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Fig. 1. Nitrogen cycle in the grass/legume grazing pasture ecosystem.
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Fig. 2 Rate of intake of white clover (ill) and orchardgrass ()
by sheep in fixed feeding.

—131—



50

40

30 -

L4

20

T

10

Rate of intake (gFW/min)

0 i - 1 | 1
0 24 48 72 96 120
Time after feeding (hr)

Fig.3 Rate of intake of white clover () and
orchardgrass ([_]) by sheep in free feeding.

Table 1. Voluntary intake of herbage by sheep fed white clover alone (WC) or white
clover and orchardgrass (WC+OG) .

WC+OG WwWC
D ite. Ingested
ay  White clover Orchardgrass Total ; Intake
white clover
Intake (kgFW/head) ————— . (%) (kg/head)
1 529+0451) 2.81+042 8.08 +0.50 65.3 7.29 £0.37
2 7.70£0.79 4.15+0.60 11.87 £0.76 65.0 12.61 £0.36
3 6.60 +0.53 3.76 £0.50 10.36 £0.70 63.7 11.69 £0.22
Average 6.53+0.58b2 3.57+0.50¢ 10.10+1.69* 647 10.54 £0.26*

1) Mean values + SD (n=6).
2) z.\/lean values within rows with different subscripts are significantly different
P<0.01).

Table 2. Ruminal pH, foam strength and conductivity in sheep
72hr after started feeding white clover and
orchardgrass (WC+OG) or white clover alone(WC).

Foam Electric
Treatment SheepNo.  pH volume  conductivity
(ml) (mS/cm)

784 6.6 34 114

805 6.5 9.2 11.9

WCHOG 809 6.7 53 118
mean+SD 6.6+0.1 6.0+29 11.7+03

762 6.4 12.7 134

wC 805 5.8 124 15.1

809 7.1 13.1 123

mean+SD 64107 1274+04 136114

significancel)  ns * +
1) ns; not significant (P>0.1), *; P<0.05, +;P<0.1.
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Fig. 4. The change of foam and liquid volume in each time after mixing of ruminal fluid
of sheep offered white clover or orchardgrass.
—e—; 2hr, —0—; 4hr, —&—;6hr, —=— ;12hr after feeding.

Table 3. Ruminal fermentation of sheep fed white clover or orchardgrass (30gDM/kg BW).

Forage species White clover Orchardgrass
Time after feeding (hr) 2 4 6 12 2 4 6 12
pH 65 63 62 68 66 63 60 68
VFA concentration (mM) 107.8*9110.2**105.5* 73.9 792 835 867 656
Acetate 63.3" 63.1** 59.6* 44.8* 470 485 508 389
Propionate 31.0* 30.9™ 29.6** 18.1 197 213 214 157
Butyrate 104 124 129 8.7 100 114 120 8.7
Acetate/Propionate ratio 205 204 201 247 239* 229* 237" 249
Ammonia-nitrogen (mg/dl)  35.9*** 41.8*** 35.9*** 141 188 164 128 109
Protozoal density (X 105/ml) 343 291 222 350 193 197 169 325

1) The values with asterisks is significantly high to another forage species within the same time

after feeding.
*: P<0.05, **; P<0.01, ***; P<0.001.
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Table 4. Frequency and amplitude of ruminal contractions of sheep fed orchardgrass and white clover.

White dover
Orchardgrass?
Day1 Day2 Day3
Frequency Amplitude Frequency Amplitude  Frequency Amplitude Frequency Amplitude
(/min) (mm Hg) (/min) (mm Hg) (/min) (mm Hg) (/min)  (mm Hg)
Behavioral type ;
Eating 29162200 (6-34)» 3452 172 (8-31) 3.102 184 (7-31) 3.022 16.5 (6-30)
Ruminating 2.20% 18.7 (4-36) 2422 170 (6-28) 2352177 (9-28) 2.252%017.3 (6-31)
Idling 1.67 19.8 (4-38) 173 177 (3-31) 165 180 (4-32) 159 17.9 (4-30)
1) Average in two days

2) Values within rows with different subscripts are significantly different (P<0.05).
3) Mean value (min-max)

Table 5. Eating time (ET), rumination time (RT) and RT/ET ratio of sheep
with intake of white clover. Mean values + SE (n=4).

oGV WC-dayl WC-day2 WC-day3 WC mean

ET (hr) 995+064A2 493+074C 6.80+1.16%  6.14+0.755¢ 5.96+0.805C
RT (hr) 8.00+041A 471+022F  306+024C 338+021C 372+0.13€
RT/ET 0.82+0.08%  1.01+0.124 050%0.10° 0.58+0.09°P 0.66+£0.09C

1) OG : orchardgrass, WC : white clover.
2) Mean values within rows with different subscripts are significantly
different (P<0.05).
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Fig. 5. The change of foam stability of ruminal fluid of sheep
with intake of white clover from orchardgrass feeding.
—0—; 12hr, —#—; 24hr, —&—; 36hr, —&—; 48hr,
—O—; 60hr, —®—; 72hr after switching to white
clover feeding. —®—; control.

—134—



1601 50{ 9r
~140F =) 28
E apd0} o 7f
E120f E 3
€ 100} g1 X 6
= 3330 —ch
£ s £ £°
§ § § 4}
& 60 <200 e
8 5 = 3t
< 40f g S
& :12«510' g2 '
20¢ i g1 BT oot
0 [ s —_ — o.l P —_ e 2, " a3 o_L L —_ 2 PERSIUVRS TP |

0 12 24 36 48 60 72 0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time after switching to white clover feeding (hr)

Fig. 6. The change of ruminal volatile fatty acid (VFA), ammonia nitrogen (NH3N) concentration and protozoal densities of sheep with -
intake of white clover from orchardgrass feeding. —e—; white clover feeding, —o—; control.
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Fig. 7. Changes of foam and liquid volume of ruminal fluid after mixing in each treatment.
Upper and lower graph illustrates the volume of foam layer and liquid layer, respectively.
WC;white clover sole feeding, WR;white clover sole feeding with addition of anti-foaming agent (ruminon 5ml/ day),
WO;white clover and orchardgrass (1:1 in dry matter basis) feeding.
—®—;2hr, —O—; 4¢hr, ——; 6hr, —%—; 12hr after feeding.

Table 6. The effect of foaming in the rumen on daily eating
time (ET), rumination time (RT) and RT/ET ratio
of sheep. Mean values + SE (n=3).

wC WR WO

ET (min) 231+ 33 202+ 21 206+ 17
RT(min) 198+ 428D 230+ 56AB 405+ 344

RT/ET 0.84+0.078 1.11+0.238 1.98+0.154

1) Mean values within same rows with different subscripts
are significantly different (P<0.05).
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Table 7. Ruminal characteristics of sheep fed fresh white clover (WC), white clover with addition of anti-foaming
agent (WR), and white clover and orchardgrass (1:1 in dry matter basis) (WO).

Treatment. .. WwWC WR WO
. . SEM D
Time after feeding (hr)... 2 4 6 12 2 4 6 12 2 4 6 12
pH 612 598 615 6.81 6.18 602 620 697 628 615 626 691 006
VEA concentration (mM) 1128 1398 1129 737 1390 1289 1116 783 1162 1231 1032 688 424
Acetate 614 787 613 429 785 699 614 448 670 709 577 395 236
Propionate 311 365 298 164 374 348 283 165 296 314 265 160 134
Butyrate 161 191 168 112 185 191 175 128 152 166 152 107 060
A:P ratio 197 215 218 263 217 201 217 271 226 226 218 248 005
Ammonia-nitrogen (mg/dl) 436 497 411 187 484 531 427 191 392 407 230 163 211
Protozoal density (x10°/ml) 613 502 481 620 461 343 354 6.03 525 490 494 650 021
1) Standard of the mean.
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Fig.8. Foam stability of ruminal fluid of sheep fed white
clover (WC ; —O—), white clover with addition of anti-
foaming agent (WR ;—®—) and white clover and
orchardgrass (1:1 in dry matter basis, WO /—{F+— ) in

Time after mixing (min)

ad libitum feeding.
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Table8. Ruminal fermentation characteristics on sheep fed white clover (WC), white clover with
addition of anti-foaming agent (WR), and white clover and orchardgrass (1:1 in dry
matter basis) (WO). Mean +SE (n=21).

Treatment ... WC WR WO
pH 6.17 8D (.05 6.29 AB 0.05 6414 0.06
VEA concentration (mM) 1032 A 3.9 99.14 37 88.6 B 3.6
Acetate 56.3 A 2.6 55.24 2.1 504 B 2.1
(ratio in total VFA) 0.546 8 0.009 05488  0.010 0.5704  0.005
Propionate 28.54 12 29.7 A 1.3 2448 11
(ratio in total VFA) 02758  0.004 0.2954A 0.008 02758  0.005
Butyrate 144 A 0.6 1228 0.5 10.7¢ 0.5
(ratio in total VFA) 0.143 A 0.006 0.122 8 0.002 0.1208  0.002
A/P ratio 19848 (.06 1.90 B 0.09 2.094 0.05
Ammonia-nitrogen (mg/dl)  39.194 190 36.634 1.20 32.56 B 1.54
Protozoal density (x105/ml) 7.18 A 046 5798 0.31 5418 0.53
Dilution rate (% /hr) 11.1 0.61 104 0.03 10.1 0.37 -
Rate of digestion (% /hr)
DM 9.19 0.73 : 7.48 0.35 9.93 0.42
Cp 11.54 1.35 8.54 0.12 11.%4 1.33

1) The different subscript with the same row is significantly different (P<0.05).

Table9. Daily intake (g) of dry matter and total N, and amounts of dry
matter, total N and RNA (g/24hr) entering the small intestine.

Treatment ... WC WR
Sheep No. ... 900 915 Mean 900 915 Mean
Daily intake
Dry matter 1592 2250 1921 1970 1763 1867
Total N 63.7 90.0 76.9 78.8 70.5 74.7
Duodenal digesta
Dry matter 530.6 784.6 657.6 555.6 4882 5219
Total N 29.6 43.7 36.6 30.1 26.9 28.5
RNA 19.7 29.0 244 222 18.1 20.2
RNA/Total N 0.666 0.665 0.665 0.739 0.674 0.707
Duodenal N
/N intake 0.464 0.485 0475 0.382 0.381 0.382
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Fig.9. The changes of foam and liquid volume after
mixing of ruminal fluid under various saponin
concentrations.

sscg 2 2 6 12 ss

Fig. 10. The change of saponin content in the ruminal fluid of
sheep under restricted feeding (30g of dry matter/day,
twice a day) of white clover.

SS: soybean saponin, CG: crude glycoside fraction of
white clover leaf, 2-12: time after feeding.
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Fig. 11. The change of saponin content in the ruminal fluid of
sheep switched from orchardgrass feeding to white clover
feeding under free access.

SS: soybean saponin, CG: crude glycoside fraction of

white clover leaf. Each time corresponds to the sampling
time of ruminal fluid.

Band D' is thought to be sapogenin.

SS 0O 2 4 6 8 10 12 16 20 24 SS

Fig. 12. The change of saponin content in white clover leaf after
each time of immersion in the rumen by the nylon bag
method.

SS: soybean saponin, CG: crude glycoside fraction of
white clover leaf, 0-24: immersion time in the rumen.
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