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Table 1. Daily amounts of infusion to supply 1.3 times
maintenance energy for calves given different VFA mixtures

in Exp. 1

VFA mixture

HP LP

VFA, mmol/kg BWe-7°

Acetic acid 167 304

Propionic acid 143 06

Butyric acid 34 40
Total 344 400
Casein, g/kg BWe-7° (% 7.4
Gross energy, kJ/kg BW2-7°

VFA 440 440

Caseln 162 162

Total 602 602
Nitrogen, g/kg BW?-7° 1.0 1.0

HP:Acetic:propionic:butyric acid=48:42:10 (molar basis) .
LP:Acetic:propionic:butyric acid=76:14:10 (molar basis).
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Fig. 1. Scheme of rumen cannulation: (a) screw cap, (b) barrel.

(c) external disc. (d) middle disc. (e) nylon mesh, (f) internal disc.
(g)

g) abdominal wall. (h) rumen wall.
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Fig. 2. Abomasal catheter: (a) inner tube. (b) outer tube.

(c) external disc placed onto the ahbomasal wall. (d) internal disc

inserted into the abomasum. (e) collar. (f) jointed tube.




B BB » TH10cnbll, HROVWTHE-—BFHFEETXZTHSenWH L
1%, WoREHEBFERLIMSGBTIALAL =2 -V EREHEFAL B
L Hz2a—-—LrEMBRESGSLCLOBEELA Z208% #Hh =2~

v v & O (50x50mm, HB % 3nmn) THE O,

<
IH
B
T
5%
Sy
N
Y

E L, MO THEH>ETZHDOFET L &

i

(v

T8

IR

v R
.

op

oA

\j‘ v

2

3enmD M B %2, KEBH» o BEZ T2end) B L,

S
At
-
ot

B B8 & I
T e =B R EARRES S H DL

=
[
El,
i

\)
AN
S

BEAR» . s

i
xt

&% e o O chHBERXALAZEZREEGLEL EBE—8B8H» =2 —V

RE®R BEHbbELBFzREzE SHE»PF-—TrvZEEL LK

g of
W T
B
I3
oS
J

s, &R

No X2 3P F—F N Kin £ PMHE A KK

%

T# 10cnbd §, SHME XKBBZ K2
end] B L 7 =
%

E E pEE LR T EFRA Y M3 e, #

op

A, 1
Loegle, il (8 R0 0 o e R T

Rt
il

&
EEMEBERETRS - EH

B l1-12 B, BH» SH2 e LB ExEKBFE» > BHEF T, &

F —F AN EBE L YUYBEBEL F*FoRAMALEBEBLTHERERA S K
Aiwsh - 28 sHL#iE BBRBRECHBEIRAMAR2ES L I

3 ) f B B & A
BARAEA: VFABEARB((IREX), #@8®REAHOX)B LU

H
|

>
?

~HAEBERENBUAR)E LTU4ERERDORY =2 F L B F o —7F
(RH&E2, 48B4 K & 250nm) %, ’éﬁ~?§ﬁ:—;—u%@tf’éﬁ~
BERIEFEAL, vVarvreZ2ZHAwWT#HA?=a-—-VvEBELRL B
B kBEALEBEABRTF 2a —FT ity yYyavily a -7 (HR?2,
A ZEdnm) %2 EH L, XH X v 7 (COLE-PARMER# , Masterflex P

A-21)3 8 2 FH W T VFAE B ik %= Bl 2 10 & B I @F AL 7.

VEAR 2, BB : T o b4 v BBROEALAEEAS:A42910& F




Z HPiE, 16:14:10& T BLPE OB H OB AGKE A v i (£ 1).
ch o> DVFARGHBOMKIZ BFRosh2s2REEANAEKVIFAD
o P4 vBIEGOBEREBIUCRENPE?ICEVWEE L TEHEE
L7, WIFHhOVFARBH® S X b v 7 AERK(BLVFAEBE T7.5n0l
/L, CaCOs 15g/L, MgCl.-6H.0 4g/L)% FH B L . OFERKKSB
i+ 2 T E I XS NVBEORBINYY ALEEIL= T %2 v 9 LA 0DK
MmEI, Orskovo OHEMWE* V2B EZ2RLTCEHBL R BTBFE
B x5V E DB, UYUrrgIKEZEINYY ARBEBRE®EL
0, BABRY CBIKEI NV ABFBE(15g/L)% EB L . 1

BEE L EBORBEVFAR &Y B _KZINVYY LBHR*RS

b= R

L, & 5 i€/KTH (X RK10L)L T E AHMHVFAR &G ® = # & L 7.

B+ PY DA ERBRAY99 L WAILTFH

i

B H iy, &H
D9 A % 62:32:6(EEBH)DEETRELERLy 7 HEERES
K (ERBIEEE L. Onol/L)ZFH LA COREBHER» S LESR
BB LAKTHERLTCEABHERZBAHL . E AR S K -» TR,
E—EBEHNEHROPIHEBRBE 21820 @ F L, pHiR 5.5 E, ®&&A
FE i3 350m0sn/1 FTE2R2OILIECBEHROEAEE PR E Z H
L. pHRpHA — % — (HREBBEKLXE HIMN-60S), BREE I WE
® B E M E S (KNAUER#L ) 2 HH W T @] % L 7.
FTHEBAERBRIVDBEEAB R -UVHEBSLAH» > BEHH
Dby, HEHKOYEMNIMBEYWHELLTT 3cnic#ilr
* Y T e L ryrHle -7 (BIE #100)28K KRN dDdz XK
BRI R W HEHLARBEHNHED (2 EIn)E, 5 —§8
AABA®EL k.

AEERENE BEELS-FADANDR Y & F Y ¥ F i



(7 A

o b

=

7 (3 ® &L,

he Ao T

71

7 H

L

T

~
57 S
i

¥

#

b

AT e
MP-3)ic
Oy
¥ 4 v JH

A

=SS R

§l(j

:/A,DSY

i E AL
,
X U WA
L, = #

E i

DUPHAR%: )% 28

D =

sy
-+
BF

N
mg

('«
S

S B R (25cem?) % % L L .
Mg AF o 2@o /PN R (1en?) % 4 B L,

= W IR T

=

®=

==t

=]

L,

mE #&

i

g

5 L E M
B o R
® o fll E
N E A&

H1it B

&F Bl L T

B 28H I

E A Hi

1H

(N & 2,

D Hh ¥ A4 v

~
-
~

(# € 4 v 100g/L,

g

<

& |,

&L, ®
% I VK
O B, #
K % @it L
I N
oA B

i, £ 7

1| (2mLl) AR

D

=}
=<

et @l ¢ 5 & &

& A’ O

2R dnn) % B L,

B R

=
2 EEEE L

1 H3 o b ER (X1)D

) lcJk T 3L F R

X1 H 1[H,

&‘47@%;——7‘[7\]
T F o — 7T N %= k&

O rskovd O ¥ & ¢ %

I L 1
I v Al
W A
B

1 i T T )

B PEE O

B 2

NaCoOs

F B L 7.

B MUE

.= 3 A U 7.

i-67 AEGEE LT HF D

JUE—BHEDOR S LEE

Z L,
Y % B %

S WTEHE—8Bo0oBH B

gy g

i |l 4

X %5 8,
%,

5,

% H 1t & &E

Voot

% = B,

12\ 5§ %,

el (10%) T

lem? &

be by ds B

R

(_
o

W

M

¥ (F 2 7 v 7 5 W
5 b,

2K E K 2 H W 1.

B 4 GA

y ol 5

DN D2 TOME

THBIUORAMER %2 X L



22

Plate 1. The 10-wk-old calf nourished by intragastric infusion:

(a) arrangement of infusion tubes, (b) peristalitic pumps and infusion

reservoirs.
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Table 2. Daily amount and concentration of VFA and buffer infused into the rumen. and

ruminal pH and osmotic pressure (OP) during 6 to 20 d after infusion started for calves

given the low propionate mixture in Exp. 1

Infusate
Amount Concentration Rumen liquor
Calf VFA® Buffer® HCO=~ /VFA VFA® Buffer® pH 0P
— mmol/kg BW®- 7% — — mol/mol - el NS s - mOsm/L-
6 to 10 d
A 191 73 ng vole 0.40 9.6 394
B 219 121 55 97 0.28 6.0 S
# 119 94 .18 59 0.27 7.0 326
11 to 15 d
310 180 .58 .64 0. 59 5.8 422
272 164 0.61 0.85 0.29 5.8 302
180 121 0.68 0.76 0.28 0.0 331
16 to 20 d
: 441 279 64 1.57 0.69 9.8 440
B 302 173 .07 1.02 0.29 5.9 297
263 165 0.63 0.89 0.25 6.5 326
2Containing acetic, propionic and butyric acids in the molar proportions 76:14:10.
*Total bicarbonate containing sodium and potassium bicarbonate in the ratio 66:34

(weight basis).
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Table 3. Daily amount and concentration of VFA and buffer infused into the rumen,
and ruminal pH and osmotic pressure (OP) during 9 to 15 wk of age for calves given
different VFA mixtures at maintenance level in Exp. 1°

Infusate
Amount Concentration Rumen liquor
VEA
mixture Calf VFA Buffer®  HCO; /VFA VFA Buffer® pH 0P
— mmol/kg BW®- 75~ — mol/mol-— mol/L — — mOsm/L—
HP F 340+35 14527 0.43+6.07 0.98%+0.04 0.25 6.4%0.5 292*11
K 34110 109%+19 0.32+0.06 0.81%0.04 0.25 b.o0.3 257421
I G sifksb 1dexZd 8.39x0.07 FBdad. 1y  0.25 5.8+0.4 314%26
I 392+12 185%+24 0.47X0.07 0.85%0.11 0.25 6.2%0.4 282416

iMeans * standard deviations of 4 observations every 2 wk.

®*Total bicarbonate containing sodium and potassium bicarbonate in the ratio 66:34
(weight basis).

HP:Acetic:propionic:butyric acid=48:42:10 (molar basis).

LP:Acetic:propionic:butyric acid=76:14:10 (molar basis).




mE 3 EZFBRLTWVS,

1TE B T CHBLRLVDOIFAZ E A L,

Bl . 6fEE TVFARA VRV EZHEMa®LBE (N 4 V%

grExara N F-—_BREFO2.0F)oH R4k L . <

o, BIBRCENBRBEOVFAREFEAT 2 EHBART

d AVFAY v o ERBELERB DA » . £, BE70@

T O & 2ERM» I T HE

D 8
=1

D 5

)

E %

vE B (LPE)ZEALALAED, B 7w b+ @K (IPE)Z E A

LBkl EXRBELEEEZ WCHEMBIKR D » 2. T 1 &,

B—xxnVv ¥ -—BoBaE Tevetbvst ryBIOEBROAEDENVH

g O

)

> fld B DIk h L o0E

~E

£t &R L T

5 KN HE A
h, #H B K
('

I\
2
r\\l

(€5
b O
T
—t
G
mg

C.
o+
T
==ty
=%
g

Ok
L
ki
Al
S

=
&
+H
+ B

E
4
.
5

D

BT o 3 %

Eh b, BEALLVFAOL ¥ M A M & 2 EA8 0 R E

Lt
H

0.

A4 A v B0 EIR

Mo EzRE BAAFXFRBELVXAVIEEI DD TH

T 32 W F —D1.3F88 Uv2.080FE A Vv =TI,

3B X U 0.8kg/do ¥ E MNE S N 1.

s B

T4-67 A F L 2 F4 0 > B 4EE > W T HE

HERBLEZ2XRSL AL 2BBLULR2HEILE LD

& (EBE)ZIEYEY T11%B £ U 4IST & 2 1, &

tEEEoOKE HAHwmofBiITHWIBHHEILETE

Bir 5 8 & 23 % 20 (60-70%B X U 30-40%) & 2

ZhEBEBRLNTE2REBEBEROEHEG (FHFI3.1%) 6,

VO Y M T B R ET S ok L HE O

TR TR, BFEERERE LR Tl e T

L) B OH R s,

i< X

RE8B8omHRBoXEaIIZEELAESODO EZEZIS




L/ T k)‘ D b

o S st

B o % &
R e
RS e I
B O A - B o
O EMEE DE W
@8 LK OELE S

BAEAE

mg

T A O

Tanate & Y%7,

R - o

A E L T W 3,

TR b FHEFEL T
e

Tl B %2 L It F &4

A~

5?1___4

&

E

=28

N

)

0

i,

A

L

WY

i3

EEBEOME b

—t\"

==1

=)

R %

L 0 fi

= =

o

Hal

R B8 OHFM

ANBETSB XU 67 AMGEE L
(K 6).

— BN A~ANVFALE E B IRT 5 2 F v 7 2

ERE O R E N EE S

F 4 o0FE— 8B #HE G,

DA DOFKEOR KK R

D VWERKT D - (BHE2). KA

' eaRE e e,

St b

AT 2R AT BB s e o I

==}

M

M D FE FE

e I8
ol

[+

+Ht
prm]

[1]

=

& at

Ko B HKIREEFLTWVA T o03H
O FE HME (4.0nnB £ T 18K /en?) i3,
O WEME(5.0nmB & FISAK /en?)
o B # Rk BTH - . Tamate
B 2ERLAFFEoE —BHBERIRBRER &35

L F4do0FE —FiIKVFAZ KRS

TWwW3, H—BH#HIEKEOD

O RBEYLHEERBY D

S s B o A S T B 2

ERRLO T IR R U

ON

HEBEERIKCSE T
3 5 A E L o @Y,
&3 A zrkL
Ao

ERPERF TR, B




Table 4. Daily amount and concentration of VFA and buffer infused into the rumen,
and ruminal pH and osmotic pressure (OP) for calves given different VFA mixtures
at 1.6 times maintenance level in Exp. 1

Infusate
Amount Concentration Rumen liquor
VFA
mixture Calf Age  VFA Buffer® HCOs;™ /VFA VFA Buffer?  pH 0P
-wk- -mmol/kg BW®- "~ — mol/mol- — mol/L— — mOsm/L-

HP : 23 591 100 0.18 2.12 0.25 6.2 293
B 25 539 102 0.19 2.18 0.25 6.9 271

LP I 25 580 140 0.21 2. 11 0.25 6.0 281
B 21 580 170 0.30 2.00 .29 6.4 286

3Total bicarbonate containing sodium and potassium bicarbonate in the ratio 66:34 (weight
basis) .
HP:Acetic:propionic:butyric acid=48:42:10 (molar basis) .

LP:Acetic:propionic:butyric acid=76:14:10 (molar basis).




Table 5. Organ weight of stomach compartments and intestine of calves

nourished by intragastric infusion for 4-6 mo in Exp. 1

Calf
Item E F G H
Slaughter age, wk 29 23 25 19
Body weight at slaughter, kg 130 146 128 94
Empty body weight, kg 118 133 114 84
Organ weight, kg
Reticul o-rumen 3.00 4.29 3. 02 3.34
Omasum 0 57 0.76 0.32 0.43
Abomasum 1.41 0.77 0.59 0.58
Intestine 3. 14 A5 1.63 2.00
% of total stomach
Reticulo-rumen 36.9 o2 54.3 b
% of empty body weight
Reticulo-rumen 2.54 S 2.65 3.499
Omasum 0.48 0.57 0.28 0.51
Abomasum 1.19 0.58 0.51 0.69
Intestine 2.9 2.05 1.43 2.40




Table 6. The density and length of papillae of the rumen in calves
nourished by intragastric infusion for 5-6 mo in Exp. 1°

Length

Density Mean Maximum

Calf E F E F E F

—— number/cm® — mm
d B b2 7T St | P I e w5
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3Means T+ standard deviations of 2 sections (1 cm?®) for each sac.
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Plate 2. Ruminal papillae taken from the dorsal cranial sac of the calf

E nourished by intragastric infusion for 6 mo. Scale bar=10 mm.
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Table 7. Experimental days and the daily amount of ruminal infusate for
each calf in Exp. 2

Treatment HP Treatment LP
Infusate Infusate
Day? VFA® Buffer® Day? VFA? Buffer®
-d - — mmol/kg BWY 75 — == — mmol/kg BW®- 75 —

Calf 11 Calf 14

21 (46) 339 173 19 (46) 374 152

36(61) 357 Lih 32 (59) 341 120
Calf 12 Calf 15

15(37) 280 123 16 (38) 303 169

30 (52) 244 123 36 (58) 354 165

43 (65) 336 122 42 (64) 405 174

58 (80) 340 126 55 (77) 405 131

71(93) 342 104 69 (91) 411 108

77(99) 411 112

Calf 13

14 (59) 313 146 Calf 16

24 (69) 363 152 19 (64) 386 152

50 (95) 321 107 36 (81) 330 149

64 (109) 306 138 48 (93) 382 130

62 (107) 369 118

Mean=XS.D. 322+35.0 131£20.1 Mean=*S.D. 373+34.8 140%x23.1

3Days after start of infusion. Values in parenthesis are days of age.
®Containing acetic, propionic and butyric acid in the molar proportions
48:42:10.

°Total bicarbonate containing sodium and potassium bicarbonate in the

ratio 66:34 (weight bassis).

dContaining acetic. propionic and butyric acid in the molar proportions

76:14:10.




Ruminal infusate volume

501

B

o
I

®

20

(L/100 kg BW)

0 10 20 30 40 50 60 70 80

Infusion period (d)

Fig. 3. Changes in the daily amount of liquid infused into the rumen

during the infusion period for calves infused with VFA mixtures

containing acetic, propionic and butyric acids in the molar proportions
48:42:10 (@:calf 11, A:calf 12, M:calf 13) and 76:14:10 (O:calf 14,
A:calf 15, :calf 16) in Exp. 2.
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Fig. 4. Changes in pH (a). osmotic pressure (b) and total VFA

concentration in the rumen liquor during the infusion period for calves
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76:14-10" 1O calt 14, Awcalf 15, [[Jrecalf 16) in Exp. 2.
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Fig. 5. Changes in the volume of rumen liquor during the infusion
period for calves infused with VFA mixtures containing acetic., propionic
and butyric acids in the molar proportions 48:42:10 (@:calf 11, A:calf
12, M:calf 13) and 76:14:10 (O:calf 14. A:calf 15, [J:calfl6)
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Fig. 6. Changes in the fractional outflow rate of rumen liquor during

the infusion period for calves infused with VFA mixtures containing

acetic, propionic and butyric acids in the molar proportions 48:42:10
(@:calf 11, A:calf 12, M:calf 13) and 76:14:10 (O:calf 14, A:calf
15, [rcalf 16)  in Expii 2.
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Fig. 7. Changes in the fractional absorption rate of total VFA during

the infusion period for calves infused with VFA mixtures containing

acetic. propionic and butyric acids in the molar proportions 48:42:10
(@:calf 11, A:calf 12, M:calf 13) and 76:14:10 (O:calf 14, A:calf
15, [l:calf 16) in Exp. 2.
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Fig. 9. Changes in the daily amount of VFA absorbed from the rumen

during the infusion period for calves infused with VFA mixtures

containing acetic, propionic and butyric acids in the molar proportions
48:42:10 (@:calf 11. A:calf 12. M:calf 13) and 76:14:10 (O:calf 14,
Hescalt 154 1:calf<186) dn Exp. 2.
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Fig. 10. Experimental scheme during milk-fed period (EZ3) and infusion

period ([CJ) for calves infused with VFA mixtures containing acetic,.
propionic and butyric acids in the molar proportions 48:42:10 (HP) and

76:14:10 (LP) in Exp. 3.

E2 :measuremental period,

V¥ :cannulation, \:weaning.
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Table 8. Daily amount of infusate for calves from 6 to 14 wk of age in Exp. 3

Treatment
Infusate HP LP
VFA. mmol/kg BW?-7%
Acetic acid 155 +43.3 286 +19.3
Propionic acid 136  ZFd0.7 8. = 3.3
Butyric acid 35 E=NL8 36 wEZL.E
Casein., g/kg BWe-7S T.4F8.3 T AT 0.2
Gross energy, kJ/kg BWo-7% 581 £36.5 571 +29.6
Nitrogen, g/kg BWe-7°S 1. 00,64 1.8z 0.03

*Means with standard deviations of 9 measurement periods of nitrogen balance.




Table 9. Daily amount of infusate for calves from 8 to 14 wk of age
in Bxp. 4°
Treatment
Infusate HPG LPG
VFA, mmol/kg BW°-'°
Acetic acid 152 = 6.6 281 £21.0
Propionic acid J3d 5.9 50 =+ 4.8
Butyric acid ot =D 36" - 5.8
Casein, g/kg BW° ' '° Tanciz s T.4% 0.3
Glucose, g/kg BW° '® 8.4+ 0.4 8.4+ 0.4
Gross energy, kJ/kg BW°-'?° 700 +24.2 703 +36.6
Nitrogen, g/kg BW° '° 1.0+ 0.04 1.0+ 0.04

*Means with standard deviations of 8 measurmental periods of nitrogen

balance trial.
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Fig. 11. Plasma concentration of glucose (a) and B -hydroxybutyrate (b)

from 6 to 14 wk of age for calves infused with VFA mixtures containing

acetic, propionic and butyric acids in the molar proportions 48:42:10
(M:calf 1, A:calf 3, @:calf 4) and 76:14:10 (d:calf 2. A:calf 5.
(O)icalfob) in Exp. 3.
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Fig. 13. Plasma concentration of glucose from 8 to 14 wk of age for

calves infused with VFA mixtures containing acetic. propionic and
butyric acids in the molar proportions 48:42:10 (@, A) and 76:14:10
(O.A) with abomasal glucose in Fxp. 4.
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Fig. 15. Daily nitrogen retention from 6 to 14 wk of age for calves

infused with VFA mixtures containing acetic, propionic and butyric acids
in the molar proportions 48:42:10 (MM:calf 1, A:calf 3.@:calf 4) and
76:14:10 (Ll:calf 2. A:calf 5, Oscalf 6) in Exp. 3.
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Fig. 16. Daily nitrogen retention from 8 to 14 wk of age for calves
infused with VFA mixtures containing acetic, propionic and butyric acids
in the molar proportions 48:42:10 (@.A) and 76:14:10 (O, A) with

abomasal glucose 1n Exp. 4.
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Fig. 17. Daily heat production from 6 to 14 wk of age for calves
infused with VFA mixtures containing acetic, propionic and butyric acids
in the molar proportions 48:42:10 (M:calf 1, A:calf 3.@:calf 4) and
76:14:10 (:calf 2, Ac:calf 5. O:calf 6) in Exp. 3.
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Fig. 18. Daily heat production from 8 to 14 wk of age for calves
infused with VFA mixtures containing acetic, propionic and butyric acids
in the molar proportions 48:42:10 (@. A) and 76:14:10 (O, A) with

abomasal glucose in Exp. 4.




Table 10. Balance of energy and nitrogen for individual calves infused with
high propionate VFA mixtures into the rumen and with casein into the abomasum at
different levels in Exp. 3 and 5

Calf Body Metabolizable Heat Energy Nitrogen Nitrogen
no. Age weight energy production retention  infused retention
—wk- -kg- ——— kJ/kg BW¢- 7% ——m— —— mg/kg BW? 75 —
Bxp.'3
W ehilad
No.3 14 74.2 532 490 42 941 392
No.4 14 76.7 546 522 24 989 409
Exp. 5
Mx 1.6
No.8 17 100.0 661 488 173 955 484
No.10 25 107.0 122 581 141 1055 487
Mx 2.0
Nou @ (2101128 879 629 250 1260 702
No.6 25 93.8 849 631 218 1285 705

2Maintenance energy.




Table 11. Balance of energy and nitrogen, and concentration of plasma metabolites
for calves infused with different VFA mixtures into the rumen with or without

abomasal glucose in Exp. 3 and 4°*

Without glucose (Exp. 3) With glucose (Exp. 4)
VFA proportions® 48:42:10 76:14:10 48:42:10 76:14:10
Number of observations T T 8 8
Energy, kJ/kg BW°:-7°
Metabolizable energy 60 419.9 529  +232.9 b¥d _mahod  BlEa S0
Retention dl  x25.% 15 4£57.5 102 +33.9 129 +44.6
Nitrogen, mg/kg BW°-’*®
Retention 429  +49.5 386 +77.6 063  £76.4 588 +66.3
Plasma metabolites
Glucose, mg/dL 197+ 55 899+ 77 83,9 = 5B 996 F10.3
Urea-N, mg/dL Ped= i) Wg 8 S ag A oG |0 SRR e
Free amino acids, mmol/L 1.97+ 0.34 1.95+ 0.5] Lkt B 20 _of Bl g

"Means with standard deviations of 8 or 7 observations from 8 to 14 wk of age.

*Molar proportions of acetic, propionic and butyric acids.
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The Role of Propionate Produced in the Rumen on

the Nutrition of Young Calves
- A Study with Application of the Intragastric

Nutrient Infusion Technique

Taketo OBITSU

Summary

Ruminants largely depend on volatile fatty acids (VFA) produced in
the rumen to satisfy their needs of metabolizable energy. The quantity
and quality of VFA produced in the rumen varies with diets: the
propionate proportion in the VFA increases with a high-concentrate diet
and that decreases with a high-roughage diet.

The objective of this study is to investigate the role of propionate
produced in the rumen on nutrition of protein and energy in young

calves, using the intragastric nutrient infusion technique.

1. Application of the Intragastric Nutrient Infusion Technique to Young
Calves

1) Calves fitted with a ruminal cannula and an abomasal catheter at 2-4

wk of age were nourished by purified diets infused into the rumen and

abomasum from 3-5 wk of age. A mixture of VFA with major minerals and

a bicarbonate buffer solution were infused into the rumen separately.

Casein, trace minerals and vitamins were infused into the abomasum. The

validity of application of intragastric nutriton to young calves was

investigated (Exp. 1).

2) Ruminal cannula was fitted securely by nylon mesh placed around the

cannula. Leakage of ruminal liquor from the cannula was not observed

over 6 months.

3) Substances educed in the infusion tube for buffer solution sometimes

reduced the infusion rate of buffer. Two tubes were used for buffer




infusion to prevent a decrease of the infusion rate.

4) Calves were successfully infused with VFA at the level of maintenance
energy when the total VFA concentration of the VFA solution was 0.7-1.0
mol/L and the bicarbonate concentration of buffer solution was 0.2-0.3
mol/L. These concentrations of VFA and bicarbonates were lower than
those used for mature ruminants.

5) After 17 wk of age, calves could be infused with nutrients up to
twice maintenance level.

6) Daily body weight gain of calves nourished at 1.3 times maintenance
level was 0.3 kg, whereas that at 2.0 times maintenance was 0.8 kg.
These values were nearly equal to expected body-weight gain based on the
infused amount of nutrients.

7) The tissue weight of the reticulo-rumen of calves nourished by
intragastric infusion for 4-6 months was similar to that of calves fed
conventional diets, but the weights of the omasum and intestine were
smaller. The rumen papillae were paddle-shaped and narrow. The rumen

mucosa was light in color.

2. Relationships between Propionate Produced in the Rumen and the
Development of Ruminal Absorptive Capacity of Volatile Fatty Acids
1) Calves nourished by intragastric infusion from 3-6 wk of age were
used to study the influence of VFA compositions infused into the rumen
on the ruminal absorption rate of VFA (Exp. 2). Calves were
intraruminally infused with VFA-mixtures containing acetic, propionic
and butyric acids in the molar proportions 48:42:10 and 76:14:10 at the
maintenance energy level. The volume and fractional outflow rate of
ruminal liquor were determined every 1-2 weeks during 35 or 70 d of the
infusion period with polyethylene glycol as a flow marker. The
fractional absorption rate of VFA was calculated kinetically on the
basis of the volume and fractional outflow rate of ruminal liquor,

ruminal VFA concentration and infused VFA.

2) Neither VFA compositions infused into the rumen nor the infusion




period affected ruminal concentration of total VFA.

3) The volume of ruminal liquor per body weight decreased until the 40-
90 d of infusion, and then slightly increased. The volume of ruminal
liquor was larger for calves infused with the low-propionic mixture than
that with the high-propionic mixture.

4) The fractional outflow rate of ruminal liquor was not affected by the
VFA composition infused into the rumen, but decreased with advancing

the infusion period.

5) The fractional absorption rates of total VFA and each acid for calves
infused with high-propionic mixture reached a maximum at the 40 d of
infusion, but that with low-propionic mixture gradually increased until
the 70 d of the infusion period.

6) The fractional absorption rates of total VFA and each acid were
higher with the high-propionic mixture than those with the low-propionic

mixture during the first 40 d of the infusion period.

3. Relationships between Propionate Produced in the Rumen and Metabolism
of Nitrogen and Energy in Young Calves
1) Calves nourished by the intragastric infusion were used to study the
influence of VFA compositions infused into the rumen on nitrogen
balance, heat production and plasma concentrations of metabolites. In
Exp. 3, calves aged 6 to 14 wk were intraruminally infused with VFA-
mixtures containing acetic, propionic and butyric acids in the molar
proportions 48:42:10 and 76:14:10. Total energy infused was 1.3 times
maintenance energy level. In Exp. 4, calves aged 8 to 14 wk were
infused with the same VFA mixtures as Exp. 3 with abomasal glucose
infusion. In exp. 5§, the efficiency of utilization of metabolizable
energy of the high-propionic VFA mixture for growth was estimated with
calves aged 3 to 6 months.
2) Daily body weight gain of calves at each experiment was nearly equal
to expected body-weight gain.

3) Plasma glucose concentration for calves infused at 1.3 times
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maintenance level increased from 6 to 8 vk of age, and that was higher

with the high-propionic mixture than with the low-propionic mixture
(Exp. 3). With abomasal glucose infusion, plasma glucose concentration
was increased, but neither age nor VFA compositions infused into the
rumen affected plasma glucose concentration (Exp. 4).

4) Plasma concentration of B -hydroxybutyrate for calves infused at 1.3
times maintenance level increased from 6 to 10 wk of age, and that was
lower with the high-propionic mixture than with the low-propionic
mixture (Exp. 3).

5) Neither age nor VFA compsitions infused into the rumen affected
plasma concetrations of urea and free amino acids for calves infused at

1.3 times maintenance level (Exp. 3). With abomasal glucose infusion,

plasma concentrations of urea and free amino acids at 10 to 12 wk of age

were higher with the high-propionic mixture than those with the low-
propionic mixture (Exp. 4). Plasma concentrations of urea and free
amino acids decreased with abomasal glucose infusion.

6) Nitrogen retention decreased with the low-propionic mixture at 1.3
times maintenance level during 10 to 12 wk of age (Exp. 3). With
abomasal glucose infusion, VFA compositions infused into the rumen did
not affect nitrogen retention (Exp. 4). Abomasal glucose infusion
increased nitrogen retention.

7) Heat production for calves infused at 1.3 times maintenance level
decreased with advancing age, but that was not affected by VFA
compositions infused into the rumen (Exp. 38). With abomasal glucose
infusion, neither age nor VFA compositions affected heat production
(Exp. 4).

8) Based on the proportional increase in nitrogen retention relative to
the increase in metabolizable energy with glucose infusion, nitrogen
retention for calves aged 8 to 14 wk was 1.25 g per 1 MJ of glucose
Efficiency of utilization of glucose energy for growth in these calves
was T2%.

9) Nitrogen retention for calves aged 3 to 6 months was 0.98 g per 1 MJ
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of the high-propionic VFA mixture. Efficiency of utilization of

metabolizable energy of the high-propionic VFA mixture in these calves

was 60%.

These results indicate that propionate produced in the rumen has
following important roles on the nutrition of protein and energy in

young calves. Firstly, promotive effect of propionate on early

development of ruminal absorptive capacity increases VFA energy absorbed.

from the rumen. Secondly, propionate as a glucogenic precursor

contributes to efficient use of amino acids for body protein synthesis.
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young calf nutrition, propionate, intragastric nutrient infusion
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