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EVALUATION OF TREATED CORN STOVER SILAGE AS A FEED
FOR LACTATING CATTLE

Gamal M. EI-Garhy
Animal Production Department, Faculty of Agriculture, Fayoum University, Egypt.

ABSTRACT:

This study was to determine the quality of different silages
made from fresh corn stover. Such silages were made from corn
stover alone (CSS), or with 3% molasses (CSSM) or with 5%
granulated corn grain (CSSG) forming three silage treatments.
Parameter studies were silage chemical composition, its color, smell,
pH value, lactic acid, volatile fatty acids (VFA's) and NH3-N as well
as in vitro dry matter (DM) and organic matter (OM) digestibility.
Rams were used to determine their nutritive values and rumen
activity.

The lactation performance of dairy cattle that fed the silages
mentioned above plus concentrate mlxture (1 1) was also determined.
Eighteen Friesian crossbred cows at 2" to 4™ lactation seasons with
mean live body weight (LBW) of 460 kg were distributed into three
similar groups. Parameters studied were rations digestibility and
feeding values, milk yield and composition, feed intake, feed
efficiency as well as a simple economic evaluation.

Results indicated that, the corn stover silages with additives
contained more crude protein percentage (CP%), lactic acid and total
VFA's and less NH3-N compared with silage without additive. The
additives of corn stover silage significantly (P<0.05) improved the
digestibility of OM, CP and nitrogen free extract (NFE) compared to
CSS. Feeding values followed the same pattern. Milk yield, fat
corrected milk (FCM) and all milk components significantly
increased with rations containing silage with additives (R2 and R3)
compared to control ration CSS (R1). No significant differences were
detected between the dietary rations regarding feed intake or feed
efficiency. The economic efficiency was significantly higher for the
ration containing silage with additives (R2 and R3) compared to
control ration CSS (R1).

Keyword: Corn stover silage, silage quality, dairy cattle, milk yield, milk
composition, feed intake and economic efficiency.

INTRODUCTION:

In Egypt, about 2 million feddans are cultivated annually with corn
crop producing more than 5.15 million tons of dried cron stover (Agricultural
Economics, 2006). Few quantities of this residue are used for feeding animals
in fresh form. While, the major part used mainly as fuel or being left in the
field causing pollution problem. About 40-50% corn plants remains in the
field after grain harvest offers a large potential energy source for ruminants.

Ensiling corn stover reduces field losses and may produce a more
palatable feed than if it is being utilized by grazing (Colenbrander et al.,
1971). The success in making good quality silage from fresh corn Stover
without or with additives is of practical importance in animal feeding in
summer season (Gad-Alla, 1991; Etman et al., 1994; Bendary and Younis,
1997; Mohamed et al., 1997; Mostafa et al., 2000 and Ahmed et al., 2003).
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Moreover it may lead to significant low dairy feeding cost (Bendary and
Younis, 1997) and minimizing other problems such as plant diseases,
environmental pollution and risk of rats. The small holders have become
increasingly aware of the impact of silage made from fresh corn stover in
rations of lactating animals on milk production and cost.

The objectives of this study were to evaluated the silages made from
corn stover without or with additives (molasses and corn grain) and its effect
on milk yield and its composition.

MATERIAL AND METHODS:

The present study was conducted at a commercial farm, Fayoum
Governorate, Egypt.

Corn stover silage (CSS) making and evaluation:

Fresh corn stover was ensiled just after harvesting the grain. The stover
was chopped (about 1-1.5 cm) by chopping machine and ensiled alone or plus
3% molasses (CSSM) or 5% granulated corn grain (CSSG). Built silo was
used where stover was compressed by wheel tractor to insure good packing.
When each bunker was filled, it was tightly covered by plastic sheet then with
20-30 cm layer of soil to get anaerobic condition. After two months, bunkers
were opened and silage color and odor were tested and silage was sampled for
chemical analysis and quality test. The pH was measured using Bechman pH
meter; ammonia-N and volatile fatty acids (VFA's) were determined according
to RICF (1961) and lactic acid was determined as described in Analytical
Chemistry of Foods (1995). Also in vitro dry matter (IVDMD) and organic
matter disappearance (IVOMD) were determined using the two stage in vitro
technique developed by Tilly and Terry, (1963).

Three digestibility trials were carried out to determine nutrients
digestibility and nutritive values of corn stover silages using mature Ossimi
rams (3 in each) with average body weight 50 + 1 kg. Each trial consisted of
14 days preliminary period followed by 7 days collection period. The
proximate analysis for feed and faces were carried out according to A.O.A.C
(1990). Gross energy (GE) of feeds was calculated after Nehring and
Haenlien (1973).

Rumen liquor samples were taken at zero, 3 and 6 hours post morning
feeding using stomach tube. Ruminal pH was measured using pH meter,
ammonia-N was determined according to Conway (1962) and total VFA's
were determined according to Abou-Akkada and EI-Shazly (1964).

Lactation trials:

%hteen Friesian crossbred cows averaging 460 kg in body weight and
at their 2™ to 4™ parity were chosen after 50 + 5 days of calving. Cows were
divided into three similar representative groups (6 cows / group). Each group
was randomly fed one of the following experimental rations: R;, 50%
concentrate feed mixture (CM) + 50% CSS; R», 50% CM+50% CSSM and R3,
50% CM + 50% CSSG. Cows were individually fed according to NRC
allowance (1988) for dairy cattle. Three weeks preliminary period followed by
one week milk collection was applied. Daily feed intake and milk yield were
recorded individually. Milk representative samples of seven connective
evening and morning milking per each cow were taken, refrigerated and
chemically analyzed. Milk samples were analyzed for fat, protein, ash and
total solids (TS) (Ling, 1963) and lactose (Barnett and Abd El-Tawab,
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1957); 4% fat corrected milk (FCM) was calculated according to Gaine's
(1923) equation.

At milk collection period (for each rations) the nutrient digestibility
and feeding values were determined for all cows using acid insoluble ash
(AlA) technique (Van Keulan and Young, 1977). Samples of feed and feces
were analyzed according to A.O.A.C. (1990).

Statistical analysis:

Complete randomized design was used for digestibility and lactation
trials. The general linear model procedure adapted by SPSS (1997) was used
according to the following model:

Yij = p+ Ti+ g
where Yijj, is the dependent variable; p, is the overall mean; T;, is the effect of
treatment; ejj, is the residual error. Least significant difference test (LSD) was
used to compare the treatment means (Steel and Torrie, 1980).

RESULTS AND DISCUSSION:
Corn stover silages evaluation:

Table (1) presents the chemical composition and quality traits of
silages. The chemical analysis and quality traits of silages indicated that all
silages were of good quality and containing reasonable amount of nutrients.
These results are in the same direction with those of Gad Alla (1991), Etman
et al. (1994), Bendary and Younis (1997), Mohamed et al. (1999), Bendary
et al. (2001) and Ahmed et al. (2003). Comparing silages, the corn stover
silages with additives contained more CP% ranging from 6.67 to 7.03% (7.2 to
13% improvement) compared with CSS, which may be attributed to the
increase in microbial nitrogen content due to the good fermentation during
ensiling. The other contents of silages were insignificantly different and were
within the ranges obtained by Gad-Alla (1991); Etman et al. (1994);
Bendary and Younis (1997); Ghanem et al. (2000); Bendary et al. (2001)
and Ahmed et al. (2003).

Observations concerning silage quality indicated that tested fresh corn
stover silage without or with additives produced good quality silage with
suitable fermentation characteristics, yellowish green color and good smell.
The pH values of tested silages ranged from 3.72 to 3.92 which were within
the normal ranges of the good quality silage as reported by Hellberg (1963).
Total VFA's and lactic acid% of DM in the tested silages indicated the good
quality as mentioned by Chatterjee and Maiti (1982). The ammonia-N
concentration of tested silages indicated good quality silages, which agree with
McDonaled et al. (1995) who reported that the concentration of ammonia-N
of good quality silage to be usually less than 10% of total-N. However, feed
additives used (molasses and corn grain) significantly (P<0.05) increased
lactic acid (44-45% in average) and VFA's (34-38% in average) and decreased
ammonia-N (9-10% in average) production compared with silage without
additive. These results may be due to the source of available fermentable
carbohydrates, which is the main source of lactic acid production. Many
studies (Saddick et al., 1993; El-Ready, 2000 and Ahmed, 2005) reported
that soluble carbohydrate sources (such as molasses or corn grain) lead to
higher total acid production.

The results of in vitro DM and OM disappearance (IVDMD and
IVOMD, Table 1) indicated that corn stover silage with molasses or corn grain
significantly (P<0.05) improved both IVDMD and IVOMD compared with
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silage without additive. This improvement may be attributed to the good
fermentation during ensiling silage with additives, which may shorten the
bonds of CF in corn stover more than the control. These results are in
agreement with those of Saddick et al. (1993), Ahmed (1998), Ahmed and
El-Dabeeb (2002) and Ahmed (2005) who showed that supplemented silage
(such as molasses or corn grain) improved the in vitro as well as the in vivo
digestibility.

The results of in vivo digestibility trials (Table 2) indicated that feed
additives significantly (P<0.05) improved the digestion coefficients of OM,
CP and NFE, and insignificantly improved EE and CF digestibility compared
to silage without additive. The total digestible nutrients (TDN%) and
digestible crude protein (DCP%) of corn stover silages showed significant
variation (P<0.05). The highest values were observed with silages with
additives, these improvement are 8% and 18-28% for TDN% and DCP%,
respectively. Many invistigator (Gad-Alla 1991, Ghanem et al. 2000,
Bendary et al. 2001 and Ahmed et al. 2003) reported the same direction with
corn stover silage. In general the increase in CP content in the roughage
improves its digestibility.

Table (1): Chemical analyses and silage quality of tested corn stover

silages.

Item | CSS | CSSM | CSSG | #SE
DM 36.72 35.81 36.95 0.46
Chemical analyses %, on DM basis
oM 89.63 89.58 90.16 1.87
CP 6.22° 6.67°% 7.03° 0.13
EE 1.59 1.52 1.62 0.01
CF 27.54 28.32 27.41 0.68
NFE 54.28 53.07 54.10 1.09
Ash 10.37 10.42 9.84 0.03
GE(Mcal/kg DM) 4.01 4.02 4.04 0.02
Silage quality
pH value 3.92 3.72 3.81 0.04
Lactic acid %of DM 2.61° 3.79¢ 3.76° 0.02
VFA's %of DM 1.89° 2.53° 2.61° 0.01
NH3-N%of total N. 4.22 3.82 3.79 0.02
IVDMD% 35.75° 43.92° 42.73° 0.45
IVOMD% 36.24° 44.51° 43.66° 0.58

*SE, stander error.
Averages in the same row with different superscripts are different (P< 0.05).

Rumen liquor parameters of wethers fed the tested corn stover silages are
presented in Table (3). Results showed that the pH values for all tested silages
were found to be within the normal range. No significant variation in pH
values between wethers fed tested silages was reported. Ruminal VFA's values
showed that CSSM and CSSG had higher (P<0.05) values at 3, 6 hours
sampling time compared with CSS. Such result may indicate the improvement
in microbial activity. Concentration of NH3-N in rumen liquor tended to be
lower in wethers fed corn stover silages with additives than those fed CSS.
However, the differences were not significant (Table, 3). These results are
paralled to that of Ghanem et al. (2000), Mohsen et al. (2001) and Shehata
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et al. (2003). Such result may reflect in such a way the increase in microbial
protein.

Table (2): Digestion coefficients and feeding values of tested corn stover
silages (on DM basis).

Item CSS | CSSM | CSsG | +SE
Digestion coefficients %
oM 62.22° 66.75° 65.43° 1.01
CP 59.34° 65.58°% 67.21° 0.95
EE 58.72 61.44 60.76 0.97
CF 60.36 63.92 63.04 1.18
NFE 61.40° 67.28° 66.63° 1.11
Feeding values %
TDN 55.73° 60.27° 60.26°2 1.12
DCP 3.69° 4.37° 4.72° 0.13

Averages in the same row with different superscripts are different (P< 0.05).

Table (3): Rumen liguor parameters of wethers fed of tested corn stover silages.

ltem | Time | CSS | CSSM | CSSG | =SE

0 6.95 6.92 6.97 0.14

pH value 3 6.42 6.37 6.32 0.16
6 6.61 6.50 6.47 0.19

VFA's 0 7.82 7.91 7.74 0.45
meq/100ml 3 9.43° 9.71° 9.63° 0.42
6 8.06°" 8.52% 8.44° 041

NHs3-N 0 14.82 14.74 15.11 0.48
mg/100ml 3 24.11 23.68 23.51 0.25
6 21.21 19.62 20.06 0.27

Averages in the same row with different superscripts are different (P< 0.05).

Lactation performance:

Table (4) presents the chemical analysis of concentrate feed mixture
(CFM) and that of the rations formulated. Tested rations were nearly similar in
their CP and GE contents.

Table (4): Chemical analyses of concentrate mixture (CM) and experimental
rations (on DM basis) fed to lactating cows.

Item | DM% % on DM basis GE
oM CP EE CF NFE Ash Mcal/kg
DM

CM 90.65 90.15 1592 322 1194 59.07 9.85 4.17
Experimental rations

R1 63.69 89.89 11.07 241 19.74 56.67 10.11 4.09
R2 63.23 89.87 11.30 237 20.13 56.07 10.13 4.10
R3 63.80 90.16 1148 242 19.68 56.58 9.84 4.11

Concentrate mixture consisted of 25% undecorticated cotton seed cake, 15% linseed cake,
25% yellow corn, 10% rice bran, 18% wheat bran, 4% molasses, 2% lime stone, 1% common
salt.

Digestion coefficients and nutritive values of tested rations fed to
lactating cows are shown in Table (5). Digestion coefficients of CP and EE
increased significantly (P<0.05). Digestion coefficients of OM, CF and NFE
were improved insignificantly when cows fed rations containing silage with
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additives (R, and R3) compared to the control ration, CSS (R;). The same
trend was observed with the feeding values. Other investigators followed the
same direction (Bendary and Younis, 1997; El-Saadany et al., 2001 and
Ahmed et al., 2003).

Table (5): Digestion coefficients and feeding values of the experimental
rations (on DM basis) fed to lactating cows.

Item Experimental rations | +SE
R1 | R2 | R3 |

Digestion coefficients %
oM 61.21 63.75 62.63 1.12
CP 57.84° 61.52° 60.97 0.98
EE 55.23° 58.31° 57.29% 0.92
CF 54.92 56.91 55.78 1.21
NFE 60.34 62.78 63.02 0.98
Feeding values %
TDN 54.38° 56.72° 56.77° 0.87
DCP 6.36" 6.95° 7.00° 0.23

Averages in the same row with different superscripts are different (P< 0.05).

Data in Table (6) revealed that 4% fat corrected milk (FCM) and all
milk components significantly (P<0.05) increased for rations containing
silages with additives (R, and R3) compared with the control ration. Rations
included corn sover silage with additives might have a positive biological
effects that improve milk productivity compared to CSS (without additive).
Such results refer to the good fermentation during ensiling silage with additive
and the high digestibility and feeding values (Table, 5) which may explain the
higher milk yield and its components. Results obtained herein were in the
same trend to that of Bendary and Younis (1997) and El-Saddany et al.
(2001).

Feed intake and economical evaluation:

Table (7) shows daily feed intake, feed efficiency and economic
efficiency. Feed intake and feed efficiency as DM, TDN or DCP were not
affected by dietary treatments. These results may have been due to the use of
NRC (1988) requirements since the energy values are used to estimate feed
intake. Corn stover silage with additives significantly (P<0.05) improved both
economic efficiency and cost of kg FCM compared with silage without
additive. These results are in harmony with El-Saadany et al. (2001) and
Ahmed et al. (2003).

In conclusion, making silage with tested additives could improve the
silage quality and could be used economically and successfully in lactating
cow rations to improve digestibility, feeding values and economic efficiency.
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Table (6): Daily milk yield and milk composition of cows fed the experimental
rations containing corn stover silages.

Item Experimental rations +SE
R1 | R2 | R3

Milk yield, kg 12.62° 13.75® 14.02° 0.22
4% FCM, kg 11.60° 12.86% 13.06° 0.33
Milk composition
Fat, % 3.46° 357% 3.55% 0.03
Fat, g 436.65° 490.88° 497.71° 6.02
Protein, % 3.21 3.26 3.31 0.05
Protein, g 405.10°" 448.25° 464.06° 4.29
Lactose, % 4.42 4.45 4.40 0.06
Lactose, g 557.80° 611.88% 616.88° 6.58
Ash, % 0.71 0.68 0.72 0.01
Ash, g 89.60° 93.50® 100.94° 1.10
SNF, % 8.35 8.41 8.45 0.13
SNF, g 1053.77° 1156.38*  1184.69° 9.09
TS, % 11.81 11.98 12.00 0.24
TS, g 1490.42° 1647.25*  1682.40° 8.51
Energy, kcal/kg 673.19 686.28 686.41 6.24

FCM, fat corrected milk; SNF, solid not fat; TS, total solid.
Milk energy, kcal/kg = 92.25 fat% + 49.15 SNF% - 56.40 (McDonald 1978).
Averages in the same row with different superscripts are different (P< 0.05).

Table (7): Daily feed intake, feed efficiency and economic efficiency of
cows fed the experimental rations.

Item Experimental rations +SE
R1 | R2 | R3

LBW, kg 460 464 455 6.22
Feed intake
DM, kg/head 12.72 12.41 12.46 0.11
DM, g/kgw® " 128.06 124.14 126.47 1.47
TDN, kg/head 6.92 7.04 7.07 0.08
DCP, kg/head 0.81 0.86 0.87 0.02
Feed efficiency, /kg 4% FCM
DM, kg 1.10 0.97 0.95 0.01
TDN, kg 0.60 0.55 0.54 0.003
DCP, ¢ 69.83 66.87 66.56 0.85
Economic efficiency
CM as fed, kg/head 7.02 6.85 6.87
CSS as fed, kg/head 17.32 17.33 16.86
Input cost, LE 8.75 9.10 9.40
Output cost, LE 15.14 16.50 16.82
Economic efficiency 1.73° 1.81° 1.79% 0.03
Feed cost/kg FCM, LE 0.75° 0.71° 0.72° 0.002

Feed cost L.E/ton of concentrate feed mixture, corn stover silages (CSS, CSSM and CSSG)
were 1000, 100, 130 and 150 respectively, and price of milk was 1.2 L.E /kg. LBW, live body
weight.

Averages in the same row with different superscripts are different (P< 0.05).
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