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INTRODUCTION

The singularity in digestion of ruminant is a function of microbes inhabited in the
rumen, which should affect on the digestion and absorption of nutrients in the lower
digestive tract. It is generally recognized that the utilization of food given was markedly
influenced by the degree of microbial fermentation in the rumen when the food was
changed in physical form as well as chemical composition. Especially, the factor affecting
the utilization of dietary protein as same as other nutrients may be a difference of physical
form, such as solubility in the rumen ; that is a degree of easiness for microbial degrada-

tion in the rumell:l). According to Chalmers et ;.l, and Chalmers and Syngz), ruminal
ammonia formation was reduced by treatment to reduce the solubility of dietary protein,
and consequently, the utilization of nitrogen in the diet was improved remarkably.

In general, it is known that the solubility of protein in forage is changed by drying
treatment. It may be assumed that the forage protein has a different property compared
with other vegetable proteins used as a dietary supplement. Kameoka and Morimotg
reported that the direct absorption of nitrogen in the rumen of goats was smaller in
feeding of dried orchardgrass than in feeding of fresh orchardgrass. Relatively little work
has been reported on the comparison of nitrogen utilization in sheep fed only the fresh
grass or the dried grass prepared from the same origin.

In the present experiment, the nitrogen utilization of grass diets in sheep was investi-
gated when they were given only the fresh or hay, which would be clearly different in
dietary physical property. The daily ration of fresh grass or hay was harvested at similar
growth stage from the same pasture in order to equalize t}71e dietary chemical composition.

A part of the results in this study was reported previously.

MATERIALS and METHODS

Animals and experimental diets
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Three Japanese Corriedale wethers, each Table 1. Chemical composition of diet

weighing 22—30 kg, were used repeatedly.

Diet Organic Crude Crude Crude NF E* Crude
The fresh grass was harvested each morning

matter protein fat fiber ash

from a predominantly Italian rygrass pas- Fresh b
89.3 17.9 3.9 23.5 4.1 10,7

ture (2nd cut). The sun-cured hay was 873SS

made from the herbage harvested at the Hay 8.7 165 3.4 242 43.7 12.3

same time when harvested the fresh grass. a Nitrogen free extract.

Each grass diets was cut about 10 cm long P % of dry matter,
before feeding. Chemical compositions of the fresh grass and hay are shown in Table 1.

Exterimental procedure

The experimental animals were kept in the metabolism cages throughout the experimental
period. Five-day sampling period was preceded by 7-day preliminary period. Each wether
was fed 2.259% as dry matter of diet per kg body weight per day. Water was freely
available, and each sheep had access to a mineralized salt lick at all time. One-half of
the daily ration was given at 9:00 hour and another half at 17:00 hour. Feces and urine
were collected just before the morning feed. Feces were dried for 48 hours in forced air
drier at 55°C. Urine was collected daily in bottle added a few drops of 10% H,SO, to
prevent a loss of nitrogen. On the final day of each trial, about 50 ml of rumen contents
was sampled using a stomach tube at 9:00, 10:00, 11:00, 12:00, 14:00 and 16.00 hours,
and the pH value and the concentrations of ammonia,K and VFAs of lumen fluid were
measured. Similarly, about 5 ml of jugular blood was collected at 9:00, 12:00, 14:00 and
16:00 hours on the final day of each trial, and urea-nitrogen, plasma total protein and
plasma free amino acid were determined.

Chemical analysis
Nitrogen in the diet, faces and urine were analyzed by the Kjeldahl method, and the
contents of crude fat, crude fiber and crude ash in the diet and feces were determined

8)
according to AOAC method. Ammonia in the rumen fluid was analyzed by the method of

10)
Oser. Ruminal VFAs were determined by the aeration method. Blood urea-nitrogen and
plasma total protein were analyzed using the Unitest System (Model 300, Biodynamics,
Inc., USA). The plasma was deproteinized by treating with picric acid according to the

procedure described by Stein and Moore, and the free amino acids were determined by
the ion exchange chromatography on automatic amino acid analyzer (Model KLA-5,
Hitachi Co. Tokyo).

RESULTS and DISCUSSION

As shown in Table 1, the chemical composition of hay was almost similar to that of
the fresh grass. Slight decrease of crude protein in the hay might be due to autolysis of

grass during dry process, and it was in the range of changes generally accepteﬁsz Table 2
shows the apparent digestibility and nitrogen balance in sheep fed the fresh grass and
hay. Digestibilities of organic matter, crude protein and NFE were almost the same in
sheep after feeding the fresh grass and hay. If green forage is dried without waste and in
a way as to prevent fermentation, this process does not appreciably lower its digestibility.
However, there are usually losses of some of nutrients parts while drying is taking place
and in handling afterward. Thus green forage may be sometimes more somewhat more
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Table 2. Apparent digestibility and nitrogen balance

Fresh grass Hay
Apparent digestibility (%)
Organic matter 59.0+2.8 59.9+0.8
Crude protein 66,1+2.4 66.4+0.2
Crude fat 50.7+3.6 59.04+0.4
Crude fiber 50.4+3.1 56.6+0.5
N E F? 61.44+2.8 60.8+0.6
Nitrogen balance (g/kgBW?°.7%/day)
Intake 1.50:£0.04 1.37+0.03
Fecal nitrogen 0.512:0,04 0.46::0,01
Urinary nitrogen 0.7040.02 0.66+0.03
Retention 0.30+:0.05 0.2540,04

(29.7+4.1)¢ (27.0+3.8)

a Mean+S.E. of 3 sheep,
b Nitrogen free extract.
¢ Percent of digested nitrogen.

digestible and give better results than dry forag}:.) Comparing the digestibility of alfalfa
fed fresh and alfalfa hay with steers, it was concluded that the fresh green alfalfa was
digested better than the hay, although the difference was not grealg.) Holter and Reilc‘lS) also
observed that the apparent digestibility of the protein of green forage was slightly higher
than that of hay. On the other hand, there was the opposite conclusion following digestion
trials with sheep fed the mixture ha;f)ln the present experiment, the result showing similar
digestibilities of organic matter, crude protein and NFE in the fresh grass and hay might
indicate that the hay used was a good quality as same as the fresh grass. In general, it is
accepted that the apparent digestibilities of nutrients in feed are considerably affected by
the level of feed intake. Furthermore, it is also known in ruminants that the digestibility
of crude protein of roughage diet is considerably affected by the nitrogen contents and its

solubilitl}z. Digestibility of organic rﬁgtter obtained in the present slt71)1dy was very compa-
rable with the results of Yahata et al. and of Fujihara and Ohshima using sheep fed only
orchardgrass hay at 1.8—2.0% level of dry matter per kg body weight. Digestibility of
crude protein was also comparable with that reported by Ishigurli8 and Fujihara and

Ohshimg,) and was about 109, higher than that reported by Yahata et all.)using sheep fed
orchardgliass hay at 1.8—2.0% level of dry matter per kg body weight. Recently, Harumoto
and Kato demonstrated that the digestibilities of crude protein were 76.0 and 72.4% in
sheep fed only the fresh grass and hay at about 1.29 level of dry matter per kg body
weight. These values were higher than those obtained in the present experiment, and the
discrepancy might be due to the difference of level of feed intake. Digestibility of NFE
obtained in the present study was very in agreement with that of Ishigulri) using sheep fed
only orchardgrass hay. Digestibilities of crude fiber and crude fat were slightly higher,
but not significantly, in the hay feeding than in the fresh grass feeding. Digestibility of
crude fgt in this study was very comparable with those reported by Yahata et all,6 ) and
Ishiguriin sheep fed only the orchardgrass hay (1st or 2nd cut). According to Harumoto
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Table 3. Ruminal pH, and the concentrations

19)
of ruminal ammonia, VFA, blood urea and Kato, digestibility of crude fat of fresh

nitrogen and plasma total protein in sheep grass was significantly higher than that of
fed the fresh grass or hay hay in sheep fed at about 1.2%; level of
Fresh grass Hay Significance dry matter per kg body weight. In the

Ruminal ammonia (mg/100 m1) present study, however, digestibility of

0 8.7+1.66 9.841.9 NS (p<0.25) crude fat of fresh grass was slightly lower
1 30.243.7 22.5+4.4 NS (p<0.10) than that of hay, this might indicate that
2 34.945.6 21.24+1.0 NS (p<0.10) the quality of hay used was good as the
3 33.843.5 18.2+1.9 * fresh grass. Crude fiber digestibility of hay
5 20.9+4.7 17.4+0.4 NS (p<0.25) was considerably lower in this study than
7 16.2+4.3 14.5+£0.5 NS (p<0.25) those of Harumoto and Kato (1.2% D.M./
Ave 24.1£4.3 17.3£1.9 NS (p<0.25) B.Wl.g)) and Fujihara and Ohshima (1.8%
Ruminal pH 6.83+0.09 6.53+0.05 * 17)

Ruminal VFA (mM/100 m1) D.M./B.W.), this may be due to the high
8.52+0.18 7.66+0.25 * level of feed intake in the present experi-

Ht 28,4403 25,5+0.6 ** ment (2.25% D.M./B.W.).
Blood urea-mitrogen (mg/100 ml) As shown in Table 2, fecal nitrogen
24.8+£0.9 18.4x£1.0 output was slightly more in fresh grass
Plasma total protein (g/100 ml) feeding than in hay feeding, and this may
6.9+0.1 5.8+0.1 ™ be due to high level of nitrogen intake in
: &Z‘;gbigtér ;"ggi}:’egefedi“g‘ fresh grass feeding. Urinary nitrogen exc-
Significance of differenre betw een means within diets retion tended to increase in fresh grass

(*p<0.05,**p<C0:01).
feeding. Fujihara and Ohshima showed a

high nitrogen into urine of sheep fed only high-moisture silage, and they suggested that
the increase of urinary nitrogen after silage feeding should be caused by large amount of
water intake and increase of urine volume afterward. In the present study, slight increase
of urinary nitrogen excretion after feeding of fresh grass may be explained by the high
moisture of fresh grass. As a whole, retained nitrogen per kg of metabolic body size was
calculated as 0.30 and 0.25 g after feedings of fresh grass and hay, respectively. These
figures were corresponded to 29.1 and 27.0% of digested nitrogen, and this indicates that
the nitrogen in fresh grass was more utilized than that of hay in sheep when both diets
were prepared from the same origin. The high utilizability of nitrogen in fresh grass
feeding was closely related to an efficient rumination after feeding of fresh grass as
described previously? The utilization of digested nitrogen was almost the same as that

reported by Ishigur%8 and was slightly higher than that of Fujihara and Ohshim:lf,) in which
sheep were fed only orchaidgrass hay at 1.8—2.0% of dry matter per kg body weight.
Table 3 shows the ruminal pH and the concentrations of ruminal ammonia, ruminal
VFAs and some blood constituents in sheep after feedings of the fresh grass and hay.
Ruminal ammonja was considerably higher after feeding of the fresh grass than after hay
feeding. OhyamazO)also observed in sheep that high level of ruminal ammonia was occurred
in fresh grass feeding compared with the level after dried grass feeding (orchardgrass).
The level of ruminal ammonia after fresh grass feeding in the present study was somewhat

21)
lower than that reported by Johns with sheep grazed on a high producing pasture. The
concentration of ruminal ammonia in hay feeding was slightly higher in the present
22,23

experiment than those reported by Fujihara and Tasaki using goats fed only the mixed
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hay. Ruminal pH and ruminal VFAs con- Table 4. Plasma amino acid concentrations in
centrations were significantly higher in sheep fed the fresh grass or hay (um/100 ml)
feeding of the fresh grass than in feeding Amino acid Fresh grass Hay
of hay. These results were similar tol)those Thr 10.0+1 5 13.041.1
genrally recognized in sheep or goats. Val 17.1+1.1 20.8+1.5
Haematocrit value was significantly higher =~ Met 0.5+0.1 0.5+0.1
in fresh grass feeding than in hay feeding. Ile 6.5+0.5 8.0+0.8
The concentration of blood urea-nitrogen Leu 8.8+0.8 12.0+1.1
after fresh grass feeding was significantly Phe 3.2+0.3 3.8+0.5
higher than that after hay feeding, and LYS 11.7+1.3 16.9+1.3
. . His 5.8+0.5 8.1+0.6
the value in fresh grass feeding was very Arg 10.742.6 11.042.1
in agreement with that of Fujihara and Trp Trace Trace
Ohshima in sheep after silage feeding.
McIntyr?) showed the interrelationships Asp+Asn 3.6+0.5 4.0+0.4
between the concentration of blood urea- Ser 10.4+1.5 12.4+£0.9
nitrogen and the ruminal ammonia conce- Glu+Gla 24.8+1.9 21.9+3.1
25) Gly 45.7+8.0 47.3+2.9
ntration. Fujihara and Ohshima also repo- Ala 15.341.3 17.040.6
rted that the high level of ruminal ammonia 7y, 3.74+0.4 3.840.5
results in high urea-nitrogen level in the Orn 8.240.7 9.740.6
blood of sheep fed only silage. From these
facts, a significant difference of blood urea- TAA 182.3+£15.7  207.3+12.6
nitrogen concentration between fresh grass EAA 73.6x 7.7 98.0+ 7.9
feeding and hay feeding may have been NEAA 108.8:11.2  114.3% 5.9
EAA/NEAA 0.70+0.05 0.81+0.05

due to the high level of ruminal ammonia

26)
as shown in Table 3. Waldo also described
that a considerable amount of ammonia is directly absorbed from the rumen wall when
ammonia concentration becomes high in the rumen. The plasma protein level was

significantly higher in feeding of the fresh grass than in feeding of hay, and the value
27)
after fresh grass feeding was very in agreement with that generally accepted in mammals.

a Mean=S.E. of 3 sheep.

These results might show that a synthesis of reserve protein is more stimulated in fresh
grass feeding than in hay feeding. The figure in hay feeding was comparable with that
reported by Fujihara and Ohshima using sheep fed only silage or orchardgrass hay. The
difference in plasma protein level after both feedings in the present study may be related
to the difference in concentration of plasma free amino acid as described later.

As shown in Table 4, the concentration of total free amino acids in plasma was
considerably lower, but not significantly, in fresh grass feeding than in hay feeding. The

value after feeding of the fresh grass was similar to the result of Fujihara and Ohshima
using sheep fed only silage. The value in hay feeding was vary comparable with that

28
reported by Cross et al., in which wethers were freely given alfalfa hay, corn grain and
soybean meal. The ratio of essential to non-essential amino acid concentrations was

slightly lower in fresh grass feeding than in hay feeding. The values obtained in the
17)
present study were considerably higher than that reported by Fujihara and Ohshima, in

which sheep were fed only silage or orchardgrass hay. The fact that a relatively low value
in the concentration of total free amino acid in plasma was observed after the feeding of
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fresh grass may be a result induced by the stimulated synthesis of reserve protein as
plasma protein after fresh grass feeding. There is a suggestion that the plasma protein
may represent a vehicle of limited capacity for amino acid transport between the liver

and other tissues.

SUMMARY

In order to investigate the nitrogen utilization of grass diet in sheep, the present
experiment was carried out using wethers fed only the fresh grass or hay prepared from
the same origin. The results obtained were as follows ;

1) The digestibilities of crude protein were almost the same in sheep after feedings of
fresh grass and hay. The retained nitrogen per kg of metabolic body size was calculated
as 0.30 and 0.25 g in feedings of fresh grass and hay, and these figures were correspon-
ded to 29.1 and 27.09% of digested nitrogen.

2) The concentration of ruminal ammonia was higher, but not significantly, after fresh
grass feeding than after hay feeding. Ruminal pH and the concentration of ruminal VFAs
were significantly higher in feeding of fresh grass than in feeding of hay.

3) The concentrations of blood urea-nitrogen and plasma total protein were significantly
higher in fresh grass feeding than in hay feeding. The concentration of total free amino
acids in plasma was slightly lower in fresh grass feeding than in hay feeding.

From the results obtained in the present experiment, it is concluded that the dietary
nitrogen is more efficiently utilized in fresh grass feeding than in hay feeding.
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