce), which like DW increases CP in the
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diet; thus taste, moisture, and volume of the diets could have been determining factors in
DMI. Another explanation could be the presence of antinutritional factors such as trypsin
inhibitors, phytic acid, cyanide, calcium oxalate, and tannins (Bairagi et al., 2002; Kalita et
al., 2007); however, no negative effects have been reported on the intake or health caused

by these antinutritional factors, from DW feeding in sheep.

4.3. In vivo digestibility

The DMD results obtained in P2 and P3 when substituting 0, 20, and 30% TW for DW are
similar to those observed by Babayemi et al. (2006), who reported an increase of 55% in
the control diet, up to 61 and 60% when substituting 0, 20, and 40% P. maximun for DW,
respectively. On the other hand, Juma et al. (2006) point out that including Gliricidia
sepium and Mucuna pruriens in diets based on P. purpureum improved DMD by 57.9% in
the control to 60.3 and 60.8%. Kahindi et al. (2007) report an increase of 57.45 to 62.29%
when including 15% Pithecellobium in diets with P. purpureum. It is known that a high
DMI increases passage rate and reduces digestibility of the feed (Fox et al., 2004). When
increasing DMI of the diet with only TW (T1) in the three periods, DMD could have
decreased, but the inclusion of DW increased CP in the diet above the 8% minimum
required to supply enough ammonia for optimum microbial function (Norton, 1994);
therefore, it is probable that N availability for ruminal bacteria increased, improving
digestibility at the same time. Huque et al. (1996) and Nguyen (1997) reported a high DMD
of DW (67-91%), which might explain the high digestibility of diets with DW. The increase
of OMD due to DW as the regrowth of TW increased could be because of the low DMI
with regard to the control diet. A longer retention of DM in the rumen has a positive effect
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on the digestion rate (Tolera and Sundstol, 2000). According to Huque et al. (1996), there is
an OMD of 66.9% for DW and the inclusion of this macrophyte in the diet can improve
digestibility. The results of our study are consistent with those observed by Kahindi et al.
(2007), Aregheore (2006), and Kariuki et al. (2001), who found an increase in OMD when
supplementing diets based on P. purpureum with guamuchil (Pithecellobium dulce), copra
cake (Cocos nucifera) and potato foliage (lpomea batatus), respectively.

The inclusion of DW in the diet increased CPD and since Huque et al. (1996) found a CPD
of 80, 86, and 93% in different DW species and Khan et al. (2002) point out a high CPD of
DW, this result would not be a bypass protein source, as suggested by Damry and Nolan
(2002). Kozloski et al. (2003) report that NDFD and ADFD of TW hay at 30, 40, 50 and 60
days regrowth, as well as 70 and 90 days regrowth (Kozloski et al., 2005) were not
different, which does not coincide with our results that as the regrowth age increased in TW
there was a significant decrease in NDFD (62.49, 60.73, 57.27%). However, partial
substitution of TW for DW increased NDFD, which could explain DW being responsible of
an increased digestibility of NDF and ADF. Another factor that apparently influenced the
results was DM retention in the rumen, since DMI decreased in diets with DW. It is worth
considering that a greater retention time in the rumen increased digestibility; likewise, the

lower NDF and ADF content in the diets with DW could partly explain our results.

4.4. Ruminal pH and VFA concentration

The values of ruminal pH in all diets were between 6.5 and 7.0, a range considered as
optimum for cellulolytic bacteria (Erdman, 1988), digestion of cellulose (Mould and
Orskov, 1983), and VFA absorption (Dijkstra et al., 1993). Besides, Mourifio et al. (2001)
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mention that a pH lower than 6.2 can negatively affect growth and activity of cellulolytic
bacteria, given the decrease in bicarbonate availability. The lowest pH value found in this
study was 6.5, which is higher to the minimum value that could affect rumen function
(Erdman, 1988). The buffer capacity of ruminal liquid is higher with fiber-rich diets,
resulting in higher pH (Feng et al., 1993). The results obtained in our experiment coincide
with those reported by Muinga et al. (1995), Abdulrazak et al. (1996), and Kariuki et al.
(2001) who mentioned that pH levels were not affected by TW supplementation with
Gliricidia sepium, Leucaena leucocephala, Desmonium intortum or Ipomea batatus,
respectively. VFA are the main energy source for ruminants, contributing to 80% of their
daily energy requirements, therefore a change in the proportion of acetate:propionate might
affect animal production (Biazon et al., 2012). The molar proportion of acetate decreases
when fiber intake decreases ([ /rskov and McDonald, 1979). Substituting TW for DW in P1
and P3 did not modify the acetate:propionate ratio. In P2, the acetate:propionate proportion
was different for T1 and T2. The high ratio of acetate and low ratio of propionate are
consistent with the results obtained by Muinga et al. (1995), when supplementing TW with

Leucaena leucocephala.

4.5. Ammonia nitrogen (NH3-N) concentration

The increment in NHj3;-N concentration in the three periods due to DW could be
consequence of the CP content of this plant; according to Huque et al. (1996) and Khan et
al. (2002), CP of DW shows high rumen degradability. According to Forbes and France
(1993), the amount of NH3-N in the ruminal liquor is related to protein degradation and a
lower digestibility decreases ammonia liberation; thus, microbial protein synthesis is
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limited. Kariuki et al. (2001) point out that reducing protein in the diet decreases ruminal
fermentation, since less NH3-N is available for microbial synthesis. The minimum for low-
quality tropical grasses is 150 mg L™ (Preston and Leng, 1987), or over 200 mg L™ might
be necessary with low-quality forages (Dixon, 1987). The NH3-N values obtained in the
diets are within the ranges recommended by Preston and Leng (1987), with the exception of
T, in P3, which can be explained by the decrease of CP in the diet. In our study the values
in P3 coincide with that reported by Kariuki et al. (2001), who found that NH;3-N
concentration improved up to 130-214 mg L™ and 139-235 mg ™', when using diets based

on TW and 10, 20 or, 30% of Desmodium intortum and Ipomacea batatus vines.

4.6. Nitrogen balance

Including DW improved NR, which decreased as the age of TW regrowth increased. The
results are lower than those obtained with goats by Babayemi et al. (2006), who reported
increases in NR in diets based on Panicum maximum when including 20 and 40% DW,
reaching 83.7% with 20% substitution. In our study there was a variation of 75.8 to 78.9%
for 20 and 30% TW and only 59.4 to 65.9% of the control diet; the difference with
Babayemi et al. (2006) could be due to greater N losses in feces and urine, as well as to the
different ruminal conditions between sheep and goats. However, in complete diets,

Eisemann et al. (2005) report that using N from DW is less efficient than soy pastes.

5. Conclusions
The results obtained in this study suggest that the inclusion of 20 and 30% DW in diets
based on TW at 30, 45, and 60 days cutting interval decreased DMI, but improved DMD,
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OMD, CPD, NDFD, ADFD, NR, and NH;3N concentration, showing minimal changes in

the acetate:propionate ratio and ruminal pH.
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1 Table 1. Chemical composition of diets fed to sheep with Taiwan grass with or without duckweed

PERIOD 1 (PI) PERIOD 2 (P2) PERIOD 3 (P3)
30 days' 45 days' 60 days'

T, T, T;, SEM DW T, T, T;, SEM DW T, T, T;, SEM DW
DM

15.50* 15.10® 14.90° 0.14 13.50 17.00* 16.40® 16.10° 0.15 12.95 21.50* 20.00° 19.25° 0.17 13.44
(%)
Analysis on DM basis
oM

92.01° 90.08" 89.12* 130 82.40 90.10° 88.56° 87.79° 1.21 84.94 89.10° 87.76"° 87.09° 1.05 82.59
(%)
CP

7.50°  11.68° 13.77° 021 2840 6.50° 10.56° 12.59° 025 28.03 620° 10.06° 11.99° 0.16 28.25
(%)
NDF

54.10° 52.78°  52.12° 0.12 4750 61.33* 58.56° 57.18° 0.19 4815 71.77% 66.92° 64.49° 0.19 47.78
(%)
ADF

3530°  32.54°  31.16° 0.19 21.50 40.70° 36.86° 34.94° 0.17 2220 45.94* 41.25° 3891° 0.17 22.15
(%)
ASH 0.16 17.60 0.17 17.50 0.19 16.55

8.00° 9.92° 13.28° 9.90°  11.44° 12.21° 10.90° 12.14° 12.91°
(%)

2 DM: Dry matter. OM: Organic matter. CP: crude protein. NDF: neutral detergent fiber. ADF: acid detergent

3 fiber. 'Cut ages of Taiwan grass. T;: 100% Taiwan grass, T,: 80% Taiwan grass + 20% duckweed; Ts: 70%

4 Taiwan grass + 30% duckweed. *™¢ Means that within rows, values with different letters significantly (P <

5 0.05).
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1

Table 2. Dry matter intake (DMI) and in vivo digestibility in sheep fed Taiwan grass with or without

2 duckweed.
PERIOD 1 (P1) PERIOD 2 (P2) PERIOD 3 (P3)
30 days' 45 days' 60 days' Significance
T, T, Ts SEM T, T, Ts SEM T, T, Ts SEM treat per treat*per
DMI
(gdh)  769.3* 562.5° 4622° 156 7944 650.0° 603.5° 283 866.4° 662.1° 570.5° 2371 0.0001 0.0001 0.0539
(gkg! 1.2 .0.0001 0.0360 0.0639
65.7° 51.8° 41.7° 12 652° 54.6° 546° 14 68.8 551" 459°
BW75)
DMD 1.30 0.0191 0.0011  0.0968
60.26° 63.43* 61.95 1.68 58.77° 6248 61.40° 0.57 54.59° 60.64* 61.19°
(%)
OMD 0.66 0.0398 0.4578  0.8006
63.25° 6527° 64.02* 1.67 61.82° 6515 64.20° 0.55  60.75" 64.33* 64.15°
(%)
CPD 0.71 0.0001 0.0001 0.0001
82.57° 85.65" 85.40° 0.73 74.17° 80.90* 82.60° 0.51 70.42° 81.78" 81.50"
(%)
NDFD 0.81 0.0013 0.0070 0.2567
62.49° 68.54* 68.20° 1.69 60.73° 6585 64.73* 0.90 57.27° 66.10° 65.10°
(%)
ADFD 1.39 0.0299 0.1907  0.3957
58.51* 62.77* 60.00° 2.54 5826° 62.58 60.15* 1.24 53.92° 61.10° 60.53°
(%)
3 NS (not significant), P > 0.05; *P < 0.05; **P < 0.01. *" Different letters in the same row are significant
4 different. ' Cut ages of Taiwan grass. T;: 100% Taiwan grass, T,: 80% Taiwan grass + 20% duckweed; Ts:
5 70% Taiwan grass + 30% duckweed. DMD: dry matter digestibility. OMD: organic matter digestibility. CPD:
6  crude protein digestibility. NDFD: neutral detergent fiber digestibility. ADFD: acid detergent fiber
7 digestibility. SEM: Standard error of mean
8
9
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2 Table 3. Rumen pH, NH;-N, VFA proportions and acetate:propionate ratio in Pelibuey sheep fed Taiwan

3 grass with or without duckweed.

PERIOD 1 (P1) PERIOD 2 (P2) PERIOD 3 (P3)
30 days' 45 days' 60 days' Significance
T, T, Ts SEM T, T, Ts SEM T, T, Ts SEM treat per treat*per
Ru 0.0806 0.0358  0.3993
m
en 6.5 6.6° 65 0.05 65 66 65 009 67° 68 65 005
p
H
NH 0.0005 0.0001  0.6936
3-N

(mg 18.22° 25.76° 26.22° 1.64 17.76" 2395 2338 144 14.02° 18.99* 19.01*° 0.65

VF 0.4910 0.0001 0.1198

(m 76.13% 95.25* 77.65* 557 60.92* 6131* 5699 827 56.21* 60.93* 6847" 4.95

(%
mol

ar)

24



0.7679 0.0001  0.0841
Ac
eta
61.29° 60.79* 62.61° 1.32 67.99° 70.92° 6826 0.72 70.00° 69.52* 68.21° 0.96
te
(A
)
0.4683 0.0001  0.1258
Pr
op
i0
28.76* 2048 27.53* 112 2539° 22.14° 23.46™ 0.52 2255 2276 23.04* 0.78
na
te
(P
)
0.1135 0.0118  0.4862
Bu
6.64* 8.28 731" 038 6.62* 694 828 055 745 772 876* 046
tyr
ate
A: 0.6020 0.0001 0.0514
P
2.13* 206 227° 0.2 268" 3200 291* 0.08 3.10° 3.05* 296" 0.15
Ra
tio
1 NS (not significant), P>0.05; *P<0.05; **P<0.01. a5 Different letters in the same row are significant
2 different. ' Cut ages of Taiwan grass. T;: 100% Taiwan grass, T»: 80% Taiwan grass + 20% of duckweed;
3 T;: 70% Taiwan grass + 30% of duckweed. SEM: Standard error of mean.
4
5
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3

Table 4. Nitrogen balance of Pelibuey sheep fed Taiwan grass with or without duckweed
PERIOD 1 (P1) PERIOD 2 (P2) PERIOD 3 (P3)
30 days1 45 days1 60 days1 Significancce
T, T, T, SEM T, T, T, SEM T, T, T; SEM trat per trat*per
Feed N, 0.32 0.0015 0.8460
9.23° 10.51* 10.18™ 0.29 8.26° 9.50° 12.16* 0.44 8.59" 10.66" 10.94 0.0001
(gd™")
Faecal 0.08 0.0014 0.0001
2.11* 1.75® 1.66° 0.11 246" 1.95° 2.24“ 0.09 2.71* 1.99° 2.07° 0.0277
N, (gd"
Absorbed 0.29 0.0001 0.0256
7.12° 876" 8.52° 0.24 5.80° 7.55° 9.92¢ 0.37 5.89° 8.66" 8.87“ 0.0001
N, (gd"
Absorbed 0.77 0.0001 0.0001
0.0001
N, (%  77.18"83.39" 83.69° 0.95 70.20° 79.48" 81.61“ 0.60 68.53" 81.28" 81.07°
feed N)
Urine N, 0.11 0.01750.0110
1.04* 0.47° 0.61° 0.10 058" 0.34* 0.44°0.14 0.79* 0.58" 0.84¢ 0.2693
(gd™h
Total N 0.12 0.0001 0.0016
0.4629
loss, (gd” 3.15° 2.22° 227° 0.15 3.04* 2.29° 2,68° 0.14 3.49° 2.58° 2.91°
D!
N 0.29 0.0001 0.1165
0.0002
retained, 6.08° 8.29° 7.92* (.24 5.22° 7.21° 9.48* 0.39 5.10° 8.08" 8.03°
(gd™h
Retained 1.2 0.0001 0.0013 0.0125
65.9° 78.9° 77.7° 1.4 63.2° 75.9* 78.0° 1.7 59.4° 75.8° 73.4°
N, (%
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4

feed N)
NS (not significant), P>0.05; *P<0.05; **P<0.01. **Different letters in the same row are significant
different. ' Cut ages of Taiwan grass.
T,: 100% Taiwan grass, T,: 80% Taiwan grass + 20% duckweed; T;: 70% Taiwan grass + 30% duckweed.

SEM: Standard error of mean.
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