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Summary

In ruminant animals like cattle and sheep, carbohydrate contained much in fodder is decomposed
into volatile fatty acid (VFA) such as acetic, propionic and butyric acids by the fermenting action of
microorganism in rumen and VFA is used as main source of energy. It is well known that propionic
acid which is produced highly in case of high concentrate ration is concerned with the improvement of
feed utilization, the promotion of fatty acid synthesis and the desaturation of fatty acid in adipose tis-
sue. Recently, the action of propionic acid in the interior of body has become interest in case of high
roughage ration on the occasion of planning to make the effective utilization of roughage in the fatten-
ing of ruminant animal.

This study was conducted to clarify the effect of propionate supplement into various types of
roughage on the stimulation of insulin secretion, on the feed utilization and on the fatty acid composi-
tion in adipose tissue during fattening in sheep.

1. The experiment was carried out to examine the effect of dietary propionate supplemented to
high roughage ration on the feeding value and on the chemical composition in blood plasma and to
grope for the most suitable condition of feeding. Two rations of high energy roughage (corn silage) and
low energy roughage (grass hay) were used and the ratio of concentrate to roughage was 8:2 as dry
matter basis. The fodder was supplemented sodium propionate and calcium propionate in the amount of
75% and 100% of physiological level and fed ad libitum. In case of the feeding of low energy roughage
supplemented with 75% Ca propionate, voluntary feed intake was not decreased and insulin secretion
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was likely to be stimulated effectively. In grass hay feeding, the most suitable amount of dry matter

supplied was 60 g/BW (kg) ®"/day.

2. The experiment was carried out to examine the effect of 75% Ca propionate supplemented to

high roughage ration (grass hay) on the feed utilization and on the desaturation of fatty acids in adi-

pose tissue during fattening in sheep. Propionate supplement did not lead to improve the feed utiliza-

tion. Insulin secretion was stimulated slightly by propionate supplement and was influenced rather by

aging. Fatty acid composition in adipose tissue, however, tended to be desaturated by propionate.

As the result, it is concluded that nutritional and physiological significance of propionate supple-

mentation to high roghage ration was a little because insulin secretion was slight and feed utilization

was not improved. Desaturation of fatty acid in adipose tissue was seemed to be proceeded by the sup-

plementation of the propionate.
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Table 1. Chemical component of rations used in the experiments

Component  Moisture % of dry matter basis
Ration (%) C. protein C.fat NFE C.fiber C.ash NDF ADF  Hemicellulose”
Concentrate? 12.2 15.5 5.0 66.4 5.0 7.7 22.5 9.3 13.2
Corn silage3) 75.8 9.8 4.6 59.1 21.2 5.4 64.7 26.2 38.5
Grass hay3) 17.7 8.5 2.9 4.3 36.3 7.9 73.0 46.1 26.9

1) ; Hemicellulose was expressed as the differense from NDF to ADF.
2) ; Concentrate was used formula feed “Beef Deluxe” made by Nihon Nosan Kogyo Co., LTD.
3) ; Roughage was used corn silage for experiment 1 and grass hay for experiment 2, respectively.
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Fig. 1. Changes in voluntary feed intake.
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Table 2. Comparison of dry matter intake (DMI), water intake and urine excretion with

corn silage feeding.

[tem DMI Water intake Urine excretion
Treatment (g/BW (kg)*"/day)  (ml/BW (kg)®"°/day) (ml/BW (kg)®"®/day)
Control 64.8A8Y 2708 5248
+75% Na propionate 70.24 3574 9654
+75% Ca propionate 71.28 2668 4048
+100% Na propionate 70.14 3864 1,098
+100% Ca propionate 46.5° 193¢ 3918

1) ; Means without common superscripts are significantly different at the 0.05 probability level.

Table 3. Comparison of digestibilities of dry matter (DMD) and fibrous components

with corn silage feeding.

\‘\\\\\\\\\\\\jffl DMD NDF ADF Hemicellulose
Treatment (%) (%) (%) (%)
Control 68.948D 69.8 57.5 78.5
+75% Na propionate 70.74B 66.3 53.6 75.3
+75% Ca propionate 64.08 64.9 50.3 76.1
+100% Na propionate 72.04 65.7 53.3 74.8
+100% Ca propionate 69.348 69.8 57.3 78.7

1) ; See note to Table 2.
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Table 4. Comparison of .apparent absorption and retention of sodium
and calcium with corn silage feeding.

Item

Apparent absorption
(g/BW (kg)*"/day)

Retention
(g/BW (kg)*"*/day)

Treatment

Na Ca Na Ca
Control 0.36Y 1.16® 0.28° 1.15%
+75% Na propionate 7.67%° 1.248 1.758 1.238
+75% Ca propionate 0.38¢ 6.454 0.25¢ 6.444
+100% Na propionate 9.774 1.068 2.834 1.058
+100% Ca propionate 0.20°¢ 5.25% 0.13° 5.244

1) ; See note to Table 2.

Table 5. Comparison of VFA concentration in rumen liquor at 4 hours after feeding with

corn silage feeding.

VFA Acetic acid Propionic acid Butyric acid
Treatment (mol %) (mol %) (mol %)
Control 55.3 30.98Y 13.8
+75% Na propionate 38.0 44 .94 17.1
+75% Ca propionate 42.7 43 .44 13.9
+100% Na propionate 47.0 41.44 11.6
+100% Ca propionate 42.0 43.44 14.6

1) ; See note to Table 2.
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Fig. 2. Changes in concentrations of free fatty
acids in blood plasma
feeding.
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Fig. 3. Changes in concentrations of glucose in
blood plasma in response to feeding.
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Fig. 4. Changes in concentrations of insulin in
blood plasma in response to feeding.
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Fig. 5. Changes in concentrations of acetic acid in
blood plasma in response to feeding.
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Fig. 6. Changes in concentrations of propionic acid
in blood plasma in response to feeding.
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Fig. 7. Changes in concentrations of butyric acid
in blood plasma in response to feeding.
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EMACELCRAE L. A VEREMACH» — DI
2L, ENiREI8~2CTHEE L.

KB 1 HIM140 R (FHEIM9 B, AHESH) @
3X3DTT v HEEITHEVER L7

2) SATRE ORI B & OGH A &
I.1.OMYETIIHA L—JDEREREREIAT 7.

& 3

HMENEOEEZIL K8 IR L. WTFhoff
L b, HB5%3050 & 3EMLUBICERED EANALN,
FYEQITHA L - TREOHE LRBRICCHATOZE
{bERLA. $7:, RAEEFHERHOLMHT 1 HOR
AROTEHLULEIRAESIN, 7ot YBIRIRS5 3R
ANY =B RIFS TRz, £60D1
H:47- ) O HEIE, SKkES LU EEREDET
12, FOYF CEERIRE I L BRI R L, FEORE
IR D RN T R RIFTTHEBEI VLD LR

C:R
o0 2:8 (control)
o—— 2:8475%Ca Pro.
o——e 2:84+100%Ca Pro.

Grass hay feeding
40

Dry matter intake (g/7BW°7%)

30

20

|o'

% 7 2 3 4 5 6 7 8 9 o

Time after feeding (hr.)
Fig. 8. Changes in voluntary feed intake.

Table 6. Comparison of dry matter intake (DMI), water intake and urine excretion with

grass hay feeding.

DMI
(g/BW (kg) % "*/day)

Item
Treatment

Water intake
(ml/BW (kg) °-"*/day)

Urine excretion
(ml/BW (kg) °"®/day)

Control 60.8"
+75% Ca propionate 59.3
+100% Ca propionate 58.0

187 293
188 293
293 231

1) ; See note to Table 2.
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b, g LSRR OMILROE (£7) T,
NDF & v — 2O RN S HLEOBHELER S Tt
BEEDN RN o. LI L, &L hEass bt o
MM S TdH D ADF OHILET, Yot vBET R
#5535 EARICIKT L.
REARHBEOE—FHED VFA B (mol %) DK
BERBITR LA ERNFEOFEREOE413100% 7
oYk YERRMER L Y EEICEL, Tt v EBO

ET 7ot Y BIERMEAR RS LBAEEICS
Molz. INLOFERNPS, RIS shiz7Tat v
BIESEEE—-FHNEO VFA BUEICEEE RIZTLTY
A23nDEBEbhi.

MRS OTREIHEH) EfbDH b, FFA 29, 7
NVa—2%K10, 1 1) % K118 X U VFA (B
B, 7utt U EEBLIURE M2~ EFhEFh
R L7z, % FFA BB E5% 1 B TaEBICRY

Table 7. Comparison of digestibilities of dry matter (DMD) and fibrous components

with grass hay feeding.

Item DMD NDF ADF Hemicellulose
Treatment (%) (%) (%) (%)
Control 61.2A0 59.2 56.6" 63.4
+75% Ca propionate 56.98 54.8 51.48 60.3
+100% Ca propionate 56.38 53.4 52.08 55.6

1) : See note to Table 2.

Table 8. Comparison of VFA concentration in rumen liquor at 4 hours after feeding with

grass hay feeding.

VFA Acetic acid Propionic acid Butyric acid

Treatment (mol %) (mol %) (mol %)

Control 59.0AY 30.0° 11.0

+75% Ca propionate 40.748 42.64 16.7
+100% Ca propionate 37.18 47.7% 15.2
1) ; See note to Table 2.

Grass hay feeding C:R
i C:R Grass hay feeding o---02:8 (control)
200;; o--02:8 (control)

o——o 2:8+4+75%Ca Pro.
o——e 2:8+4100%Ca Pro.

1504
100

50

FFA (pEq-1)

O 1 2 3 4 5 6 7 8 9 10

Time after feeding (hr.)

Fig. 9. Changes in concentrations of free fatty

acids in blood plasma in response to

feeding.
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90 e— 2:84100%Ca Pro.
-~ 80
B
S 70
£
< 607
2
2 50
o |
2 0
© O 1 2 3 4 5 6 7 8 9

10
Time after feeding (hr.)
Fig. 10. Changes in concentrations of glucose in
blood plasma in response to feeding.
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Grass hay feeding C:R teontiah)

50 o 2:8+75%Ca Pro.
~ o—= 2:8+4+100%Ca Pro.
'E 40
\
> 30
2

20
= )

3 1077
w
c
- o '
(o] 1 2 3 4 5 6 7 8 9 10
Time after feeding (hr.)
Fig. 11. Changes in concentrations of insulin in
blood plasma in response to feeding.
C:R
- Grass hay feeding o---02:8 (control)
T 4.0 o—=o 2:84+75%Ca Pro.
> o— 2:84+100%Ca Pro.
[
E
E
3
v
o
- 0
T o1 2 3 4 5 6 7 8 9 10
<

Time after feeding (hr.)
Fig. 12. Changes in concentrations of acetic acid in
blood plasma in response to feeding.

LTBY, LIRS HRI0MEH £ Tl2IZT—EDIRE CHER
L7z, 1. o0 IH A L—VDEEKRTIX, 7o
Yd VBRGSO BRI A SN h o 7258, KER
TR 70 ¥4 v BIERIA S CERINSAE & V& HER
L7z, Zva— RgETIX, ERINSFEHIHREG% 3 B
FT1ERI L (R50.58/M1%), Z0%ERLE. %
KB L T75% 70 © 4 ¥ BRI 3E2 kst
%<, 100% 70 ¥4 v BIERMEE Ci3h 5% 2 Befl
IC¥—72 (82.9mg/dl) £ BT TLERHLE. $B5%3
FHILE TR W TR 588 & b IFIF—EDRE T
BLA ZORER, 70T BV Y LAORNE
BEL Bt TEh oz, M¥ERA 2 VilkE
C(eU/ml) T, 5% 1EBR%IC, 5% 70t B
HERMEAEA519.2, 100% 70 ¥ 4 ¥ BRIE RN E A%
17.2TdH o 7z, ERIMEARH10.7~11.7LFREELL T
WRDo7-DIZHBE LT, FTut yBERmEA >~

. C:R
Grass hay feeding ... 9:8 (control)
e——o 2:84+75%Ca Pro.
e—e 2:84100%Ca Pro.

Propionic acid (mmol.“1)

3 4 5 6 7 8 9
Time after feeding (hr.)

10

Fig. 13. Changes in concentrations of propionic
acid in blood plasma in response to
feeding.

Grass hay feeding C:R
~0.10 o0 2:8 (control)
< & o——=o 2:8+75%Ca Pro.
- o——e 2:84100%Ca Pro.
o 0.08

o 1 2 3 4 5 6 7 8 9
Time after feeding (hr.)

10

Fig. 14. Changes in concentrations of butyric acid
in blood plasma in response to feeding.

Da) YW ERIT A L9 TH o 72 75% IINAT100%
W% LR > THBLERE, 1. OFyEOaIH
A V=VRE5OBELAKETH 72, MiEH VFA DD
b, FEREIREE CI13100% 7 U ¥4 v BEIRINEE 55
B1IBMICETOEAES AN, LEL, WSS
L75% 70 ¥k EEERINEARHIE b A S Y, BE
DHERIRE—EZ o7z, EBL. Oy EUITH A
L= V5 HET 5 & &RICREIEHTH 5 72.
Mmigh 7o ¥4 U RREER, &5 1BREIEVwTho
Tu Yt Y EERMEARICBWTL LR LA T,
100% 7’0 ¥4 v BEaRmAsHE Z 0% — BT %, 3
REHIZICHU LR Lz EAMEFHE 0.2mmol/l DIF
I F—EDKIRE THER L. MAEDRERRIEE X, #B5 1
W IhoBRSE BT LR L, LBE—HT
Med DA% R L7225, KELBELIRBOS I ho 7.
BEFREOEZHS HThA o7,
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NS DRERDS, KT OV F — MR TR
AR LZOB%DTUVE Y BEERIML TS L
o, MRS 22 VIREO LR L FFA RED
FTHREPZVI—RAL Ut Y EERED LA OMERE
AR E LT,

% =

REBRTIE, BRIV F—HEH L ET R OVF -
BOVTFIIIBWTHOABRZENEARDTO 7O S »
BRI L TR S LB i A O W B % 5.2
BWNE)Thorz. ZORKER, WAL b RELEWES
B3 60 /4K (ke) /R L Bb 7z, —F, ALK
BROFER, 70t YESRRIIEE ROV — e T
HHEERS OHLRICEEE 5 2 kb 57225, KR
LEF—HEE Tk O — R % & OHENA LS 5
»57% % ADF HILEDEKT &, ThaEREBbh s
EWHEALROKRT A ED SNz, & OMMEN SRS DL
ROMETIE, FEEOIFT-72BEHRY LR UERE 7.
COFERICEBESL, TOEF U EBOS VT T ALEH
E—FNIEDOBEBT D LFHIZ X Y MM R0 R 8 DI
A > 7228 72 0HLENIET L7220 TH 2.

Kz, MERESTRETRVF MR LK R
F—HFAROBNICE BRIEDENA LNz, AL, B
I3 VF—HEE ZRG LB, BEoEb BT
BUESH LD, 70k EEOTRMEDECHLT
LbMmiEh A > 2 >, FFA, ZVa—ZARU7al
T UBBEDEVE S TRBENEZ E R, &tk
LCZDRIBIESBD Sz KL —F, &
IR NVF AR RS Lz Eom#Ehf 2y >
LU R ZERINEE 2S5 L L SdFRY
ALY e o72hS, 70 F YBIERIRE LI L X
WEWEHFSL ERLTEBY, 121 )vOLERE
FFA DT, ZFIVa—ZARVP 7ot vBEEOLR
BARLN, Tu¥t Y EERNOEIEN-LE2 T
TwniBbhs. ZORIEDECIIEBER DORSDE
WHAERELTEZONRSE. 2%, PYETOITHA
L =R EOBT IV T —HEARHIIET 2OV ¥ —HH
BL A EERY (NFE) 24 &40, £—8W
THOTUEF VBEARDNE WD, REBROTOE L
YEBEORME LIFRAEA Y - FCRIENOFEI T - &
DHBLAEDo7-0THA. #HiIZ, EEp LT %
VEF—HFE T, £ErS0Tud BELEID
Bz, Tu ¥t Y ERRMOREN - DTH S .

AEREDG, @IV F MR & R F—HfH
FHZ 7O ¥ VBRI S L CRIIICDL 2 5 IEER
BRaAT o 723A, TSR & ST IpET Sk
WL OO, KT AVF—HEEEHVLEFDIF) A~
Ya ) YHWRIBRREETH W EBbR. T2, 5%
WATI00%FmME W EFELA 22 ViIREFHEER
FTAHMEMICH o722 EHh0, RIMBRTBBHEMTLIVE
I L7z,

I. X FORERICHITA70EF RIEFMALR

EAEEOF Mt & B OEBRERICRIZTTE

B

1. 0FEBROBE, B i vF—Hfaricsost
B & RIICH - TRIE S35 LIEE DRI T E
2. ThEFZFT, BRERBTRAL.
AREBTIIREL DIFTToDZ et L. —D
ICREROFBERAL >3 2 ) ¥ LNV ADOHED DN
THGET L7, Bls, REOHESRERICE ) EHM TR
SN VAR CFABERROYHE DR LI VT2 v
SiTe EDORE ALY BT OV TH - MR 2 HE L
7o, b —oiE, Fu ¥t UEERINESC & A ENETRE
DORBALDOE TH 5.

LT, IO Eib 207 V—TIlonWTERY
Ehti L 7.

1. 70EF CBIEEMES L 3REOFARAD
£Z

s LUHE

1) {8, RSB X OERRESE
AERFAMANS22 Ak EB X Y E 3 (B2 F, F
WRE 49kg) & RERFAGEFI0 AR DL R VEITHE
(4F, FIHHKE 27kg) OFF 6 HEMAB W E L7,
WEEEDS L, KR V¥ —HfEH I E
WEE, FEY-FRIFE) vHVE 1. 0£EBO
R, REFRE (C—7F77 92 2R) LHABOKRESR
A2 8 ThoBE WG & L Bbhs: 60g//KE (kg)* ™/
HO®E2» 5 HAREEED (2o T LES B
& (TDN) 5B HH T 5 &, 37.4g/fkE (kg)*™/H
WAL L. Tok i, MEHEHEAE (DCP) 20K
B5EIRECLELESEY Wil kh ol FIT,
BEFEI IS EAEANTH A THHORAEE (78
mBNA =7, BEARBETLERASHEE)
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PHWT, KEICWLELZDCPERMTLHICL.
WIMEE T A 7a et Y BRI VI Y BV, &
MEGEBFNHEARD® O75% & L, #5 TDN &
37.4g/#h & (kg) "/ BIZHE— L 7-.

KMENZ 1 B 1 AL 29 BEICITo 7. K58
PRABET AR, BESE, MR, Yot VEHE
PBEOKETBALLSICRE L. $72, RKkEEE
*EHEERE L.

ARERMIMIZ108HM % 1 IR & L, ZOREHEE#H
L, @b C2HBEERLE. ZOB, 6HMA VXYL
AEHINC2DD TNV —TIZHITT, EhEhOTNV—T
22008 245 L7:. RS ONEF G 2 7

IERFERE (B¥) $11% H3%

NZENERLTHE L. 1ISHEEBICKREZHIE L CH
BOBEETREL. A VEIEMAHr — DI
B, EWNREI6~24CTHE L.

A VEIETOLFAROHAAE DI, FUEDEL
FEDLBRV2 X 20T TV HEEICH TTo 72,

2) FHTRE ORI EB L S HE

TDN DEREZ KD 5 -0DHLRERIE, ThZFh
D OBREDBIZS AFOEERBEICI VERKL
7z. VFA JlE/- 05— BNBOFIUL, HILRABRKT
ARG 4 BRHBICITo 7. BBER, 1. 1. &R
AT 572, RIMLIZ, ~ %Y B L 721348415 CT18H K%
IZFIEHE 5B R & 45 6 BERI R ICSHBIR D H1T o 72

W= THTaEt EERIEE D S ERINEENC, U SIRAHORREB IS AR, 1. 1. &£4<
TN — ZIERMMEE A S 7o 4 Y BIERMERHIC T FRkICIT- 7
Table 9. Chemical composition of rations used in the experiments.
Component  Moisture C. protein C.fat NFE C. fiber C.ash
Ration (%) (%) (%) (%) (%) (%)
Concentrate” 11.2 21.2 4.6 54.2 3.6 5.3
Grass hay 12.5 6.9 2.1 32.7 37.5 8.3
1) ; Concentrate (High Calf) was purchased from Nihon Nosan Kogyo Co., LTD.
Table 10. Comparison of digestibilities and total digestible nutrienrts (TDN).
Animal No.1~No. 3V No.4~No. 6"
First period Second period First period Second period
Item (+ Propionate) (Control) (Control) (+ Propionate)
Digestobility (%)
Dry matter 68.74%2) 67.5% 69.08° 60.14°
C. protein 63.74 67.6° 64.48 54.64
C.fat 71.1 77.0 73.1 76.0
NFE 80.4 68.3 72.8 68.7
C.fiber 74.0%2 69.652 75.48° 58.14Ab
TDN (%) 60.94 65.48 65.48 51.8%
TDN intakke 33.942 38.382 32.28° 27.81°

(g/BW (kg) *"/day)

1) ; No.1~No.3 animals were 22 months old and No.4~No. 6 animals were 10 months old at initial stage of

experiment.

2)

; Means with the same capital superscript letters among feedings and with the same small superscript let-
ters among ages are not significantly different at 0.05 probability level. Means without superscript
among feedings and ages are not significantly different at 0.05 probability level.
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Table 11. Comparison of feed utilization.

Animal No.1~No. 3" No.4~No. 6"
\ First period Second period First period Second period
Item (+Propionate) (Control) (Control) (+Propionate)
Initial body weight (kg) 49.8 56.8 32.6 38.6
Daily gain (g) 86.1% 115.1 59.0 72,1
Feed conversion ratio (DM) 14.0 15.1 12.3 13.8
Feed conversion ratio (TDN) 7.7 8.0 6.8 7.1

1), 2) ;: See notes to Table 10.

Table 12. Comparison of VFA concentration in rumen liquor at 4 hours after feeding.

Animal No.1~No. 3V No. 4~No. 6"
\ First period Second period First period Second period
Item (+ Propionate) (Control) (Control) (+ Propionate)
Acetic acid (mol %) 57.8A% 64.7° 68.3° 60.5%
Propionic acid (mol %) 35.34 23.58 24.18 33.8%
Butyric acid (mol %) 6.9 9.8 7.6 5.7

1), 2) ; See notes Table 10.
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BEFARO—FESERIICRLE. HEAZR
21.2% & 1. 1. THALLFABL VS 7% &P o 7.
E10ICK B H{LE L TDN & %R L7, LR TIE,
Ju ¥t yEEERINC X &Y, HEAE S L OCHBHE
DERFICOVWTHEEIKT L. 72, AdlokE
T, &P HBHENLRICBLWTYFIETH A 6N
2. BRI, Yo yEERRMLGE, M
HHELRDBETHEE o7, ZOKE, 7ut /&
WHRMIL Y TND SEFFEICKT LA, 7, TDN
BNE (/4EKke) ™/B) ®5 b, BIFIC2FDER
I CRHEME D37 .4 L FKHETE 5 727%, MOfFE Tt
WENRLEHEME R TR -7z 4512, Y FIC7oes VB
WERML35A27 8LEHEMEDTA%IZE T 572

KREHM OB OFHEO B ERINIR L. —
HIgkE, %435 X U° TDN OfJHERRE L FEHE
ARBICEEE o7z, L L, EPosEEkE
TR 7o 4 Y BIERMERNE > T A 2E 5 7
A, 70 VEEEFRMTAILICLY) TDN &

ETFLAZZLICX D, TDN OFIEZERFE CTIIREBRXE
DEIHEE o 72,

a5 4 B EOE—HNE O VFA #B O HE % K12
VR L. 7a st Y BIRRMEE L5 Lok, BERR

Pre-feeding ® Roughage + Propionate
400 O Roughage
= 22 months

300 —— 10 months

200
E 100 o]
o L . L
"i 400 6 hours after feeding
< 300 k——— First period S d period
™
200

100

0 |‘8 36 54 72 90 108 126 144 162 180 198 216
Days after feeding (day)
Fig. 15. Changes in concentrations of free fatty

acid in blood plasma in response to fat-
tening.
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Pre-feeding @® Roughage + Propionate
O Roughage
= 22 months
80 —— 10 months
70
Z 60
3
o 50 L
E " —
- 6 hours after feeding
o 80
v
S n p
=
O 60
50 8 g s d'peii
K———— First period period

0 18 36 54 72 9]] 108 126 144 162 180 198 216
Days after feeding (day)
Fig. 16. Changes in concentrations of glucose in
blood plasma in response to fattening.

@® Roughage + Propionate

Pre-feeding O Roughage

4 = 22 months

30 —— 10 months
~ 20
E
< 10
: " 1
5 40 6 hours after feeding
c k——— First period S d period
= 30
I
£ 20

10 )\./0/'/./\0

0 18 36 54 72 90 108 125 144 162 180 198 216
Days after feeding (day)
Fig. 17. Changes in concentrations of insulin in
blood plasma in response to fattening.

Pre-feeding @® Roughage + Propionate
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=
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E
E
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- 6 hours after feeding
‘S
O 20
v
-
S 1o
<
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0 ILB 36 54 72 dU 108 Iés 144 162 180 IéB 216
Days after feeding (day)
Fig. 18. Changes in concentrations of acetic acid in
blood plasma in response to fattening.
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Pre-feeding O Roughage
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g 0.5
£ 0.3
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< " N "
= 6 hours after feeding
o 0.7 k———— First period Second period —
g
£ 0
8 %
o
° 0.3
I
& 01

0 18 36 54 72 90 108 126 144 162 180 198 216
Days after feeding (day)

Fig. 19. Changes in concentrations of propionic
acid in blood plasma in response to fat-

tening.
Pre-feeding @® Roughage + Propionate
O Roughage

0.14 == 22 months
—~ 0.10 —— 10 months
S .
2 0.06
g 1
e >
T 6 hours after feeding
g 0.14 k—— First period ————3——— Second period
v
- 0.10
2
s 0.06
-]

0.02

0 18 36 54 72 90 108 126 144 162 180 198 216
Days after feeding (day)

Fig. 20. Changes in concentrations of butyric acid
in blood plasma in response to fattening.

METFTL7OEA Y B ER L7 (P<0.01). BHIFIZ2
FLUF L ABHIBORETIIWTIO VFA #ETH
BEENADON LD 572,

MRS DOBRE IS E{Ln ) b, FFA ¥X15, 7
Wa—2%M16, 41 2 ¥ #HI7TH LU VFA (B
B, 7ot UEBLUEE) *XI8~R20ICZhEh
mL7z. ERICKSERT, TRICKS 6 BrlBORE %
A L7z %9 FFA IREEIIIRERI, REAKRL IS, f
BEEEEARIMICEELREIAON o7, RE
Hl, REHK L LRBRBABBELZRVT, FACRETHEBL,
F-FEEHIE b A UiREE CHERS L 7-. IRAWI L IRER
DB T, FRAICL S FFA BREOBL S0 5. 1L
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Motz MIERA Y2 ViBEORETIX, REH&
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BLTEBY, AWIBICEEEZNALN. LaL, 7
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VFA BEDH b, FERRICOWTIRAR TR &
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fRERE (ERNSAE— 70 4 VBERNEE),
LM NS ol TOEF Y BTE, RAHN, RA
BEdDTOEF VEERNGS L 2RBEIALNL
Potz. LA L, REBICBVWT, BHF2Forv—7
BUEFOIN—TEIVAEICHHER L. BETIE,
RERNE, FEEEABIEE bAEEN LD o7 R
BHETE 70 YEEERBIC, BT 2F O —TH
BFOTNV—TEIVEEICELHER L (P<0.05) 75,
Tu ¥t yBERIE S OB I o7,

2. 70EF CBIERMES (C X 3 HIER OISR B4
5203 7

HEELUEE

1) B H X ERREHE
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THRIEN A S i E B FFA O fgihRs AL % #lE L
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SHE; S4B A BE) 210ml OAEBAIEKICED
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BETEALZ. RIMIZ NA EAER, EAKIS,
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FED Tl o 72 KIED OIS O Forcn & DF
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—T7AM7I3-DFy bEHVWTHEL, T-MmiE
FFA W L KRR DR DO BIE X R 7 a = b
7574 =& 0iTo 7. M5 4ml 2 5HH L7- FFA
LARRERE 1g S L7 IEE 4 S5mg DIEIFEEIZLT
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MABLIRE DB EBEZSFI L. ZOBMEL 3 M
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0.6l EAL. ZOBGHIIZHoTiE, 25%
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(DB-225) # KL 72 30m DF v ESV—H 51 %H
Wiz A 5 AREE, TEASDRE IR FNFh210T, 220C
&L, Wi FID itz 2 Hv:, ZOMRE%300T &
L7z, ¥V THRACREZFATHY, HiEx 19.2
ml/3re L7z, 72, FxVTHRAOSERE1:25 &
L, ZD1/26 5% 5 AMIHATH LWL F7,
Fr—FPRAE—=Fid lem/50& L7

& E 3

1312 NA LB X B %+ FFA iRBE (mg/l) DE
1t (2 EOFHE) 2R L. 7O¥t »BEERmER
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L7:. Bl%, 7o vs yBERmER CiEAL05 %

Table 13. Comparison of FFA concentration in
blood plasma after noradrenalin injec-
tion.

Treatment -+ Propionate Control
Time after (mg/1) (mg/1)
injectin
0 min. 10.1 10.2
10 min. 39.4 14.8
20 min. 19.0 8.8
40 min. 19.4 9.6
60 min. 22.4 10.0
120 min. 15.6 10.9
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Table 14. Comparison of farry acid composition of FFA in blood plasma at 10 min. after noradrenalin

injection.

W Ci2:0 Cu:o Ci:o Ciw:1 Ciz:o Cis:o Cis:1 Cis:z Cig:1/Cis:o USFAY
Treatment (wt%) (wt%) wt%) (wt%) (wt%) (wt%) Wwt%) (wt%) (wt%)
+ Propionate 0.9 2.8 28.6 1.5 2.04? 30.7 27.7 5.9 0.90 35.1

Control 0.6 2.5 29.7 0.3 1.08 32.3 26.0 7.5 0.80 33.7
1) ; Unsaturated fatty acids.
2) ; See note to Table 10.

Table 15. Comparison of farry acid composition in subcutaneous adipose tissue.
w Cu:0o Ci:0 Cw:1 Cuw:o Cis:o Cis:1 Cig:z  Cig:1/Cig:o USFAP
Treatment (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%)

+ Propionate 3.0 25.1 2.1 2.9 20.9® 4.2 1.9 2.11 48.2
Control 4.4 25.3 1.4 1.78 23.84 41.1 2.3 1.72 44.8

1) ; Unsaturated fatty acids.
2) ; See note to Table 10.

39. 4D EEH SEALI203E15.6DKEMERL,
RINEE TIREALIVG#14.8D B EMED S FEA205#
8.8NEEMEE R L7z, FRLLT, 7O VBIER
INEEATE VIR CHB L T 7.

FEL* ZBEFICBITH NA LT FFA BEH
HEAB205TRAE Y, FFA BEORIEE KK
TdHo7:5~105TD FFA DigHiMs AR 355 RERE &
BT ORRIBEARICENT 52 L2 HE LTV A.
IhH5DT Lh b, NAUEFZIVFHOMEES FFA O
PR 2 FET 5 & & THIEREO N hRSA R %
FHRITE B EEZ, NALEKI05%D FFA FOH&R
B (wt %) OB ZRIATTR L. ZOKE, Ci:
oJERFEEAS T U 4 Y EBERIG SIS L VAFTICERAL
72, F7:, AEKELCES o728, 7ust UEEE
IINEARLT Cig: 0 WYKL, Cis: 1 NENGRR & ARRFNEAG AR
BREBVENS -2 ToZky, Yot Bk
KIERED Ci7 - o BEHEE D LR L REFLICE S LT 5
LBbhi.

B TR OIRIBAROLE (2 EDFY) % EI1SIC
RL7z. ZDE, 7oV Y EBERS5ICEY, Cir:o
FERiEEATE < 2 Y, Cuis:olEEEITEL 2o/ (P
0.05). ¥7z, Cis:1IEiEE, AEHEBEEB LU

Cig:1/Cig: o HTH 7UEF VBRIERGICI D EL R D,
NA LB IZA SN 5 T FFA OB % Bt
THERERLL.

% =®

REERTIE, 70+t VYEBERIGSIC X 2 4%
on % EFEEOFAEOYUE L L L2, TOHE
BRDONLZWERTE S/, TOERO—DIZ, 70k
+ U REERINC & BEIERDET A LTS h 575 5.
SBIDBEOERYIT)HE, SHEMET TDN $5=%
AbELDOTIIR{EHET TDN K5EXEDLESLZ
LREETHALLEDN.

E—HABROTOEF Y BDO mol %13, 7oLV
BERNGESTHLIBBRETHY, ERMERLY
10%iFEEmh o7z, LA L, TRAVF-ERDELER
EFBI2i1E, SO mol % E55%LLEIZ LWV EFED
HTZZWw® LwiEHbdH by, R/ 7ot &
mol ATE K 25 & H ICHETE THFEBOF AR L
REDRBOREKBEEE LTOPHRIHBIC oL R
bhs. I/, HEEZHEE5T 7ot v BIERmM%h
EFBIL D072 ) —DoDBHICHEAR 2 IRAT &
EREWIENEZONSE. BIL, 43 a2) Y5
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70k BRI R ORKEEBRFOTFAE—AE - 44 - BO - B - £

B EAISHEESHEDR LI TR ERET SRS
i, Pl SO VBRERIES LT, Y
) AWERIBLTD, ZORBENRAMEE TH L
HERALISE P2V D EEDRSE. Eniizh
E, HEEHC SO EF U BERMGS LTS v ) v
FUERBES DI, BN THRABOBAILE
THbHrEHITHAB. HIIWHE, A T2 YFWOR
BAEDLZITE, —HORGZANF IV 4BARE
Hd o THHEHEN LOZIBNIL W LERKEL
TWh., ZOEKRT, REAY - FI5#E L, SRS
% QL RICEEY 5 X v Bbh b iEFFHC
Tu ¥t yBEERRINGS T 5, b ERESREFIHEOR
FRIGE VIR S TREDRRIZRI BT B Z E TR ENS.
BfE, COBOERPERPTHY, ZOREIHIFS
naLIATHA.

A VEOMEGIC X B2, 227 AEA107 AL A ~
T2 ) YRWHHIE S iR O 7O ¥t L BRIREE A
BHEG# 6 BRI CIEEm R LA LY, BALEE
THho7z. B, 275 AREFBA LT 2RAREIO <
b ARE IS AR VY 1) Y WATE VR
IS BT thEbh, —KICAZOREHRIIC
AR ZAEET AR THL L 2ETITTVA.

AR DRERF B D HBIC H7- - Tid, NA LEL
LA DMER D FFA M L & N4 F 73 —THRIL
TARIERE OREEE 2B 5 2 £ 5, BIMOEREIHE
BHEDLZVWRIEDOHEFANLFETHL LEDR
2. FDHHTYH, Tt rBERNGS CHEEO
Cir: o B EBEICEL 2B 2 L IBKREVEETD
5. ZOT7uCF yEBHODOHFBIRBEDERICE LT
i, Garton 5°0 1LBFIDO 7T ¥+ BEASHFIRIC UL X
N2E A F <0 =)l CoA ER L THE - FEUR
FHRRASR SN S EHBELTVS. BE#H T
Tutt yBIEY SRS LA Cu .o JBifED L
ANEDLNTEY, FubFt BrbakEnsiEl
BEIX Cor: o JERFEEAS E LB CH H L Bbh b, $ 72,
HERED Cis: 0 DEA L A LERMATRDO N2 L
X, ABOBHRE LTOFRAEEZ L LEBRENVIL
tBbha, 20, Fubd yBICE BEIEHOAREF
x4 2 2 ) v hs el O R faf iR & 5l
T a® L E—HNTOMEDIC X 5KERMEE
NHBBLIZZE® BEZONDHN, ZORELHET
TOFHLERFAILEETNS.

DEnZ &ns, HEARSHKS TTOTOES v Bk
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IS X ARBERE O FL A ED B L DDA > 1Y)
YWENE NS K FROFIAMOSE D ET LA o7
DT, ZOFRELHENERII/PSVEHN L.

E | *
AEBRYFTTHICHY, ERBYORFEHELR
FOFRMOLE, k2 FESEFMAZERSEN»SS
KB HEBLIENTEL. 7, HEMERICBY

T, BRNAETF EFBEEOTRICRN LT 7.
L LTERICH LTREORTEET 5.

L2 8]

F:RoRX V(R EORBEWIE, FARPICEETNS
KA 2 E—FRICER L TV A MO RBIERIC
Xy, BB, Ut UEEB X UREE L E BRI
B (VFA) I a8, ChEFELRIAIVF-EHEL
THHLTYwA. 205 b, 7uo4t yBid, g
EHRGHICEVIERTEA S K, fFEOFIHEOmEE
BAEIERE R & B DR B X ORI O A A LIS
LTWABZENLELASNTWAS. TE, KBFREOR
FRICBWTHABOAEMNFIHA* XA LT, HEHLH
BEBICBITA SO Y BOKNTOEEIIOWTER
ERTWA.

ZFIT, ABIETIEA Y EZMERBWE LT, ZEA
FRZEGSHIC IO T Y BERIKRES L, ZOREIC
BELBREFR-TA VT 2) Y OSWMEEL, BEE
2 BT B SR OF) AL OV ARBERS DB BB - BT
THEBIIODWTIRH 2T 72,

1. HEEHZES5TICBIT5 70t v BERIES
HEARMIEE & MR I R ETHE LRI L, KBRS
FEeEF L. A 2E ALY (MY E
gavHAL—7) LEIFLVF-HEAN HEE) o
2HEE L LT, BESH AN OLMRS T 2:8
Ll FutrBOF I AKEAINT Y LEE
ZFOEREMEEBEDIO% ET5%F/MEZRELT, &
WA 5 X DEBRZIT-7:. TOKE, miivF-—H
R LY EIAVF-HFRICT% DTS Y BED
AT LEEFMLTHRS LZREIC, IREEDHEOR L
BWTA YT a) YOFWHEIRBICHH SIS LS
ot BEELBESBORBEYHRES = 60g/AhE
(kg)*™/H %187-.

2. MR (WEE) ZHR5T (RESH M=
8) TTUutFyEBOINI L EEHENELAR

s»r
— e,
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DT5% % ARH R 5 X VEFMES L, FEOFIH
HokE L BRI ORI~ DRE®RET L. 7o
F VEEERIE SIS & ) SR ORI AR REETE L h o
7o, ¥, 7O UBERIRGICE AL ) v
DI WHNBENE D /NS L, ZOHWFIEIZ gD
BRBT B L) B o7 L L, HIENOHBIEET
BAAESEL L5 TH o7
DEDERE?»S, HFABRLZK5 T O/t v Bk
WS-, I ORI 2 DD DD, £ 3 2
) Y O WRIEEIR /NS CABORRARONE b E S
Bhol=DT, REEBFMNERII/NIVEHN L.
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