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ABSTRACT

The object of this study was to investigate the effect of wilting, chopping and
formic acid treatment on berseem silage quality besides determination of digestibility,
rumen fermentation and blood metaholites of rams fed tested rations. Berseem forage
{at 3™ cut) was manually chopped at 2-3 cm of length and wilted for 0, 24 or 48 hr and
thereafter ensiled with or without formic acid (0.5%) treatment in plastic barrels. At the
same time, another quantity of un-chopped berseem forage was wilted for 24 hr and
ensiled with or without formic acid treatment. Digestibiiity trials were conducted to
evaluate the utilization of berseem silages using mature Ossimi rams. The results
showed that DM of berseem silage increased by wilting to around 20% and 30% for
24 hr and 48 hr, respectively. The wilted silage for 24 hr and treated with formic acid
(S4) had the lowest value of pH (being 3.87), the highest level of lactic acid (3.15%)
the lowest level of acetic (1.57%) and butyric acids (0.0%) with Flieg's score 90. The
lowest level of lactate and Flieg's score of quality, whilst the highest pH value was
obtained in un-chopped berseem silage either treated or untreated with formic acid.
Likewise, the highest count of Jactobacilli, the lowest mold and clostridia were found in
54, which were positive correlated with fermentation parameters. Digestibility of DM,
OM, CP, EE and CF was higher (P<0.01) in un-wilted than wilted silages, as well as,
nutritive values had a similar trend. The intake of TDN, DCP and ME was higher
{P<0.05) in wilted silage rations than un-wilted. Formic acid treatment improved
(P<0.05) digestibility of most nutrients, whilst nutritive values did not differ
significantly. The nutrients digestibility of un-chopped silage was lower than chopped
silage except for CF and its fractions. The quality index (Q) value was (P<0.05)
improved by wilting of sitage. The lowest value of QI was found in un-chopped and un-
wilted silages. Rumen liquor parameters were not significantly affected by wilting or
formic acid treatment, except for NH3-N and TVFA's which were higher in wilted than
un-wilted silage. The highest (P<0.01) value of NH3-N and TVFA's was showed in
wilted for 24 hr and treated silage. The pH, eNDF and NH3-N values were higher in
un-chopped than chopped silage ration. Blood hemoglobin and hematocrite values, as
well as plasma total protein and glucose (P<0.01) increased in wilted silage groups
than un-wilted. Whereas, formic acid did not affect blood parameters. It could be
concluded that, the lowest quality and digestibility was obtained with un-chopped
silage either with or without formic acid treatment. Chopping and wilting berseem
forage for 24 hr (about 20% DM) as pre-ensiled treatments with formic acid sprinkie
produced the best quality silage and higher digestibility without any side effect on
health of rams during the experimental period, which could be resulted in
improvement growth performance of the animal.

Keywords: Berseem, silage, wilting, chopping, formic acid, digestibility, fermentation,
rams.
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INTRODUCTION

There is a great shortage in animal feedstuffs in Egypt especially
throughout summer period which reflects on the productions of such animals
(Shalaby ef al., 1989). Whereas, in winter season berseem clover (Trifolium
alexandrinum) is the main forage as an annual malti-cut crop fed ad libitum as
a common practice. This species has the advantage over other annual
species of providing multiple harvests and high protein yield during the
growing season. Some of this forage is dried in last cut to produce berseem
hay for summer feeding, but the amount of hay is not enough and loss some
of nutritive value and carotenoids. Therefore, silage making of berseem that is
pientiful during the wet season is one of the solutions to feed shortages in the’
summer season (Khan ef al., 2008). Ensiling forages has several advantages
relative to harvesting as hay. These include greater opportunity for
mechanization, reduce labor cost and less chance of weather losses (Mustafa
and Seguin, 2003). Unfortunately, ensiling berseem is not widespread in
Egypt because of many problems affect silage quality. Where, leguminous
fodders have high buffering capacity due to high moisture, minerals and
protein contents, therefore pH drops slowly during ensiling and resulted in
high nutrient losses (Bolsen et al., 1996). Ensiling high moisture crops could
result in clostridia fermentation that led to heavy loss of nutrients (Gary, 1992
and Matsuoka et al. 1993). Therefore, before ensiling lucerne or berseem
fodder, moisture contents should be reduced either by field wilting or by the
addition of some absorbent (Touqir et al., 2007). Time of wilting has been
investigated and produced extremely variable results due to weather
conditions such as humidity, wind speed and ambient temperature
prevailing at the time of the trial (McDonald et al., 1391). Biochemical losses
from respiration could be higher than losses from un-wilted silage and
digestibility of the silage is reduced (Thomas and Thomas, 1985). Several
workers reported that the optimum level of wilting was to arrive 20-30% DM of
pre-ensiling forage (McDonald et al., 1991, Suepea et al., 2000; Tougir et al.,
2007).

The main goal of silage making is to preserve as much of the nutritional
value of the original crop as possible. Preservation is achieved by acidity and
by maintaining an oxygen-free {anaerobic) environment. Acids are produced
by bacteria that convert fermentable carbohydrates into organic acids,
predominantly lactic and acetic acids. Formic acid is widely used to
accomplish this target and direct rapid pH drop of ensiled material and
eventually the acidity level! is adequate to inhibit or kill most bacteria and other
microorganisms and consequently nutrient losses. At this pH if protected from
exposure to air and water seepage, silage can be preserved for a long period
(Taugir et al, 2008). Addition of formic acid to silage material has been
reported to have generally positive effects on fermentation (Haigh, 1988 and
Snyman et al., 1996). Fairbairn ef al. (1992) found that the application of 4.5 L
formic acidfton fresh matter reduced proteolysis in alfalfa owing to rapid
reducing pH. As well as, chapping of pre-ensiling forage is one of the main
important factors affects silage fermentation and therefore its quality
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(Woolford, 1984). It can lead to rapid fermentation, therefore fall in pH of
forage. The chopping of ensiling forage increases silage intake in two ways:
firstly, through improving the fermentation quality and, secondly, through
increasing the rate of passage of food through the rumen, therefore the
rumination is easier than in un-chopped silage (McDonald ef al., 1991).

In Egypt, the majority of silage is made from com only, as a summer
crop. Whereas, ensiling berseem forage as a winter crop is not wide due to
lower quality and preservation, as well as the local previous studies on
ensiling berseem was done as a whole plant without chopping. The question
of this study was: how can be improved berseem silage quality and
preservation? Therefore, the main object of this study was to investigate the
effect of wilting and chopping as a pre-ensiling physical process with or
without formic acid treatment on berseem silage quality, digestibility, rumen
fermentation and blood constituents with sheep.

MATERIALS AND METHODS

This study was conducted at the Experimental Farm of the Animal
Production Department, Faculty of Agriculture, Mansoura University. The
analytical work was undertaken at the laboratories of department. The
experimental groups were distributed as foliowing:

1) $1: Berseem was ensiled without wilting or formic supplement.

2) $2: Berseem was ensiled without wilting but sprinkled with 0.5% formic

acid.

3) 83: Berseemn was ensiled after wilting for 24 hr without formic supplement.

4) S4: Berseern was ensiled after wilting for 24 hr and sprinkled with 0.5%
formic acid.

5) $5: Berseem was ensiled after wilting for 48 hr without formic supplement.

6) S6: Berseem was ensiled after wilting for 48 hr and sprinkled with 0.5%
formic acid.

7) 87: Berseem was ensiled after wilting for 24 hr as whole plants without
chopping or formic supplement.

8) $8: Berseem was ensiled after wilting 24 hr as whole plants without
chopping and sprinkled with 0.5% formic acid.

Ensiling process:

About 2 ton of 3™ cut fresh berseem (Trifolium alexandrinum L.) was
collected from the field and divided into 8 equal portions for making silages
with different treatments as above. The chopping process was carried out
manually by knifes (2-3 cm of length) and wilted for 0 (15% DM), 24 hr
(18.7% DM) or 48 hr (28% DM) in sunny days during April, 2007. The un-
chopped berseem was wilted for 24 hr and contained 21.8% DM. Berseem
was well pressed manually by legs (to ensure air removal) in plastic barrels
(200 liter) with or without sprayed formic acid (0.5% as fresh matter). Formic
acid was diluted with litle of water and sprayed every 20 cm layers of
berseem. After full filling of each barrel, .it was covered by plastic sheet and
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packed by barrel covers and belt to maintain anaerobic condition of siio. All
barrels were kept at room temperature for 2 months before feeding animals.
Evaluation of silage quality;

For judging the quality of berseem silage, physical characteristics like
color, odder and smeli of silages were examined. Samples of each silo were
taken when opened for subsequent proximate chemical analysis, as well as
fermentation characteristics of silage were examined. Silage extract was
prepared by homogenizing 20 g wet material of each sample with 100 mi
distiled water in warm blender for 10 min. (Waldo and Schultz, 1956). The
homogenized samples were filtered through double layer of cheese cloth and
filter paper. Then, the filtrate was used to determine silage pH directly by
digital pH-meter with a combined electrode. Lactic acid was determined in
silage juice spectrophotometry according to Barker and Summersan, (1941).
Determination of- acetic, propionic and butyric acid concentrations were
measured chromatography according to Jayaprakasha et al. (2002).

The above chemical assessment were used to judge the quality of
silages according to Flieg (1952) who developed a scheme upon which points
are awarded according to the relative amounts of lactic, acetic and butyric
acids in silage. So that, the higher proportions of lactic and acetic acids to
butyric acid had the higher score and the better quality. This system has
gained wide acceptance in Europe and Germany. Another fresh sample from
every silo was taken and prepared for microorganisms differential counts in
silages by the plate culture count method according to Gibson et al. (1858)
and Cai et al (1998) for development extensively lactobacilli clostridia,
bacilli, entero-bacteria, yeasts and molds.

Digestion trials:

Eight digestion trials were carried out at the experimental farm of faculty
of agriculture, Mans. Univ., using three mature healthy Ossimi rams in each
group with an average live body weight of 48.6+0.87 kg and 2 years old to
determine nutrients digestibility coefficients and nutrive values of the
experimental silages. Each animal was confined in individua! concrete pen for
15 days as an adaptation period followed by five days as a collection period.
All rams were injected subcutaneously with anti-parasites at the beginning of
the experiment. Animals were fed to cover 80% of their maintenance
requirements (NRC, 1985).

The ingredients of concentrate feed mixture (CFM) which used were
60% of ground yellow corn, 20% soy bean meal (44% CP), 15% wheat bran,
1.5% premix, 2% calcium carbonate, 1% di-calcium phosphate and 0.5%
sodium chloride, that were mixed manually. The chemical compaosition of
CFM and berseem silages was illustrated at Table {1). The daily feed
allowances were weighted and offered twice daily (at 8.0 AM and 4.0 PM) as
4.0 kg of every berseem silage plus 0.3 kg of CFM/head/day (as fresh
matter). These amounts of berseem silage and CFM were constant in all
groups. Drinking water was available to each animal allover the time.
Samples of feeds were taken in the first and last of experiment and kept for
later analysis. Feces samples were taken from the rectum during the
collection period of each trial (5 days) and dried in forced air oven at 65°C for
48 hrs. Dried samples were composed for each animal and representative
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samples were taken, ground and kept for chemical analysis. Acid insoluble
ash was used as a neutral marker according to Van Keulen and Young
(1977). Digestibility coefficients were calculated from the equations given by
Schneider and Flatt (1975).

DM digestibility % = 100 — [100 x (AlA% in feed / AlA% in feces))

Nutrient digestibility % = 100 —~ [100 x (AlA% in feed / AlA% in feces)] x
[nutrient% in feces / nutrient% in feed]

Proximate analysis of feedstuffs and feces was determined according to
A.Q.AC. (1990). Samples of feeds and feces also were analyzed for fiber
fractions according to the procedures of Van Soest, et al. (1991) to determine
neutral detergent fiber (NDF), acid detergent fiber {ADF) and acid detergent
lignin (ADL). Cellulose was caiculated as = ADF-ADL and Hemicellulose as =
NDF-ADF. Non-fibrous carbohydrates (NFC) were calculated as: NFC% = OM
— (%NDF + %CP + %EE) (Calsamiglia et al, 1995). The guaiity index was
calculated according to Moore (1994) as follow:

RFQ {relative feeding quality} = {(DMI% of BW) x (TDN% of DM) / 1.23

QI (quality index) = 0.0125 x RFQ + 0.097
Rumen fermentation:

Rumen fluid samples were collected from all rams during the last day of
collection period. The samples were taken by rubber stomach tube using
gentle mouth suction. About 100 mi of rumen fluid was collected just before
offering the morning feed (zero time) and consequently at 2, 4 and 8 hr post
feeding (at timed interval). The collected samples were filtered through 4
layers of surgical gauze and were immediately used to determine rumen pH
using digital pH-meter. The effective natural detergent fiber (eNDF) was
calculated as = (pH — 5.425)/0.04229 according to Fox et al. (2000). Then
samples were stored in dried bottles at -20°C for measuring other
parameters. Ammonia nitrogen (NH,;-N) concentrafion was measured
according to Conway (1957) method. Total volatile fatty acids (TVFA's) in
rumen liquor were measured according to stem distillation procedure as
described by Warner (1964). Rumen buffering capacity was also determined
according to (Jasaitis et af, 1987) that total acidity was measured in the
same sample by titration and expressed as 0.1N HCI mi equivalent required
to reduce the original pH to 4.5.

Biood metabolites:

Blood samples were collected from each experimental animal after
morning feeding in the 2™ day of collection period via jugular vein using
heparinized tubes. Blood plasma was separated by centrifugation at 3000
r.p.m for 10 minutes and stored at -20°C until analyzed for the different blood
parameters. Blood hemoglobin (Hb), hematocrite (HT), red blood cell counts
{RBC's) and white blood cell counts (WBC's) were measured using auto
blood counter (CD 1700 Speciment). Plasma glucose, total protein,
createnine and aspartate aminotransferase (AST) were determined
colorimetric using commercial kits according to the procedures outlined by
the manufacture.
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Table (1): Chemical composition of CFM, silages and calculated
experimental rations as affectedby wilting and chopping
with or without formic acid treatments of berseem silage.

ltems oM Chemical Composition (% as DM}
OM | CP | EE | CF |NFE|Ash | NDF[ADF [ ADL Hem _@IIUJ_NFC
|n_q£ed|ents

FM 88.45
01,84/ 18.45 1,94/ 124591 8.16{29.11126| 6.1 [16.5] 6.48 41.3
1 15.66 [83.15/17.1] 2.32|34.7)29.0{16.85 43.1]271]| 7.4 11601197 18.2
52 13.32 |B4.95/16.9]| 2.55133.3132.2[15.09 44.8|2658| 8.0 [1902]|17.8] 184
153 19.88 184,46/ 16.4 | 2.65/35.7)29.7115.54 4551284 73 1171(21.41 17.3
IS4 19.85 |83.83{16.8] 2.37133.2131.5[16.17 45.2|286 | 8.2 [166[204| 16.9
85 31.95184.23/16.1 ) 2.65/33.6|31.9115.7/ 46.0{28.91} 84 {17.0|206| 17.5
@ 29.85 |84.05/16.2] 2.52|35.1|30.2|1599 46.1|30.7| 7.9 | 1531228 16.6
E;(:::';ed - 20.32 83.76/16.0| 2.65; 34.6 30.5 16.21 49.71350) 79 [146}271] 127

B{un-
Chopped s. 24,59 183.32/15.3: 2.27136.01298!1668 501|368 | 7.7 |13.3129.1| 128
Experimental rations

R1 20.74 [87.00(17.5] 2.21(28.0(36.0 [13.00/38.9|22.8}7.01]16.2/15.8] 251
W 18.56 [87.91[17.41230(26.3[(41.9(12.05(38.7(21.4(7.38[18.3{14.0} 26.0
3 2466 (87.81/16.9( 2.50{29.9/38.5(12.19/41,42441698|17.0]17.4| 233
R4 2463 182.61/17.2]12.26|28.0|352117.39141.11246|7.71{16.6]16.9]| 23.0
R5 35.89 181.38/17.0) 2.563129.9131.918.62/43.1)261|/799]169}18.1| 216
[R6 33.94 [84.49(17.1] 2.41(30.9]34.1 15.51/43.0|27.4|7.62]155]/19.8]| 211
25.07 |85.75/ 16.6] 2.47]29.1)37.6|14.25/446|2905|7680(151122.0{ 19.8
R2 29.04 [85.13]15.9| 2.20/31.0]36.0 [14.87|45.7 [31.7]18.11|140( 24 3| 189

Statistical analysis:

Data of the study were analyzed using the General Linear Mode! (GLM)
of SAS (2004). In chopped silage groups, data of nutrients digestibility,
feeding values and blood parameters were analyzed using fwo ways
classification model included wilting, formic and interaction between them.
Whereas, rumen parameters was subjected using factorial design analysis of
variance model included wiiting, formic, time and their interactions. Data of
un-chopped silages digestibility were analyzed using one way classification
mode! included formic acid effect Whereas, rumen parameters of un-
chopped silages were analyzed fwo ways classification mode! included formic
acid, time and their interactions. The differences among overall means were
compared using Duncan's multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Data of the chemical composition of CFM, berseem silages and
experimental rations are presented in Table (1). The DM% of un-wilted
silages (S1 and S2) with or without formic acid was the lowest values (15.66
and 13.32 %, respectively), whereas DM% was around 20% and 30% of
berseem silages wilted for 24 and 48 hr, respectively. The CP of silage
ranged from 14.8 to 17.1%. Wilted berseem silage (S3 and S4) for 48 hr had
the highest value of NDF% and ADF% and the lowest value of NFC% as DM
basis compared with the other treatments. The other chemical nutrients were
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slightly varied among groups. Similar trend was found with their experimental
rations. The composition of un-chopped silages (S7 and S8) was simifar o
those chopped silages except for fiber fractions. The un-chopped silage was
higher in NDF% and ADL%, whilst the lowest percent of CP% was in un-
chopped treated silage.

These data are agreed with those of Haigh and Mansbridge (1998) and
Abou EI-Enin, (2005) who ensiled perennial ryegrass and berseem clover
(BC), respectively. Shrestha et al. (1998) and Mustafa and Seguin (2003)
reported that NDF of BC silage ranged between 36.9 to 45.5% and ADF
ranged 25.7 to 33%. In this respect, the results are in accordance to those
findings by Tougir ef al. (2007) who found similar most composition of
berseem silage at different levels of DM (17.2, 20 and 30%).

Silage fermentation and quality:

Physical characteristics of wilted silage without formic acid treatment
had a dark green color and a vinegar un-palatable smell. Whereas, wilted
silage and treated with formic acid had a yellowish olive green color and
palatable very good smell due to high lactic acid concentration. Berseem
silage which neither un-wilted nor un-treated with formic acid had a dark
green color, high moisture and low smell, while the treated sifage had a betler
"smelt and a light green cotor. Opening the untreated silage with formic acid
{S1, §3, 85 and 57, respectively) were covered by excessive layer of molds
which excluded before feeding, whereas the treated silages were clarified
from the molds.

Fermentation parameters of berseem silages and their evaluation are
presented in Table (2). Silage wilted for 24 hr (83) had the lowest value of pH
{5.07) compared with untreated silages. The highest value of pH was
recorded with wilted silage far 48 hr (without any additives) folliowed by un-
chopped silages (S7 and S8). The decline of pH in chopped silages than un-
chopped can be in direct response to release of organic acids contained in
the cell sap (Woolford, 1984). Whereas, sprinkled formic acid was more
effective than wilting in reducing pH value, therefore the lowest value of pH
was 3.87 in wilted silage for 24 hr and treated with formic (S4) owing to the
associated effect for wilting and formic acid treatments. However, increasing
the wilting time for 48 hr with formic acid treatment (S6) had a worst effect on
pH value of silage (being pH 4.49). Lactic acid concentration slightly
increased by wilting only for 24 hr (S3) and quadratic by wilting and formic
acid treatments (S4 and S6). The highest value of lactate was 3.15% followed
by 3.06% for S4 and S6, respectively. The lowest value of lactate was
recorded in un-chopped silage {0.92-0.99%). It is very difficult to compress
the un-chopped forage materials especially berseem forage due to its tube
stems. So that, it could not be remove the penetrated air completely resulted
in bad fermentation, higher DM losses and higher pH value {Ruxton, 1972;
Rees et al., 1983).
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Table (2): Effect of wilting and chopping with or without formic acid
supplement on some fermentation characteristics and silage

quality.
. _VFA's (% as DM) I Lactict Lactics | Feig lassifical
Treatment | pH | Lactic Acetic, Propi- Butyric TVFA's TVFA's| Acetic point | -tion
acid onic
IChopped silage:

1 515 149 12111] 013 [ 131 [ 24.05 [ 0.062 | 0.07 34 Poor
[872 405 | 257 |30t | 015 | 0.06 | 579 {10444 | 085 65 | good
83 507 ] 165 |10.70[ 016 | 167 | 142 [ 0116 | 0.15 28 Poor

4 387/ 315 | 157 ] 0.14 ND | 487 10647 | 2.00 90 ery good
55 580 104 | 294 | 013 | 0.04 | 415 10250 0.35 48 | Medium

156 449 305 | 1.78 | 0.186 ND 499 (0613 | 1.72 86 |Very goed
Un-chopped silage:
57 567 ] 092 12211/ 0.37 1.94 8.55 0.1 0.17 15 Bad
S8 5565| 099 | 532 0.1 1.01 12423 | 0.04 0.05 34 Poor

$1= un-wilted silage, no formic; $2= un-wilted, treated with formic; S3= wilted for 24 hr,
no formic; S4= wilted for 24 hr, treated with formic; $5= wilted for 48 hr, no formic; S6=
wilted for 48 hr, treated with formic; $7= un-chopped, no formic; S8= un-chopped,
treated with formic acid; ND: not detected

The ratios of lactic.: TVFA's and lactic: acetic had shown corresponding
trend. So, the highest ratio was obtained with S4 silage (being 0.647 and
2.00, respectively) followed by S6 silage (0.613 and 1.72) and 82 silage
{0.444 and 0.85). The result can be explained the greater values of
lactobacilli count (Table 3) in wilted and formic acid treated silages (being 5.2
and 5.0 Log,ecfulg for S4 and S6, respectively). The concentrations of acetic
and butyric acids of silage were declined linearly with both wilting and formic
acid treatment. The lowest value of acetic was in S4 foliowed by 56 silages
and the highest value was showed with un-wilted and untreated silage with
formic acid (S1). Likewise, butyric acid was not detected in both S4 and S6
but the highest value was in un-chopped and untreated with formic acid (S7)
which indicate to the deterioration of protein and the lactate to butyrate by
clostridia (McDonald, 1981). Whereas, propionic acid concentration was
slightly differed among groups. The TVFA's was in the minimum levels in
wilted and treated with formic silages, which indicate a good quality and more
palatable silage, consequently improved feed intake (Jatkauskas and
Vrotniakiene, 2006).

Table (3): Effect of wilting and chopping with or without formic acid

treatment on microorganisms counts (log,; CFU/q silage).
ftems | Lactobacilli | Yeasts | Molds Entero-bacleri] Clostridia Bacilli

Chopped silage:
51 3.9 3.9 29 6.9 2.6 2.6
152 4.1 4.1 1.8 4.6 2.1 27
3 386 23 2.7 6.8 2.2 2.4
52 2.5 14 4.5 20 2.2
5 35 33 22 5 2.1 25
6 5.0 3.9 1.7 4.7 1.9 2.2
Un-chopped silage:
7 30 I 22 24 6.0 25 2.4
ls8 32 I 21 16 5.9 22 25
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The Fleig point is a summative record, which used to evaluate the
quality of silage. According to Fleig point (Table 2), the best quality of silage
was 5S4 followed by S$6 (being 90 and 86, respectively). While, the lowest
value was recorded in un-chopped silage (S7; being 15}, followed by S3. The
formic acid treatment improved the quality score of un-chopped berseem but
still poor quality. Corresponding results are in Table (3) which concluded that
54 and S6 had the lowest values of undesirable microorganisms as molds,
entero-bactria, clostridia and bacilli spp. so that, the enfero-bacteria can be
metabolite glucose to acetate and the clostridia can be metabolite lactate to
butyrate leading o DM and energy losses by abotit 51 % and 18.4%,
respectively (McDonald et al., 1973). According to the results in Tables 2 and
3 it was found a positive correlation between acetic acid and entero-bacferia
cotint as well as between butyric acid and clostridia count. These findings are
in agreement with Suepea et al. (2000) who found that pH value of berseem
silage with added corn meal was 4.21 and 7.54 when chopped and un-
. chopped, respectively. Moreover, Fleig point was 61 and 21, respectively. As
well as, Abou EI-Enin (2005) found that wilted berseem silage and treated
with formic acid had a lowest value of pH and butyric acid concentration and
the highest value of lactic acid concentration and consequently the highest
value of Fleig-zimmer point as very good silage. Zhang (2011) found that
chopping of guinea grass at 3 cm was beneficial to lactic acid fermentation
and ali fermentation parameters except NH;-N content compared with 1 and
6 cm of length. In accordance findings, Rowghani and Zamiri (2009) found
that corn silage treated with formic acid was significantly (P<0.05) higher in
lactic acid, total acids concentration and higher (P>0.05) in lactic. acetic ratio
compared with inoculants treated or untreated silage. Likewise, the earlier
investigation showed lucerne silage treated with 1.5 - 6.0 It had greater
levels of lactic acid and lower values of pH, acetic, propionic and butyric acid
concentration (Barry ef al., 1978) which are in accordance with the present
results. In this field, Polan et al. (1998) reported that direct-cut alfalfa plus
formic acid had more favorable fermentation as well as a lower pH, greater
lactic acid and greater water soluble carbchydrate compared with wilted
alfalfa pius anhydrous NHs. Similar results were found by Etman et al. (1985)
who found the pH value of berseem silage treated with formic acid was 3.9
compared with molasses (pH 4.62). Jatkauskas and Vrotniakiene (2006)
illustrated that formic acid treatment to ensiled red clover-grass mixture {(3:1)
reduced {P<0.01) pH values (4.30 vs. 4.51) and elevated (P<0.01) lactic acid
concentration {4.32 vs. 3.15%), as well as reduced acetic (1.3 vs. 2.5%) and
butyric acids (0.014 vs. 0.3%). Tougir et al. (2007) showed a similar values of
pH and lactic acid values for berseem silages treated with different levels of
DM and molasses. They proposed that the best values of pH and lactic acid
were in 30% DM, whilst in the present study the best values were at 20% DM
of silage treated with Formic acid. Fransen and Strubi (1998) reported that
wilting was an effective treatment in young napier grass to lower pH value
compared with fresh young napier grass silage. They also found that the pH
value of direct cut silage of this grass was 5.09 while wilted silage had a pH
4.72. Gordon et al. {1999) found that un-wilted ryegrass and treated with
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formic (19.4% DM) had better values of pH and lactic acid than wilted and
treated with formic ryegrass (46% DM).

The results are in accordance with Suepea et all (2000) who reported
that wilted berseem clover silage (25% DM) had the lowest value of butyric
(being 0.005%) and pH 4.21 with Flieg score 75 compared with score 70 in
wilted berseem silage (36% DM). Carpintero et al (1969} concluded that
formic acid silage results in highly negative correlation between level of
addition and proteolysis together with deamination. However, wilting is
important factor for ensiting the high moisture forages legumes as berseem to
increase DM, Henderson ef al. (1972) found that during a 31 hr with DM
content of 32%, 20% of initial protein was hydrolyses. There is general
agreement that the extent of proteolysis is increased by extending the wilting
period and, more important, by wilting under humid conditions (McDonald et
al, 1991), So that, the best period for wilting chopped berseem was 24 hr.
during spring season under humid local conditions, together with 0.5% formic
acid treatrment at ensiling process.

Nutrients digestibility:

Data of nutrients digestibility are shown in Tables (4 and 5). The un-
wilted berseem silage ration with or without formic acid treatment was the
highest (P<0.05) significantly of DM, OM, CP, EE and CF% digestibility. The
differences between 0 hr and 24 hr were not significant. This may be related
to total dry matter intake (TDMI) which was the lowest value in un-wilted
silage and resulted in increase the rate of passage of the feed (Shaver et af,
1986). As well as, the biochemical losses from respiration and deamination of
wiited silage could be higher than losses from un-wilted silage and
digestibility of the silage is reduced (Thomas and Thomas, 1985). Whereas,
NFE, NFC and fiber fraction did not differ significantly among wilting groups.

Otherwise, formic acid treatment of silage ration increased (P<0.05) the
digestibility of most nutrients compared with untreated silage except for CP%
that reduced (P<0.05) by treatment, which are in agreement with Handerson
et al. (1982). Digestibility of ADF, ADL and hemiceliviose tend to be higher in
treated silage with formic acid than untreated but without significant
differences. The nutrients digestibility was not affected significantly by
interaction bhetween wilting and formic acid treatment. Generally, - the
digestibility of nutrients in un-chopped silage ration was lower (not statistically)
than chopped silage except for CF and its fractions. Treated un-chopped
silage with formic acid was slightly higher in most nutrients digestibility than
untreated un-chopped silage ration.
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Table (4): Nutrients digestibility and feeding values of experimental
rations as affected by wilting and chopping with or without
formic acid treatment of berseem silage with sheep.

[ Chopped silage Un-chopped
tems Wilting (hr) Formic Significance silage
| 0 24 48 SE| -F|+F |SE|W F WxF|-F{+F| SE
[TDMI, kg 0.845!/ 1.06 | 1.50 - 11.1611.41] - - - - |1.0811.25{ -
TOMUBWY. 11.73°12.19°] 3.11" [0.03[240[228 003 =~ = * {1.96(2.47]|0.06™
Digestibility%
DM 66.8" [B5.97] 62.5° [ 064 | 644 |660]052] *  * NS [63.3]823] 077
oM 7207177 604" (048 [70.3 (71,7 |03 ~ * NS [67.3]66.9] 0.87
CP 8987 (701" 67.2° {051 |[704 677|042 ™ ™ NS [855[625] 1.26
EE w7147 673" To7a (684 ({707 [oBO | = " * NS 168.2)69.2} 0.95
ICF 593" [59.9"| 66.8° (053|579 505|043 | = - NS [58.8|61.6| 1.42
NFE 824 817 822 | 119 | 809 {833 | 0987 | NS NS NS [742]749] 137
NDF 698|581 572 {096 | 575|568 078] N§ ~ NS [59.5{60.3( 1.39
ADF 308 [405] 409 [097 [ 2393 [415[ 080 NS NS NS [428[464] 148
IADL 171|165 | 17.0 [168 [16.9 [ 168 [ 137 NS NS NS [t8.3[21.3] 088
Hemice. 854 {863 | 840 [1.22 [ 841864 {099] NS NS NS [021]918] 1.48
ICellulose 510)508[ 507 | 134|489 |526]|116] NS * NS [51.2{54.0] 187
INFC 9251953 | 966 | 1361935962111 1 NS N5 NS {847188.4] 1.28
utritive value % )
TDN% 629" [614°| 804" [03¢ [612]61.8]032 = NS * [58.0[s575] 0.74
TONI, kg/d  10.531°]0.651°| 0907 [0.004] 0.71 | 068 |0.003] = = = [0825)0.719] 0.01™
CP% 122°11.9* 11 {009 [121 [ 116007 ™ ™ NS [109]9.9] 020"
DN/CP 361|360 354 Jo02[357 360002 NS NS * 1349[3.62]0.046
E,Mcallkg [224°]218°] 215" [0014]218 | 220 [001 | ™ NS * [206(205] 0.026
El, Mcal/d [1.89°[2.32"[ 2.23* [ 0.01 {253 ] 2.42 | 0.01 oo 1222]2.56]0.03%
NE', Mcalfkg | 142" 1.38°[ 1.36° 0.0t 138140 001 = NS * [130]1.20]{0.018
RFQ 88.4° [1001% 15277 | 1.31 (11931142107 = = * [e25[1156] 3.75*
Ql 120°T1.46° ] 2.00" [p016] 158 152 {001 | = = * [1.25/1.54]/0.047"

'NE (Mcal/kg) = (TDN% x 0.0245) — 0.12 (NRC, 2001); TDOMI= total dry matter intake ; -F=
without formic ; +F= with formic

sbandc 1ot sgliare means in the same row for chopped silage with different superscript
differ significantly (P<0.05)

*P<(.05 ; **P<0.01 ; NS= non-significant

The nutritive value (TND, -DCP, ME and NE) of un-wilted berseem
silage ration was significantly greater (P<0.01), whilst it was the lowest
(P<0.01) TDNI, MEI, relative feeding quality (RFQ) and quality index (Qi)
values compared with wilted silage rations. The lowest value of TDNI and
MEIl in un-wilted silage could be due to lower DMI. Nufritive value was
affected (P<0.01} by interaction between wilting and formic acid treatment,
which was greater in un-wilted silage treated with formic acid (Table 5). The
un-chopped silage ration had lower (not statistically) nutritive value and Ql
compared with chopped silages. The index of quality measures the voluntary
intake of TDN ahove maintenance. When forage is fed without supplemental
energy or protein, Ql is related to the available TDN for the gain (Moore and
Kunkle, 1995). Therefore, the treatment with formic plus pre-ensiled wilting
improved the efficiency of ensiled berseem.
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Table (5): Nutrients digestibility and feeding values of experimental
rations as affected by the interaction between wilting and
formic acid treatment of berseem silage. '

Chopped silage .
tems ng (hr [} 24 48 “SE |
‘ormic aci -F{RA} [+F (R2} | -F (R3) | *F (R4) | -F (R5) | *F {R6)
| 48.7 49.0 48.0 48.0 48,7 -
.80 1.06 1.06 154 1.46 -
1.64 246 1 221 3.22 3.00 [0.046
67.6 646 65,9 62,6 644 1091
72.9 70.9 T74.4 68.9 698 | 0.68
68.5 1.4 68.7 68.6 65.9 0.72
71.7 69.6 727 67.0 6/.7 | 1.04
60.3 58.6 61.1 56.9 57.0 (.74
83.4 231.4 821 80.1 34.4 168
61.2 58.1 60.1 56.1 583 |1.36
40.2 38.6 41.4 39.1 4298 [1.3§
7.4 158 | 171 18.1 161 [2.37
Hemicellulose a5.2 85.7 84.9 87.8 2.3 857 173
Cellulose 494 52.2 48, 525 483 | B32 |1.80
FC 91.2 83.9 934" 972 g5. o7 .4 1.92
Feeding value:

61.4 64.4 61.9 60.8 60.3 605 10.56
Tﬁﬂ]i kg/d — 0.55 0.51 0.66 0.54 093 0.88 [ 0.01
D o 12.4 11.9 12.1 118 117 11.2 |0.122

DNIC| 3.52 71 3.66 3.54 3.54 355 (0032
MET, Mcal/d 1.95 1.83 234 2.29 3.31 3.4 1002
callk 219 2.29 2.21 217 214 2.15 0.0
Mcallkg 1.38 146 1.40 .37 1.36 136 _10.014
RFQG 90.9 85.8 109.0 108.2 | 1578 1475 11.852
Ql 1.23 117 1.46 1.47 2.07 1.84 0.023

The obtained results are in agreement with those reported by Etman et
al. (1995) who found that digestion coefficients of all nutrients of herseem
silage freated with 0.4% formic acid were elevated compared with that
containing 3% molasses. Similar results have been reported by Mayne and
Steen (1990); Kokkcnen et al. (2000); Jatkauskas and Vrotniakiene (2008)
and Sarwar et al. (2005). Whereas, Aksu ef al. (2005) llustrated that there
were no significant effect of formic acid treatment for DM, OM, NDF or ADF
digestibility in corn silage. The obtained results are consistent with Gordon et
al. {1999) who found that the un-wilted ray grass silage had higher (P<0.05)
digestibitity of DM, OM and GE. Similar results were found by Wilkins (1984)
and Rohr and Thomas, (1984). However, other workers have not generally
recorded such major negative effects of wilting on digestibility where rapid
wilting techniques have been adopted (Yan et al., 1996 and 1998, Dawson et
al., 1998). Donaidson and Edwards (1976) showed that DM, OM, CP
digestibility and ME were higher in un-wilted grass silage than wilted, as well
as formic acid treatment improved digestion coefficient of wilted silage.
Rumen Fermentation:

The data of rumen liguor parameters are presented in Tables (6 and
7). There was no significant interaction between sampling time and either
wilting or formic for any characteristics measured except for pH and eNDF,
therefore it was not showed in tables. The pH values of rumen liquor and
calculated eNDF were not affected significantly by wilting or formic acid
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treatment. Whereas, the interaction between wilting and formic was
significant (P<0.05), since the highest value of pH and eNDF was in R6 and
the lowest value was in R4 than other groups (Table 7). The lowest (P<0.01)
values of pH and eNDF was in wilted group for 24 hr at 0, 2 and 4 hr (Fig 1)
and it was elevated in the last time of sampling. The pH values ranged from
74 to 6.6 with significant differences (P<0.01) among sampling times.
Ammonia-N concentration was significantly (P<0.01) higher in group fed
silage ration wilted for 24 hr than others, also it was elevated {(P<0.01) by
formic acid treatment (16.4 vs. 14.7 mg/dl). The interaction between the main
factors was not significant. Similar trend was observed with TVFA's, which
was increased by wilting time (P<0.01) and formic acid treatment (P>0.05).
The highest (P<0.01) value of TVFA's was in R4 group and the lowest value
was in R1 (being 7.28 vs. 4.20 mleg/dl; Table 7). Buffering capacity of rumen
was not affected by- wilting, formic or their interactions, which related with
rumen pH values. The results showed that the decreasing pH values after
feeding at 2 hr owing to increase NH;-N and TVFA's and thereafter pH was
returned to elevate with declining NHs;-N and TVFA's (Fig. 1 and 2). The pH
value and calculated eNDF% were higher in un-chopped silage than
chopped. Whereas, rumen parameters except for buffering capacity were
tend to be higher in un-chopped silage and treated with formic acid
compared with that untreated.

Table (6): Rumen llquor parameters affected by wilting, chopping with or
without formic acid treatment of berseem silage with sheep.

Chopped Silage Un-chopped

Items Wilting (hr) Formic Significance Silage
0D 124 {48 1SE| F | +F |SEIWF T WxF WxTFxT| -F | +F | SE
pH 6.9816.9016.9910.026(6.9416.97 [0.02NS NS ™ * ™ NS |7.06(7.13/0.03
NDF 36.7(35.0/36.9/0.61[35.9/36.4[0.49NS NS ™ * ™ NS [38.8/40.4]0.65

NH;-N {mg/di)[14.4°|16.7°|15.6°]0.35[14.7 [ 16.4 [0.28[* " = NS NS NS[16.4|17.1]1.47

TVFA'S, b a a s .
mlog/dl 4.337/6.14716.22°10.2515.40 [ 5.76 [0.21" NS NS NS15.22(5.83(0.56

Er;‘“hﬁapac- 7.60(7.16(7.67|0.21(7.30{7.65{0.17[NSNS ** NS NS NS|7.95(7.54/0.34

' ¢ lest square means in the same row within wilting levels with different superscript
differ significantly (P<0.01)
*P<0.05 ; **P<0.01 ; NS= non-significant ; W = wilting ; F = formic ; T = sampling time

Table (7): Rumen liquor parameters affected by interaction between wilting
and formic acid treatment of berseem silage with sheep.

Chopped Silage
Items Wilting (hr} 0 24 43 +SE
Formic F{R1) |+F{R2)| -F(R3) { +F(R4) | -F(R5) |+F (R6)
pH 7.01 6.94 6.93 6.88 6.89 7.07 | 0.036
NDF 374 35.9 35.6 343 34.8 39.0 0.86
NH3-N (mg/di) 13.0 15.7 16.4 171 14.9 16.4 0.48
TVFA's (mieq/dl) 4.20 4.33 5.00 7.28 6.78 5.67 0.36
[Buff. Capac.(mgidI) 7.49 7.72 6.91 7.41 7.51 7.84 0.29
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Fig. (1): Showed rumen pH value and eNDF% as affected by mteractioﬁ
between wilting and sampling time (1=0 hr 2= 2 hr; 3= 4 hr and
4= 8 hr after feeding).
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Fig. (2): Showed rumen NH3-N and TVFA's concentrations as affected
by interaction between wilting and sampling time {1=0 hr; 2= 2 hr
and 3= 4 hr after feeding).

The obtained results are in accordance with those of Abou El-Enin
{2003) who used different additives during ensiling berseem included formic
acid. Similar values. of rumen pH, eNDF, NH,-N and TVFA's were found by
Sharaf (2008), when he ensiled corn stover as a whole plant or without ears
with different additives. In accordance with the present study, Jatkauskas and
‘Vrotniakiene (2006) proposed that red clover silage treated with formic acid
did not affect significantly rumen pH, TVFA's and NH;-N values. Despite a
substantial difference in silage pH, the rumen pH (on average 6.94) was not
affected by the diet, probably due to the buffering capacity of saliva. In
general, the levels of rumen pH recommendation ranges for high proteolytic
(pH 6-7) and ceilulolytic (pH 6.2- 6.8) activittes (Hassen et al., 2009).
Contrary findings were reporied by Baytok ef al. (2005) who found that rumen
NH,;- N decreased {(P< 0.05) significantly by formic acid treatment of corn
silage. The rumen NH; values recorded for rams fed berseem silages at all
sampling times in excess of 5 mg/dl, which has been reported to maximize
microbial protein synthesis (Woolford, 1984). According to Satter and Roffler
(1975) values of NH3-N lower than 2.5 — § mg/dl rumen fluid may inhibit
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rumen activity, while Drskov (1982) suggested a rumen NH4-N concentration
of 20-24 mg/di for maximum fermentation rate. Deswaysen (1980) reported
that in un-chopped silage the fermentation of a mat of interwoven particle in
the rumen delays the separation and backflow of small particles into the
reticulum and, as well as, ruminations delayed. Since the rate of particle
reduction of un-chopped silage is slower than that of chopped material, the
reticulo-rumen retention time of digesta is longer, that explain the lower pH,
greater TVFA's and consequently higher digestibility of chopped and treated
silage.

Blood metabolites:

Data in Table (8) presents blood hematological and metabolites of
experimental rams as affected by wilted, formic, fasting time and interaction
among them. The hemoglobin (Hb) concentration and hematocrit®% (HT) were
higher (P<0.01} significantly in wilting groups than un-wilting. Whereas, red
blood cell counts (RBC's) was greater (P<0.01) in un-wilting group than
others, as well as white blood cell counts (WBC's) was tend to be higher in
unwitting group than others but without significant differences among groups.
On the other side, formic acid treatment did not affect significantly on any
hematological criteria. Plasma total protein and glucose concentrations weie
higher (P<0.01) significantly in wilting groups than un-wiiting. The -highest
value of T. protein and glucose was in second group which wilted for 24 hr
{being 7.76 and 46.8 mg/dl, respectively). Whereas, T. protein and glucose
did not differ significantly by formic acid treatment. The interaction between
wilting and formic did not affect plasma glucose levels, but tend to be
effective (P=0.05) with T. protein (Fig 3).

Table (8): Blood metabolites of experimental rams as affected by wilting
with or without formic acid treatments of berseem silage
rations before and after feeding.

Chopped Silage

ltems Wiiting (hr} Formic Significance

0 24 48 SE -F +HF SE Wilt. Form WxF
Hb - [108°]11.3°[113°] 013 |112.[ 109 | 0.10 * NS NS
HT 31.6°1344° 347" ] 049 | 338 [ 334 | 039 = NS NS
RBC's 451°[3.60° [3.86° | 0.09 [ 4.05 | 4.13 | 0.074 " NS NS
WBC's 528 | 492 | 495 | 039 | 521 | 488 | 032 NS NS NS
T. protein [6.56° 776" |739°| 0.17 | 714 | 732 | 0.14 “ NS NS
Glucose |39.2° 1 468" | 446° | 1.65 | 42.1 | 45.0 1.35 ™ NS NS
AST 782 | 794 |1 848 1295 | 81.9 | 79.7 241 NS NS NS
Createnine| 1.10° | 0.82° [ 1.04" [ 0.04 | 1.03 | 0.94 0.03 ** NS -

lest square means in the same row for chopped silage with different superscript
differ significantly (P<0.01)
*P<0.05 ; **P<0.01 ; NS= non-significant

Plasma aspartate aminotransferase (AST) was not affected
significantly by main factors. Whereas, plasma createnine was affected
(P<0.01) significantly by wilting for 24 hr and the interaction (P<0.05)
between wilting and formic (Fig 3). Createnine leveis ranged from 0.82 to
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1.10 mg/dl and were within the normal level of sheep. The results of blood
metabolites are in the normal range according to Mohamed and Selim (1999)
and indicated that all animals were in a good nutritional status. Data are in
coincidence with the findings of Eid (1998); Allam et al. (1997) and El| Shaer
et al. (2001). There were no adverse effect on kidney and liver function as
well as blood hematology (Hb, HT and WBC's), this indicated that the animals
were in a good health as a result of inclusion of a good fermented berseem
silage.

W-Formic & +Formic 4 H-formic @ +Formic

o>
o

Piasma createnine

4 Plasma T, protein {mg/di) )
17,1

Wilting time N . Witting time )

Fig. {(3): Plasma T. protein and createnine levels of rams as affected by
wilting x Formic interaction (1= 0 hr; 2= 24 hr and 3= 48 hr
wilting time).

Conclusion:

It could be concluded that, the lowest quality and digestibility was in
un-chopped silage with or without formic acid treatment. Chopping and wilting
berseem forage for 24 hr (about 20% DM) as pre-ensiled treatments with
0.5% formic acid sprinkle produced the best quality silage and higher
digestibility without any side effect on health of rams, which could be resulted
in improvement growth performance of the animal.
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