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SUMMARY

Hashim, North West Coast, Egypt, through the estimation of chemical composition and in situ

dry matter (DM) and crude protein (CP) degradation kinetics. In addition, plants were treated by
different processes, such as ensiling or addition of Poly Ethylene Glycol (PEG) in comparison with those
without treatment (as fed). The plants belong to 6 families: Thymelaea hirsuta (family: Thymelaeaceae);
Lycium shawii (f: Solanaceae); Asphodelus fistulosus (f: Liliaceae); Silybium marianum (f: Compositae);
Pituranthos tortuosus (f: Umbelliferae) and Suaeda vermiculata (f: Chenopodiaceae). The DM and CP
degradation kinetics were evaluated by the artificial fiber bag technique through in situ procedure, using three
ruminally cannulated camels. Chemical composition of the studied plants showed that Suaeda vermiculata
followed by Lycium shawii contained higher CP (12.8 and 11.9%, respectively). Treatments as ensiling
process or treatment with PEG improved chemical composition of the experimental plants. Degradation
profile of DM indicated that the higher values of the rapidly degradable fraction ‘a’ were recorded in S.
marianum followed by A. fistulosus in all of their forms (as fed, silage or treated with PEG) while S.
vermiculata recorded high value in silage form only (42.4%). The fraction ‘a’ was generally low across the
studied plants as fed and those treated with PEG. However, the slowly degradable fraction ‘b’ differed among
plant species, being high in A. fistulosus and S. marianum with 60.4, and 59.3% DM (as fed), 57.3 and
56.8% DM (treated with PEG) and 57.7 and 62.1% DM (when ensiled), respectively. Concerning the CP
degradability, it was found that the soluble fraction “a” was low as in T. hirsute, P. tortuosus and S.
vermiculata (as fed, 10.5, 21.7 and 23.5% CP, respectively) and it was irregularly affected with PEG addition
to become 31.5, 23.5 and 19.6% CP, respectively, and slightly increased when ensiled to become 24.5, 23.4
and 31.2% CP, respectively. Meanwhile, the slowly fraction “b” was not affected in a uniform pattern when
treated with PEG or ensiled. The slowly fraction was reduced in T. hirsute and A. fistulosus when treated with
PEG or ensiled when compared with their values as fed. Results indicated that the contents of anti-
nutritional factors, total and condensed tannins and saponin, in the studied plants were reduced with
treatment, particularly ensiled ones. Based on these findings, it can be concluded that the nutritive value of
the forage plant species are improved with treatment and can be used as supplement when ensiled.

Q n experiment was conducted to evaluate the nutritive value of six dominant range plants in Wadi

Keywords: range plants, in situ, nutritive value, dry matter and crude protein degradation, poly
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INTRODUCTION

Forage plants, constitute one of the cheapest sources of feed for ruminants. In the meantime,
browsing tree foliage plays an important role in ruminant feeding systems in many Mediterranean and
tropical environments around the world (Kumara Mabhipala et al., 2009). As a result to their resistance
to heat, drought, salinity, alkalinity, drifting sand, grazing and repeated cutting, they are the major
feed resources during the dry season (Fagg and Stewart, 1994). They are chiefly considered as good,
cheap sources of nitrogen and energy, which may reduce feeding cost and raise sheep productivity in
arid and semi-arid zone (FAO, 1987).

However, the problems of feeding such plants or shrubs such as Thymelaea hirsuta (family:
Thymelaeaceae); Lycium shawii (f: Solanaceae); Asphodelus fistulosus (f: Liliaceae); Silybium
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marianum (f: Compositae); Pituranthos tortuosus (f: Umbelliferae) and Suaeda vermiculata (f:
Chenopodiaceae) that they have different levels of anti-nutritional factors. Also, they are rich in fiber
and some of them are deficient in protein. The previous plants are dominant in Wadi Hashim in the
North West coast region of Egypt. Bedouins in this region nowadays pay much attention in just
feeding their livestock with any locally or costly available feed materials without knowing the
digestibility and nutritive values of such plants.

Unfortunately many forage trees and shrub legumes contain anti-nutritive or secondary compounds
that can seriously restrict their value as animal feeds. Moreover, anti-nutritional factors (ANFs) are
substances that when present in animal feed or water they either by themselves or through their
metabolic products reduce the availability of one or more nutrients. Therefore, a practical strategy for
overcoming ANF could involve to reduce their levels in the diet and ruminal detoxication may be able
to cope with low levels of toxin in some cases (Lowry, 1989; Jones and Lowry, 1991).

The major anti-nutritive factors in browse plants are tannins and saponins. Tannins have both
beneficial and adverse effects. Beneficial effects of tannins include suppression of bloat (Jones et al.,
1973), protection of dietary proteins in the rumen (Waghorn et al.,1994) also, they had anti-diarrhea,
anti-bacterial and anti-oxidant properties. Not only that, but they can work as protein protection
during ensilage (Yacout , 2016). The adverse effects of tannins are associated with their ability to
bind with dietary proteins, carbohydrates and minerals (McSweeney et al., 2001) cause decreased
palatability, feed intake and growth rate (Roeder , 1995). Tree and shrub leaves contain the two
different groups (hydrolysable & condensed Tannins (CT)). Condensed Tannins have more effect in
reducing digestibility than hydrolysable tannins because of their ability to form strong hydrogen
bonds with nutrients resulting in inhibitions of digestive enzymes and rumen microbial activity
(Kumar and Singh (1984).

Saponins are a heterogenous group of naturally occurring foam producing steroidal glycosides that
occur in a wide range of plants (Jenkins and Atwal (1994) . Meantime, they can cause bloat,
hemolysis and inhibit microbial fermentation and synthesis in rumen (Lu and Jorgensen, (1987). A
number of methods have been tried to overcome the deleterious effect of such anti-nutritional factors
and tannins. These are through making hay, silage , using PEG (Ben Salem et al., 2000 ; Salem et al.,
2007) which can be applied to either take off or minimized and decrease anti-nutritional factors
concentration. Improving forage quality by reducing proteolysis during ensiling will improve N
utilization by ruminants (Givens and Rulquin, 2004). Moreover, It is well known that alkali treatment
includes polyethylene glycol (PEG), which a tannins-binding agent (Jones and Mangan, 1977), was
shown to be a powerful tool for isolating the effect of tannins on various digestive function (Makkar et
al., 1995). Nowadays, the artificial bag technique (Meherez and @rskov, 1977) is the standard
technique in feed evaluation system (Tamminga et al., 1994; Thomas, 2004).

This study is designed to: 1) evaluate the nutritive values of six dominant range plants in Wadi
Hashim, North West Coast, Egypt. 2) To evaluate the dry matter (DM) and crude protein (CP)
degradation characteristics of the selected plants. 3)To evaluate the best treatment that improve the
utilization of the studied plants such as ensiling or addition of Poly Ethylene Glycol (PEG) compared
with those without treatment (as fed). Also, 4) To determine the proximate composition and anti-
nutritive profile of the selected plants in the study areas. Finally, 5) To recommend the appropriate
forage plants to Bedouins to augment feed supplies where these plants are locally readily available
and commonly fed to ruminant.

MATERIALS AND METHODS

Study area and samples:

Six common plant species in this area were used in this experiment. The species were Thymelaea
hirsuta ; Lycium shawii ; Asphodelus fistulosus ; Silybium marianum ; Pituranthos tortuosus and
Suaeda vermiculata .All plant species were harvested during winter season (January, 2010) from
Wadi Hashim, North Western coast, Egypt. The experimented plant species were harvested from at
least 10 trees per each selected species at random in four locations within the study area .

Samples preparation:

468



Egyptian J. Nutrition and Feeds (2017)

Samples of each plant species were individually divided into three portions: one portion was
ensiled to make silage, the other two portions of each plant samples were air dried and milled. One
of these two portions used as fed and the other one was sprayed with 5% g polyethylene glycol PEG
(MW=4000) solution.

Silage preparation: Enough amounts of edible parts of the fresh plants were allowed to wilt
separately to an average 40% dry matter (DM), then chopped and mixed thoroughly with sugar cane
molasses in proportions of 90 : 10 on dry matter (DM) basis. Each plant was ensiled and covered for
anaerobic fermentation for 45 days in small hard plastic barrels with tight sealed cover. Each ensiled
plant was labeled and stored for degradability study and for chemical analysis.

Polyethylene glycol (PEG) treatment: enough amounts of edible parts of each plant were cut and
spreading the cut parts of each plant separately on a thin plastic sheet to avoid mechanical losses and
sand contamination, then air dried separately. Dried plants were sprayed with 4% PEG (molecular
weight 4000) (Sigma chemical company, UK) solution, (12 g PEG for 1 kg DM plant) (Wina, 2010)
then let to dry again before using.

Each portion was also labeled and stored in sealed bags for degradability study as well as for
proximate analysis.

In situ trial :

The in situ DM and CP disappearance was conducted according to the method of @rskov and
MacDonald (1979). Camels were fed ad libitum a good quality berseem hay. Water was available at
all times. Five grams samples were dried and milled through a 2-mm sieve then weighed into nylon
bags to be incubated in three rumen fistulated camels as animal replicates. The size of the bag was 170
x 100 mm with average pore size of 50 um. Duplicate sample bags at each time were incubated in
each camel for seven incubation times ( 3, 6, 12, 24, 48, 72 and 96 hours), in reverse order before
morning feeding. Considering two replicates per time and per animal for each plant species, with a
total of six observations per time. A piece of marble was included in each bag containing 5g sample to
prevent the bag from floating in the rumen. The weight of each bag and its content was then recorded.
On removal the nylon bags were thoroughly washed with pressurized tap water to remove digesta
until the rinse was clear. The zero time bags (TO h) were not introduced into the rumen but by
soaking the bags containing the samples in warm water (40 °C) for 20 min, followed by drying by the
same procedures as those removed from the rumen. Bags containing forage residues were oven dried
at 60 °C for 48 h and then reserved for later analysis.

In situ DM and CP degradation data were fitted to the following exponential equation:
Y=a+b(1-e%). (Qrskovand MacDonald , 1979)
where: Y = DM or CP degradation in rumen at time t
a = Water soluble (or rapidly degraded) fraction (at T0)
b = the slowly degradable (or potentially degradable) fraction
¢ = Rate of degradation of b
t = Incubation time i.e. 2, 4, 6, 12, 24, 48 and 96 hrs

The un-degradable fraction (U) was calculated as: U = 100 — (a + b). Effective degradability (ED)
of DM and CP was calculated as: ED = a + [(b x c)/(c + k)], assuming constant rumen passage rates
(k) of 0.02, 0.05 and 0.08 h™* for each ingredient. (@rskov and MacDonald , 1979)

Chemical analysis:

Chemical component analysis of samples and the residues in the bags were individually analysed
for dry matter (DM), crude protein (CP), ether extracts (EE) and ash contents were determined
according to AOAC, (2005). Anti-nutritional constituents were determined in forages include: total
tannins using copper acetate according to Balbaa (1969), condensed tannins (leucocyanidin
equivalent) was estimated by the butanol-HCI method of Porter et al. (1986) and saponins as reported
by Okwu and Ukanwa (2007), respectively. All chemical analyses were done in triplicate.

Statistical analysis:
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Degradation parameters of DM and CP of forage plants during rumen incubation were calculated
following the model proposed by @rskov and McDonald (1979), as mentioned above and using the
non-linear regression procedure (PROC NLIN) of the SAS statistical package (version 9.0; SAS).
Data of the degradation parameters (a, b, ¢, ED, and total degradable and un-degradable parameters)
were separately analyzed by the GLM procedure of the SAS statistical package, with a model
consisting of the effects of plant species , treatments and their interaction. Differences between means
are significant when P- value is below 0.05.

RESULTS AND DISCUSSION

Concerning to the palatability, the experimented plants were classified according to the previous
studies of EI-Morsy (2010) and El-Morsy and Ahmed (2010) (Table 1). The plants were divided into
three types: 1) Palatable plants such as Lycium shawii and Asphodelus fistulosus. 2) less palatable or
undesirable including Pituranthos tortuosus and 3) unpalatable including Thymelaea hirsute,
Silybium marianum and Suaeda vermiculata.

Table (1). Palatability of the studied plants

Family name Scientific name Palatability Life duration Vernacular name
Thymelaceae Thymelaea hirsuta UP Per Methanan
Solanaceae Lycium shawii P Per Awsage
Liliaceae Asphodelus Fistulosus P Per Basal El-onsol
Compositae Silybium marianum UP Per Shoak EI-Gamal
Umbelliferae Pituranthos tortuosus LP Per Qozzah
Chenopodiaceae Suaeda vermiculata UP Per Soweid

P= Palatable, UP = Unpalatable, LP= Less palatable, Per = Perennial
Palatability of the studied plants were recorded according to El-Morsy, (2010) and El-Morsy and Ahmed ,
(2010)

Chemical composition of the browse forages:

The results of (Table 2) showed that the chemical composition of the studied plants was
considerably affected with different treatments. Results of dry matter (DM) content as fed ranged
from 92.72% (Asphodelus fistulosus) to 96.74% (Suaeda vermiculata), while it decreased when
treated with PEG to range from 90.6% (Silybium marianum) to 92.04% (Thymelaea hirsute) and when
treated as silage from 85.67% (Suaeda vermiculata) to 92% (Pituranthos tortuosus). The organic
matter (OM) contents revealed the lowest values with all treated forms of Suaeda vermiculata. On the
other hand, the highest values were recorded with Pituranthos tortuosus, in all of its forms of
treatments. Generally, CP and CF contents of the treated plants with PEG and as silage were improved
especially in silage form. It was noticed that a higher CP content in most plants was associated with a
lower CF content in silage form and PEG. The results indicated that ensiling procedure increased the
breakdown of CF resulting in decreasing its values (El-Waziry, 2007). This means that ensiling
process improves the nutritive value of the experimental plants. Moreover, decreasing of CP or total
ash (TA) may be due to the soluble parts of them that lost during ensiling (in case of silage) or during
drying of plants before and after PEG spraying . Interestingly, the results showed an increment in
nitrogen free extract (NFE) in some plants during ensiling or with PEG spraying which could be
attributed to the increasing of CF breakdown.

Liman et al. (2016) reported that browse plants with CP level below 7% are considered deficient
and therefore may not sustain live weight of animals; such plants may only be supplemented by
protein feed sources. The CP contents of the studied plants were generally moderate (above 7%) but it
was low (less than 7%) in only two of them. Generally, the CP content in plants has been shown to be
above the minimum level required for microbial activities in the rumen (Norton, 1998 and Njidda et
al., 2013). On the other hand, Le Houerou (1980) also noted that all browse species are able, in all
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their growth stages, to meet the energy requirements of livestock at maintenance level and often well
above. The difference in CP contents among plant species can be explained by inherent characteristics
of each species related to the ability to extract and accumulate nutrients from soil and/or to fix
atmospheric nitrogen. The other factors causing variation in the chemical composition of forages
include soil type (location), the plant part (leaf, stem and pod), age and season (Njidda and Olatunji,
2012). With regard to the fiber content, the studied forages had moderate to high content of fiber but
different treatments affecting their contents. As mentioned above that CF content was reduced with
silage and PEG addition. Ensiling has been reported to reduce fiber content (Khan et al., 2006; Rezaei
et al., 2009) and therefore could improve the nutritive value of forages. The current results are
supported by reports that fiber content is reduced at ensiling (Colombatto et al., 2004). Ensiling
process also causes a number of changes where Morrison (1979) showed that the lignin concentration
of forage did not change while that of cellulose decreased up to 5% during ensiling.

Table (2). Chemical composition of the experimental plants in different forms (as fed, treated
with PEG and as silage) on DM% bases.

Plant DM oM TA CP CF EE NFE
Thymelaea hirsute

As fed 95.6 92.8 7.20 6.9 27.1 5.0 53.7
PEG 92.0 93.2 6.80 6.9 25.9 2.6 57.8
Silage 91.7 89.3 10.70 8.2 24.8 2.3 54.0
Lycium shawii

As fed 96.2 88.6 114 11.9 27.6 3.1 46.0
PEG 91.5 92.9 7.1 11.8 18.2 0.23 62.6
Silage 91.3 87.7 12.3 12.8 15.6 1.1 40.3
Asphodelus Fistulosus

As fed 92.7 85.0 15.0 10.4 23.3 4.9 46.3
PEG 90.7 86.4 13.6 12.3 21.3 3.9 48.8
Silage 88.6 82.5 17.5 11.2 14.4 2.8 54.1
Silybium marianum

As fed 94.2 86.2 13.8 10.8 16.7 4.2 54.5
PEG 90.6 85.5 14.5 8.6 15.7 2.8 58.5
Silage 89.0 83.8 16.2 12.7 12.9 2.1 56.1
Pituranthos tortuosus

As fed 95.7 93.6 6.4 6.4 43.6 35 40.2
PEG 91.2 94.5 55 6.3 26.5 1.7 59.9
Silage 92.0 91.8 8.2 7.7 17.7 1.8 66.6
Suaeda vermiculata

As fed 96.7 82.5 17.5 12.8 24.3 3.6 41.8
PEG 91.1 81.8 18.2 115 175 1.9 50.9
Silage 85.7 81.3 18.7 12.7 14.3 2.2 32.1

DM: dry matter; OM: organic matter; TA: total ash; CP: crude protein; CF: crude fiber; EE: ether
extract: NFE: nitrogen free extract . PEG: poly ethylene glycol

Anti-nutritional factors levels of the forages:

Phytochemical screening of the studied plants as fed revealed the presence of tannins in all six
studied plants and saponin in only three plants as major constituents.

Ensiling the tested plants and treatment with PEG led to decrease all secondary metabolites
contents compared with raw materials (Table 3). The highest contents of total tannins (TT) as fed
were observed in Lycium shawii (4.9%) whereas Pituranthos tortuosus and Suaeda vermiculata
plants showed lowest concentrations ( 0.9 and 0.5%, respectively). On the other hand, condensed
tannins (CT) varied widely among plants as fed, the highest value was recorded for Thymelaea
hirsuta (2.9%) while the lowest value was recorded for Suaeda vermiculata (0.08%). In addition,
treated selected plant with PEG led to decrease their contents of tannins. These results agree with
findings of Makkar (2003b) who used PEG as a tannin complexing agent to inhibit their biological
effect. Boufennara et al. (2013) reported that the blocking effect of PEG on tannins would be an
indicator of the biological activity of tannins on rumen microbial fermentation. In fact, PEG binds
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tannins and inactivates it by reducing its anti-nutritional effect, and recovers feed nutrients bound by
tannins (Canbolat et al., 2005; Rubanza et al., 2005). The level of tannin which adversely affect
digestibility in ruminants is between 2% and 5% (Gidado et al., 2013).

Table (3). Anti-nutritional factors in the forages plants

Plant TT g% CT mg% Sap g%
Thymelaea hirsute

As fed 4.8 2.9 5.1
PEG 3.0 1.0 4.3
Silage 3.1 1.8 3.9
Lycium shawii

As fed 4.9 15 7.6
PEG 2.0 n.e 3.6
Silage 2.3 0.6 4.1
Asphodelus Fistulosus

As fed 4.7 1.8 n.e
PEG 3.0 0.9 n.e
Silage 3.3 1.0 n.e
Silybium marianum

As fed 4.6 14 n.e
PEG 35 1.1 n.e
Silage 3.8 1.2 n.e
Pituranthos tortuosus

As fed 0.9 0.6 3.4
PEG n.e n.e. 2.3
Silage n.e n.e 1.7
Suaeda vermiculata

As fed 0.5 0.1 n.e
PEG n.e n.e n.e
Silage n.e n.e n.e

TT: total tannins; CT: condensed tannin; Sap. saponins

PEG: poly ethylene glycol n.e: not evaluated

Due to its property to bind with condensed tannins (CT), PEG has been used to reduce the adverse
effects of CT in ruminant diets (Silanikove et al., 1994; Barry and McNabb, 1999; Jones and Palmer,
2000; McSweeney et al., 2001).

Ensiling the experimental plants individually as a process to ameliorate the anti-nutritional factors
effect indicated that ensiling the forages showed comparable results of CT to PEG treatment. El-
Waziry et al. (2007) concluded that ensiling processing decreased tannins and ash content in acacia
and atriplex, respectively.

Concerning saponin levels, the PEG addition and ensiling reduce saponin levels compared to those
as fed. The highest concentration of saponin as fed was recorded in Lycium shawii reduced when
treated with PEG or ensiled (7.6% vs. 3.6 or 4.1%, respectively). Gidado et al. (2013) suggested
tolerated level of saponins in ruminant diet ranged from 1.5 to 2 %. Inhibition of rumen proteolytic
activity of saponins has been demonstrated (Wallace et al., 1994). Saponins also form complexes with
proteins and could decrease protein degradability (Sen et al., 1998). The effect of saponins could
differ from feed type to other, Makkar and Becker (2000) reported that quillaja saponins decreased
protein degradability of the concentrate, but not of hay-based diet. The current data are the first report
about the in situ degradability of the studied plants in camels.

Ruminal Degradation Profiles:

Degradation kinetics profile of DM (Table 4) indicated that the higher values of the rapidly
degradable fraction ‘a’ was recorded in Silybium marianum treated with PEG and silage of Suaeda
vermiculata when compared with their corresponding values as fed with significant variations (P<
0.01). The slowly degradable or insoluble dry matter fraction ‘b’ was not significantly affected with
treatments. It differed among the investigated plants and mostly high in Asphodelus fistulosus and
Silybium marianum, in the two treated forms when compared with as fed plants 57.3% and 56.8%
DM (treated with PEG) and 57.7% and 62.1% (when ensiled), respectively. This observation may
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probably be due to it’s cell wall content (Wilson, 1994). In other words, fresh forage is degraded
extensively in the rumen but the distribution of morphological components is not the same, resulting
in a differential degradation of nutrient fractions in the rumen (Valderrama and Anrique, 2011). The
rate of degradability ‘c’ of DM (DMc) significantly (P<0.01) affected with treatments in a non
uniform pattern. Total or potential degradation ‘a+b’ of dry matter was affected significantly (P<0.01)
with treatment, it was above 50% in most of the plants. However, according to Singh and Makkar
(1993) the statistical variations may be associated with their fibrous components such as the structural
polysaccharides, which vary in their degradation among forages. The highest values of potential
degradability reported here were recorded in Silybium marianum: 88.2% (as fed), 87.9% (treated
with PEG) and 94.6% (when ensiled) and it was associated with the presence of large quantities of
soluble fraction ‘@’ and high degradability of slowly degradable fraction b, resulting in low amounts
of undegradable fraction U (P<0.01) 11.8% as fed, 12.1% (treated with PEG) and 5.4% (when
ensiled), respectively. Most of the studied plants followed the same pattern. Valderrama and Anrique
(2011) reported similar concept . Costa et al. (2016) found that the DM degradability of silage
without tannin showed higher soluble fraction and higher degradation potential. The greater soluble
fraction of this silage is in accordance with the highest degradation rate of this material. The higher
the soluble fraction and the degradation potential of a food, the higher the degradation rate. The
effective degradation in the rumen depends on how long the feed remains in the rumen which is also a
function of the quality of the feeds fed to the animals. The effective degradability of dry matter in the
investigated plants varied significantly (P < 0.01). The highest effective degradability (ED) values
(80.9% and 80.2% as fed vs. 80.8 and 80.1% when treated with PEG and 87 and 84.6% when ensiled)
were observed in Silybium marianum and Asphodelus fistulosus in all of their forms (as fed vs. PEG
and silage ), respectively. while the lowest values (35% vs. 44.5%) were obtained in Pituranthos
tortuosus (as fed vs. silage) and (41.1%) in Lycium shawii (when treated with PEG) at the fractional
out flow rate of k = 0.02 . These findings could be attributed to moderate contents of CP and CF in
these plants as previously reported in Table (2). Mupangwa et al. (2003) found that variations in
effective degradability of dry matter in forages closely corresponds with the proportion of potentially
degradable dry matter and level of NDF. Also, Llamas-Lamas and Combs (1990) have observed that
forages with low fiber to have high effective dry matter degradability compared to those with high
fiber content. Abdel Gawad (2015) reported that increasing the acid detergent fiber and on contrary
decreasing the neutral detergent fiber could be the reason for the significant reduction of in situ DM
degradation. Generally, Liman et al. (2016) found that degradability decreased with increasing fiber
content. To specify the effect of plant species on degradation Kinetics profile of DM, It is clear that
plant species highly affected degradation values of DM. Concerning treatment effect, it also affects
all values of profile except slowly degradable fraction. Consequently, plant — treatment interaction
was significantly affecting the DM degradation profile.

Concerning the degradation profile for in situ CP of the forage plants (Table 4 A and B) and
Figure 1), it was found that the soluble CP fraction “a” (Cpa) was low as in Thymelaea hirsute,
Pituranthos tortuosus and Suaeda vermiculata (as fed), 10.5, 21.7 and 23.5, respectively) and it was
irregularly affected with PEG addition to become (31.5, 23.5 and 19.6, respectively) and slightly
increased when ensiled to become (24.5, 23.4 and 31.5, respectively). However, CPa fraction of
Lycium shawii was considerably decreased when treated with PEG (32.5 vs. 1.5 for as fed and PEG
addition) respectively. Besides, milled feed particle size has been shown to affect soluble CP fraction
(Gonzalez and Andres, 2003). Nevertheless, Wallace and Gotta (1988) recorded that in high soluble
protein fractions may stimulate proteolysis bacteria in the rumen . Dealing with the values of slowly
degradable fraction of CP (CPb), it was not affected significantly in a uniform pattern when treated
with PEG or ensiled as a silage compared with their values as fed. For CP, the observed variations in
degradability may be due to complexes formed between tannins and proteins. These complexes mostly
insoluble in the neutral detergent and could add to the un —degradable fraction (Makkar et al., 1995).
The same author reported that the addition of PEG decrease the degradability due to occurrence of
tannin — PEG complexes. Moreover, a decrease in “a” values and an increase in b-values was
observed when PEG was supplied. The addition of PEG increased the availability of protein to
rumen micro-organisms by releasing protein from tannin — protein complexes (Makkar et al., 1995a).
Thus, reducing protein degradation in the rumen is one of the major causes for in efficient utilization
of protein in ruminants (Pathak, 2008). The degradation rate “c” of CP in the current study (CPc) was
non significantly affected with treatment. The CPc is related to forage quality and type (Vanzant et
al., 1996). On the other hand, differences in degradation rates could be due to amounts of intracellular
components and digestibility, while N availability is due to its distribution among cell structures
(Valderrama and Anrique, 2011). Many studies reported decreases in DM and CP ruminal
degradation rates in the presence of condensed tannins (Barry and McNabb, 1999; Foley et al. 1999;
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McMahon et al., 2000). The total degradability “ a+b” values of CP were comparable with each
other in different forms. Newman et al. (2002), believed that long lag times influence the degree that
the slowly degraded fraction “b” is broken down in the rumen. Brown et al. (1991) have showed that
with low supply of nitrogen to the rumen and long lag phase for CP degradation, high concentrations
of insoluble but degradable CP will mostly pass to the lower digestive tract before being degraded.
However, effective CP degradability (ED2) was not affected by PEG supply or ensiling. On the other
hand Njidda et al. (2013) studied that feeding tannin containing plant can decrease ruminal protein
degradation and promote the efficiency of microbial protein synthesis (Cardozo et al., 2004).
However, in ruminants, dietary condensed tannins of 2 to 3% DM have beneficial effects because
they reduce the protein degradation in the rumen by the formation of a protein — tannin complex
(Barry, 1987) and increasing absorption of amino acids in the small intestine (Barry and McNabb,
1999). On this basis, they proposed as feed additives to improve digestive utilization of dietary protein
(Schwab, 1995). Moderate levels of CT (3 — 4.5% DM) can exert beneficial effects on protein
metabolism in ruminants, but high levels of CT (> 5.5% DM) can depress voluntary feed intake,
digestive efficiency and animal productivity. The effects can vary depending on tannin type,
concentration, and animal species (Makkar, 2003). The effective degradability (ED) of CP in the
current study at an outflow rate of 2%, 5% and 8% per hour were variable from plant to plant and
considerably significantly (P< 0.01) affected with different treatments at passage rate of 5 and 8% .
High effective degradability (ED) of CP values can arise from high value of soluble fraction and rate
of passage of feed through the rumen (Gonzalez and Andres, 2003). Concerning the effect of plant
species, it is clear that it affects significantly on degradation profile for in situ CP of the forage
plants. However, different treatments are affecting most of values of CP degradation profile. So, plant
— treatment interaction revealed high significant action on degradation profile of CP.

Table (4). Degradation fractions (a, b, U) and effective degradability (ED) of dry matter (DM)
(A) and crude protein (CP) (B) of forages (%o) at ruminal outflow rates of 0.02, 0.05
and 0.08 h-1.

(A)

Forage DM a B U a+b c EDdm EDdm EDdm
k=0.02 h-1 k=0.05h-1 k=0.08h-1

Thymelaea hirsute

As fed 7.7 535 389 611 024 56.6 51.1 46.8
PEG 58 56.1 381 61.9 0.39 59.1 55.3 52.1
Silage 34 594 372 628 0.29 58.9 54.1 50.1
Lycium shawii

As fed 89 287 623 38.7 0.26 35.4 32.6 30.4
PEG 9.7 329 574 426 043 41.1 39.1 37.3
Silage 249 358 393 60.7 0.18 57.0 52.8 49.6
Asphodelus fistulosus

As fed 25,5 604 14.1 859 0.19 80.2 73.5 68.2
PEG 28.2 573 145 855 0.20 80.1 73.8 68.9
Silage 338 577 85 915 0.15 84.6 76.8 71.2
Silybium marianum

As fed 289 593 11.8 88.2 0.15 80.9 73.0 67.2
PEG 31.1 56.8 121 879 0.15 80.8 73.1 67.4
Silage 325 621 54 946 0.15 87.0 78.7 72.6
Pituranthos tortuosus

As fed 9.1 294 616 385 0.5 35.0 31.2 28.3
PEG 10.2 345 553 447 0.26 42.2 39.1 36.5
Silage 146 329 525 475 0.19 44.5 40.8 37.9
Suaeda vermiculata

As fed 19.9 338 46.3 53.7 0.12 48.7 43.5 39.9
PEG 215 36.3 422 578 0.19 445 50.4 47.3
Silage 424 306 270 729 0.18 69.9 66.2 63.5
+ SE 174 184 099 0.99 0.04 0.77 0.93 1.05
Significance

P Iant *k*k *k*k E *k*k *k*k *k*k *k*k *k*k
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Treatment *k*k ns *kk *kk E *kk *k*k *k*k
Plant X treatment *k*k 005 *kk *kk * *kk *k*k *k*k
Table (4). Continue

(B)

Forage P a B U ath ¢ EDp EDp EDp
k=0.02h-1 k=0.05h-1 k=0.08h-1

Thymelaea hirsute
As fed 105 529 36.6 634 0.24 52.7 46.3 40.8
PEG 315 389 296 704 0.16 37.9 54.2 50.5
Silage 245 476 279 721 0.24 49.6 59.2 54.8
Lycium shawii
As fed 325 379 295 705 0.24 43.6 64.0 61.1
PEG 15 602 384 616 0.24 63.9 50.9 46.2
Silage 349 459 19.2 808 0.17 49.5 70.0 65.7
Asphodelus
Fistulosus 314 609 77 923 0.23 64.6 81.5 76.7
As fed 417 484 99 90.1 0.28 53.7 82.7 79.2
PEG 378 544 78 922 0.20 58.0 81.4 76.7
Silage
Silybium marianum
As fed 31.8 584 99 90.1 0.14 59.6 74.7 68.9
PEG 175 720 105 895 0.15 71.5 70.6 63.6
Silage 26.2 698 4.0 959 0.13 68.3 75.5 68.3
Pituranthos tortuosus
As fed 21.7 426 357 643 0.13 54.2 52.0 47.6
PEG 235 429 336 66.4 0.05 37.5 43.3 38.6
Silage 234 432 334 66.6 0.12 45.5 53.8 49.3
Suaeda vermiculata
As fed 235 503 26.2 738 0.12 51.4 58.7 53.3
PEG 196 517 287 713 0.12 52.6 55.8 50.4
Silage 31.2 531 158 842 0.12 58.6 77.3 73.9
+ SE 318 34 242 242 0.04 341 1.60 1.68
Significance
P I ant *k*k *k*k *kk *k*k *k*k *k*k *k*k *k*k
Treatment **  N.S *** NS N.S faladed faladed
Plant X treatment *k*k *k*k *kk *kk *k*k *k*k *k*k *k*k

ns: non significant , (*): P<0.05; (**): P<0.01; (***): P<0.007

a: soluble fraction, b: slowly degraded fraction, U: insoluble fraction, c: degradation rate of fraction
b,

EDp: effective degradability of protein,

EDdm: effective degradability of dry matter.
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Fig. (1). Effect of plant species and treatments on protein degradability Kinetics (a, b and U).

CONCLUSION

The results of the present study showed that ensiling and treatment with PEG resulted in reducing
the concentration of anti-nutritional factors. This study also revealed that forage plant species can not
conveniently be utilized in formulating quality rations for maintenance and fattening of ruminant
feeding because most of the evaluated plants in this study appear to have moderate to low CP and
moderate CF with considerable concentrations of anti-nutritive factors causing un palatability of most
of them. Also, degradation kinetics, which more related to the proportions of soluble and insoluble
degradable fractions of DM were affected with treatments. No consistent differences in degradability
rate were found among plants. Total degradability “a+b” of DM was uniform among treatments
regardless the plant species but more variable for CP. Therefore, it can be concluded that these forage
plants cannot be used as a sole diet , cannot be used as fed and hence there is a need for protein
supplementation and for treatments to reduce their deleterios effects when fed to ruminants.

Recommendations

Based on the findings of this study, Thymelaea hirsuta ; Lycium shawii; Asphodelus fistulosus ;
Silybium marianum ; Pituranthos tortuosus and Suaeda vermiculata are recommended for inclusion
in ruminant livestock feeding after appropriate treatment to alleviate their adverse effects on animal.
Also, they must not be provided to animals as a sole diet because of their un acceptable levels of CP,
tannins and saponins, so animals must be supplemented with proteins. It is a good sign that they are
available all years round which provide either leaves or pods consumed by ruminants in the semi arid
environment of North western part of Egypt.
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