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Figure 1 Structure of the device for measuring penetration resistance and depth of rumen digesta.
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Figure 2 Techniques for measuring penetration resist-
ance in rumen digesta.
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Figure 3 Changes in penetration resistance value in
both diet groups (n = 48). Chop : the ration prepared
by twice-chopping the control ration using a bedding
chopper.
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Table 1 Penetration resistance value (PRV) and depth of rumen digesta and the break
point in the trend of PRV in cow
PRV, N depth, cm
Control Chop Control Chop
Time after feeding (n = 4)
Oh 10.6 = 1.3 121 =11 47.1 £ 2.5 49.7 = 3.0
2h 13.1 = 1.1 2.1 +£1.3 42.5 = 2.7 53.1 £ 4.6
4h 9.8 £0.7 1.2 1.0 56.0 £ 1.7 51.56 £ 6.8
6h 12.4 = 1.3 12.9 = 1.1 52.2 £ 1.0 57.4 £ 3.0
8h 13.9 £ 2.2 14.3 1.0 58.4 = 2.5 50.5 £ 4.6
10h 12.4 £ 2.1 11.6 = 1.0 58.8 £ 2.3 55.8 £ 2.3
12h 12.9 £ 2.9 1.2 1.0 49.5 = 4.6 58.6 £ 5.9
14h 12.1 £ 0.8 12.6 = 1.1 56.1 £ 2.2 54.0 £ 3.7
16h 13.8 = 1.1 12.3 1.7 52.1 £ 5.0 52.3 £ 4.5
18h 9.8 1.2 1.7 £ 0.9 51.6 £ 4.3 53.2 £ 7.2
20h 11.4 2.0 1.1 E1.2 60.0 £ 4.4 52.4 £ 5.5
22h 12.9 = 1.6 11.0 =2 1.8 54.0 £ 3.3 50.4 £ 4.2
average 12.1 £ 0.9 12.0 = 0.6 53.1 £ 0.5 53.2 £ 2.9
The break pointinthe 47 4+ g9 16,2+ 0.8 31.4+2.1° 37.0+ 1.8

trend of PRV'

Mean = standard error.

"Values are means in case of detecting the breakpoint. Control : n = 26, Chop : n = 34.
©dValues with different superscript letters differ (P < 0.10).
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SURLEEER2 (TRLZ TMR ORIEA (19 mm
Ll EDKREER B SN XTREK 13.9%, #HBETX 5.1% &7
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FEXED 1 EARE LR BERRVIOREL, 7
DD BEAW TN & FHEISR (SRR (IS K B E (70D 5
. —7h, HREHORERE (IBX (CLEAMBITX AR
Motc (P <0.05). RBEWMICH(T2EHEEEDAE (S
SRR OEME L Y L L AW T O BRIRETMT 5
FeHICEBPINTEY, SRR CHESENIBINT
L EREBRELERET S EZEALSNTUVWS (Wilson &
Kennedy 1996). IREBEADEEREARL TWE EHBY,

Table 2 Particle size distribution, physical effectiveness factor (pef) and physically
effective fiber (peNDF) contents of total mixed ration (TMR) and voluntary intake, eating
behavior, rumination activity and milk production in cows

Control Chop
Particle size distribution of TMR', %DM
Top Screen (> 19-mm) 13.9 5.1
Middle Screen (> 8-mm) 39.4 32.8
Pan 46.7 62.1
pef 0.53 0.38
peNDF, %DM 21.0 14.9
Voluntary intake
DM intake, g/day 19.7 £ 2.2 19.7 £ 2.3
DM intake in first 2 hours after feeding, kg/2h 7.3 £ 0.6 6.3 £ 1.4
NDF intake, kg/day 7.5 £ 1.1 7.7 £ 0.8
CP intake, kg/day 3.0 £ 0.4 2.9 £ 0.4
Chewing activity
Time spent eating, min/day 329.6 =+ 38.4 310.2 = 32.9
Meal activity
Number, /day 11.2 £ 1.8 11.9 = 1.8
Duration
First meal, min 101.9 =+ 12 68.6 = 11.7
Other meals, min 271 = 3. 26.6 = 3.9
Eating rate, gDM/meal 55.5 £ 9.3° 62.2 + 9.0°
Time spent rumination, min/day 500.5 =+ 13.9 525.7 +16.5
Rumination period activity
Number, /day 13.5 = 0. 13.5 = 1.1
Duration, min 36.4 £ 3. 40.3 £ 4.0
Milk production
Yield, kg/day 271.9 = 3.4 27.1 £ 3.3
Fat, % 4.08 = 0.19 4.33 = 0.10
Protein, % .42 £ 0.13 .46 £ 0.08
Solids not fat, % .02 = 0.23 9.08 = 0.16

Mean £ standard error.

Chop : the ration prepared by twice-chopping the control ration using a bedding chopper ;
CP : crude protein ; DM : dry matter ; NDF : neutral detergent fibre ; TMR : total mixed ration.
'Using by the Penn State Forage Separator (Lammers et al. 1996).

&bValues with different superscript letters differ (P < 0.05).
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AEBRTREIOXITERRBOHS NN S/, Beauchemin
& Yang (2005) (3, @A H%E/IMEL TH peNDF A&
FBPI210% U EEENTONILAEES) (LD L AW
EHNTWE, RBETHHNRBEK EHBETX D peNDF &
BEHETLE2H0D5 149%NERBDLIZEDOD 10%
TE5ZEFRhor LEEn-T, RRARICHETS
PR DERTEIE—BENDORISIER (T 222 (L
INEMD Tz EHERIN.
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TI/INIFEIESH KT B & ORI FE] S % PO
ZEME/RL 72 2h TRKRKIF &/ NRIFDEISH (T
FELCAY, MIBRITFEISHAMET L/ 0h B LU 2h
DVWIFNICEVWTHRELH (CLBREZE IRH SN
nhore.
KACE—BROEZMRICOWTE LD £—F
BPH FEX & BHFDHERERL, 1 BOFHEICH
E@Ehol. TUEZT7REEZEREE(ISh THRBEAD
MR LY S WMEE R o7z (P <0.05) A, ZRLSL
TEIFHL, 1 BOFHEICHEIROo N1
FAVFARE (X 2~4h (P<0.05) &1 BDOFEHE (P<
0.01) T, MBXLY IMITXASLMEE L.
AR THRE L I EERIZEDIEW TS, CABEE)ICE
FROHOSNT, L—X VABTHO PRV H HNEXE D
BRRREERLIZZEND, I—X VEADREHERC
Y BEREOYMRDEE (/NS h >/ EEZ 5N 5.
—A, B—BRABHORYE(IMEXAHEBX LY 6%
WMERCH Y, MBETXDEERENRN S/ END,
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Table 3 Weight and particle size distribution of rumen digesta in cows

Immediately before feeding (0h)

2 h after feeding

Control Control Chop

Weight, kg

FM 84.3 £ 8.8¢ 92.8 £ 6.1° 103.8 = 6.3 102.8 = 10.4

DM 10.9 £ 0.9 11.5 = 1.5 14.5 0.3 141+ 1.2

NDF 7.2t 0.6 7.7 1.0 8.7%0.5 8.8 0.6

CP 1.8 £0.2 1.9 £0.3 2.4£0A1 2.3%t 0.2
Particle size distribution,% of total digesta DM

Large particle' 30.5 £2.2 31.3 £ 3.3 35.1£0.2 35.0 = 1.0

Small particle? 37.5 £ 2.7 36.6 £ 2.1 36.2 £ 1. 36.3 & 1.1

Fine particle® 32.0E£ 1.6 32.1 5.1 28.7 £ 1.4 28.7 £ 0.6

Mean = standard error.

Chop : the ration prepared by twice-chopping the control ration using a bedding chopper ;
CP : crude protein ; DM : dry matter ; FM : fresh matter ; NDF : neutral detergent fibre.
"> 1,180um ; 2< 1,180um, > 150um ;3 < 150 um.

©dValues with different superscript letters differ (P < 0.10).
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Table 4 PH and concentration of NH;-N and total VFA in rumen fluid of cows

pH NHs-N, mg/dL total VFA, mmol/dL
Control Chop Control Chop Control Chop
time after feeding

Oh 6.71 = 0.07 6.38 = 0.15 5.2 £ 2.1 6.0 1.1 12.4 1.9 12.6 = 1.7
2h 6.08 = 0.08 6.00 = 0.06 15.3 = 1.0 12.4 £ 1.5 1.2 1.7° 15.3 = 1.3°
4h 5.93 £ 0.08 5.80 £ 0.10 9.4 £2.2 10.7 £ 2.5 10.8 £ 1.6° 15.0 = 0.9°
6h 5.89 = 0.09 5.81 £ 0.08 7.5t 1.1 8.9 1.7 11.8 1.8 15.5 = 0.9
8h 5.99 = 0.11 5.90 = 0.09 6.2 x0.7° 4.9 £ 1.0° 13.9 £ 1.9 16.3 = 0.9
10h 6.01 £0.12 6.16 = 0.09 5.2%0.5 6.8t 1.4 13.5 = 2.2 15.9 = 0.4
12h 6.47 £ 0.15 6.01 =0.12 6.6 £2.2 8.7+t 1.3 14.7£2.7 15.8 = 1.1
14h 6.02 £0.14 6.16 = 0.18 4.9+0.8 4.6 0.8 13.6 = 2.3 14.7 £ 0.9
16h 6.24 = 0.11 6.35 = 0.16 4.9 0.9 6.4 = 1.4 14.0=1.8 14.3 0.9
18h 6.42 £0.12 6.47 = 0.14 5.2 0.7 6.0 £0.5 1.1 +£1.8 14.4 = 0.6
20h 6.36 = 0.04 6.42 = 0.08 6.0£0.7 5.2t 11 1.2+ 1.6 13.9 £ 0.9
22h 6.37 = 0.10 6.45 = 0.15 4.2%0.9 4.0*x0.9 121 =£1.6 13.2 = 1.2
average 6.21 = 0.05 6.16 = 0.04 6.7 0.2 7.1%£0.7 12.5 £ 0.9 14.8 = 0.5°

Mean = standard error.
Chop :

the ration prepared by twice-chopping the control ration using a bedding chopper.

¢"Values with different superscript letters differ (P < 0.01).

abValues with different superscript letters differ (P < 0.05).
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VFA : volatile fatty acids.
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Evaluation of penetration resistance value for the physical factor
of rumen digesta in lactating dairy cows
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The aim of this study was to evaluate rumen fill by measuring the penetration resistance value (PRV) and
the depth of rumen digesta, and to investigate the relationship between PRV, rumen fill and chewing activity
in cows. Four rumen-cannulated dairy cows were fed either the control total mixed ration (TMR) or twice-
chopped TMR. PRV and the depth of rumen digesta were measured by a device we developed. [t consisted
of a rod inserted into the rumen, a load cell and a displacement transducer. The rumen mat was defined as
the layer having a value over the break point on the line chart of the relationship between PRV and the depth
of rumen digesta. The rumen digesta was entirely evacuated before feeding (0 h) and 2 h after feeding. The
penetration resistance test was carried out for 24h at 2h intervals. Although reduction of particle size
increased eating rate at each meal (P < 0.05), the dry matter intake and time spent eating and ruminating did
not differ between the two diets. The total amount and the particle size distribution of rumen digesta were
generally similar in the two diets, except that the weight of wet digesta at 0 h for chopped TMR was greater
than that for control TMR (P < 0.10). The average PRV and depth in control and chopped TMR were 12N and
53 cm, respectively. The thickness of the rumen mat tended to be greater for chopped TMR than control TMR
(P < 0.10). This study suggests that the penetration resistance value is useful in evaluating the physical
character of rumen digesta.
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