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8.0 3.3 10.5 5.7
8.1 3.4 10.6 5.8
8.2 3.5 10.7 5.9
8.3 3.6 10.8 6.0
8.4 3.6 10.9 6.1
8.5 3.7 11.0 6.2
8.6 3.8 11.1 6.3
8.7 3.9 11.2 6.4
8.8 4.0 11.3 6.4
8.9 4.1 11.4 6.5
9.0 4.2 11.5 6.6
9.1 4.3 11.6 6.7
9.2 4.4 11.7 6.8
9.3 4.5 11.8 6.9
9.4 4.6 11.9 7.0
9.5 4.7 12.0 7.1
9.6 4.8 12.1 7.2
9.7 4.9 12,2 7.3
9.8 5.0 12.3 7.4
9.9 5.1 12.4 7.5
10.0 5.2 12.5 7.6
10.1 5.3 12.6 7.7
10.2 5.4 12.7 7.8
10.3 5.5 12.8 7.9
10.4 5.6 12.9 8.0
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13.0 8.1 15.5 10.5
13.1 8.2 15.6 10.6
13.2 8.3 15.7 10.7
13.3 8.4 15.8 10.8
13.4 8.5 15.9 10.9
13.5 8.6 16.0 1.0
13.6 8.7 16.1 1.1
13.7 8.8 16.2 1.2
13.8 8.9 16.3 1.3
13.9 9.0 16.4 1.4
14.0 9.1 16.5 1.5
4.1 9.2 16.6 1.6
14.2 9.3 16.7 1.7
14.3 9.3 16.8 1.8
14.4 9.4 16.9 1.9
1.5 9.5 17.0 12.0
1.6 9.6 17.1 12.1
14.7 9.7 17.2 12.2
14.8 9.8 17.3 12.2
14.9 9.9 17.4 12.3
15.0 10.0 17.5 12.4
15.1 10.1 17.6 12.5
15.2 10.2 17.7 12.6
15.3 10.3 17.8 12.7
15.4 10.4 17.9 12.8
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Rttt Lich o 220 WS MR D10 R E MR L, 4oliz
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M@# TDN P TDN | Mmw# TODN | fik# TDN
25.0 68.1 28.3 61.8 31.6 61.4 31.9 58.1
25.1 68.0 28.4 64.7 31.7 61.3 35.0 58.0
25.2 67.9 28.5 64.6 31.8 61.2 35,1 57.9
25.3 67.8 28.6 64.5 31.9 61.1 35.2 57.8
25.4 67.7 28.7 61.4 32.0 61.0 35.3 57.7
25.5 67.6 2.8 64.3 32.1 60.9 35.4 57.6
25.6 67.5 28.9 61.2 32,2 60.8 35.5 57.5
25.7 67.4 29.0 64.1 32.3 0.7 35.6 57.4
25.8 67.3 29.1 64.0 32.4 60.6 35.7 57.3
25.9 67.2 29.2 63.9 32.5 60.5 35.8 57.2
2.0 67.1 29.3 63.8 32.6 60.4 5.9 57.1
2.1 67.0 29.4 63.7 32.7 60.3 36.0 57.0
26.2 6.9 29.5 63.6 32.8 60.2 36.1 56.9
26.3 66.8 29.6 63.5 32.9 60.1 36.2 56.8
26.4 66.7 29.7 63.4 33.0 60.0 36.3 56.7
2.5 66.6 29.8 63.3 33.1 59.9 36.4 56.6
2.6 66.5 29.9 63.2 | 33.2 59.8 36.5 56.5
26.7 66.4 30.0 63.1 33.3 59.7 36.6 56.4
2.8 66.3 30.1 63.0 33.4 59.6 36.7 56.3
26.9 66.2 ; 30.2 62.9 33.5 59.5 36.8 56.2
27.0 66.1 | 30.3 62.8 i 33.6 59,4 i 36.9 56.1
27.1 66.0 30.4 62.7 33.7 59.3 . 37.0 56.0
27.2 5.9 30.5 62.6 33.8 59.2 ; 37.1 55.9
27.3 65.8 30.6 62.5 33.9 59.1 37.2 55.8
27.4 65.7 30.7 62.4 34.0 59,0 37.3 55.7
27.5 65.6 30.8 62.3 3.1 58.9 37.4 55.6
27.6 65.5 { 30.9 62.2 34.2 58.8 i 37.5 55.5
27.7 65.4 : 3.0 62.1 3.3 58.7 37.6 55.4
27.8 65.3 : 3.1 62.0 3.4 58.6 37.7 55.3
27.9 65.2 i 31.2 61.9 3.5 58.5 | 37.8 55.2
!

28.0 65.1 | 31.3 61.8 3.6 58.4 | 37.9 55.1
28.1 65.0 l 3.4 61.6 34.7 58.3 38.0 55.0
28.2 64.9 i 3.5 61.6 34.8 58.2 8.1 54.9
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B, FAS~ATHE, BORMOTHFRRRBLR  BATHLECTCET I %500K Lz,
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M A | Mu@sE A | e A | Mm# A
25.0 1.2 28.3 4.8 i 31.6 54 | 3ae 5.9
25.1 1.3 28.4 4.8 ? 31.7 5.4 ‘ 35.0 5.9
25.2 4.3 28.5 4.8 f 31.8 5.4 35.1 5.9
25.3 4.3 28.6 4.8 31.9 5.4 35.2 6.0
25.4 4.3 28.7 4.9 32.0 5.4 35.3 6.0
25.5 4.3 28.8 1.9 32.1 5.4 35.4 6.0
25.6 1.3 28.9 4.9 32.2 5.5 35.5 6.0
25.7 4.4 29.0 1.9 32.3 5.5 35.6 6.0
25.8 4.4 29.1 1.9 ; 32.4 5.5 35.7 6.1
25.9 4.4 29.2 1.9 1 32.5 5.5 35.8 6.1
26.0 4.4 29.3 5.0 ! 32.6 5.5 35.9 6.1
26.1 44 29.4 5.0 32.7 5.5 36.0 6.1
26.2 44 29.5 5.0 32.8 5.6 36.1 6.1
26.3 4.5 29.6 5.0 32.9 5.6 36.2 6.1
26.4 4.5 29.7 5.0 33.0 5.6 36.3 6.2
26.5 1.5 29.8 5.1 33.1 5.6 36.4 6.2
26.6 4.5 29.9 5.1 33.2 5.6 36.5 6.2
26.7 4.5 30.0 5.1 33.3 5.6 26.6 6.2
26.8 4.5 30.1 5.1 33.4 5.7 36.7 6.2
26.9 4.6 30.2 5.1 33.5 5.7 36.8 6.2
27.0 1.6 30.3 5.1 33.6 5.7 36.9 6.3
27.1 4.6 30.4 5.2 3.7 5.7 37.0 6.3
27.2 4.6 30.5 5.2 f 33.8 5.7 37.1 6.3
27.3 4.6 30.6 5.2 | 33.9 5.7 37.2 6.3
27.4 1.6 30.7 5.2 * 31.0 5.8 37.3 6.3
27.5 1.7 30.8 5.2 34,1 5.8 37.4 6.3
27.6 4.7 30.9 5.2 34.2 5.8 37.5 6.4
7.7 1.7 31.0 5.3 31.3 5.8 37.6 6.4
27.8 1.7 31.1 5.3 3.4 5.8 37.7 6.4
27.9 4.7 31.2 5.3 34.5 5.8 37.8 6.4
28.0 4.7 31.3 5.3 31.6 5.9 ? 37.9 6.4
28.1 1.8 ! 31.4 5.3 .7 5.9 { 38.0 6.4
28.2 1.8 31.5 5.3 38.1 6.5
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MW MMEDTEFEONLDDOBE

k& S x5 k4
(%) B (%) B %) B (%) B
45 2.6 a5 3.2 65 3.8 75 4.4
46 2.7 56 3.3 66 3.9 76 4.5
47 2.8 a7 3.4 G7 3.9 77 4.5
48 2.8 58 3.4 68 4.0 78 4.6
49 2.9 59 3.5 (9 4.1 79 4.6
50 2.9 60 3.5 i 70 4.1 80 4.7
51 3.0 61 3.6 71 4.2 81 4.8
52 3.1 62 3.6 72 4.2 82 4.8
53 3.1 63 3.7 73 4.3 83 4.9
54 3.2 64 3.8 74 4.4 84 4.9
WATE MMM EORLDOC R
A/ I T 2 Am/
/8@ C S8R C Vi  c 0% S
(%> % (%) %)
0 21.6 22 21.8 44 22.0 66 22.2
1 21.6 23 21.8 45 22.0 67 22.2
2 21.6 24 21.8 46 22.0 68 22.2
3 21.6 23 21.8 47 22.0 69 22.3
4 21.6 26 21.8 48 22.1 70 22.3
5 21.6 27 21.9 49 22.1 71 22.3
6 21.7 28 21.9 50 22.1 72 22.3
7 21.7 29 21.9 51 22.1 73 22.3
8 21.7 30 21.9 52 22.1 74 22.3
9 21.7 31 21.9 53 22.1 75 22.3
10 21.7 32 21.9 54 22.1 76 22.3
11 21.7 33 21.9 5] 22.1 77 22.3
12 21.7 H 21.9 a6 22.1 78 22.3
13 21.7 35 21.9 57 22.1 79 22.3
14 21.7 36 21.9 58 22.1 80 22.4
15 21.7 37 22.0 59 22.2 81 22.4
16 21.8 38 22.0 60 22.2 82 22.4
17 21.8 39 22.0 61 22.2 83 22.4
18 21.8 40 22.0 62 22.2 84 22.4
19 21.8 41 22.0 63 22.2 85 22.4
20 21.8 42 22.0 64 22.2 86 22.4
21 21.8 43 22.0 65 22.2 87 22.4
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STUDIES ON THE NUTRITIVE VALUE AND THE
EVALUATION METHOD OF ROUGHAGE
PRODUCED IN THE NEMURO-KUSHIRO DISTRICT,
HOKKAIDO

by

Tamotsu ToBINO

Summary

Animal digestion research would be needed to know the digestibility of the forages, but it is
impossible to conduct research about all kind of forages. Accordingly, a more simple method of
estimating the digestibility of forages is needed.

Among various estimation methods, the artificial rumen technique where the destruction of
dry matter by rumen bacteria is measured seemed the most reasonable. Therefore, experiments
using the artificial rumen technique were conducted in this series of studies. Also, relationships
between the nutritive values and forage chemical constituents were observed, because the nutritive
values would be estimated by more simple index in the case of a limited variety of grasses in a
limited area.

In the grassland dairy farming district of Hokkido, silage is fed ad lib. with a small amo-
unt of hay and concentrates. In such a feeding system, the nutritive value of grass silage is ex-
pressed more effectively by total digestible nutrients (TDN) intake rather than by TDN content.
Therefore, method of estimating silage dry matter consumption and TDN content were studied by
statistical analyses among consumptions, digestibilities, constituents, pH and acid contents.

The average size of many dairy farms in Nemuro - Kushiro District is increasing. However,
most of them do not have sufficient harvesting machinery, labor, or equipment. Therefore, vari-
ous simplyfied methods of forage making are prevalent in this District. Consequently, it is expected
that there are very large differences in the nutritive values of these forages. These differences
were observed by using the method established in these studies.

1. METHOD OF ESTIMATING NUTRITIVE VALUE OF FORAGE BY THE ARTIFICIAL
RUMEN TECHNIQUE

(1) Influence of various incubation methods on in vitro cellulose digestibilities.

Glass Tube Method : when pH was adjusted to 6.8 by addition of sodium carbohydrate, i vitro
cellulose digestibilities were the highest and constant when samples were incubated from (.25 to
0.50 gr. But it decreased when (.75 gr. of the sample was incubated. A great influence on in vitro
cellulose digestibilities was observed when the ratio of rumen juice-mineral solution was changed.
The cellulose was digested rapidly when the fermenting time was within 24 hours and it was not
digested when the fermenting time was more than 48 hours.
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Erlenmeyer’s Flask Method : When the same rumen juice was used, very small change of in
vitro cellulose digestibilities were observed within replicated flasks. However, a little more varia-
tion of in vitro cellulose digestibilities were observed at seven determinated values during 40 days,
although rumen juices from the same fisturated sheep fed only hay were used. When rumen jui-
ces obtained at 2, 8, 15 hours after feeding were used, a little higher digestibilities were obserbed
at 8 and 15 hours.

(2) Changes of cellulose fractions and in vitro cellulose digestibilities according to the growth
stages of timothy and red clover.

The in vitro cellulose digestibilities of the two grasses decreased from early to late growth
stages. This tendency was marked with timothy. But, in the early stages of red clover the in vitro
cellulose digestibilities were lower than timothy, and until 24 hours after incubation they were
always higher than timothy.

The whole cellulose contents (chlorine method) of timothy were higher than red clover and
increased until the heading stage. On the other hand, the whole cellulose contents of red clover
increased directly until the late bloom stage. Contents of a- cellulose included in whole cellulose
were 71 to 77% in the case of red clover and they were almost constant (61%)in timothy. Contents
of B-7 cellulose included in whole cellulose decreased and contents of pentozan increased from the
early to late growth stage in both species. Lignin and methoxy! contents increased from the early
to late growth stage in the two species. Lignin contents of red clover were higher than timothy
throughout whole growth stage. Correlation coefficients between cellulose digestibility and lignin,
cellulose, crude fiber, crude protein, methoxyl content were generally significant in each single
species. But these correlation coefficients were not significant, except lignin, when both species
were included in these calculation.

(3) Correlations between TDN contents and in vilro cellulose digestibilities.

Correlation coefficients among actual TDN contents and in vilro cellulose digestibilities, esti-
mated TDN contents by Scuneiper’s and Apams's methods were (.91, 0.33, 0.82 respectively. Acc-
ordingly, the artificial rumen technique was superior to Scuneiner’s and Apams's methods which
is popular as a calculation method of TDN. However, estimated values of DCP by Apams's method
were similar to actual values and the correlation coeffcient was (.98.

2, EVALUATION METHODS USING THE FORAGE CONSTITUENTS AND PLANT AGE
BY DAYS.

(1) Correlation coefficients among constituents of grass silages, TDN and DCP contents.

A significant correlation coefficient at 1 % level was observed between crude fiber contents
of the fourteen first cut grass silages and actual TDN contents. The following estimation equation
was obtained.

T =93.4511 = 1OI27X oevveeriverrrniennrennrnenns (1)
Y : TDN content of the dry matter basis
X : Crude fiber content of the dry matter basis

A significant correlation coefficient at 1 % level was observed between actual DCP and crude

protein contents of the above silages. The following estimation equation was obtained.
C =0.0663X — 44607+ +verrerererererenririnnienenns (2)
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¥ =DCP content of dry matter basis (%)
X =Crude protein content of dry matter basis (%)

(2) Correlation coefficients among constituents, plant age by days (days after germination),
TDN, DCP contents of the hays.

A significant correlation coafficient at 1 % level was observed between TDN contents (Y) and
plant age by days in the ten first cut timothy hays, and TDN content (¥) was shown by the fol-
lowing estimation equation.

Y =78.3788 = (12252 K +erevrevererrirsnisronianinnns (3)
¥ : TDN content of dry matter basis (%)
X : Plant age by days

A significant cerrelation coefficient was not observed among TDN contents, constituents, plant
age by days in the aftermath hays. A very high significant correlation coefficient was observed
between crude protein and DCP contents in the st cut and aftermath hays. The DCP content was
shown as the following estimation equation.

1st cut hay : ¥ =0.9139X —2.9396: -+ (1)
¥ : DCP content of dry matter basis (%)
X : Crude protein content of dry matter basis (%)
aftermath hay : ¥ =0.8632X —3.4679--+----+--e (5)
¥ : DCP content of dry matter basis (%)
X : Crude protein content of dry matter basis (%)

3. EVALUATION METHOD OF GRASS SILAGE BY ESTIMATED TDN INTAKE (ETI)

(1) Effects of various kinds of grass silage on the milk production and body weight change
of cows.

Effects of quality, constituent and digestibility of grass silages on the milk production and body
weight change or cows were observed. Designs of feeding experiments for dairy cows were the
double reversal or the ratin square method (3 x 3). The intake of grass silages made from tim-
othy or timothy-orchardgrass mixture was voluntary and unlimited. However, the hay and grain
mixture were limited. Two kg per day of hay was fed except in one experiment of no feeding.
The grain mixture fed was 15 per FCM (kg).

In the experiment comparing low and high moisture silages, dry matter consumptions were
increased in the low moisture silages. But, TDN consumptions of low and high moisture silages
were almost equal because the digestibilities of low moisture silages were lower than high moisture
silages. Much body weight increase of cows fed low moisture silages was observed, but milk pro-
duction was equal between the two silages.

In the experiment comparing wilted chopped and unchopped silage, higher pH, lower content
of lactic acid, lower digestibility, less dry matter and TDN intake, and lower milk production were
observed in unchopped silage. In the similar experiment comparing high moisture chopped and wi-
ited unchopped silage, dry matter consumption was increased in the later. However, silage TDN
consumption of the two silages was similar, The milk production was lower in the unchopped
silage.

In the experiment of comparison within silages made from various stages of grass, very low
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digestibility was observed in the late cut silage and the difference of milk production between
early and late cut silage was 4.7 kg FCM/day/cow.

From the above experiments, it was illustrated that quality, composition and digestibility of
silage influence TDN consumption, milk production and body weight change of cows largely when
silage is fed ad lib.

(2) Correlations among quality of silage, chemical constituent and TDN consumption.

Correlations among quality, constituent and dry matter consumption of silage were observed
statistically. The body weights of cows used in this experiment were about 550 kg and daily milk
productions were about 16 kg. Silages were fed ad lib. and 2 kg/day/cow of hays were fed and
grain mixture fed was 15 per FCM (kg).

Silage dry matter consumptions were shown in the following estimation equation.

¥ =0.1695X, —0.0588 X2 X 0.0095X 5 + 21.5988:«++++++r0+vv1- (6)
Y : Silage dry matter consumption (kg)
X, : Crude fiber content of dry matter basis (%)
X, : Moisture (%)
X : Lactic/total acid (%)

Consumptions of TDN were estimated according to following method.

Estimated silage dry matter consumption x Estimated TDN content calculated from equation( ] ).

Estimated TDN intakes calculated from the above method were similar to actual TDN intakes
measured in cows. The above method for estimation of silage TDN consumption will be available
to silages made from 1st cut timothy and orchardgrass when these silages are fed ad lid.

These calculated values mean not only estimated values of silage TDN consumptions but also
criteria of comparison including quality, constituent, TDN and intake. This new evaluation method
was named ETI (Estimated TDN intake).

(3) Examples of evaluation by method of estimated TDN intake (ETI).

Thirteen silages produced in Nemuro District were evaluated by the ETI method. Average,
minimum, maximum value of ETI were 7.42, 5.03, 9.37 (kg) respectively and the coefficient of va-
riation was 13.9(%). As shown above, maximum ETI was about twice of ‘minimum ETI, and the
difference of the two (4.34kg) was almost equal to the maintenance nutrient requirements of cows.

On the other hand, average, minimum and maximum values of estimated TDN were 60.1,
51.3, 67.9 % respectively and the coefficient of variation was 5.7 %. Namely, it was shown that
there are many silages similar to average value of TDN, as the coefficient of variation was sma-
ller than that of ETI. Significant correlation coefficients were observed among ETI, moisture and
lactic/total acid but they were not observed among TDN and the above qualities.

4. NUTRITIVE VALUES OF FORAGES PRODUCED IN NEMURO-KUSHIRO DISTRICT

(1) Qualities and nutritive values of grass silages.

Qualities and constituents of 140 grass silages produced in Nemuro-Kushiro District from 1965
to 1969 were observed and nutritive values were calculated by the method in chapters 2 and 3 in
this report. These silages were divided into chopped and unchopped groups, and then subdivided
by high moisture and wilted ; 1st cut and aftermath ; and early, medium and late cut according
to growth stage of grasses.
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In chopped high moisture silages, content of lactic acid in medium cut was the highest in dry
matter basis and pH was the lowest. Content of crude protein, DCP, TDN in early cut were the
highest in dry matter basis and they were the lowest in late cut. Evaluated value by ETI was a
little higher in medium cut than in early cut.

In chopped wilted silages, ratio of lactic acid in total acid and contents of TDN and ETI were
higher than other silages and butylic acid was lower.

In unchopped high moisture silages, contents of lactic acid, DCP, TDN and ETI were gene-
rally lower than others but they were increased by wilting. Refermentation was observed frequently
in unchopped silages.

From the above results, a new feed composition table appropriate to this district was made.

(2) Qualities and nutritive values of hays.

Qualities and constituents of 135 hays produced in Nemuro-Kushiro District from 1968 to 1969
were observed and nutritive values were calculated by the method of chapter 2 in this report.
These hays were divided into Ist cut and aftermath and then subdivided into the four growth
stages according to cutting date.

Constituents and nutritive values of the Ist cut hays in various growth stages were more
variable than silages. Very Iow TDN and DCP contents were observed in late cut hays. As the
weather in this district is not suitable for hay making, the nutritive values of hays are apt to poor.
Therefore, hay feeding for milk production is not advantageous in this district. High protein and
low fiber contents were shown in aftermath hays, but differences according to the cutting date
were not large. From the above results, a new feed composition table of hays appropriate to this
district was made.

As summarized above, researeh on the artificial rumen technique was started in this report.
A high significant correlation was shown between TDN contents and in vitro cellulose digestibili-
ties in hays and this method was superior to Apams’s and ScHNEIDER’S calculation methods. In the
case of a limited variety of grasses in a limited area, more simple methods such as estimating
method by constituents and plant age by days were available,

On the grass silage, a need for a new evaluation method that includes consumption, quality
and digestibility was recognized. In response, the ETI methed is offered in this report. Under
the condition of primarily roughage feeding, it was shown in this report the quality and nutrient
content of grass silage have a great influence on milk production.

Therefore, the silages and hays produced in Nemuro-Kushiro District were evaluated by the
methods established in this report. A new feed composition table appropriate to this district was
made for improvement of dairy cow feeding.





