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ABSTRACT

Four fresh cereal crops included, whole corn plant, corn stover,
fodder corn (Darawa) and fodder sorghum were used to evaluate the
effect of limestone supplementation during silage making on chemical
composition, fermentation characteristics and in situ disappearance of
dry matter, crude protein and crude fiber. Forage crops were chopped
using harvester chopper machine to 3-5 cm length. Ground limestone
was added to the different crops at the levels of 0.0, 0.5, 1.0, 1.5 and
2.0 % of wet weight and then ensiled in plastic bucket with about 2 kg
of weight capacity. After two months, the silos were opened, color and
odor were examined and representative samples were taken for
chemical analysis as well as to determine the silage quality. The rate
of ruminal degradation of DM, CP and CF for the different kinds of
silage was determmined by using Friesian cows fitted with rumen
cannulae, Results indicated that Fresh com stover had the highest
{P<0.05) DM and CF content, while it had the lowest contents of CP
and EE. While, fresh fodder corn had significantly (P<0.05) the
highest contents of OM and CP and the lowest ash content. Fresh
whole corn plant recorded significantly (P<0.05) the highest contents
of EE and NFE. While, fresh sorghum forage showed significantly (P<
0.05) the highest ash content, the lowest DM and OM contents. The
DM, EE, CF and ash contents of different silages significantly
(P<0.05) increased with increasing the limestone level, while OM and
NFE content significantly (P<0.05) decreased. The concentration of
lactic acid decreased with increasing DM content of silage (r = -
0.76). Moreover, it significantly (P<0.05) increased with increasing
the limestone level up to 1% and decreased afterwards. There was a
negative correlation exist between DM content and VFA’s
concentration of silage (r = - 0.75). On the other hand, the
concentration of NH3-N decreased with increasing DM content (r =-
0.81), but it increased with increasing CP content (r = 0.75). DM
disappearance for different silages significantly (P<0.05) increased
with increasing of limestone level up to 1% and decreased afterwards.
The results also showed a positive correlation (r = 0.71) between DM
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disappearance and NFE content, while there was a high negative
correlation (r = - 0.81) between DM disappearance and CF content,
while the CP disappearance for different silages significantly (P<0.05)
decreased with increasing the limestone level. While. the
undegradable fractions (u) increased and effective degradability
decreased, this consequently significantly increases the amount of
protein escaping ruminal degradation. The CF disappearance of the
different silages increased with increasing CF content, a high positive
correlation was recorded between CF content and disappearance (r =
0.97). However, it decreased with increasing NFE content, which
there was a high negative correlation (r = - 0.87). The results also,
indicated that the addition of limestone at the level of 1.0 % of wet
weight at silage making improved silage quality, decreased ensiling
losses and enhanced DM, CP and CF disappearance.

Keywords: corn silage, limestone, ensiling losses, silage quality, In situ
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INTRODUCTION

In Egypt, shortage of feed supply particularly during summer may
be considered the major constrain for fusther increase in animal
production. Efforts and great attention are directed to increase feed
supply to rectify existing feed deficits from indigenous resources through
increasing and improving the local varieties of forages as a partial
solution for the shortage of feeds (Makky, 1976).

In Egypt, the total planted area of com crop was about 1.65 million
feddans, 1.49 million used for grain production and 160 thousand
feddens were used as silage (National Campaign of Com Crop Rising,
2003). However, the area cultivated with fodder corn was about 222,531
feddans and the average yield per feddan was 12.67 tons (Agriculture
Economics, 2003). The average yield of fresh whole com plant per
feddan was 19.57 ton on wet basis and 5.33 ton on DM basis (Bendary et
al., 2001a), while the yield of fresh com stover was 10.56 ton on wet
basis and 3.42 ton on DM basis per feddan (Bendary et al., 2001b)

Com silage is the most popular silage in the world where corn plants
grow well because maximum yields of digestible nutrients per units of land
can be harvested from this crop. In addition, the com plants can be
harvested early to clear the land for full plowing or for the second cropping
(Perry and Cecava, 1995). Ensiling fresh com stover material reduces field
losses and may produce a more palatable feed (Colenbrander et al., 1971).
Moreover, it may offer a significant reduction of feed cost as well as
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reduction of using concentrate mixture for lactating cows (Bendary and
Younis, 1997) and lambs (Ghanem et al., 2000).

Seyeral management practices can improve corn and sorghum
silages including, harvesting at the optimum maturity, moisture content,
fine chopping, rapid silo filling and packing, tight sealing and a fast feed-
out rate (Bolsen et al., 1988). The use of silage additives is an alternative
method for obtaining better quality silage, which can be resulted in the
optimization of several important silage parameters such as pH, NH;3-N
and organic acids. Limestone has been added to comn in the past to
increase the calcium and lactic acid contents of silage, but little is known
about its use with wetter forage sorghum silage (Bolsen et al., 1988).

" .. Corn silage relative to alfalfa is inherently low in its concentrations
of calcium, magnesium, potassium and sulfur, The recommended dietary
calcium allowance is 0.8 - 1.00% (DM basis) with calcium carbonate as
the primary calcium supplement. With high com silage diets, sodium
bicarbonate is recommended at the rate of 1% of lactation TMR DM to
buffer acidity in the corn silage and acid production in the rumen.

The objective of the present study was to investigate the effect of
limestone supplementation on chemical composition, fermentation
characteristics as well as ruminal dry matter, crude protein and crude
fiber disappearance for whole corn plant, com stover, fodder corn and
fodder sorghum.

MATERIAL AND METHODS

The current work was carried out at Sakha Animal Production
Research Laboratories, belonging to Animal Production Research
Institute, Agriculture Research Center, Ministry of Agriculture in co-
operation with Department of Animal Production, Kafr El-Sheikh
University. This work consists of two parts, the first one was laboratory
silo study and second one was In Situ study.

Four fresh cereal crops included, whole corn plant, corn stover,
fodder corn (Darawa) and fodder sorghum were used to evaluate the
effect of limestone supplementation during silage making on chemical
composition, fermentation characteristics and in situ disappearance of
dry matter, crude protein and crude fiber. Whole corn plant was
harvested at dough stage of maturity; corn stover was taken after
harvesting the ears immediately. While fodder corn and fodder
sorghum were taken after 50 days from planting. Forage crops were
chopped using harvester chopper machine to 1.5-2.0 inch length.
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Ground limestone was added to the different crops at the levels of 0.0,
0.5, 1.0, 1.5 and 2.0 % of wet weight. Then ensiled in plastic bucket
with about 2 kg of weight capacity and pressed by hand to exclude the
air from the silos, then sealed with paraffin wax. Treatments were run
in triplicates (three of each). At the time of ensiling (zero time),
representative samples were taken and dried in a forced air oven at
60°C for 48 hrs, ground and kept for later chemical analysis.

After two months, the silos were opened, color and odor were
examined and representative samples were taken for chemical analysis and
to determine the silage quality. The different silos were weighed before
and after ensiling to determine the fermentation losses expressed as a
percentage of initial total DM stored. The spoiled and moldy silage from
the top of each silo was weighted and dried in a forced air oven at 60 °C
for 48 hrs to determine the spoiled and moldy losses expressed as a
percentage of total DM stored.

‘Water-soluble extracts were prepared by extracting 20 gm of wet
silage in a blender with 100 ml of distilled water. The extracts were
filtered through Whatman NO. 40 filter papers. The pH values were
determined directly by using Beckman pH meter. Total volatile fatty
acids (VFA's) were determined according to Warner (1964), NH3-N
concertrations {AQAC, 1990) and lactic acid was estimated by titration
with 0.1 N sodium hydroxide solution using 2-3 drops of phenolphthalein
indicator according to methods of Analytical Chemistry of Foods (1995)
the following equation:-

Lactic acid % of DM = ml of NaOH x 0.09/ sample weight.

The rate of ruminal degradation of DM, CP and CF for the
different kinds of silages were determined by nylon bags using. Friesian
cows fitted with rumen cannulae. Samples of different silage kinds were
ground then 5 gm were weighted into 7% 12 cm nylon bags with mean
pore size 50 um bags were tied near the end of 60 ¢cm nylon cord:
anchored by a 70 gm steel weight and incubated in the rumen (in
triplicate for each silage treatment) of cow for different extends time (0,
6, 12, 24, 48 and 72 hrs). Zero hour bags were washed to estimate the
disappearance of DM, CP and CF due to both solubility and washing
procedure. The bags after incubation in the rumen were also washed. All
bags then were dried at 60 °C for 48 hrs to determine DM and the residue
was analyzed for CP and CF according to AOAC (1990). Degradability
constants a, b and ¢ for DM, CP and CF were derived from the following
equation: - proportional DM, CP or CF = a +b (1-¢™), according to
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Orskov and McDonald (1979). The representative samples of the
different crops before and after ensiling and also after different
incubation periods were chemically analysis according to AOAC (1990).

The data weré statistically analyzed using General Linear Modeis
Procedure (one way ANOVA model) adapted by SPSS (1997), while
appropriate means were separated using Duncan’s multiple range test.

RESULTS AND DISCUSSION

Chemical composition:- N

Chemical composition of different kinds of fresh forage and silages
supplemented with limestone is shown in Tables 1 & 2. The DM contents of
different silages revealed the same trend of DM contents of fresh forages.
While, the com stover silage (CSS) recorded significantly (P<0.05) the
highest contents of DM, CF and fiber fractions compared to the other silages.
Dry matter contents of different silages significantly (P<0.05) increased with
increasing the limestone level. This may attributed to that limestone was a dry
ground supplement. These results agreed with those obtained by Byers
(1980), Campos and Huber (1983) and Finn et al. (1985), who found that DM
content of silages and diets increased with limestone supplementation.

Table 1: Chemical composition of fresh whole corn plant (WCP), corn
stover (CS), fodder corn (FC) and fodder sorghum (FS).

Item WCP CS FC FS SEM
DM, % 25.40 30.95 22.58 20.80 1.16
Composition of DM, %

OM 91.17 89.52 9234 89.24 0.38
CP ' 7.67 6.73 8.21 7.65 0.16
CF 21.76 33.46 26.95 31.86 1.38
EE 3.24 2.85 3.07 3.14 0.05
NFE 58.50 46.48 5411 46.59 1.55
Ash 8.83 10.48 7.66 10.76 0.38
Fiber fractions, %

NDF 50.45 -69.50 57.30 63.20 1.72
ADF 29.70 41.65 33.80 38.40 1.48
ADL 415 7.10 4.86 5.90 0.25

Hemicellulose 20.75 27.85 23.50 24.80 0.74
Cellulose 2555 34.55 28.94 32.50 0.86
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The contents of OM were significantly (P<0.05) decreased with
increasing the limestone Ievel, which may be attributed to the increase of
ash content and fermentation losses. Gaafar (2001) and Bendary et al.
(2001b) reported that OM contents of WCP and CS decreased after
ensiling. The values obtained in the present study were higher than the
values obtained by Gaafar (2001), which may be attributed to that
limestone supplementation increased the rate of ensiling fermentation.
Nguyen et al. (2005) stated that the OM content tended to fall slightly with
increase ensiling duration, as a result of the loss of organic matter. On the
other hand, CP content tended to increase slightly (P>0.05) after ensiling,
total N content in the silage tended to increase with ensiling time, because
there was some loss of volatile substances during the ensiling process.

There were significant differences (P<0.05) among the different
silages in CF and EE contents (Table 2), these significantly (P<0.05)
increased afiter ensiling, while CSS and FSS recorded the highest CF
contents followed by FCS, while WCPS recorded the lowest CF content.
Ahmed et al. (2003) showed that CF content of CSS was higher than corn
silage. Gaafar (2004) reported that CF content of corn silage decreased
with increasing grain content. Gaafar (2001) found that EE content of
WCP and CS increased after ensiling.

The contents of NFE of different silages significantly (P<0.05)
decreased after ensiling as well as with increasing the limestone level up to
1% then the differences were not significant. The decrease of NFE content
during ensiling might be attributed to the dissimulation of carbohydrates to
carbon dioxide and water as the result of respiration by both plant cells and
aerobic microflora and the fermentation of carbohydrates by lactic acid
bacteria along with effluent loss as well as due to increasing the
fermentation rate with limestone supplementation (Woolford, 1984).
Campos and Huber (1983) reported that NFE content of silage decreased
with limestone supplementation. Moreover, Gaafar (2001) and Bendary et
al. (2001b) indicated that NFE contents of WCP and CS decreased afier
ensiling. Ash contents of different kinds of silages significantly (P<0.05)
increased after ensiling and also with increasing the limestone Jevel. These
results agreed with those obtained by Nguyen et al. (2005), who stated that
the ash content of the silages increased slightly with increasing duration of
ensiling, as a result of the loss of organic matter.
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Table 2: Effect of limestone supplementation on chemical composition of silages.

Limestone, % WCPS CSS . ;c‘:' FSS SEM
0.0 25.64 2928  24.170 22.59°° 0.42
0.5 T 25.91%P 29.51°0 24,320 22.70%P 0.43
1.0 . 26.19*5¢ 29.72°¢ 24487 2285%C 0.43
1.5 26.46°° 29,95 24,658 - .23 02AB 0.44
2.0 26.73% 30.17** 24.84% 23214 0.44
OM, % .
00 88.28" 87.63>* 90.43* 87.36% 0.24
0.5, 87.64%8  86.97>AP 89.88" 86.67°*2 0.25
1.0 87.00°C  8631%BC  §9.35a%C 86.00°5¢ 025
1.5 ‘ 86377 85.64™° 88802  §5.33CP 0.26
20 85.73"° 84.97P 88.27°° 84.65° 0.27
' CP, % : .
0.0 823" 722 8.81" 8.23% 0.10
0.5 8.36° 7.34° 895 834 010
1.0 . gar® 7.38° 9.01* 839" 0.10
15 8.32° 7.30° 8.91° 8.30" 010
2.0 Cg27® 1.26° 3.86" 825" 0.10
CF, %
0.0 23.87° 36.70° 29.56° 34.95° 0.86
0.5 2373 36.50" 29.39° 34.73 0.85
1.0 23.60° 36.29* 29.23° 34.58° 0.85
1.5 2347 36.09" 29.07° 34.37P 0.84
20 23.34° 35.89 28.91¢ 34.19° 0.84
' EE, %
0.0 3.48 3.06° 3.29° 3.38% 0.03
0.5 3.53" 3¢ 3.35% 3.42% 0.03
1o 3.55" 3.13° 337t 3.45% 0.03
1.5 3.51° 3.09° 333 341 0.03
20 3.50* 3.08° 3.31° 3.39% 0.03
NFE,% .
0.0 52,71 40.65%% 48.77%* 40.81* 0.93
0.5 52018 40,038 48.18%8 40.19%48 0.92
1.0 51.43%8 39,5148 47.74%8 39.59°A8 0.92
1.5 51.06*" 39.16°° 47.50 39.25°6 0.93
20 ' 50.63"® 38.75° 47.19%8 38.82°% 0.93
Ash, % :
0.0 11.72% 12.37%° 9.570 12.64'0 0.24
05 12.36"°  13.03%P  10.12°° 13.33%® 0.25
1.0 13.00%5¢ 13.69%8C 10.65°5€ 14.00*5¢ 0.25
15 13,638 14.37°048 11,20%8 14.67%8 0.26
2.0 1427 15.03** 11.73%* 15.36** 0.27

+.2-cdd, Means within a row with unlike superscripts are significantly different.
A-8.C.DadE. Means within 2 column with unlike superscripts are significantly different.
WCPS= Whole corn plant silage =~ CSS5= Com stover silage

FCS= Fodder corn silage FSS= Fodder sorghum silage
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Fiber fractions:-

Results shown in Table 3 revealed that, the silage contents of NDF,
ADF, ADL, hemicellulose and cellulose were significantly (P<0.05)
increased after ensiling. Corn stover silage revealed the highest values
followed by FSS and FCS, while WCPS had the lowest values, this may
. due to attributed to its grain content. These results are in accordance with
those obtained by Joanning et al. (1981), who showed that increasing grain
content resulted diluted the fiber components and subsequently increasing
NFE content of corn crop.

Table 3: Effect of limestone supplementation on the fiber fractions of

different silages.
) WCPS CSS FCS FSS SEM
Limestone, % NDF, %
0.0 52265 7158  59.02°  65.10° 219
0.5 52,159  7146" 5894°  65.02® 2.19
1.0 52039 7135  58.85° - 6493 219
1.5 51907 7125* 58765  64.85"  2.19
20 5178 71.14* 5868 64.77°  2.19
ADF, %
0.0 30.79° 4298 3498  3967° 139
0.5 3071¢ 4291*  3491°  3962° 1.40
1.0 30647  42.84* 3485 3955 1.39
1.5 30577 4278  34.78°  39.50° 1.40
2.0 30.50° 4271  34.72°  39.44° 1.40
ADL, %
0.0 3397 7377 5.01° 6.16" 0.34
0.5 435¢ 733 5.08° 6.14° 0.34
1.0 432 7.28* 5.05¢ 6.11° 0.34
1.5 428¢ 725" 5.01¢ 6.09 0.34
20 4234 7.20* 4.99° 6.06° 0.34
_ Hemicellulose, %
0.0 21.17°  28.60" 2404  25.43° 08I
0.5 21.14°  2855°  24.02° 2540° 0.80
1.0 21.09¢  2851*  2400° 2538°  0.80
1.5 21.03¢ 2848  33.9%8° 2535 081
2.0 2098 2843 23965 2532 081
Cellulose, %

0.0 2640°  35.61° 2087 33.51° 1.06
0.5 . 26.36° 35.58° 29.84°  33.48° 1.06
1.0 26.32¢ 35.56" 29.80° 33.44° 106
1.5 2629°  3553* 29.77° 33.42" 1.06
2 9 2627° 3551° 29.73° 33.39" 1.06
a,

099 Means within a row wnh unlike superscripts are significantly different.

[+
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Ensiling losses:

The percentages of spoiled and moldy losses of FCS and FSS
(Table 4) were significantly (P<0.05) higher than those of WCPS and
CSS. Moreover, it significantly deceased with increasing the limestone
level up to 1% and increased (P<0.05) afterwards. Luther (1986) found
that the percentage of spoiled and moldy silage decreased with microbial
inoculated silage. Church (1991) indicated that spoilage and moldy losses
on the surface and around the perimeters are 4-12% of original DM
ensiled and such material is not only unpalatable but may also be toxic.
Table 4: Effect of limestone supplementation on ensiling losses of

different silages (%, on DM basis).
WCPS CSS FCS FSS SEM
Spoila cj“gve and moldy losses

Limestone, %

0.0 2,170 216 3.33% 3.84*  0.14
0.5 1.45%C 145" 241°8¢ 255  0.10
1.0 ' 0386 049" 105 1.16°® 0.08
15 .03 118 207 232 011
2.0 : 1.88"®  206® 300" 342 013
Fermentation losses
0.0 3.63%C 281 41T 402 0.2
0.5 3.81°°C  298*BC 430"  422™P (.12
1.0 430 341 48" 478 0.3
1.5 4,148 32398 462048 4618 013
20 - 3.98MABC 3 gbABC 4 47248 4438 13
Total losses
0.0 5807 497 744 7186 057
0.5 52648 443% 671*B 677 046
1.0 468"  390C 587" 504 038
1.5 517" 441 6698 6932 036
2.0 586" 515 7478  785% (.32

b candd, peans within a row with unlike superscripts are significantly different.
A.B.C.DandE; pfeans within a column with unlike superscripts are significantly different.

The fermentation losses of FCS and FSS recorded significantly
(P<0.05) the highest values, while WCPS and CSS recorded the lowest
values. It significantly (P<0.05) increased with increasing the limestone level
up to 1% and decreased (P>0.05) afterwards. Brown and Kalmbacher (1986)
found that fermentation losses were higher with limestone treatment than in
untreated silage. Moreover, McDonald er al. (1995) reported that ensiling
losses attributed to oxidation losses that result from the action of plant and
microbial enzymes on substrates such as sugar in the presence of oxygen.
Church (1991) stated that fermentation losses in well-presen red silage should
not exceeded 3 - 6% of DM losses.
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Results also, (Table, 4) showed that FSS recorded significantly
(P<0.05) the highest percentage value of total losses followed by FCS and
WCPS, while CSS had the least percentage. Moreover, the percentages of
total losses values significantly (P<0.05) decreased with increasing the
limestone level up to 1% and increased (P>0.05) afterwards. Results also,
revealed that the percentages of total losses decreased with increasing
forage DM content at ensiling time (Table 1). Church (1991) declared that
the overall losses may be quite variable and when field Josses are included,
total losses may be expected to be about 15-25% of herbage dry matier
present in the field. :

The pH values of different silages are presented in Table 5. There
were significant differences (P<0.05) in pH values among the different
silages. Whereas CSS recorded significantly (P<0.05) the highest pH
values followed by WCPS, while FCS and FSS had the lowest values.
The optimal pH value for forage silage depends on DM content, which
had a positive correlation between them being r = 0.4. Wilkinson et al.
(1978) found that pH value of corn silage increased with increasing DM
content. Generally, good silage quality should have a pH value of 4.2 or
less (McDonald et al., 1995). Moreover, the pH values for different
silages significantly (P<0.05) increased with increasing the limestone
level, this might be attributed to that limestone (calcium carbonate) reacts
with silage moisture producing calcium hydroxide and carbon dioxide.
Bolsen et al. (1988) reported that limestone treated silage produced much
more extensive fermentations with higher pH value.

The concentration of lactic acid (Table, 5) decreased with increasing
DM content of silage (r = ~ 0.76). Moreover, it significantly (P<0.05)
increased with increasing the limestone level up to 1% and decreased
(P>0.05) afterwards. Thomas et al. (1975) found that the concentration of
Jactic acid in silage decreased with increasing DM content due to
depression the extent of fermentation. Church (1991) found that the use of
limestone (0.5-1% or other Ca salt) with corn and sorghum silages
increased lactic acid content of silage as a result to buffer the acids
producing during fermentation and resuited in a very substantial increase
in lactic acid production. Li et al. (1992) stated that calcium carbonate
increased the concentration of lactic acid compared with control.

There was a negative correlation eXist between DM content and
VFA’s concentration of silage (r = - 0.75). Moreover, the concentrations of
VFA’s for different silages significantly (P<0.05) increased with
increasing the limestone level up to 1% and decreased (P>0.05)
afterwards. The concentration of VFA’s is used for judging silage quality.
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The volatile substances in the good silage quality must be comparatively
less than lactic acid. Mohsen and Nour (1979) and Ranjhan (1980) found
that high moisture com stover silage (31.0%) tended to have higher VFA
production than that of low moisture content (25.5%).

Table 5. Some quality characteristics of different kinds of silage
supplemented with limestone.

Limestone, % WCPS CSS o :'(fuse FSS SEM
0.0 . 400 T 417F  390°° 399% .04
0.5 4285 4345 410%¢ 4.12°%¢ - 0.04
1.0 4388 4648 427"  423%BC 05
1.5 482*% 498"  A4am™ 4378 0.06
2.0 T 5.04% 5.13* 4.88** 449%%  0.06
Lactic acid (% on DM basis)
0.0 621% 468 7.96* 734 024
0.5 723" 5168  8.53BC 29208 025
1.0 8.08" 555" 908" g, 027
1.5 ' 7258  532%AB g 69*B g 42B 25
2.0 6.53°5C 50148 21 778%C 024
Total VFA (% on DM basis)
0.0 155  1.17%  1.99% = 184% 0.6
0.5 1.81%8  120%B 2 13%BC 50548 g6
1.0 2.02°%  139% 227 223%* 007
1.5 1.81%8  133%B 2178 2118 006
2.0 1.63°8¢ 1258 205"C  195%¢ 006
. Ammonia-N (% of total-N)
0.0 - 3.80°% 2.90%* 5.76* 547 021
0.5 3.41%8 28248 5268 500"  0.19
1.0 326 2.74%B 494C  453%C 0.6
1.5 2.89%C  265BC 4667 418" 015
2.0 | 274 248° 428 390" 0.4

&1.3%¢ Means within a row with unlike superscripts are significantly different.
A-B.mC Means within a column with unlike superscripts are significantly different.
The concentration of NH3-N (Table 5) decreased with increasing
DM content (r =- 0.81), but it increased with increasing CP content (r =
0.75). During ensiling, protein is degraded into ammonia, amino acids.
dipeptids, volatile basis and organic acids. Strong ammonia odor
indicates considerable loss in feeding value. Therefore, the high quality
silage is characterized with low NH;-N concentration. McDonald et al.
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(1995) reported that NH;-N concentratlon of good quality silage usually
~ less than 10% of total-N. Sheperd and Kung (1996) found that NH;-N
concentration of silage decreased with increasing DM content, but
increased with increasing CP content. Gaafar (2001) and Bendary et al.
(2001b) showed that NH;-N concentrations of WCPS and CS silages
ranged from 3.60 to 9.06 and 2.42 to 3.87% of total-N, respectively. The
concentrations of NH;-N for different silages significantly (P<0.05)
decreased with increasing the limestone level. The results might be
‘attributed to that limestone inhibit the proteolysis bacteria during
ensiling. The present data agreed with those obtained by El Tayeb et al.
(1984), who indicated that silage NH3-N concentrations decreased
- linearly with increasing limestone level.

In situ study:-

1- Dry matter disappearance: S
Dry matter disappearance of different silages is illustrated in Table
* 6. The results showed that, WCPS recorded the highest (P<0.05) values
followed by FCS and FSS, while FCS had the lowest values. Moreover,
. the percentage of in situ DM disappearance for different silages was
significantly (P<0.05) increased with increasing limestone level up to 1%
and sometimes up to 1.5%, while it is generally decreased afterwards at
all incubation times. The results also showed a positive correlation (r =
0.71) between DM disappearance and NFE content, while there was a
high negative correlation (r = -0.81) between DM disappearance and CF
_ content. Rogers et al (1982), Tissera et al (1988) and Christiansen and
Webb (1990) stated that the DM digestibility and disappearance
increased by addition of limestone to the basal diet. Moreover,
Froestschel et al. (1991) reported that the rate of in situ DM
disappearance was positively correlated with silage DM recovery,
suggesting an association with nutrient preservation

'As shown in Table 7, there were no significant differences for
immediately degradable fraction and rate of degradation of fraction b/h
among the different kinds of silages. However, DM fraction that is slowly
degraded significantly increased with increasing of limestone level up to 1%
and decreased afterwards, the decrease was more pronounced at 2% limestone
level. The contrast trend was noticed for ruminaly undegradable fraction. On

‘the other hand, the effective. DM degradability at outflow rates 2, 5 and
8%/hour was significantly increased with supplementation of 1% limestone
for all different kinds of silages. The lower fiber content and greater NFE of
WCPS explain the "greater effective dry matter degradability found as
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compared to the other kinds of silage. These results agree with those of
_ Christiansen and Webb (1990) and Resende et al. (2003). ’

Table 6. In situ dry matter disappearance (%) of different kinds of silages.
Incubation hours

Limestone, BM, — 0 6 12 24 48 73
% Whole corn plani stlage (WCPS,
0.00 2564 12.39° 17.07° 2142 2922" 41.77° 51.13
0.50 2591 12.41° 18.00° 23.11% 32.08™ "45.87° 55.57°
1.00 26.19 12.45° 19.14% 25.17" 35.54" 50.88° 61.07°
150 . 2646 11.92° i834% 24.14® 34.09® 48.78* 58.52°
200 2673 11.22° 16.86* 21.97° 30.81° 44.08° 53.06°
SEM 042 029 034 045 066 091 100
Corn stover silage (CSS)
0.00 2028 8.99° 12.01® 14.84° 19.98° 28.51° 35.13
0.50 29.51 9.00° 12.99® 1665 23.08" 33.04° 40.09"
1.00 2972 9.05* 14.16* 18.75" 26.62" 38.15" 45.73°
1.50 2095 839" 13.01® 17.18" 24.32° 34.83° 41.78°
2.00 30.17 7.69" 11.63° 15.21* 21.40% 30.69° 36.99°
SEM 043 030 035 048 067 093 1.03
Fodder corn sil@_g" CS)
0.00 24.17 11.35° 15.68° 19.70° 26907 38.42° 46.96"
0.50 2432 11.36° 16.52™ 21.24" 29.51> 42.24° 51.17°
1.00 24.48 11.45° 17.55* 23.06° 32.54" 46.53" 55.81*
1.50 24.65 10.75" 16.67" 22.00® 31.13% 4455* 5339
2.00 2484 1017 1517 1972® 27.61¢ 39.53° 47.68°
SEM 030 034 044 062 085 093
Fodder sorghum silage (FSS)

0.00 2259 9.90° 13.55" 1695 23.07° 33.01° 40.50°
0.50 22770 999" 14.51% 18.64™ 2588™ 3698* 44.75°
1.00 22.85 10.0° 1534° 205" 28.42" 40.70" 48.89°
1.50 23.02 9.54° 1467 1930™ 27.25® 3897 46.74®
2.00 2321 882" 1339" 17.52% 24.64% 3521° 42.29°
SEM 029 033 041 057 077 084

abcandd

Means within a column with unlike superscripts are significantly different.
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Table 7: Effective degradability of dry matier for different kinds of silages.

. A B c u _Effective DM degradability
Limestone % K=0.02 _K=0.05 K=0.08
% Whole corn plant silage (WCPS)
0.00 12.39° 66.17° 0.012° 21.44° 37.50° 25.40° 2120°
0.05 12.41° 6598 0.015° 21.61° 4040 27.40% 22.70*
1.00 12.45* 68.78° 0.017° 18.77° 44.10° 2990° 24.50°
1.50 11.92° 65.74° 0.017° 22.34° 4230° 28.70® 23.50°
2.00 1122* 60.69° 006" 2809 38409 26.10° 21.50
SEM 029 076 0001 086 0.70 0.51 0.42
Corn stover silage (CSS)
0.00 8.99° 49.07° 0.011"° 41.94< 26.00° 17.60° 14.70°
0.05 9.00° 48.15° 0.014* 4258 2920 19.80™ 16.40%
1.00 9.05° 51.19° 0.018* 39.76° 32.90° 2230° 1820
1.50 839" 46.89° 0.017% 44.72° 30.10° 20.40° 16.70®
2.00 7.69° 4253° - 0.016" 49.78° 26.70° 18.10° 14.90°
SEM 029 081 0001 094 0.7 0.52 0.43
_ Fodder corn silage (FCS) .
0.00 11.35° 60.11° 0.013° 2854 34.40° 2330° 19.50°
0.05 11.36* 60.77° 0.015* 27.87* 37.20° 2520 20.8*
1.00 11.43* 62.67° 0.017° 2590° 4030° 27.40° 2220°
1.50 10.75° 59.68° 0.017* 29.57° 38.50™ 2620° 2i.40®
2.00 10.17° 55.08° 0.016" 3475 3450° 23.40° 1930
SEM 029 072 0001 083 067 0.50 0.41
Fodder sorghum silage (FSS)
0.00 9.90° 53.61% 0.012° 3649° 29707 20.10° 16.80°
0.05 10.01* 53.83® 0015 36.16™ 32.70™ 22.10° 18.30%
1.00 10.01* 5526 0.017° 34.73° 3530° 24.00° 19.60°
1.50 9.54* 5241° 0017 38.05" 33.80" 2290® 18.80%
2.00 8.82° 47.73° 0017 4345 3060 2080 17.10°
SEM 029 074 0001 086  0.6] 0.46 0.38

a)} Immediately degradable fraction.

b) Dry matter fraction which is slowly degraded

<) Rate of degradation of fraction b/h. &) Outflow rate from the rumen/h.
=) Ruminaly undegradable fraction {100 - (a + b)}
a.beadd )\seans within a column with unlike superscripts are significantly different

2- Crude protein disappearance:

Results presented in Table 8 indicated that, FCS had the highest CP
disappearance values. while CSS had the lowest values. However, the
values for WCPS and FSS were nearly similar. The CP disappearance for
different silages insignificantly (P>0.05) decreased with increasing
limestone level, but it was significantly at the high levels compared to
unsupplemented silage. Decreasing CP disappearance with increasing the
limestone level may be due to the inhabitation of rumen proteolysis
microorganism. The disappearance of CP for the different silages
increased with increasing CP content (Table 1) and NH;3;-N concentration
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of silage (Table 5), indicating a high positive correlation between them (r =
0.70 and 0.86, respectively). Wheeler (1980) observed a decrease in
digestibility of nitrogen with limestone supplementation. Rogers et al.
(1982) found a drastic reduction in CP digestibility when limestone was
added to the diet. Wagner et al. (2004) reported that the limestone
treatment had a significant effect on the CP digestibility.

Table 8. In situ crude protein disappearance {%) of different kinds of silages.

Limestone Incubation hours

91 CP, 0 6 12 24 48 72

Y Whole corn plant silage (WCPS)

0.00 823 1247 17.18° 21.56° 2941 4205 5148
0.50 836 11.12% 16.13® 2071% 28.74® 41.11% 498%
1.00 841 9.83% 15.12*® 10.88" 28.08% 4020™ 4825%
1.50 832 9.66° 1472 1930® 27.12* 3890 46,749
2.00 827 936" 1426° 18.69° 2632° 37.66° 45.24°
SEM 0.44 0.41 0.4} 0.43 0.51 0.65

: Corn stover silage (CSS)
0.00 722 11.57 15.45° 19.08° 25.71° 36.68° 4520°
0.50 734 979" 14.13® 18.11® 25.10% 3594 43.61®
1.00 738 9.06®° 13.42™ 17.39% 2431% 3486 42.14%
1.50 730  8.48° 12.80" 16.73% 2351™ 33.68™ 40.55%
2.00 726 8.01° 1225° 1608 22.69° 3254° 39.15¢
SEM 0.45 0.43 0.42 0.43 0.52 0.65

Fodder corn silage (FCS)
0.00 881 120937 1818 23.02" 31.61° 4518 55.05°
0.50 895 12.50° 17.60° 2231* 30.68% 43.89® 5348%
1.00 9.01 11.94* 17.02" 21.69® 29.94% 4279™ 51.98™
1.50 891 11.10° 1623" 2093® 29.13* 41.68* 50.43%
2.00 8.86 1038 1550° 20.15®° 2821® 4039° 48.7°
SEM 0.39 0.40 . 041 0.42 0.54 0.67
Fodder sorghum silage (FSS)

0.00 823 1233 .1731° 2191 30.1}* 43.11° 52.63°
0.50 834 11.773" 1666 21.19* 2923® 4184® 5094
1.00 839 11.03* 1598 20.52° 28.48% 4077 49.43™
1.50 830 1043* 1538 19.89* 27.74® 39.68% 47.91¢
2.00 825 973" 1469 1917 2691® 3846° 46.22°
SEM 0.39 039 040  0.43 0.53 0.67
abcandd

Means withinacoltmmwithmilikempemiptsaresi@iﬁcanﬂy different.
Estimates of ruminal degradation constants (a, b and ¢) fitted with
rate of CP disappearance for different kinds of silage are presented in
Table 9. The predicted constants (a and &) significantly (P<0.05) decreased
with increasing the limestone level for al the different kinds of silage,
while the rate of degradation of fraction b/h (¢) was approximately the
same for all the different kinds of silage at all limestone levels. However,
they had more (P<0.05) undegradable fractions (1) and less effective
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degradability and consequently significantly increase the amount of
protein escaping ruminal degradation. This may be due to limestone
supplementations that inhabit the rumen proteolysis microorganism
(Rogers et al., 1982 and Wagner et al., 2004).

Table 9: Effective degradability of crude protein for different kinds of silages.

Qe a b c u Effective CP degradability
L““fj“-’“"’ % K=0.02 K=0.05 K=0.08
° Whole corn plant silage (WCPS)
0.00 12.48° 66.70° 0.012° 20.827 37.80° 25.60° 21.30a
0.05 11.12%  59.15°  0.015*° 29.73° 3620™ 24.60% 20.30°
1.00 0.83® 54.35° 0.017° 35.82° 34.80™ 23.60® 19.40%
1.50 0.66° 52.88¢ 0.017" 37.46° 33.80% 2290" 1880®
2.00 936° 51.15° 0.017° 3949 3270° 2220° 1820°
SEM 044 0152 0001 1.82 0.57 044 042
Corn stover silage (CSS)
0.00 11.577 63.18% 00117 24257 33.40° 22.60° 1890
0.05 9.79%  5237° 0.014° 37.84° 31.70% 21.50% 17.80%
1.00 9.06° 4937 0.015* 41.57° 30.50* 20.70™ 17.00®
1.50 8.48" 46.44" 0016 4508 2930 19.90® 16.30%
2.00 801 4462 0017 4737 2830° 19.10° 15.70°
SEM 0.45 1.78 0001 220 0.57 0.45 0.42
Fodder corn silage (FCS)
0.00 12.93° 68.33* 0.013* 18.74% 40.20° 2730° 22.70°
0.05 12.50" 66.46° 0.013° 21.04% 39.10"% 26.50% 22.20%
1.00 11.94° 63.01° 0.014° 25.08° 37.90™ 2570® 21.30%
1.50 10.10° 5941 0015 29.49° 3660 24.90° 20.50°
2.00 10.38° 5625 0016 3337 3530° 23.90° 19.7¢0°
SEM 0.39 122  0.001 1.46 0.56 0.44 0.42
Fodder sorghum silage (FSS)
0.00 12.33%  66.25" 0.013° 21.42° 38.40° 2600° 21.60°
0.05 11.73"  62.76° 0014 25519 3720™ 2520% 20.90%
1.00 11.03*  59.05° 0.015° 29.92° 3590™ 24.40% 20.10™
150 1043* 55.75% 0.016* 33.82% 34.80™ 2360® 1950
2.00 9.73* 5238 0.017 37.89° 33.50° 22.80° 18.70°
SEM 0.39 1.35  0.001 1.60 0.55 0.43 041

* ¢ 2dd N eans within a column with unlike superscripts are significantly different. -
3- Crude fiber disappearance:-

Disappearance of CF for different kinds of silage is shown in Table
10. Corn stover silage recorded significantly (P<0.05) the highest values
followed by FSS and FCS, while WCPS had the lowest values. It
significantly (P<0.05) increased with increasing the limestone level (1
and 1.50%) especially after 6 hrs of incubation compared with the
unsupplemented silage and decreased afterwards. Disappearance of CF
for the different silages increased with increasing CF content, indicating
a high positive correlation between them (r = 0.97). However, it
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decreased with increasing NFE content, indicating a high negative
correlation (r = - 0.87). These results are in accordance with those
obtained by Froetschel et al. (1991), who reported that limestone
additives increased fiber digestibility of wheat silage-based rations fed to
Holstein heifers. Ha et al. (1983) indicated that, lambs fed 2% limestone
significantly increased fiber digestibility. Drackley et al. (1985); Kinal
and Pres (1995) and Wagner et al. (2004) indicated that, the limestone
treatment had a significant effect on the CF digestibility and improving
digestion of fiber with additional Ca that could be attributed to increased
formation of fatty acid soaps in the rumen.

Table 10. In situ crude fiber disappearance (%) of different kinds of silages.
Incubation hours

Limestone

N 0 6 12 24 48 72
% CF% Whole corn plant silage (WCPS)
0.00 23.87 6.95° 1030 13.38° 188)° 27.29° 33.34°
0.50 2373  8.02° 1188 1543 21.69® 31.46® 38.44°
1.00 23.60 8.75° 1295" 16.82° 23.65" 3431 4193
1.50 23.47 846" 1253 16.27% 2288 33.19" 4056
2.00 2334 740" 1096 14.24% 20.02% 29.04% 35.49°
SEM 0.37 042 047 0.58 0.77 0.91
B Corn stover silage (CSS)
0.00 3670 9.71°  1439° 1868 2627 38.107 46.56°
0.50 36.50 1047 1551 20.14* 28.31® 4107 50.18*
1.00 3629 11.21° 1661° 2157 3034 44.00° 53.77°
1.50 36.09 1059" 1582" 20.62" 29.08® 4227" s51.67*
2.00 35.890 999° 1479* 1921° 2701°® 39.17% 4787
SEM 0.36 0.40 0.43 0.52 0.65 0.76
. Fodder corn silage (FCS)
0.00 2056 7.62° 1128 1464° 2059° 2087 36507
0.50 2939 $48" 12.56" 16317 2293™ 33.26™ 40.65*
1.00 2923 916" 1357 17.63° 24.78" 3595 4393
1.50 2907 8.70° 12.38° 16.73® 2352® 34.12* 4169
2.00 2891 796 11.78* 1530® 21.51% 31.20% 3813
SEM 0.36 0.39 0.43 0.51 0.66 0.77
Fodder sorghum silage (FSS)
0.00 3495 886 1312 17.04° 23.95° 3474 42457
0.50 3473 960" 1422 1847 2597 37.66° 46.02™
1.00 34.58 10.40° 1540° 2000 28.12* 40.79"° 4986
1.50 3437 992  14.69" 1908 26.82% 3891® 47.54%
2.00 34.19 932  13.79* 1797 25.18% 36.53™ 4464
SEM 0.36 0.39 0.42 0.50 0.64 0.75
2. b cand

¢ Means within a column with unlike superscripts are significantly different.

No significant differences for immediately degradable fraction (a)
and rate of degradation of fraction b/h (¢) for CF disappearance among
the different kinds of silage (Table, 11). However, the CSS and FSS had
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the highest (P<0.05) degradable fraction (b) and effective degradable
fraction at different outflow rates values, while WCPS and FCS had
similar values. This may be due to the higher CF and lower NFE content.
Moreover, it increased (P<(.05) by increasing limestone level up to 1%,
simultaneously decreased the undegradable fractions. These results are in
accordance with those obtained by Froetschel et al. (1991); Kinal and
Pres (1995); Resende et al. (2003) and Wagner et al. (2004).

Table 11: Effective degradability of crude fiber for different kinds of silages.

. b c u Effective CF degradability

L"“f/"”“" % K=0.02 K=0.05 K=0.08
° Whole corn plant silage (WCPS)
0.00 6.95° 4153 0014" 51.52° 24.10° 16.00° 13.10°
0.05 8.02* 4791° 0.014" 44.07° 27.70* 1850 15.20*
1.00 8.75* 5230° 0.014° 3895% 3030° 2020° 16.50°
1.50 8.46° 50.54® 0.014* 41.00° 2930° 19.50® 16.00%
2.00 7.40°  44.24° 0.014* 48.18° 25.60 17.10™ 14.00®
SEM 037 111 0001 127 0.69 0.53 0.47
: Corn stover silage (CSS)
0.00 9.71°  58.03° 0.014* 32.26° 33.60° 2240° 18.40°
0.05 1047 62.55% 0.014° 2698 3620 24.10® 19.30°
1.00 11.21* 67.03° 0.014* 21.76° 38.80° 2590 21.20°
1.50 10.59° 64.38% 0.014"° 25.03° 3730° 24.90® 20.40°
2.00 9.99° 60.04 0.014° 2997° 37.20° 2330 18.80°
SEM 036 091 0001 104 0.57 0.46 0.43
Fodder corn silage (FCS) '
0.00 7.62* 45.56° 0.0148 4682 2630° 17.60° 14.40°
0.05 8.48" 50.66° 0.014° 40.86° 29.30® 19.60® 16.00"
1.00 9.16* 54.75° 0.014' 36.09° 31.70° 21.10* 17.30°
1.50 8.70° 5195 0014 3935 30.10° 2010 16.40°
2.00 7.96" 47.58° 0.014* 44.46° 27.50™ 1830® 15.00
SEM 036 092 0001 106 061 0.47 0.43
: Fodder sorghum silage (FSS)
0.00 8.86° 52.94° 0.014* 38.20° 30.60° 2040° 16.70°
0.05 9.60" 57.35° 0.014* 33.05™ 33.20" 22,10®  18.10*
1.00 10.40° 6221 0.014° 27.39° 36.00° 24.00° 19.60°
1.50 992 59.25% 0.014" 30.83° 3430° 2290° 18.70°
2.00 932" 55.69° 0.014* 34.99° 3220 2150™ 17.60°
SEM _ 036 090 0001 1.03 0.59 0.46 0.42
a.Ecan

Means within a column with unlike superscripts are significantly different.

From the present study it could be concluded that. the addilidn of
limestone at the levels of 1.0 % of wet weight at silage making improved

silage quality, decreased ensiling losses and enhanced DM, CP and CF
disappearance.
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