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ABSTRACT .

Third and fourth cuts of alfalfa forage were conserved as green, hay or ensiled
either untreated or treated with 0.31 g HCHO/100g DM or 2.8 g formic acid/100 g DM
and fed to Zaraibi buks weighed 50 kg on average.

The obtained results indicated that treated silages either with HCHO or
HCOOH centained higher values of OM, EE, NFE and NSC than those of green and
hay zlfalfa forms. The treated ensiled alfalfa contained higher values of OM, CP, EE
and NSC, while it contained lower values of NFE, ash and NDF compared to the
untreated silage. Treaded alfalfa silages tended to have higher desirable
fermentation represented in low PH, butyric acid and higher lactic acid content
compared to the untreated silage. Protein solubility decreased with the reduction of
NPN and NH; in the treated silages as well.

Feed intake in terms of DM, TDN and DOM significantly (P<0.05) improved in
the ensiled forage compared to the green and hey ones. The relative feeding value
(RFV) and both of digestible energy (DE) and metabolizable energy (ME) of ensiled
alfalfa increased than those of green and hey alfalfa. This accompanied with a
reduction in effective neutral detergent fiber (eNDF) values, specially with increased
NSC content of HCOOH-treated silages. The alfaifa silages diets contained the
highest (P<0.05) values of digestibility coefficients for all nutrients, except for EE in
green alfalfa which recorded the highest but without significant difference with
HCOOH-treated silage.

Rumen liquor pH and total VFA recorded the highest (P<0.05) values with
green alfalfa diet and significantly decreased with HCOOH and HCHO-treaded diets.
The NHz-N concentration was impaired (P<0.05) with untreated silage and the lowest
with alfalfa hey. All animals were in positive N-balance and percentage of N-balance
to N-intake or digested were the heights (P<0.05) with HCHO- and HCOOH-treated
silages.

It could be concluded the formaldehyde treatment for alfalfa silage is more
effective in reducing its NDF content and increasing its NSC content which reflected
positively on fermentation in the rumen and improving feed utilization compared to the
other tested forms of alfalfa.

Keywords: Alfalfa, green, hay, silage, NDF, NSC, intake, digestibility, fermentation in
the rumen.

INTRODUCTION

Forages, e.g. alfalfa, are usually the major source of fiber in dairy
rations. However, several research works focused on fibers related factors
such as its particle size, quality and sources as important and limiting factors
in ration formulation for ruminants.

In the developed countries, e.g. Egypt, the diverse in fiber sources
usage depends on either different sources of forages or roughages in animal
feeding lead researchers to speculate the adequacy of fibers to balance
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rations for ruminants. The difficulty in detecting the precise amount of fiber
especially for dairy animals referred back to several reasons, e.g. low energy
content of these forages and roughages which is needed to be sufficiently
provided with fibers in rations of high genetic potential dairy animals. Hence,
the fermentation of diets based on neutral detergent fiber (NDF) as a
percentage of the ration dry matter (DM) has been recommended because of
the positive relationship between NDF and rumen fill and the negative
relationship between NDF and energy density (Mertens, 1994). g

In feeding strategies of dairy animals, the dietary forage fiber content,
starch amount and source may interact to affect animal performance, since
the NDF content of diets has a direct relation with nonstructural carbohydrate
"NSC" (Harmison et al., 1997).

Alfalfa is one of the important forages widely used in animal nutrition.
However, ensiling alfalfa was followed to conserve it to be used as @ major
component of rations for dairy animals. Although, 75 to 78% of alfalfa silage-
total nitrogen may be found as non protein nitrogen "NPN" (Muck, 1987 and
Broderick et al., 1990), Merchen and Satter (1983) and Hristov et al. (2001)
reported that alfalfa silage (AS) protein is poorly utilized because its extensive
degradation in the rumen. Extensive production of ammonia (NH;) in the
rumen was also reported with feeding AS to dairy animals (Vagnoni and
Broderick, 1997). This leads to envisaging that conserving alfalfa as silage
may reduce animal escaped protein, synthesis of ruminal microbial protein, or
both, compared to conserving alfalfa as hay (AH). To overcome such
degradation problem in alfalfa silage protein, scientists treated it with either
formalin (HCHO) or formic acid (HCOOH) in order to increase rumen
undegradable protein (RUP) which is needed by lactating animals (Nagel and
Broderick, 1992). They found that these treatments increased milk yield by
33 and 0.06 Kg/day, respectively. Formaldehyde reduces protein
degradability by forming cross-links between protein chains and has
antimicrobial properties that may alter the bacterial population and
fermentation pattern of silage (Woolford, 1975). Dhiman et al. (1993) stated
that protein, but not energy, was the first limiting nutrient for milk yield in cows
fed diets high in AS. In this connection, poor performance on diets high in AS
might result from inadequate capture of dietary N as absorbable protein. Also,
increased dry matter intake and N retention have been reported in dairy cows
fed treated-AS (Nagel and Broderick, 1992).

While formulating rations for dairy animals, the attention must be paid
towards the importance of synchronization between ruminal degradability of
NSC and rumen degradable protein (RDP) to maximize microbial protein
synthesis which support animals' growth and milk production. Since Clark et
al. (1992); Hoover and Stokes (1991); Nocek and Russell (1988) and Nocek
and Tamminga (1991) reported that bacterial-N and microbial protein
synthesis have been altered by varying NSC sources and its ratio to RDP for
lactating cows. _

The objective of the present investigation was to study the relationship
among N-source, NSC, eNDF and relative feeding value of different forms of
alfalfa (green, hay, untreated silage, formaldehyde and/or formic acid treated
silage). ,
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MATERIALS AND METHODS

The present study was carried out at El-Serw Experimental Station,
Animal Production Research Institute, Agricultural Research Center, Ministry
of Agriculture, Egypt.

1. Preparation of experimental diets:

Alfalfa was grown at El-Serw Agricultural Research Station. Third and
fourth cuts of alfalfa in the first year before bloom were used in the forms of
either green fodder (AG), hay (AH) or silage (AS). The green alfalfa was
chopped to a length of 5 cm before being offered to animals. The-AH was
wilted, then sun dried to approximately 85% DM, chopped to a length of 5 cm,
conserved in a stack and stored under shelter. The third cut of alfalfa was
allowed to wilt to approximately 28% DM and then chopped (about 5 cm
lengths) and about 7 Kg ground yellow corn grain per 100 Kg wilted alfalfa
was added and mixed to improve fermentation conditions. Alfalfa was ensiled
untreated, treated with formaldehyde (0.31 g formaldehyde 40% conc. /100 g
DM; 1.3 g of HCHO / 100 g of CP) and treated with formic acid (2.8 g formic
acid 90% conc. /100 g DM). The mixtures were ensiled in double plastic bags
(130 x 80 cm) by firmly packing by trampling to remove as much air as
possible and the bags were individually sealed. The mixture was allowed to
ferment for minimum 40 days before feeding.

2. Metabolism trials:

Five digestion trials were conducted to evaluate the alfalfa as green,
hay, untreated silage, formaldehyde treated silage and formic acid treated
silage. Three mature Zaraibi buks weighed 50 Kg on average were used for
these trials. Each digestibility trials lasted for 28 days in which the first 21
days considered as a preliminary period and the last 7 days represented the
collection period. Animals were kept in metabolic crates and diets were
offered for ad libitum intake once daily and drinking water was available
freely. Offered diets and orts were weighed once daily and samples were
taken from it during the collection period.

Samples of AG, AS and orts, after drying at 60°C for 24 hours in forced
air oven, as well as AH and feces samples were dried at 105°C for 3 hours
and ground through a 1 mm screen hammer mill. The samples were analyzed
for crude protein (CP), crude fiber (CF), ether extract (EE) and ash according
to the official methods of AOAC (1990). The NDF percentage was determined
according to the method outlined by Robertson and Van Soest (1981). Total
urine was collected, acidified with 100 ml of 10% H,SO. and 10% daily sub-
sample was taken and kept until nitrogen analysis.

3. Silage quality determination:

Samples of alfalfa silage were taken during the experimental period (4
samples within 12 weeks) and kept frozen at -20°C until analysis. Silage
samples were thawed, then extracted with distilled water and pH was
measured immediately using battery operated pH meter. Water extracts were
analyzed for organic acids fractions by gas liquid chromatograph (GLC).
Extract (20 ml) was deproteinized using 5 ml of 25% trichloro acetic acid
(wt/vol). The TCA extracts were analyzed for NHz-N (Conway and O'Mally,
1957) and NPN (Muck, 1987).

7509




El-Deeb, M.M. et al.

4. Rumen liquor parameters:

Rumen liquor samples (RL) were taken after each collection period of the
digestibility trials at 0, 3, 6, 9, 12, 15 hrs post feeding using stomach tube.
Rumen liquor was strained through three layers of cheesecloth and pH was
immediately measured using a digital pH meter, followed by the addition of
2.0 ml H,S0, (50% v/v) to retard ammonia loss. Samples were frozen and
kept at -20°C for subsequent NH3z-N determination according to the method
described by Conway and O'Mally (1942) and total volatile fatty acids as
described by Warner (1964).

5. Statistical analysis:

Data were statistically analyzed by the computer program of SAS
(1996) using the General Linear Model (GLM). Means were compared
according to Duncan's Multiple Range Test at significance level of 0.05
(Duncan, 1955).

RESULTS AND DISCUSSION

Chemical composition:

The chemical composition of the used alfalfa is presented in Table (1).
The results revealed that chemical composition of different forms of alfalfa
was within the published ranges (Abu-Raya, 1967, Broderick, 1995 and EI-
Shabrawy et al., 2004). However, it seems that treated silages contained
higher values of OM, EE, NFE and NSC compared to those recorded for the
other two forms of alfalfa (green and hay). On the other hand, ensilaging
alfalfa decreased CP, CF, ash and NDF percentages than those of both
green and hay forms.

Table (1): The chemical composition of green, hay, untreated,
formaldehyde treated and formic acid treated alfalfa silage.

WS DM Chemical composition (on DM basis, % |

(%) [OM | CP [ EE | CF [ NFE | Ash | NDF |NSC™

Green 2393(|87.56(17.97] 2.25 |21.83[45.51[12.44|37.81|29.53
Hay 89.33(86.09[17.59| 2.12 |23.72|42.66|13.91|43.1623.22

Untreated silage 27.95(87.77[17.20| 3.11 [20.45[47.01|12.23|33.03[34.43
HCHO-treated silage*|27.78|87.81|17.51| 3.30 |20.1246.88 12.19]30.97|36.03
HCOOH-treated silage™ |28.42[87.94[17.35| 3.25 [21.12|46.22|12.06{32.03|35.31 |
* HCHO = Formaldehyde

** HCOOH = formic acid

*** NSC % = 100 — [% NDF + % CP + % fat + % ash] Calsemiglia ef al. (1995)

It also appeared that ensiled alfalfa contained higher value of OM, CP,
EE and NSC when treated with formaldehyde and formic acid, while it
contained lower values of NFE, ash and NDF compared to the untreated
silage. Meanwhile, CF showed a slight reduction when silage was treated
with formaldehyde and a relative increase in the silage treated with formic
acid.
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Fermentation characteristics and N solubility:

The results in Table (2) indicated that formaldehyde and formic acid
treated alfalfa silages, as well as added ground yellow corn grains, tended to
have higher desirable fermentation characteristics indicated in lower pH and
butyric acid and higher lactic acid content compared to the untreated silage.
In thisa concern, Sibanda et al. (1997) found that ground maize (5 and 10%
w/w) mixed with legume (Desmodium uncinatum) improved fermentation of
star grass silage (Cynodn nlemfluensis). These results are in agreement with
those reported by McDonald and Edwards (1976); Nagel and Broderick
.(1992) and El-Shabrawy et al. (2004). The formaldehyde treatment was most
effective in reducing protein solubility of alfalfa silage probably by rapidly
decreasing pH and inhibiting plant proteases. Reduced protein solubility was
demonstrated by the lower NPN, NH; in the formaldehyde or formic acid
treated AS versus the untreated one. Similar results were reported by
Broderick (1996).

Table (2): Fermentation characteristics and in vitro nitrogen solubility of
alfalfa silage.

Silage
Item Untreated | HCHO-treated | HCOOH-treated
No. of sample - ) 4
DM (%) 27.95 27.78 28.42
pH 420 4.00 3.85
Total N (TN), % DM 2.75 2.80 2.78
NPN, % TN 45.65 36.25 30.12
NHs-N, % TN 8.35 5.70 4.02
Organic acids (%):
Lactic 40.33 44 .82 52.12
Acetic 35.37 268.78 34.38
Propionic 14.13 14.83 8.76
Isobutyric 2.36 0.26 1.05
Butyric 6.56 2.61 2.84
Isovaleric 0.66 0.16 0.25
Valeric 0.59 0.54 0.60
Soluble N (% Total N*) 74.05 35.20 30.55

* In borate phosphate buffer solution (El-Shabrawy, 1996).

Messman et al. (1994) observed that drying fresh alfalfa to AH reduced
the amount of total soluble protein that was identifiable electrophoretically by
about 25% and ensiling reduced it by more than 90%. In addition, Charmley
and Veira (1990) stated that the inhibition of proteolysis by heat treatment at
ensiling can increase utilization of silage-N within the rumen, increases
voluntary intake and results in higher rate of gain by lambs fed alfalfa silage.

Formaldehyde treatment of silage decreased NPN as % of TN by about
20% and NHs;-N as % of TN by about 30%, while the corresponding
decreasing values as a result of formic acid treatment were >30% and >50%,
respectively compared with those of untreated silage. Broderick ef al. (1990)
reported that alfalfa ensiled with 30 to 55% DM contained 62 to 76% NPN,
mean NPN in the present trial was 39% of total N. On the same line with the
obtained trends of pH, NPN and NHi-N, Broderick (1996) stated that adding
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formic acid and formaldehyde to silage dropped the pH and reduced (but
does not stop) NPN formation; and hence formaldehyde increases ruminal
protein bypass. Moreover, McDonald et al. (1891) reported that reducing
NPN alone appeared more useful than increasing protein bypass with a
smaller reduction in NPN. These findings are interesting because European
recommended that formic acid can be applied only to direct-cut silage, but
that it is ineffective when applied to wilted silage.

Feed intake and energy density: '

Intake from dry matter as well as OM (g/day) significantly (P<0.05)
increased with HCHO-treated silage by about 5% than the other forms, while
such difference was not significant among green, untreated and HCOOH-
treated alfalfa silage (Table 3). Accordingly, TDN and DOM intakes were
maximum with HCHO-treated silage followed by green, untreated silage and
hay for the first criterion, and by HCOOH-treated, untreated silage, green and
hay for the second criterion, respectively. The difference among the 5 tested
forms of alfalfa were significant (P<0.05) in this respect.

El-Deeb, M.M. et al.

Table (3): Feed intake and energy density of alfalfa in different forms.
| Silage
' ltems ' Green | Hay HCHO-/HCOOH- SE
untmaiad treated| treated
Fresh intake (g/day) 4912 | 1190 4354 4572 4302 [93.52]
DM intake (DMI, g/day)| 1209° [1063°| 1217° | 1270° | 1222° |14.28
OM intake (OMI, g/day)| 1058~ | 915° | 1068° | 1115° | 1075° |12.59

TDN intake (g/day) 702° | 579° 745° 812° | 784" [868

DCP intake (g/day) 151° | 133° 144° 163° 161° [2.03

DOM intake (g/day) 657° [ 562°| 714° 786° | 768° [9.81

DE (MJ/Kg DM) 12.48° [10.68°] 13.57° [14.93%°| 14.59° |0.19 |

ME (MJ/Kg DM) 10.23° |8.75°| 11.12° [12.247| 11.96° |0.15 |

eNDF* 26.60° [19.98°] 13.83° [17.85%| 7.45 | -

RFV** 112.65°/98.64°] 120.78° [132.51°| 131.08° |

" eNDF (Effective NDF) = (pH - 5.425) / 0.04229 Fox et al. (2000)

™ RFV (Relative feeding value) = DMI x DDM / 1.29 Moore and Coleman (2001)

a, b, c...: Values in the same row having different superscripts are significantly different
(P<0.05).

The results in Table (3) indicated that the effective NDF (eNDF)
significantly (P<0.05) decreased when green alfalfa was dried to hay and this
reduction was more pronounced with ensiled alfalfa. It seems that DE and
ME contents of different forms of alfalfa followed similar trend to that of the
eNDF. In this concern, Waldo et al. (1990) mentioned that the higher NDF of
orchardgrass or other fiber components seemed to be the most probable
cause of its somewhat lower potential energetic efficiency relative to alfalfa.
In addition, the relative feeding value (RFV) varied significantly (P<0.05)
when alfalfa was ensiled with the superiority of HCHO treatment to give the
highest (132.51) value, while alfalfa hay recorded the lowest (98.64) value
among the tested forms. It is also clearly appeared that the eNDF content
and energy density were positively reflected on the intakes of different
nutrients. These results are confirmed by those obtained by Mertens (1983)
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who stated that a diet of 35% NDF would stimulate maximum NDF intake,
since higher concentrations of NDF limited the intake through rumen fill, and
the intake from diets with low NDF level were limited by the energy
[equirements of the animal which was negatively related to NDF content
(Mertens, 1994). Nagel and Broderick (1€92) found that DM intake and body
weight gain of dairy COws fed on formic acid and formaldehyde-treated silage
diets were higher than those of untreated silage.

Regarding the effect of NSC on DMI it is clear that with increased level
of NSC, DMI increased, but this was accompanied by a reduction in NDF
content (HCHO and HCOOH treated silages compared to untreated one)
‘which may refferd back to the addition of maize grains with silage making. An
opposite trend was observed with alfalfa hay, since DMI and NSC decreased
with the increased level of NDF% in comparison to the green alfalfa and its
silages. In this connection Yokota et al. (1998) concluded that combination of
molasses/rice bran improved the fermentation quality and enhanced the
utilization of Napeir grass silage by goats. These results came online with
those of Sievert and Shaver (1883) who found higher NDF intake and lower
DM! with 35 and 42% NFC (non-fiber carbohydrate) diets of lactating dairy
CcOows.

Digestion coefficients and nutritive values:

The results of digestion coefficients and feeding values are presented
in Table (4). It was clear that there were significant differences (P< 0.05)
among means of nutrients digestibility with superiority of ensiled forms of
alfalfa, since they recorded the highest values for all nutrients digestibility
coefficients, with few exceptions, e.g. the reduction of CP digestibility of
untreated silage. The AS diets recorded the highest values of digestibility
coefficients for all nutrients (P<0.05), except for EE in the green alfalfa which
recoded the highest but without significant difference with HCOOH-treated
silage. El-Shabrawy et al. (2004) found that CP digestibility improved when
alfalfa silage was treated with formaldehyde with lactating goats.

Table (4): cffect of feeding alfalfa in different forms on apparent
digestibilities and nutritive values by Zaraibi buks.

Silage
ltems Green | Hay HCHO-/HCOOH-| SE
Untreated treated | treated |
Digestion coefficient, %:
DM 60.05° 159.85°] 64.01° |67.30° | 69.36° | 0.50
OM 62.14° |61.43°| 66.85° | 70.54° | 71.49° | 0.57
CP 60.55° |71.46°| 68.82° | 73.53° | 75.95° | 0.57
CF 47.15° |46.67°] 49.35° |50.20° | 49.64° | 0.44
EE | 59.77° |47.44°| 53.64° |55.53°| 62.31° | 0.81
NFE [ 70.04° 67.02°] 75.63° |78.57° | 77.85° | 042
Feeding values, %: |
TDN [ 58.09° |54.49° 61.23° [63.93°] 64.18° | 022 |
DCP 12.50° [12.57°] 11.83° | 12.87° | 13.18° | 0.11 |

a, b, c... Means within the same row having different superscripts are significantly
different (P< 0.05).
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It appears also that ensiling alfalfa increased the digestibility of
nutrients with increased NSC and decreased NOF levels compared {0 the
other two forms of alfalfa (green or hay). Sievert and Shaver (1993) found
that DM and OM digestibilities were higher for diets contained 42% NFC than
others contained 35% NFC, while CP as well as NDF digestibility improved
with 35% NFC than with 42% NFC. They added that possible associative
effects of fiber on ruminal fermentation may contribute to these increases in
fiber digestibility when dietary NFC is lowered. Moreover, although greater
intake compensate for lower digestibility, nutrients apparent digestibility along
the whole alimentary tract is reflection of fermentation in the rumen in terms
of N-availability for rumen microbes as a result of RUP and the synergy
between NSC and NDF contents in the diet (Thomson et al., 1991).

Ruminal parameters:

The results in Table (5) indicate that the ruminal pH and total VFA's
recorded the highest (P<0.05) values with green alfalfa diet, while the lowest
(P<0.05) corresponding values were recorded with HCOOH and HCHO-
treated alfalfa silages, respectively. Generally, the pH values seems to be
lower with the three alfalfa silage forms than those of green or hay, while
NH:-N and total VFA concentrations decreased in both treated silages
compared to the untreated one and were still lower than the green alfalfa.

Table (5): Mean values of some rumen liquor (RL) parameters of Zaraibi
buks fed the alfalfa different forms.

i NHs-N TVFA |
iems PH | (mgr100 miRL) | (meq./100 mi RL)
Green 6.55° 1847 6.83°
Hay 7.27° 14.24° 5.68°
Untreated silage 6.01° 20.21° 661
HCHO-treated silage 6.18° | 15.60° 6.39°
HCOOH-treated silage 574" 14.32° 6.46°
+SE 0.06 0.55 0.14
Sampling times (hrs):
Before feeding, 0 6.54° 8.90° 5.39°
After feeding:
3 6.14° 23.88° 6.89°
6 6.01° 18.73° 7.13°
z 5.91° 17.99° 6.81°
12 6.02° | 15.44° 6.29°
15 6.26° 14,12° 5.85° |
+SE 0.06 0.60 0.15 B

a, b, c..: Means within the same column having different superscripts are significantly
different (P< 0.05).

Meanwhile, NHi:-N concentration gave the highest (P<0.05) value with
untreated alfalfa silage. Lower concentration of ruminal NHa-N on hay diet
reflected the greater microbial capture of degraded protein, while on the
alfalfa untreated alfalfa silage diet reflected the NPN as a percentage of total
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N (Table 2). The extensive conversion of protein to NPN that occurs during
silage fermentation, resulting in excessive production of NH5-N in the rumen,
suggested that conservation of alfalfa as silage reduced ruminal escape
protein, microbial protein synthesis, or both, by about 29% compared to
conservation of alfalfa as hay (Peltekova and Broderick, 1996 and Vagnoni
and Broderick, 1997). Thus, for better protein utilization dietary rumen
undegradable protein (RUP) needed to be increased without affecting
microbial fermentation in the rumen to synchronize with energy digestion
(Broderick, 1996, Baker et al., 1996 and El-Fadaly et al., 2003). .
) The highest pH value (6.54) was before feeding, and significantly (P<
0.05) decreased to 5.91 after 9 hours post-feeding. El-Shabrawy et al. (2004)
observed a similar reduction in pH after feeding, which might have been due
to increasing availability of fermentable substrate after feeding. In contrast,
the highest (P< 0.05) NH;-N and VFA's values (23.88 mg/100 ml and 7.13
meq./100 ml) were obtained at 3 and 6 hours after feeding. Although, diets
which contained high NDF and low NSC levels (green and hay) recorded the
highest pH (P<0.05) values compared tc the other three silage forms, hay
fermentation in the rumen produced the lowest (P<0.05) value of total VFA.
Sievert and Shaver (1993) found that ruminal pH and ammonia were higher
with low than high NFC diets and the reverse was true with total VFA levels.

Nitrogen balance:

The results presented in Table (6) focused on N balance and indicate
that all buck were in positive N balance especially with HCHO and HCOOH-
treated silages which significantly differed (P<0.05) than the other three
tested forms of alfalfa (green, hay and/or untreated silage). This may be due
to the increase in digested N which was higher (P<0.05) with both treated
silage forms compared to the untreated, green and/or hay ones, since the %
of N balance to N-intake and /or digested nitrogen were the highest (P<0.035)
with both HCHO and HCOQOH-treated silages.

Table (6): Nitrogen balance (g/head/day) of Zaraibi buks fed different
forms of alfalfa.

Silage B
Items Green| Hay HCHO-/HCOOH-| SE
Untreated treated| treated

N-intake (NI) 34.76°29.91°] 33.49° |35.59°| 33.94° | 0.39
Fecal-N 11.04°1 9.32°| 10.26° [11.64°| 9.73° | 0.30
Urinary-N 18.86°|15.24°| 18.76° |17.30°| 16.76° | 0.35
N-balance (NB) 486°|535| 447° |665 | 745 [ 022 |
N-digested (ND) 24.18°21.37°] 23.04° [26.16°| 25.77° | 0.33
NB/NI x 100 13.08°(17.88°] 13.34° |18.68°| 21.95° | 0.75
NB/ND x 100 20.09°/25.03°] 19.40° [25.42°| 28.91° | 1.13
NB/100 g TDN intake 069092 060 082 | 095 | 0.34
NB/100 g digestible OM[ 0.74° | 0.95°| 0.63° | 0.85° | 0.97° | 0.36 |

a. b, c.. Means within the same row having different superscripts are significantly
different (P< 0.05).
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As shown in Table (6), although nitrogen balance per 100 g TDN intake
did not record any significant difference among the five tested alfaifa forms, it
was significantly (P<0.05) more in case of hay and HCOOH-treated silage
compared to the other tested forms. In this concern Nagel and Broderick
(1992) discussed and reviewed formaldehyde treatment effect on the diract
cut of alfalfa herbage and silage and stated that proteolysis and apparent
digestibility decreased, although it increased the N retention in the animal
body. ’

On the light of the above discussed results, it is clear that conserving
alfalfa in the form of silage or using it as green is much better for animal
utiiization compared to using it as hay. To overcome the problem of NPN
formation, formaldehyde and/or formic acid showed to be effective in
reducing NPN in the silage throughout decreasing the breakdown of alfalfa
protein during preservation. and the results favor formaldehyde treatment for
alfalfa silage compared to formic acid because of the high cost (not
economical) and corrosiveness of the latter. This is confirmed by the results
of El-Shabrawy et al, (2004) who found that when the three tested forms of
alfalfa (hay, untreated and HCHO-treated silages) were fed to lactating
Zaraibi , yields of milk, 4% FCM and its component were higher with HCHO-
treated silage. It could be concluded that formaldehyde treatment reduced the
NDF level and increased the NFC concentrations, thus effectively improved
utilization of nutrients in alfalfa silage through better fermentation
characteristics during ensiling and-in the rumen and improved its feeding
values.

REFERENCES

Abou-Raya, A K. (1967). Animal and Poultry Nutrition (Arabic Text Book). 1*
Edit. Pub. Dar-El-Maarif, Cairo.

A.O.A.C. (1990). Official Methods of Analysis. Association of Official
Analytical Chemists, 15" Ed., Washington D.C., USA.

Baker, M.J., H.E. Amos, A. Nelson, C. Williams and M.A. Froetschel (1996).
Undegraded intake protein effects on milk production and amino acid
utilization by cows fed wheat silage. Can. J. Anim. Sci., 76:367.

Broderick, G.A. (1995). Performance of lactating dairy cows fed either alfalfa
silage or alfalfa hay as the sole forage. J. Dairy Sci., 78:320.

Broderick, G.A. (1996). Forage protein utilization. Improving utilization of
forages protein by the lactating dairy cow. Dairy Forage Resaech
Center, Canada. Proceeding of International Conference with Dairy
and Forage Industries, PP. 65-71.

Broderick, G.A., D.B. Ricker and L.S. Driver (1990). Expeller soybean meal
and corn by-products versus solvent soybean meal for lactating dairy
cows fed alfalfa silage as sole forage. J. Dairy Sci., 73:453.

Calsemiglia, S.; M.D. Stern and J L. Frinkins (1995). Effects of protein source
on nitrogen metabolism in continuous culture and intestinal digestion in
vitro. J. Anim. Sci., 73: 1819. .

Charmley, E. and D.M. Veira (1990). Inhibition of proteolysis in alfalfa silages
using heat at harvest: effects on digestion in the rumen, voluntary
intake and animal performance. J. Anim. Sci., 68: 2042.

7516



J. Agric. Sci. Mansoura Univ., 30 (12), December, 2005

Clark, J.H.; T.H. Klusmeyer and M.R. Cameron (1992). Microbial protein
synthesis and flows of nitrogen fractions to the duodenum of dairy
cows. J. Dairy Sci., 75: 2304.

Conway, E.J. and E. O'Mally (1957). Micro diffusion methods. Ammonia and
urea using buffered absorbents. Biochem. J., 56:655.

Dhiman, T.R., C. Cadorniga and L.D. Satter (1993). Protein and energy
supplementation of high alfalfa silage diets during early lactation. J.
Dairy Sci., 76:1945.

Duncan, D.B. (1955) Multiple range and multiple F-test. Biometrics, 11:1-42.

El-Fadaly, H.A., HM. El-Shabrawy, M.M. El-Deeb and A.Z. Mehrez, 2003.

’ Effect of formaldehyde treatment of concentrate feed mixture and
source of roughage on fermentatlon and some bacterial activities in the
rumen of sheep. The 9" Conf. on Anim. Nutr., Hurghada, 14-17
Cctober. Egyptian J. Nutr. and Feeds (Special Issue) 11231,

S|-Shabrawy, H.M. (1996). Utilization of dietary protein in ruminants.
Solubility and rumen degradability of some proteins and their
protection. M.Sc. Thesis, Fac. of Agric., Mansoura Univ., Egypt.

El-Shabrawy, H.M; Mehrez, A.Z. and Shehata, E.l. (2004). Evaluation of
alfalfa hay and silage in complete diets for lactatlng goats. The 12th
Conf. on Anim. Prod., Mansoura, 30 Nov. — 2™ Dec., Egyptian J. Anim.
Prod., (Suppl. Issue) 41: 181.

Fox, D.G.; C.P. Tylutki; M.E. Van Amburgh; L.E. Chase; A.N. Pell; C.R.
Overton; L.O. Cedeschi; C.N. Rasmussen and V.M. Durbal (2000). The
net carbohydrate and protein system for evaluating herd nutrition and
nutrient execrition. Anim. Sci. Mimeo 213, Department of Anim. Sci.,
Cornell Univ. 130 Morrison Hall Ithaca, NY.

Harmison, B.; M.L. Eastridge and J.L. Firkins (1997). Effect of percentage of
dietary forage neutral detergent fiber and source of starch on
performance of lactating Jersey cows. J. Dairy Sci., 80: 905.

Hoover, W.H. and S.R. Stokes (1991). Balancing carbohydrates and proteins
for optimum rumen microbial yield. J. Dairy Sci., 74: 3630.

Hristov, A.N., P. Huhtanen, L.M. Rode, S.N. Acharya and T.A. McAllister

(2001). Comparison of the ruminal metabolism of nitrogen from N15
labeled alfalfa preserved as hay or as silage. J. Dairy Sci., 84:2738.

McDonald, P. and R.A. Edwards (1976). The influence of conservation
methods on digestion and utilization of forages by ruminants. Proc.
Nutr. Soc., 35:201.

McDonald, P.; A.R. Henderson and S.J.E. Heron (1991). The Biochemistry of
Silage. 2™ Ed. Chalcombe Publ., Marlow U K.

Merchen, N.R. and L.D. Satter (1983). Changes in nitrogenous compounds
and sites of digestion of alfalfa harvested at different moisture
contents. J. Dairy Sci., 66:789.

Mertens, D.R. (1983). Using neutral detergent fiber to formulate dairy rations
and estimate the energy content of forage. Pages 60-69. In: Proc.
Cornell Nutr. Conf. Feed Manuf., Syracuse, NY. Cornell Univ., Ithaca,
NY.

7517



El-Deeb, M.M. et al.

Mertens, D.R. (1994). Regulation of forage intake. Pages 450-493. In: Forage
Quality, Evaluation and Utilization. G.C. Fahy; Jr.M. Collins: D.R.
Mertens and L.E. Moser, eds. Am. Soc. Agron., Crop Sci. Soc. A. and
Soil Sci. Soc. Am., Madison, WI.

Messman, M.A., W.P. Weiss and M.E. Koch (1994). Changes in total and
individual proteins during drying, ensiling, and ruminal fermentation of
forages. J. Dairy Sci., 77:492.

Moore, J.E. and S.W. Coleman (2001). Forage intake, digestibility, NDF and
ADF: How well are they related? P. 238-242. In: C. Terrill (Ed.) Proc.
Am. For GRSLD Coun., Springdale, A.R. AFGC Georgetown, TX.

Muck, R.E. (1987). Dry matter level effects on alfalfa silage quality. 1.
Nitrogen transformations. Trans. Am. Soc. Agric. Eng., 30:7.

Nagel, S.A. and G.A. Broderick (1992). Effect of formic acid or formaldehyde
treatment of alfalfa silage on nutrient utilization by dairy cows. J. Dairy
Sci., 75:140.

Nocek, J.E. and J.B. Russell (1988). Protein and energy as an integrated
system. Relationship of ruminal protein and carbohydrate availability to
microbial synthesis and milk production. J. Dairy Sci., 71: 2070.

Nocek, J.E. and S. Tamminga (1991). Site of digestion of starch in the
gastrointestinal tract of dairy cows and its effect on milk yield and
compoasition. J. Dairy Sci., 74: 3598.

Peltekova, V.D. and G.A. Broderick (1996). /n vitro ruminal degradation and
synthesis of protein on fractions extracted from alfalfa hay and silage.
J. Dairy Sci., 79:612.

Robertson, J.B. and P.J. Van Soest (1981). The Detergent System of
Analysis and its Application to Human Foods. In: W-P.T. James and 0.
Theander (Ed.): The analysis of dietary fiber in food. Marcel Dekker,
New York, PP. 123-158.

SAS (1996). Statistical Analysis System. Users Guide Statistics. SAS
Institute, Cary, North Carolina.

Sibanda, S.; J.M. Jingura and J.H. Topps (1997). The effect of level of
inclusion of the legume Desmodium uncinatum and the use of
molasses cr ground maize as addetives on the chemical composition
of grass- and maize-legume silages. Anim. Feed Sci., and Technol.,
68: 295-305.

Sievert, S.J. and R.D. Shaver (1993). Effect of nonfiber carbohydrate level
and Aspergillus oryzae fermentation extract on intake, digestion and
milk production in lactating dairy cows. J. Anim. Sci., 71: 1032.

Thomson, D.J.; D.R. Waldo; H.K. Goering and H.F. Tyrrell (1991). Voluntary
intake, growth rate and tissue retention by Holstein steers fed
formaldehyde- and formic acid-treated alfalfa and orchardgrass
silages. J. Anim. Sci., 69: 4644

Vagnoni, D.B. and G.A. Broderick (1997). Effects of supplementation of
energy or ruminally undegraded protein to lactating cows fed alfalfa
hay or silage. J. Dairy Sci., 1703.

7518



J. Agric. Sci. Mansoura Univ., 30 (12), December, 2005

Waldo, D.R.; G.A. Varga; G.B. Huntington; D.R. Waldo and H.F. Tyrrell
(1990). Energy components of growth in Holstein steers fed
formaldehyde- and formic acid-treated alfalfa or orchardgrass silages

- at equalized intakes of dry matter. J. Anim. Sci., 68: 3792.

Warner, A.C.1. (1964). Production of volatile fatty acids in the rumen. Methods
of measurements. Nutr. Abst. Rev., 34:339.

Woolford, M.K. (1975). Microbiological screening of food preservatives, cold
stcrilants and specific antimicrobial agents as potential silage additives.
J. Sci. Food Agric., 26:228.

~ Yokota, H.; Y. Fujii and M. Ohshima (1998). Nutritional quality of Napelrgrass

(Penmsetum purpereum Schum.) silage supplemented with molasses

and rice bran by goats. Asian-Aust. J. of Anim. Sci., 11 (6): 697-701.

GJMHﬂMMW&M@Mbﬁ,Mﬂh
qu_)udl.ha.aJ.aL; - JJ;A‘_’SJJAI— uu.ﬁl:.m.:.\_a

il = A = Al 30 5 s = A Sl JS5e = el ZUY) Cgan gae )
' s -

. s = 5 geaial) daaly = A2l A4S~ ) pal) pU) aud - Y

Laliia o a3 e B gl el uiad Ll (g laall aa nll (e dagl N5 BN L2aD) Cueaail
Voo JSlal s gh imen alpa VA g Ailaale ol ja Ve JS Culle pgh ol e 0,1 — Aliles
daugiadll Saaf e L ol Selall a8 A58 Al sole sl

oo G sing eyl aman g naalle il Jalaad) 230 o lple Jeaatiall milill i
A e A€ Al e LYYy <y Y1 A Galiiuall y 3V aliiee g 4 gaall okl e e a8
Hm,;g@;&@l Sl gl 23 (s gial Lainy cdan 3y iYW ane Ll
i e }nl_nbus_)ﬂl}c_;'u s g Sl Y _)alu....a_,.al;ﬂ Ot gl 9 A guaall 3Ll
J_AL-A!'IJA&’ML‘L‘U Aia Jalaidl ikt oaliio g LA_).“J\--\_,Jyl J\A\deaw

"‘_\.1;.} _H_‘V,.Y];uﬁ mhm\f).mad.lﬁﬂ‘uﬁ_)n.ui u_,..;dlf-)u.'- Jaladll —J..:......'l _H_hl

Sl gd paiadl Ll . Jaladll ﬁ:m@a;&m@yﬂp&m),&h}ﬁl _m,
cJalaadll a3l b Lgally Ayl e A5, Y0 sl B Gl aa Gyl

(+100%) Lgins Lo gings guac 33La g Ao gongs LS 3 gay Aila 320 5 j5em  JSLall s
G —ine y Al 3RD Aol cala ) LS L ol g o) puiadl 3 peall 45l Jolaall 230l (e
i Cadaaal By 0 sl el adll e Aabiall 3 geall (3 Allaall g A peagall Alal) (e il
ot S jma KN (5 gias 52l s Aald g (NDF) Jladll Jaladdl GUIYY paliis 0 Gaii —13—*-

anan Clalas (+,002) lof 23l G0l clan 3y e il aeay Jolaall #oull 6 20

?é_iildl;i;al;__.‘fjl_}ﬂ;\\ Julmﬂlfy\mm_;m Al oS pall K
wdia sl Gmens Jalaall Z3ulls i g 5 giae 32 Dsn OS5

prma ) aa Ui 3Lkl Zgiadll alaally i g el QU (410 22) alll Juadl il o
_l_nha.a_, ciaanlle il g sy ,ﬂ\@@dﬁ@1&hﬂ@hwmb _}..a:;\!\ Slaad)
.,'H_).}HJ__Jc__ad_uﬂ_alsw,dab&“_)m:)uu“‘;!h_,a'a_p;_,_)u...ﬂ_;.l_j( “>)
o gl g YD 0 e Al Sy ¢ amge (g o pe Ala B DUl gl JS Sy g kel
cdlia gl e 8 maadle gty Jabaall 3l s (4,0 0%) JeY1 2 gumgdl y JsSLal

s 8 Adled SH sl il (g Saad) apes ol e Alalas o ) (Say Bae Lao
S e e g )SU (e ol gisa 324 39 (NDF) J;L‘m GLY aldies (e o) gins
e d_iaall 5 AY) el &5 lEs o128l (e S2UELYT Cpuady 0 SISl jedall e Lulagl Sl
el gl

7519






