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ABSTRACT

We deter mined the effects of adding glucose, formic acid, and tannic acid on the quality of reed canary-grass (RCG)
silage. For each of the silage types, we measured chemical components, degradability in the rumen, and in vitro
digestibility in sheep. The RCG was harvested at the pre-blooming stage of regrowth and stored in a plastic bag for
39 days. All of the additions inhibited ammonium-nitrogen production, but only formic acid lowered silage pH.
Although all of the additions decreased acetic acid production in the silage, addition of glucose stimulated butyric
acid production. The lactic acid content was lower in the silage produced with tannic acid than the other silages.
Addition of tannic acid reduced the degradability of silage protein in the rumen of sheep. The in vitro dry matter
digestibility of silage was improved by the addition of glucose.
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INTRODUCTION

Reed canary-gras®Mfalaris arundinacea L.)(RCG), a temperate grass species used for danmreminant feed, is
cultivated in many European countries and tempeamg@ns in the northern hemisphere [1]. In JagR@G is
grown at low altitudes in various regions in Hold@i Hokuriku, and Chubu [2, 3]. Throughout its gtbwperiod,
RCG is tolerant to a wide variety of environmerg@ahditions, including hot and dry conditions anétlcand humid
conditions, and it is usable for harvesting or grganimals [4]. RCG can also grow in wet and voicaoils and
shows stable yields without having to compete wideds. The dry matter yield of RCG in the firstpcreaches its
maximum at the heading stage, but the amountsuafecprotein and digestible dry matter peak at tieehgading
stage [5].

Compared with silage produced from other tempegatesses such as timothy grass, orchard grass, talmeh |
ryegrass, less is known about RCG silage as a $eck additives can promote organic acid prodadiom grass
materials and improve the nutritive value for dotitesuminants. For example, addition of applicatioh

carbohydrates (e.g., glucose) to the silage matarapromote microbial activities during fermeiaatand increase
the production of acetic and lactic acids in silag@dition of formic acid silage materials can idlgidecrease the
pH of the silage in a silo, and inhibit undesirabiErobial activities in the fermentation proceSsich techniques
and knowledge are fundamental points for makingdemaality silage from grass materials. Therefore,aimed to
study the quality of reed canary-grass silage preduvith or without addition of glucose, formic @écand tannic
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acid. To measure silage quality, we analyzed chanciemponents, degradability in the rumen of shaagdin vitro
dry matter digestibility of the various silages.

MATERIALSAND METHODS

Cultivation and sampling of experimental grass

RCG was cultivated in the experimental field of theji Animal Research Farm, Nippon Veterinary anée L
Science University, Yamanashi, Japan, and was stedeat the second regrowth pre-blooming stage-{uiig) for
use in these experiments. The grass was cut inddl pieces (3 - 4 cm long), then packed in a ptaséig. The total
grass weight was 2 kg per bag. The grass materieach bag was de-aerated using a vacuum machirenfin,
and then the bag was sealed. Glucose, formic acid,tannic acid were added at 2%, 0.5%, and 2.58&)(w
respectively, on a fresh weight basis. Each treatrhad three replicates. All bags were stored endark room at
25°C for 39 days.

Chemical analysis

For each sample, moisture was measured as destwylddrimoto [6] using toluene solution (Wako ChealiCo.
Ltd., Tokyo, Japan). Crude protein was determingdthie Kjeldahl method following Association of afi@l
analytical chemists (AOAC) recommendations [7] gpldnt fiber was measured using the detergent fiber
fractionation system [8]. A 100 g subsample wasediwith 1000 ml of water in an Erlenmeyer flaslerthkept
overnight at 4C. The solution was filtered through No. 5 papery@ Co. Ltd., Tokyo, Japan) and used for volatile
fatty acids (VFA) [9] and ammonium-nitrogen anakysg]. The VFA were analyzed by high-pressure gas-
chromatography (HPGC). Chromatographic analyses vperformed using a Hitachi HPGC (Hitachi G-3000)
instrument. A fused Hitachi ultra-alloy 8H columhlength (30 m long, 0.8 mm I.D., and 1 pm filmakmess) was
used as the stationary phase. Nitrogen gas (flég&y 25 ml/min) was used as the carrier phase. &mpkes and
standards, (VFA standard solution, Wako Chemicdu#tries, Ltd., Tokyo, Japan), 5 pl samples wejectad for
analysis.

Measurement of degradability and in vitro dry matter digestibility

Two sheep (castrated Suffolk, average body weighbkg) fitted with rumen cannula were used in these
experiments. Each sheep was kept in a pen and edagdod-quality alfalfa (65 g DM/body wei§fi¥day). The
sheep had free access to fresh water and a satahiriock. The nylon-bag technique [10] was ugsechéasure the
degradability of each silage sample in the rumeshekep. A nylon bag (120 pm mesh, 90 mm wide xm&0long)
containing 5 g DM of each silage sample was imnteisehe rumen for 48 hours. The bag was then whslith
tap water, the residues collected, and the crudeeiprand fiber components analyzed. To measurentti¢ro dry
matter digestibility (IVDMD) of the silage samplesimen contents were collected via the rumen canant then
filtered through double gauze. An aliquot of runtigjuior was used to prepare the incubation mediuneifi vitro
dry matter digestibility of all samples was meaduusing the two-stage technique described by Tilegt Terry
[11]. The digestion of pepsin-pancreatin was messby the method of Akeson and Stahmann [12].

Statistical analyses

Data were subjected to analysis of variance antistital differences between control and treatmentse
determined by student’s t-test. The difference betwmean values and among variants was calculaiad the
least significant difference (LSD) method with a ¥xel of significance [13].

RESULTSAND DISCUSSION

Chemical composition and fermentation quality of silage

Table 1 shows chemical composition of reed canaaggycut at the pre-blooming stage. The proporioorude
protein (CP), neutral detergent fiber (NDF), anddadetergent fiber (ADF) was 20.1%, 57.0% and 32.5%
respectively. These values were not significantffecent from their respective values in the vasailages (Table
2).

Table 1. Chemical composition (% on adry matter basis) of reed canary-grass harvested at pre-blooming stage

Dry matter cP NDP? ADF) Cellulose HE ADLY
11.6 20.1 57.0 325 27.3 245 2.7
1) Crude protein. 2) Neutral detergent fiber. 3) Acid detergent fiber. 4) Hemicellulose. 5) Acid detergent lignin.
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The pH value was significantly lower in the fornaicid-treated silage than in the other silages @apl Even when
2.5% glucose was added to silage, the pH was goffisiantly decreased. Although glucose is a gadukstate for
the growth of microorganisms involved in silagenfentation, addition of 2.5% glucose to the silaggemal did
not significantly lower the silage pH in this exjpeent. In contrast, addition of formic acid resdlia a lower pH of
silage. Therefore, compared with glucose and taanid, formic acid is a more effective addition fmoducing
silage with desirable attributes (e.g., with aburidactic acid bacteria) from reed canary-grasso @hal. [14]

showed that addition of formic acid to silage mialénhibited protein break-down during the fermagian process.

Table 2. Chemical composition® of variousreed canary-grass silages

Control Glucose Formic acid Tannic acid
pH 5.7 5.F 4.7 55
Moisture 85.6 85.1 86.0 84.4
Crude protein 20.7 22.6 24.3 20.6
NDF 60.2 52.9 52.3 49.0
ADF 34.0 29.1 29.9 27.4
Cellulose 26.8 24.2 25.6 23.1
HC 26.5 23.9 22.4 21.6
ADL 3.2 2.6 25 25
Ammonium-N? 22.9 15.6 17.0 14.3

1) See footnote of Table 1. 2) Percentage of total nitrogen.
a,b: Within a column, different superscript letters indicate significant differences (P<0.05).

The ammonium-nitrogen content in silage was higinethe control than in all of the treatments. A Heg
ammonium-nitrogen content indicates that crudegimoin the grass was degraded by undesirable migansms
during fermentation. A single material, in this eased canary-grass, is often not sufficient favdyfermentation.
Compared with the control and the formic acid- #ahic acid-treated silages, the glucose-treatadesiproduces
less acetic acid but more butyric acid (Table 3).

Table 3. Volatile fatty acid composition® of reed canary-grasssilages

Control Glucose Formic acid Tannic acid

Acetic acid 428 36.9 39.5° 46.6
Propionic acid 6.7 5.4 6.6 6.3
Isobutyric acid 3.8 3.3 4.3 4.1
Butyric acid 23.% 31.F 239 24.2
Isovaleric acii 6.€ 5.€ 7.1 6.€
Valeric acid 14 1.2 1.3 14
Isocaproic acid 1.2 0.8 1.3 0.5
Caproic aci 3.4 5.8 34 3.
Lactic acid 105 9.5 12.8 6.6’
Acetic/Lactic acid 4.0 3.8¢ 3.09 7.06
Butyric/Lactic acit 2.2¢ 3.27 1.82 3.67

1) Percentage of total volatile fatty acids.
a,b: Within each column, different superscript |etters indicate significant difference (P<0.05).

Lactic acid production in the silage was signifitamnlecreased by adding tannic acid. The acetladtic acid ratio
was higher in tannic acid-treated silage than éendther silages. In a previous study, additionlofgse to the silage
resulted in increased acetic acid production, wHakered the pH [15]. In our silage, 2.0% glucosaswnot
sufficient to promote acetic acid production, and Kot result in a lower pH than that of the cohtidowever,
addition of 2.5% tannic acid stimulated acetic guidduction in the silage.

Degradability and in vitro digestibility of silage

The dry matter and CP degradabilities of the silegthe rumen of sheep were significantly lowerthe silage
produced with tannic acid than in the other sila@esble 4). Cho [14] and Takano [16] noted thatitholdl of formic
acid to silage inhibited the degradation of crudetgin by enzymes and microorganisms in the runierour
experiment, the addition of tannic acid to silageréased the degradation of crude protein in tagesi This may
mean that the addition of 0.5% formic acid was ffisient, or that the effect on crude protein detpion was
stronger in the 2.5% tannic acid treatment thathén0.5% formic acid treatment. All of the treatiselowered the
degradability of plant fibers in the sheep rumeniedlected by the NDF and ADF data.
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Table 4. Degradability and in vitro digestibility of experimental silages

Control Glucose Formic acid Tannic acid
Degradabilit

Dry matter 69.9° 70.0 69.4 61.4
cP 87.4 88.9 90.9 76.4
NDF 57.C° 51.¢ 48.¢ 41.¢
Cellulose 623 56.4 54.4 47.4
ADF 55.5 51.9 49.4 43.6
Digestibility as determined by the method of runpapsin method

Dry matter 58.% 66.3 67.2 57.8
Digestibility as determined by the method of pegsamcreatin method

Dry matter 5.8 1.9 2.6 7.6
CP 234 22.F 10.2 13.9

1) Dry matter basis.
a,b,c: Within each column, different superscript letters indicate significant difference (P<0.05).

Thein vitro dry matter digestibility of silage was improved tne addition of 2.0% glucose and 0.5% formic acid
(Table 4). Digestibility, as measured by the pegsincreatin method, was lower in the formic acide &annic
acid-treated silages than in the other silagess ite@ans that the digestibility of crude proteirsilnge material was
decreased in the fore gut (rumen) and the hindt€pios) part in the ruminant intestine by the adlitof 0.5%
formic acid and 2.5% tannic acid. Driedger [17] @astrated tannic acid inhibited soybean proteirstign in the
lower gut of ruminants. In contrast, Cho [14] rapdrthat addition of tannic acid did not inhibitetlpepsin-
pancreatin digestibility of red-clover silage. Nisluta [18] showed that the ruminal bypass of dietswybean
protein was not improved by addition of tannic atddsilage. Comparing the results of those studigs our
results, we conclude that a tannic acid treatmexyt Inave different effects on silage proteins irsthmaterials.

CONCLUSION

We investigated the quality of reed canary-grassgss produced with glucose, formic acid, and t@ragid
additions. We measured chemical components, degjtiiglén the rumen, andn vitro digestibility in sheep. RCG
was harvested at the pre-blooming stage of regroeuthinto pieces, and stored in a plastic bag3fbdays. All
treatments resulted in lower ammonium-productian,dnly formic acid lowered silage pH. All treatntemesulted
in lower acetic acid production in the silage, hdtlition of glucose stimulated butyric acid produrct The lactic
acid content was lower in silage produced with tameid than in the other silages, including thatod. Addition
of tannic acid lowered the degradability of silgggeteins in the sheep rumen. Tiheitro dry matter digestibility of
silage was improved by addition of 2.5% glucoseh@ligh these results illustrate the characteristidCG silage,
further research is required to determine the aptinmates of addition for each additive, and to ya®lhe effects
of each additive on rumen microbes, in both the foumen) and the hind intestines. It would be aiseresting to
compare our results, which were obtained in a kfiooy experiment, with those of silages producedoammercial
RCG silage facilities.
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