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Nutritive evaluation of foliage combinations from some fodder trees and shrubs
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ABSTRACT

Six combinations of the tree foliage leaves, Cassava (CL), Acacia Saligna (ASL) and
Prosopis juliflora (PL) were tested, CL (100%), ASL (100%), PL (100%), CL plus ASL (50:50), CL
plus PL (50:50) and CL plus ASL plus PL (50:25:25), respectively. Then these six combinations
were mixed with ammoniated rice straw (ARS) (50: 50) on dry matter basis. Protein content in tested
plants was higher in CL (22.22%) compared to ASL (16.67%) and PL (17.02%), while protein
content in mixtures of tree foliage leaves have close protein contents. The content of NDF and ADF
in CL was lower than the rest of plants tested and their mixtures. The lowest amounts of potential-
GP and potential-CH4 were shown with diets containing CL (T1) and ASL (T2) with ammoniated
rice straw, while mixing the leaves of CL with ASL and/or PL raised the quantities of GP and CH4
released. Combination of foliage leaves with ammoniated rice straw in T4, T5 and T6 diets
significantly (P<0.05) improved DM, OM and NDF degradability compared to T1, T2 and T3 diets
containing tested leaves separately with ARS. The mixture of PL with ARS in T3 and T6 significantly
(P<0.05) increased benefit of metabolizable energy (ME) compared to the CL or ASL with ARS in
T1, T2, T4 and T5 diets. There was a positive correlation (r = 0.66, P<0.05) and (r = 0.60, P<0.05)
between in vitro neutral detergent fiber degradability (IVNDFD) and both microbial protein (MP)
and CHgs, respectively. Also, positive correlation (r = 0.76, P<0.05) and (r = 0.65 P<0.05) where
shown between MP and both GP and CHg, respectively. The decrease of CT concentration increased
NH3s-N, SCFA’s, MP, and bacteria count and vice versa. There was no effect of different treatments
on pH, protozoa count, propionic, A/P and Butyric. Mixture of separate foliage leaves with ARS in
tested diet significantly (P<0.05) increased the amount of refused feed, especially for T1 and T2
diets. In contrast, the amount of feed refusal declined when combining different species of foliage
leaves together.

The presence of CL and PL separate in tested diets (T1 and T3) or combined into the tested
diets (T5) improved digestion of DM, OM, NDF, and ADF% compared to ASL. No significant
differences found in protein digestion among tested diets. The results of the N balance showed a
significant (P<0.05) increase in T3, T4 and T5 compared to other tested diets (T1, T2 and T6).

In conclusion, using foliage leaves rich in tannins to form of feed mixtures could help overcoming
the negative effect of CT and reduce CH4 emitted.
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INTRODUCTION
Trees and shrubs such as Cassava
(CL), Acacia Saligna (ASL) and Prosopes (PL)
survive under harsh climatic and has been
suggested as a solution to feeding animals.
Although tree leaves have a high protein content,
their contents of tannins and other secondary
compounds may have negative effects on
palatability, digestibility and may are also
poisonous (Abo-Donia and Nagpal 2015 and
Salem et al., 2011 and 2014).
Tannins are polyphenolic compounds
which bind to protein thus rendering it to be

unavailable to the animal thus can be used for
protecting and decreasing ruminal fermentation
of proteins for ruminant (Makkar, 2003).
Tannins from different plants might show
different response in digestibility, gas production
(GP) and methane production (Makkar, 2003;
Guglielmelli et al, 2011).

Interestingly, there are numerous reports shown
the reduction of enteric methane, which is a
greenhouse gas that causes significant loses of
energy in ruminants, due to inclusion of tannin
rich browsed plants because the tannins have
anti-methanogenic activity, either by direct
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inhibition of methanogens or indirectly through
inhibition of protozoa (Animut et al., 2008;
Hristov et al., 2013). So, when targeting methane
reduction, the nutritional effects of these
compounds must fully understood to avoid any
limitation for rumen function.

This experiment aimed to investigate
whether mixing together of foliage leaves
without or with roughage will lead to an
improvement in utilization of these foliage
leaves and thus effect on in vitro rumen GP and
fermentation Kinetics.

MATERIAL AND METHODS
Experimental diets
Cassava (CL), Prosopis juliflora (PL) and
Acacia Saligna (ASL) were mown 5 cm above
ground level using a precision chop foliage
harvester within 30 min at 10:00 am, then plants
sundried. After which, the leaves were
separated from wooden branches which
manually picked out. Finally, leaves and twigs,
as non-lignified stems, were collected. After
CL, PL and ASL sun-dried they chopped into
small pieces (5 mm) to prevent selection. Six
combinations of foliage were tried as following,
CL (100%), ASL (100%), PL (100%) and CL
plus ASL (50:50), CL plus PL (50:50) and CL
plus PL plus ASL (50:25:25). Then these six
combinations were mixed with the ammoniated
rice straw (50: 50) based on dry matter.

Chemical composition

Samples of each ingredient, each
combine and feces were dried in an oven with
force air circulation at 65°C for 48 hrs. Another
samples collected fresh of each green fodder and
feces were taken directly to estimate protein.
Dried samples milled through a 1-mm sieve prior
to chemical analysis. Milled samples assayed for
ash  concentration  following  complete
combustion in a muffle furnace at 550°C for 5
hrs. The content of N in feed, feces and acidified
urine were analyzed according to the procedures
of AOAC (1990, method no. 968.06). The crude
protein (CP) content calculated as 6.25x the N
content. Fiber fractions as neutral detergent fiber
(NDF) and acid detergent fiber (ADF)
determined by the method of (Van Soest et al.,
1991). Condensed tannins (CT) were determined

according to description of Harinder et al.,
(1993). Individual short chain fatty acids
(SCFA’s) in rumen fluid determined by gas
chromatography (lsac et al., 1994). The
ammonia- N concentration in pre-incubation
fermentation medium, buffer mixture, and post-
incubated fluid samples were determined by the
phenol-hypochlorite method using
spectrophotometric determination according to
Broderick and Kang (1980). The total phenolic
content of leaves determined by Folin Ciocalteu
method as described by Siddhuraju and Becker
(2003). The total flavonoid content determined
by the method described previously (Zhishen et
al. ,1999). Free radical scavenging activity on a,
a-diphenyl-B-picrylhydrazyl (DPPH;
C18H12Ns06) was measured according to the
method of Blios (1958). DPPH assay is based on
the measurement of the scavenging capacity of
antioxidants towards it.

In vitro gas production technique and
sampling procedure

The in vitro rumen gas and methane
production of foliage was measured using a
modified version of the in vitro gas production
technique of Navarro-Villa et al. (2012). Briefly,
0.6 g foliage samples were transferred into a 100
mL glass bottle containing 60 ml of diluted
rumen fluid. All the bottles closed with rubber
stoppers, crimped with aluminium seals, shaken
and placed in the incubator at 39°C. Two
fistulated rams, used as rumen fluid inoculum
donor, were fed on berseem hay and concentrate
feed mixture (CFM 14% CP) at ratio 70:30 (DM
basis) for two weeks prior experiment. Rumen
fluid collected prior morning feeding from each
donor sheep and immediately moved to the
laboratory in a pre-warmed (39°C) vacuum
flask, composited, strained through 4 layers of
cheesecloth, and mixed with buffer (McDougall,
1948) at ratio 1:4 (rumen fluid to buffer, v/v),
and this mixture was flushed with a continuous
stream of CO> until its pH stabilized at 6.85
which measured by a portable pH meter (HNNA
pH meter, model H18424).

Six bottles per treatment were used, three
of them to estimate the gas production (GP) and
DM and OM degradability and three others to
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measure the extent of NDF degradability. Three
bottles contained the buffer and rumen fluid
mixture was included in each run as blank. All
fermentation bottles were flushed with COg,
sealed and placed into a semi-automatic shaking
incubator at 39°C for 96 h. During the anaerobic
fermentation, the gas production measured
intermittently throughout the incubation using
the Reading Pressure Technique (RPT)
(Hangzhou Runchen Electron Com., Hangzhou,
China). Headspace gas pressure measured at 3,
6, 12, 24, 36, 48, 60, 72 and 96 hrs. Gas
production was calculated by the following
equation:
GV =7.365 x p (n =500; r* = 0.99; data not
reported)

where: GV - gas volume (ml); p - measured
pressure (psi).

A hole made in the lid of each
fermentation bottle, then inter-connected with a
plastic tube with a three-way valve. After
reading, at each time, 10 ml of total gas
withdrawn by syringe with 2 mL NaOH (10 M)
which introduced to estimate methane
concentration following the method by Fievez, et
al. (2005). Data were obtained included volume
of gas and methane (CHs) produced. Net
methane and gas production were calculated by
the differences of methane and gas from the
corresponding blank; the methane concentration
was determined as Jayanegara, et al (2009).

At the end of incubation, content of each
bottle filtrated by Quartz Fiber Crucibles, 44mm
diameter, 20ml Capacity (100/PK) in glass cone
and then the bottle washed with distilled water
many times. A 10 mL of in vitro fermentation
liquor collected to determine SCFA’s and
ammonia-N concentration. The residue of
substrates in crucibles dried at 65°C for 48 hr to
calculate apparent DM disappearance which
determined by subtracting sample weight from
the difference between residue and blank.

Kinetic parameters of gas production (i.e.,
GP) estimated by fitting GP results (mL/g OM)
in the nonlinear regression models (NLIN),
option of SAS (2008), according to the model
described by France et al. (2000):

GP=b x (1 —e D)

where: GP is the volume of GP at time t; b

is the asymptotic GP (mL/g OM); c is the rate of

GP (ml/h) from the slowly fermentable feed
fraction b; and L is the lag time prior to GP.

The ratio of organic matter, truly degraded
(mg) to gas volume (ml) at 24 hrs incubation,
was used as an index of microbial synthesis
efficiency (Blummel et al., 1997).

The metabolizable energy (ME; MJ /kg DM)
of samples was calculated using equation of Menke
et al. (1979) as follows:

ME (MJ/kg DM) = 2.20 + 0.136GP + 0.057CP
(R2=0.94)
where, GP is 24 h net gas production (ml/600
mg) and after correction for the day-to-day
variation in the activity of rumen liquor using the
Hohenheim standard, CP is crude protein (%).

Digestibility and nitrogen balance trial

Digestibility trial conducted using
eighteen Barki males, aged 2 to 3 years, average
live body weight (LBW) 43£1.85 kg, which kept
individually in metabolism cages. They
randomly assigned to the six dietary treatments.
The digestibility trial lasted 22 days, the first 15
days out metabolism cages as a preliminary
period, followed by a 7 days collection period in
metabolism cages. The animals weighed at the
beginning and end of the metabolism trial.

During the metabolism trials, tested diets
and drinking water offered ad-libitum. Daily
feed intake, feces and urine recorded every
morning. Feces and urine quantitatively
collected from each animal. The dry matter
(DM) of feed and feces determined by drying to
a constant weight in a forced air oven at 55°C
then ground to pass a 1 mm screen and preserved
for chemical analysis. Nitrogen balance, NB
(g/h/d) values were mathematically calculated
by subtracting (fecal N + urine N) values from
total N intake values.

Statistical methods

Data of feed intake, digestibility, in vitro
gas production kinetics, OMD and ME contents
of samples were subjected to the random
completely design analysis using General Linear
Model (GLM) of SAS (2002). Statistical model
applied for analysis was:

Yik =+ Sj + eijk
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where Y'X represents the general observation of
chemical composition, in vitro gas production
kinetics, OMD and ME contents, u is the
expected score, Si is the subject i s effect of
tested treatments on the observed parameters and
ek the standard error term common for all
observations. Significant differences among
individual means were identified using the
Duncan’s New Multiple Range Test (1955).
Mean differences were considered significant at
(P <0.05).

RESULTS AND DISCUSSION

The composition of foliage leaves
offered to sheep are summarized in Table (1).
The protein content was higher in CL (22.22%)
compared to ASL (16.67%) and PL (17.02%),
while protein contents of foliage leaves mixtures
were close. The chemical composition of ASL is
consistent with what has been reported by Sawe
et al., (1998) while higher than the value
reported by Ahmed (2007) and Mousa (2011).
Crude protein (CP) contents of CL ranged from

177 to 240 g/kg dry matter (DM) (Oni et al.,
2010). The concentration of protein in PL was
in the range shown by various authors (14 - 26%)
(Vimal et al., 1986). The same trend was also
seen with EE content. On the other hand, the
NDF and ADF contents in CL were lower
compared to the rest of plants and their mixtures.
The NDF and ADF contents of A. saligna are in
agreement with the values reported by Shumuye
and Yayneshet (2011). However, NDF and ADF
contents of CL appeared to be less than values
estimated by Oni et al. (2010) which ranged from
596 to 662 and 418 to 546 g/kg DM,
respectively.

The analysis showed higher CT content
in ASL compared to CL, while PL had the least
content. Content of CT in ASL in this study is
lower than values reported by Abdel-Fattah
(2005) which was 63 to 113 g/kg DM in summer
and winter seasons, respectively. The estimates
of CT are almost within the beneficial category
of 20 to 40 g/kg DM reported by Thi et al.
(2005). While CT value of CL is within the range
from 1.0 to 3.8 g/kg determined by Oni et al.
(2010).

Table (1): Chemical composition of the ingredients and tested combinations (% on DM basis).

Treatments DM OM CP EE Ash NDF ADF  C!
(mg/g)
CL 88.76 90.36 22.22 4.24 9.64 49.14 33.28 37.58
ASL 88.65 90.65 16.67 295 9.35 55.23 35.58 41.03
PL 89.52 90.57 17.02 3.24 943 52.14 34.87 20.32
CL and ASL 88.71 90.51 19.45 3.60 949 5219 3443 39.31
CL and PL 89.14 90.47 19.62 3.74 9,53 50.64 34.08 28.95
CLand ASLand PL 8892 90.49 19.53 3.67 9.51 51.41 34.25 34.13
ARS 90.73 83.90 3.09 140 16.10 64.02 40.01 nd”
Chemical composition of the experimental diets (foliage+ ARS) (% on DM basis)
T1 89.75 87.13 12.66 2.82 12.87 56.58 36.65 18.79
T2 89.69 87.28 9.88 2.18 12.72 59.63 37.80 20.52
T3 90.13 87.24 10.06 2.32 12.76 58.08 37.44 10.16
T4 89.72 87.20 11.27 2.50 12.80 58.10 37.22 19.65
T5 89.94 87.18 11.36 2.57 12.82 57.33 37.04 14.48
T6 89.83 87.19 11.31 2,53 1281 57.72 37.13 17.06

* = not detective

CL= Cassava leaves, ASL= Acacia Saligna leaves, PL= Prosopis juliflora leaves, CL&ASL= Cassava: Acacia Saligna leaves,
CL&PL= Cassava: Prosopis juliflora leaves, CL+ASL+PL= Cassava: Acacia Saligna leaves: Prosopis juliflora leaves, ARS,

ammoniated rice straw.
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T1: CL + ARS (50:50), T2: ASL+ ARS (50:50), T3: PL+ ARS (50:50), T4: CL+ASL + ARS (25:25:50), T5: CL+PL+ARS

(25:25:50), T6: CL+ASL+PL + ARS (25:12.5:12.5:50).

The contents of OM, EE and Ash in all
experimental diets had minor differences. The
content of NDF was higher in T2, while ADF
was lower in T1 compared to other diets but the
differences were minor.

All diets had reasonable levels of crude
protein which ranged from 9.88% (T2) to
12.66% (T1) of DM. All experimental diets also
had CP content above the minimum microbial
requirement (7%) to support acceptable ruminal
microbial activity and the maintenance
requirement of CP for the host ruminant
(McDonald et al., 2002).

The quantitative phytochemicals analysis
of the foliage leaves and their combinations are
shown in Table (2). The total Phenol
concentration ranged from 65.90 to 76.33 GAE
mg/g DM. The total flavonoid concentration in
the combinations ranged from 14.17 to 25.24

Table (2): Quantitative phytochemical an

mg/g DM while anti-oxidant activity
concentration (DPPH scavenging activity)
ranged from 50.31 to 61.30 %. These

phytochemicals are known to have antimicrobial
activity (Ebana et al., 2009) and free radical
scavengers which prevent oxidative cell damage
(Salah et al., 2002; Okeke and Elekwa, 2003)
which may improve animal productivity.

Data of in vitro cumulative gas
production (GP) and methane (CHa) released for
the tested diets were approximately comparable
at different incubation times as illustrated in Fig.
(1 and 2) except T6 which showed higher
methane release. Potential total gas (P-GP) and
methane production (P-CH4) from in vitro
fermentation by exponential equation of
different tested diets substrates presented in
Table (3).

alyses of the tested plants.

Item Total Total Anti-oxidant
Phenol* Flavonoid**  activity***
CL 65.90 14.17 50.31
ASL 75.23 21.32 58.45
PL 76.33 25.24 61.30
CL and ASL 75.37 16.38 57.32
CL and PL 69.27 21.71 56.82
CLand ASLandPL  71.50 20.72 56.09

* Total Phenol as Gallic acid equivalent (GAE mg/g DM)
**Total Flavonoid content (mg/g DM)
*** Anti-oxidant activity (% of DPPH scavenging activity)
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Fig. (1): Influence of using some foliage leaves on cumulative gas production at different
incubation times in sheep rumen fluid.

ISSN : 2090-0368 - Online ISSN : 2090-0376 (Website : http://www.easg.eg.net)

65


http://www.easg.eg.net/

Nutritive evaluation of foliage combinations from some fodder trees and shrubs

25.00 -
20.00 -
'g -—e--T1
15.00 -
= 100 —a -T2
E ——T3
& 10.00 |
k:E i T4
5.00 f --®--T5
- o- T6
0.00 r
3h 6h 12h 24h 36h 48h 60h 72h 96h
Time (hrs)

Fig. (2): Influence of using some foliage leaves on cumulative CH4 production at different

incubation times in sheep rumen fluid.

The effects of CT concentration on CHa
reduction had reported in several studies (Abo-
Donia and Nagpal 2015, Animut et al., 2008 and
Tan et al., 2011). On contrary, some researchers
reported that tannins did not show any effect on
methanogenesis or even enhanced CHas
production in sheep (Sliwinski et al., 2002).

In this study, the lowest amounts of P-GP
and P-CHs were shown with diet T1 and T2
when used as fermentation substrates, while
mixing the leaves of CL with ASL or PL leaves
or their combinations with ammoniated rice
straw raised the quantities of total gas and
methane emitted. These results due to the
presence of the condensed tannins (CT) where
Fig (3) shows the effect of tannins consumed on
the production of gas and methane. This agree
with Hatew et al., (2015) who reported that
increasing level of CT (0, 40, 80 and 120 g
CT/kg of substrate DM) linearly reduced the
maximum rates of GP and CHa production, and
the estimated in vitro organic matter
digestibility. The higher rate of gas production
observed with diets containing leaves of PL
compared with ASL or CL which contain a
relatively high concentration of CT (Table 3).

Some authors pointed out multiple
hypotheses for how CT inhibits methanogenesis,
none of which have been definitely proven. One

hypothesis is that CT act as a hydrogen sink
(Naumann et al., 2013a). Another hypothesis is
that CT act directly upon methanogens in the
rumen (Ng et al., 2016). A third hypothesis is
that indirect inhibition occurs by decreasing the
availability  of  nutrients  to rumen
microorganisms, subsequently substrate
digestibility reduces which indirectly inhibit
rumen microbial populations. Because CT bind
to; minerals (Lavin, 2012), organic molecules
such as proteins (Saminathan et al., 2014),
carbohydrates (Soares et al., 2012a), or lipids
(Delehanty et al., 2007), it is possible that CT
bind to microbial enzymes modulate their
activity (Gongalves et al., 2011). However,
Naumann et al. (2013c) demonstrated a weak
relationship between protein bounded to CT and
the decrease in CHa.

Mixture of the tree foliage leaves with
ammoniated rice straw (ARS) (T4, T5 and T6)
showed significant (P<0.05) improve of DM,
OM and NDF degradability compared to
separate trees’ leaves mixed with ARS (T1, T2
and T3). The incorporation of ARS with PL
significantly (P<0.05) increased benefit of
metabolizable energy (ME) compared to
incorporation with CL or ASL. These results
supported by the study of Huang et al., (2010)
who showed that lower levels of pure CTs, of
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20-40 mg g* DM, could significantly reduce
CHs production with no significant adverse
effects on DM degradability. Accordingly, there
were negative relationships between tannin
contents of the leaves and IVDMD. These results
are similar to those reported by Frutos et.al
(2002) and Seresinhe and Iben (2003). Abo-
Donia and Nagpal (2015) and Tan et al. (2011)

referred the decrease in CH4 production to that
the high CT concentrations associate with
reduction in DM degradability. Therefore, in
foliage leaves, tannins present in significant
amounts in the NDF and ADF fractions, and the
binding of the proteins to the cell wall seem to be
a factor in decreasing digestibility (Reed et al
1990).

Table (3): Prediction of total gas and methane production and degradabilities of DM, OM and
NDF% and ME (MJ/kg DM).

PGP gp.r P-CHe . - P-CHJ IVDMD IVOMD IVNDFD ME
Treat.

ml/ ml/ MJ/k

S mm S pgp ) ) ) (O
Tl 7556° 0.039° 13.37° 0.039° 0176® 21.74° 24.06° 2256® 971
T2 7232° 0034 1204° 0037° 0169 20.90° 23.96°  21.35°  9.69
T3 8475" 0.063" 1537 0.044° 0182% 2287" 2492 2362 11.97°
T4 9238 0031 17.87" 0037° 0193% 24330 2521 2477%  10.26°
TS~ 0414% 0026° 19.24° 0.042° 0205% 2507° 26.05% 2536® 941
T6 9638 0045° 21.93' 0018 0228° 2609 27.08 26628  11.44°
+SE 4018 0004 1275 0004 0016 0989 0533 1271  0.265

P-GP= Potential Gas production., GP-R= Gas production rate., P-CH4= Methane production efficiency., CH4s-R= Methane
production rate., P-CH4/P-GP = methane production/ Gas production, ME (MJ/kg DM) = Metabolizable energy.

T1: CL + ARS (50:50), T2: ASL+ ARS (50:50), T3: PL+ ARS (50:50), T4: CL+ASL + ARS (25:25:50), T5: CL+PL+ARS
(25:25:50), T6: CL+ASL+PL + ARS (25:12.5:12.5:50).
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Fig. (3): Effect of CT consumption on GP production and CH4 emitted
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As seen in Table (4), there was a positive
correlation (r = 0.66, P <0.05) and (r =0.60, P <
0.05) between in vitro neutral detergent fiber
degradability (IVNDFD) and both microbial
protein (MP) and CHya, respectively. Also,
positive correlation (r = 0.76, P < 0.05) and (r =
0.65 P < 0.05) where shown between MP and
both GP and CHgs, respectively. Reasonable
correlations were also observed (r = 0.48, P <
0.05) between in vitro neutral detergent fiber
degradability (IVNDFD) and GP. Negative
correlations were also observed between CT
intake of the foliage leaves and total gas
production (r = -0.20, P = 0.422). Naumann et
al. (2013b, c) indicated that CT and CHas
production were negatively correlated (r2 =
0.44). There was a significant (P<0.05) and
negative correlation for CT with GP. Abo-Donia

and Nagpal (2015) and Tan et al. (2011) also
reported a linear reduction in gas production with
increasing CT levels and when they included CT
from L. leucocephala, gas production was
reduced up to 43%. In a similar way, CHs
production was decreased by 63%. In addition,
Hariadi and Santos (2010) reported a strong
negative relationship (r = —0.600) between total
tannins and in vitro CH4 production after 24 hrs.
incubation. A reduction in total gas production,
including CHs, could due to a decrease in DM
degradability which may attributed to the
inclusion of foliage leaves, containing CT, in the
tested feed combinations offered to animals.
This result is consistent with Gemeda and
Hassen (2015). Significant (P<0.05) positive
correlations were observed between IVNDFD
and both CH4 and MP.

Table (4): Correlation analysis of relationship between CT intakes versus in-vitro NDF
degradability, SCFA’s, MP, GP, CH4 production for diets containing foliage leaves.

ltem

CT IVNDFD SCFA's MP CHa
IVNDFD 0.019"
SCFA's 0.020"™  0.245™
MP 0.070™  0.655"  0.346"
CH4 0.169"™  0.602°  0591" 0.756"
GP -0.202™  0.479°  0.415™ 0.654" 0.648"

CT= condensed tannins IVNDFD= In-vitro NDF degradability SCFA’s= Short chin of fatty acids MP= Microbial protein CHs=

Methane production GP= Gas production

The pH, NH3-N, SCFA’s profile, microbial
protein and Bacterial and protozoal counts
obtained from sampling times are given in Table
5. The decrease of CT concentration increased
NH3-N, SCFA’s, MP, and bacteria count and
vice versa. Fermentation and VFA production
by microbes in the rumen influence the
production of CH4 (Tan et al., 2011). In
addition, Naumann et al. (2017) reported that CT
and SCFA’s were negatively correlated (R2 =
0.52). Hassanat and Benchaar (2013) also
reported a decrease of in vitro SCFA’s
concentration when CT level increased from 20
to 200 g/kg of DM. For ruminal NH3-N
concentration, tannins may increase the
efficiency of urea recycled to the rumen. Thus,
there is a shortage in the rate of protein

degradation and deamination in the rumen,
therefore ruminal NH3-N decreased (Woodward
and Reed., 1989).

In this study, there was no effect of
different treatments on pH, protozoa count,
propionic, A/P and Butyric. In ruminants,
Beauchemin et al. (2007) reported a linear
decrease in acetic acid concentration and A/P
ratio with supplement of 20 g kg-1 DM
guebracho tannin extract. The decrease in the
A/P ratio resulted from increased use of
hydrogen for propionate formation may related
to the inhibition of CHs production by CT
(Naumann et al., 2017). However, Gunun et al.
(2014) reported that protozoal population
dramatically  decreased with in  vitro
supplementation of CT. Bhatta et al. (2014)
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determined that rumen ciliated protozoa
populations decreased when the feedstuff
contained CT of Ficus bengalensis and
Azardirachta indica at concentrations 26 and
13.8%, respectively. In contrast, Animut et al.
(2008) reported that CT in Kobe lespedeza was
not responsible of the antiprotozoal activity in
goat. Concerning the inconsistent effect of CT on
ruminal protozoa, Patra and Saxena (2009)

suggested that effect of CT on rumen protozoa
are variable and mostly depend on the type of
CT, their origin and supplementation levels. Min
et al. (2002) reported a decrease of 0.5-0.1 log in
proteolytic  ruminal bacteria  Clostridium
proteoclasticum, S. bovis, Eubacterium sp and B.
fibrisolvenes when CT from Lotus corniculatus
(32 g CT/kg DM) were fed to sheep.

Table (5): Effect of tested diets on pH, NH3-N and SCFA’s, MP and Bacteria count in vitro

incubation (at 96 hrs) of sheep rumen fluid.

Item T1 T2 T3 T4 T5 T6 +SE
pH 672 6.87  6.69 6.8 6.71 6.82 0.138
NHs-N (mg/dl) 12.69% 7199 23.71®® 19.41°¢ 28,197 14.56° 2.185
SCFA’s (meg/dl) 7.55h° 7.05¢ 8.53% 859%  gog*? 7.70%¢ 0.333
MP (mg/dl) 36.59¢ 34.13¢ 38.08% 40.03*° 40.81% 43.032 0.764
Bacteria count, (x 10°/ml) ~ 7.56®> 7.42* 7.68* 8.68%  9.03? 8.30% 0.402
Protozoa count, (x 10°/ml)  4.88 4.07 4,94 5.48 5.54 5.23 0.582
SCFA'’s fractionation (%)

Acetic (A) 53.91¢ 53.73° 54,84 56.48" 58743 58.40° 0.624
Propionic (P) 2357 2367 2350 2493  23.95 24.66 0.781
A/P 229 227 233 2.28 2.46 2.37 0.076
Butyric 1152 1144 1171 1206  12.09 12.10 0.212

a, b and c Means in the same column with different superscript are significantly different (P<0.05).
NHs-N= Ammonia nitrogen, SCFA’s= Short chain fatty acids and MP= Microbial protein.
T1: CL + ARS (50:50), T2: ASL+ ARS (50:50), T3: PL+ ARS (50:50), T4: CL+ASL + ARS (25:25:50), T5: CL+PL+ARS

(25:25:50), T6: CL+ASL+PL + ARS (25:12.5:12.5:50).

Voluntary feed intake and digestibility of the
tested diets

Results in Table (6) showed that using
foliage leaves separately with ammoniated rice
straw significantly (P<0.05) increased the
amount of feed refusal, especially for T1 and T2
diets. On the other hand, the amount of feed
refusal declined when combining different
species of foliage leaves together. Thus, the
actual amount of feed consumed decreased
significantly (P<0.05) when foliage leaves were
separately incorporated in the tested diets (T1,
T2 and T3). Waghorn et al., (1994a) showed that
consumption of plant species with medium or
low CT (< 50 g kg-1 DM) seems not affecting
voluntary feed intake, while, high CT contents
(generally > 50 g kg-1 DM) significantly

reduced it. Also, Pathak et al., (2016) reported
that intake of DM and OM (g day * and % a live
weight) were statistically similar between groups
of sheep fed diets supplemented with 0 and 1.5
% of CT, respectively. In addition, camel and
sheep are more resistance to tannin rich feed than
other livestock. This idea supported by Abdel-
Fattah (2005) who reported that it possible to use
sheep as models for cattle to characterize
tanniniferous feeds. In this study, the change in
the amount of feed intake and refused feed was
due to increasing content of tannins in some
foliage leaves. The consumption of CT intake
(9/h /d) which corresponds to the same trend of
feed refusal and the actual consumed feed of the
tested diets are illustrated in Fig. (4).
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Fig. (4): Effect of CT consumption on feed intake

The results of the digestion trials (Table 6)
showed that the diet containing PL was
significantly superior compared to other diets.
The presence of CL and PL separately in tested
diets (T1 and T3) or the incorporation of foliage
leaves of different species into the tested diets
improved digestion of DM, OM, NDF, and
ADF% compared with ASL diet. No significant
differences found in the protein digestion among
tested diets.

This might firstly due to that CT
considerably reduced the proteolytic enzyme
activity and growth of bacteria in rumen of sheep
(Jones et al., 1993). Secondly, this may due to
that condensed tannin-protein complexes are
formed at the pH level of rumen which increase
the amount of available protein in the small
intestine that known as ruminal by-pass protein
(Minetal., 2003), while, dissociated at pH either
lower (2.5-3.5) in the intestines (Jones and
Mangan, 1977) or greater than 8 (for example in
the duodenum, pH 8) (Hagerman et al., 1992).
These protein molecules undergo enzymatic
hydrolysis in the small intestine leading to
availability of enormous number of amino acids
which absorbed from the intestine of sheep
(McNabb et al., 1998). However, higher tannin
levels (above 50 g/kg DM) in plant material can
become an anti-nutritional factor and can result
in reduced feed intake and digestibility (Barry
and McNabb, 1999) or growth rate and milk
quality and quantity in animals (Waghorn et al.,
1994a).

Therefore, the beneficial effects of tannins in
sheep are associated with the greater outflow and

absorption of amino acids especially for sheep
fed forages containing tannin percentage range
from 2-4% (Min et al., 1999).

Concerning fiber digestion, several
studies showed that fiber degradation in rumen
can drastically reduce in animals consume
tannin-rich feeds (McSweeney et al., 2001).
Whereas, CT could reduce fiber digestion by
complexing with lignocelluloses, just like
that suppressing microbial digestion (Auwal et
al., 2014) or reducing the number of cellulolytic
microorganisms (Kavitha et al., 2013) and/or
activities of fibro-lytic enzymes (Bae et
al.,1993). Thus, it could suggest that intake of
under 50 g CT kg-1 DM (10 - 40 g kg-1 DM)
improves the digestive utilization of feed by
ruminants (Barry and McNabb, 1999; Min et al.,
2003).

Feeding diets containing combination of foliage
leaves or separate CL or PL with ARS were more
nitrogen consuming than that in second diet (T2)
containing ASL. Nitrogen release take the same
trend of food consumption, where output of
nitrogen was significantly (P<0.05) lower with
T2 (containing ASL) compared to cassava diets
(T1) and diet containing the mixture of leaves
(T4, T5 and T6). The results of N balance
showed significant (P<0.05) increase in T3, T4
and T5 compared to other tested diets. These
findings supported by those reported by Grainger
et al. (2009) that when 0.86 and 1.4% CT
consumed (143 and 266 g/day) the level of
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Table (6): Mean nutrient intake, apparent digestibility coefficients, nutritive value and nitrogen
balance of experimental ration offered to sheep.

Item T1 T2 T3 T4 T5 T6 +SE
Feed Intake

Offer feed (kg/h/d) 773 734 799 775 784.67 773.33 38.14
Refusal feed (kg/h/d) 138.90° 132.93% 121.97®® 108.73° 107.07°° 96.10° 5.56
Refusal feed % 17.97¢  18.11*°  1527° 14.03° 13.65°° 12.43° 0.814
Real Feed Intake (g/h/d)  634.10 601.07 677.03 666.27 677.60 677.23 36.15
Real feed intake (%) 82.03° 81.89° 84.73" 85.97*® 86.35® 87.57° 0.814
F1 g/kg weight 13.8 13.03 14.73 14.50 14.77 14.77  0.847
F1 g/kg weight (0.075) 35.93 33.97 3837  37.77 3843 3837 2.167
CT intake (g/kg) 11.92¢  12.33*  6.16° 1193 878"  10.35% 0.737
Digestion coefficients (%0)

DM 56.60°  55.38°  59.20° 56.02® 57.57® 56.91° 0.706
oM 58.85%  57.31°  61.31* 58.13" 59.24% 5850 (.838
CP 56.92 55.41 58.17  56.21 5754  57.03 1.337
EE 63.43  62.58° 65.75® 63.03° 64.56™ 67.81° 0.726
NDF 55.84%  53.76°  57.03% 53.23® 5591*® 5359° 0.548
ADF 51.12%®  50.15> 52.58% 50.09% 51.81* 51.17®® 0.477
N utilization (g/h/d)

N intake 12.83¢ 953  10.90®® 12.00° 12.33*  12.27* 0.620
N output 12.308  9.22¢  10.12° 11.55%® 11.64® 11.76® 0.622
N balance 0.53¢ 0.31° 0.782 0.45¢ 0.69° 0.51° 0.015
Nutritive value

TDN (%) 53.51%  51.73° 5539  52.66° 53.72% 53.15% (0.734
DCP (%) 7.212 5.47¢ 5.85¢ 6.33° 6.54° 6.45°  0.155

a,b,c Values on the same row with different superscripts differ (p<0.05).
T1: CL + ARS (50:50), T2: ASL+ ARS (50:50), T3: PL+ ARS (50:50), T4: CL+ASL + ARS (25:25:50), T5: CL+PL+ARS

(25:25:50), T6: CL+ASL+PL + ARS (25:12.5:12.5:50).

inclusion of CT in ration was increased, the
amount of N excreted in the feces increased,
while N retained and that excreted in the urine
was reduced. On the contrary, Pi~neiro-
V_azquez et al., (2017) found that nitrogen
balance in the rumen of sheep not affected
(P>0.05) by the increase in the levels of
condensed tannins (0, 1, 2, 3 and 4% CT/kg DM)
in the ration.

These results might due to the CT
content of foliage leaves as illustrated in Fig. (5).
Disharmony in the effects of CT on nitrogen

balance may be interfered by the chemical nature
of CT and the source and molecular weight of the
CT fed (Naumann et al., 2013c).

In the present study, total digestible
nutrients (%) and digestible crude protein (%)
differed significantly (P < 0.05) among
treatments. Regarding the nutritive value of the
tested feeds, feeding Prosopis juliflora (PL)
foliage either mixed with urea-treated rice straw
or combined with CL and ASL could be better
than the other experimental foliage leaves.
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CONCLUSION
It became clear from this study that
tannins reduce N absorption in the rumen and
shifted it towards the higher protein flow to the
small intestine which known as ruminal by-pass
protein. In addition, concerning reduction of the
emissions of greenhouse gases, it is important to
increase production of animals. Thus, we could
conclude that, using foliage leaves rich in tannins
in the form of feed mixtures might help to
overcome the negative effect of CT and reduce
CHg4 emission
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