¢ Ehiils

NARO mumsms:, B &0 E LRSS

Construction and Operation of Gas-Stream
Control Unit and Data Acquisition Unit in Indirect

Calorimeter for Cattle

E5:jpn

HARE:

~FHH: 2019-03-22

*F—7—FK (Ja):

F*—7 — K (En): Cattle, energy metabolism,
fast-response method, indirect calorimetry
ERRE: oK, FlZ, M8, ¥, M4, 3T, B, B
X=ILT7 KL AR:

il=F

https://doi.org/10.24514/00002097




ARG AU EBIRAH RS A T A O

R IR B T 2 M RARBHH L=y P BIO
7= —EL= v b o

BRIz - BT - W 7 | IR
(20114F 6 H 14 H =)

= Gl

BARMZ - M - S - HARIET (2012) REBFEBMICB U 2 VW ARKBHIE L=y B X
U7 =% ==y OkEr. JUMMHEIRE 57 @ 1-20

FUM AR ERTZE € v & — R ERMUIC I, KRS HBBER R T v N —, FAGHEES
FOF—y -y PSR ARBERY AT ADHEINTEY), FERIC4EO T AR =%
WE P OWBNCMET A Z ENTE L, INFTRIYATLEHCT, 2HEETIZBITLTID
I A F =R PSR OREBMICE T 57— 5 —PINE SN TE Tz, FESIIAHERS A
FADA L, HAGHEBBINFES 2% > FVT ARy P BIOF— -2 =y bD
N— K77 %M CTED L, Microsoft Visual Basic 2008% W T 7075 A DVEHREITH & &
DI, BUHISAEIC X 2 AT RIS 72 0 T AR EOMEZWREIC Lze BHE N2V AT AT
LR FERILEREE % 1T o 7R B, AEOKREEHF ¥ v =12 813 5 BEEIZI75% 5 101.3% D #i 12
HY, FHEILEEIZI88% TH o770 KIZ, FINVAY A VFEMILEATE % BV 7R % T 72 &
25, BEISEEIC X 210580 ARHEEFE I O GBI R° B O Z IS SBUII S L
TBY, T2, IHOTARHEIIFAREREL L OFLEER LS LTV, D LEofErS, #H
LIV AT ATHEVIEECITRREZIT) ZENTEETH Y, AHOEEZHWAEEICLD,
LD T A F— R IEORBEIIS LR E1T) S L DSWEETH b6

F—O—F vy, TAVF-RH, SHEISEE MRS

1. #&

[

JUMN M EMF e £ v & — OB EERFIX1978
FICHRE SN (MFES, 1989), 199441213 F ¥ ~
=, ZRHBIOT =% LT AT L 0UEN
THONBIEICE > TWb, REBRMORERIE, &

R E B HE T IS BT RREHEOMRE (02,

TRAbRFE (CO2) BXUA S ¥ (CHy) 7 AEH
= xR 2 OFEICHETE 2 8I2H 0, Bl
MR EAERT v N = HAGIHEEB LT — 5 —
PEEL =y O HLAHMERY AT L3I %
THEICL TV b, REEIZINE T, PHRHEHLIC
BUFs7 oA F -5, BIUOFEEOT A
VEF—MOFFHMHICHHINTETEY, b5
T =% — I FHAFEEEIS (R - LR
WA AW ZERERE, 2007) B X O H AR AR 553
(3 - e SEHAT RS A WFZE A AE, 2010) 12TE
ENTVEEZAHATHbD, Tz, CHH AWERER

THWLZEIZED, IWERRTATHSHCHD Y
26 O FE R FTA R FPHI A O B S A, ARtk
IZBWrbhT& 7,

19944 IC T S N7z A A EHICAT IS 5 4 >~
TNHARBE DBz 2=y FBLXOTT—% =1
1=y MBI, TuT T AWMEERL/O0T Y b
O—F—EYa— VBLOKETNA ZAEY 2—
VEOEDY, =% —UEL=y MZOoVWTIXE
512, UNIXR—=ZADT—27 A7 — 3 v TiRD
B, 75 -8 L ORBEE 1T wEM
DEVWY AT ATHo 72, LAL, EHiEDS164F
PERL, WETF— % —0itEER, M~
NHFEEARENELTBY, 72, Mok
BAREHHLTWRIRETH > 720 ILFED/S—V F
Vary¥a—%— (PC), FHUIGIE - @EF7 /31 A,
BIUOKHL -0 EIELL, VT E
v T RREELKERICINELTBY, HHEREH
AT TIEI NS 2T, RBEBRBICBITS

JUHIIRE BRI ZE 2 > & — 5 EERE AT ZE 3RS © 861-1192 REA UL &l ZH = 2421

1) RMKEE Bl SR R



T—=F —NE AT LOEF 217> T 5 (LS
2010) o

VY OBESERX T A LADOFHIZIE, ThFET
DIH OBBIEERE T Th L, TR HIRAE &
B3 228 B0 HNEE ZMET 2 0LEN D
o REZRF ¥ v N— DA, T AYBERD
KEWT, HAKRER Y720 o F A2 I
b ENMEE o TLEID, Thzwhky
% 7z Mcrean and Warrs (1976) 1, KREEHF v
YN—IIBIT A EFOBREAREOLEB T HET S
WEHE (BEREDER) 2REL TV, KHE
VL, HE IO ST LAOUEDORT, RE
DFTEy R A HUREE O ZALIZHIIS L 7z BALIRE I 24 72
DOBIEEEZGDLIENTE B,

FE O, UM REN IR v & — g ER
HORBER S AT L BT HEBEDH L, 7
AGHET Y TNV AT A FEZ L=y P B LI
T—=F—=NEL=y MZOWTN—= 7T % &

L, IhosoffrTarsazERL, &5
2, BN EICE 2 ARBEEE L TREICL
7oo TTTIE, B SN ERS AT LM

Flow rate

Temperature

Humidity

JUNMHEESE £ > & — iy

5% 57 7 (2012)

T BHEEBIT, HY AT AL BHEREOHR
i, BIOY Y EHAWIHGEEZITo 72O THET %,
K7 % BAT T HI124720), MesErsy 5 —
EBE-FFAE, HEBHAEEICOPEFK
I ERT OFEEHB X O OW R -
BIZBWTE R e HEA TR, dbifEE 23t
Y vy — HEHIEE FEHFZE B 123 SRRAL R 3 I
RERICOWT, T2, HEFHBIZEETR I
ERE IS Y — 7 v —REICET 5 THRE%
TEW /2, S 512, BRI FE AT <5 H S 4 10
I RICIEARREORMETH 2, ZZIZRL T,
DEoF 2 CE#OEEYRT S,

II. KHEEBRI AT L

1. HEERDOBIE

R EBRRI2O DOFERELFD, £E28k, B
4D RRE AR T v o N =P E I N T
BY, FERCAEEZENIHET 5 Z LD HET H
bho BF X UN—NIZIZAY v Fary, TLxv b,
fifl, B X OHOKEDRRE SN, RE, oK, 7

—— Signal from sensor

------------- Control signal

= |ntegrated data from sensors
Sample & standard gas flow
Outlet—gas flow

Air filter E [CJ  Upgraded unit
>
A >
Air conditioner Control room
o
1 —

= . Temperature .
s Air Humidi Barometric
e filter Network camera umidity pressure
-g Door
g Water for humidifier
E Temperature
5 Humidity

Air—con drain

Water consumption

Posture

Hmemﬂ ................................... é A
Chamber Control panel | Control i Gas Addd
— ERP-1 panel {f| analyzer
- ﬁﬁﬁﬁ | E\PC HQ\PC
Gas—stream Standard Data acquisition unit
control unit gases

Feces—urine separator

Fig. 1 Schematic diagram of data acquisition and control of one
chamber during respiration trial



ARG AU EBIRAH R Y A T A OF R 3

- BN RBE T 27 VITHMBIZATH) 2 &N T
Do Fiz, Fr N —NICITPEILE L ALK
BERY IRREINTBY, #EHLIZLLTF v
IN— NI AR DEE DR /NRIZ 2 5 &9 RkEFS
NTWh, FREMICIZEROETONMOLT
BY, BTLAERIKESNIHT T v N —
NOBBITHERRICBWTEREIRIZOHES N, 1
TNAT Y LV ABOEHIZEIN SN S,

—ODF v YN=IIBIAERHERT -5 —D
WEB X ORI OB &% 1 1R Lz, KFERE
BEIPTF ¥ UN—OREE, KT ¥ o N—DjiE
HlAN A% (EPR-18 X O'EPR-2) TIT79 . il
FEIZAB L UBETEN ML L 72 HI#A5 1] 58T
Y, HIHEEFIZRELI040T, HHXFREE40-80% T
Do M EIXEM TORE (SDC40, ILE, HiT)
O, 7ar T AIX BN ARERE (U7 T4
FEIFTDCP550, 1HR) SUTRETdH %, HEHT & HHH]
ERHORBREDNTRETH b KT ¥ v N— DA
wITFEIET (SDC40, 1IER) THEREL, #EFDOH
P & o CHlSEDSHEFE SN S,

BREFRICINSE SN T— 7 —1F, &F v N —
BT 2 F7ORMIRE (AEaEHE Y v —,

GLS, 4 21 ¥ 34, il (RHS302, 1),

ek E (BE T 3w EFHEG, AR E%
SRR, WD), IEkE (EFRH, HHEAE L 5
#), SHAKBGGE (EE RS, HEE L), 7
OREE (EEH— E3S-CDI2, +2u1y), F¥x
YN—HE T A Ot E (EJ110FE 2 {5 % %, A
B RRD) B X OIREE (RHS302, 1), &%
R o g (RHS302, Ihik), B X OKR&E (7
A0 A FRISUERE BERE) Thi, TNH0
F =y — A REICT =7 =R =y MIEDS
n, PClcEfMesnb, 2y V7 —=27 x5 (BB-
HCM311, 78 Fv=v 27, KK I2L5 7L DITH)
BIZLWRETH ), WiffT — & — 13§k Y 7 b <
7 (BB-HNPI11, 78+ vV = 27) (2L YPCIZERE X

N%, FTNLANZFIH L TWb 720, WRENS,

HBHWVIEE S IZVPNERZ L W FTskr s 7 vy
A LTHGZHETLIENTE S, BRERY
BKTFBLMEBREL Vo ZRERFIZIEF v N —D
XRS5

H AGHEEEL, > TIH AWE R 7 (APN-
POSSVX, A 7%, Wyt), B wHRESE: OfmH

TERT, F4R), O2 (4100, Servomex, Crowborough,
UK), CO:z (VIA510, i 8ERT) B & OCHLllE
il (VIALLO, JEIm8AIERT) 26720, 2H%E S
NTW5B, MWEIXLIIED T A5 E T2 0 I
HERT ¥ oN—B LI ODFEBREDH AR & H
ET Do MEEOY) B ZME, NP IET— 45—
fa=v FOPCOLOHIHNTTHETD 255, HA
SIATEN O BUBEE 2 &, BE XY 1) B 2 R FEI0RD,
F— & —[NEE30B THEEZIToT\W5h, B5
NI ABREBLPREOT -7 —137—% — 1
o=y MIESNPCICEE S NS,

2. HEI=Y MO

I AGHEHCATE S 5 4 ek L 72 A A i B 1]
o=y M, FAGHEFOHIE LI, DX
T —EL=y L DOEFTEHBIL, FA
SIRTEEE N O > TV A D BRLGF % HIE S
HTEICXY, MEOUINEZEITH). WD
Biimy MI/OaybuE—F—FEVa— L& 2
WICER T AT NA ATV 2=V (VT 7,
KB, 5£158), B L UPC (OS: Microsoft Windows
XP) 5 A (2B L OEE] ), Fkd) by E
Z707 5 A3/0a Yy ba—5—FY2—)VH
Win32API (DLL) BRXD KI5 1475 (2
7w 7)) &AM L 7Microsoft Visual Basic 2008
TR EhTBY), 707 I L0FETICIEAPL
CAP (W32) (2> 7 v ) BXU Microsoft NET
Framework 30% HEiiZ{f ¥ A =)L L TB L LE
Wb, 707 I L%EHL, 7077 4051/0
Ty bO—F—EFNA ZAEY 2 — LV REE), fi
WCHIEZBIET A2 212X, v TIVH AR
BoOYI Y BZBEEICR L, 707 T ARE X
AEHEBSRESPCOE= Y — FIZERSIND (4
3E)
Faxsnhir——NEL=y MIFWHBYH
AL=vy MEFEEE /O3y ba—F—FETa— )
ECNICERT AT NAZAEY 2 - VBLD
PC S (BE2MB L UVEHED), 77— —ET
075 ADRMBEERL X OETREIR, HETY
Brzimy to7urssnbikchsr, 7ars
S AR L2, ROISEEEE THL/0a >~ b
0—5— & FNA RAEY 2 — VORE), [HA5H
FIRCIE ] T O A A GHTERI2EAOE, [ A58



JUNMHEESE £ > & — ity

%575 (2012)

Table 1 Specifications of I/O controller unit and device modules”

Product code

Output/input voltage

output/input current

No. of channel

1/0 controller unit
Digital output module
Digital output module
Digital output module
Digital input module
Digital input module
Analog input module
Counter module

CPU-CA20(FIT)GY

DO-16(FIT)GY
DO-32(FIT)GY
RRY-4(FIT)GY
DI-32(FIT)GY
DI-16(FIT)GY

ADI128(FIT)GY
CNTI16-8(FIT)GY

12-48 VDC
12-48 VDC

Max. 125 VAC, 30 VDC

12-24 VDC
12-24 VDC

0-5 VAC/DC

5VDC

150mA (12-24V) /50mA (36-48V)
150mA (12-24V) /50mA (36-48V)
2A

4mA (12V)/8mA (24V)

4mA (12V)/8mA (24V)

4mA

D All products manufactured by CONTEC (Osaka, Japan).

Photo 1 Gas-stream control unit (a) and gas
analyzers (b)

\

;"

Photo 2 1/0 contrbllers and device modules
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Channel 0 > Gas analyzer GSC unit
ID no. 100
T
DO-32(FIT)GY
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ID no. 101 DA unit <& ERP-2
gl‘q‘:ﬂ:{?m g~ Gas analyzer ERP-1
ID no. 102 DA unit ERP-2
T
PRY-4(FIT)GY -
Channel 3 > DA unit ERP-1
1D no. 103 ERP-2
I
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Channel 4 > DA unit GSC unit
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L
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1 |
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1 | \ 7
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Fig. 2 Relationship and dataflow among device modules, gas-stream control (GSC) unit and data
acquisition (DA) unit, gas analyzers, and sensors in experimental rooms and chambers
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Fig. 3 Screen of gas-stream control program for unit 1
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DO, FEHE S %10:30, 14:308 £ 081830, ¥EFL %
18008 £ U#30121T - 720 B AERIZ LI
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Y=aX1+bXztcX3+dXst+eXs+{Xet+g

22T, a L/l ,b (L/min) , ¢ (L/min) ,
d (L/min) , e (L/min) B L (L/1]) 13FR%
&L, g (L/105) 38R &3 %,
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Table 2 Infusion of chemically pure COz2 (99.99%), CO2 recovery rate, and net volume of the respiration

chambers
Room A Room B
Chamber 1 Chamber 2 Chamber 1 Chamber 2

1st 2nd 1st 2nd Ist 2nd Ist 2nd
Outlet-gas flow L/min 458.1 4585 467.7 465.3 459.6 459.7 459.3 459.5
CO: introduced, a g 206.8 2225 2024 2134 208.6 206.0 206.5 205.8
CO; recovered, b g 205.5 2254 1989 206.2 2071 2009 206.3 2024
CO; recovery, b/ax100 % 994 101.3 98.3 96.6 99.3 975 99.9 98.3
90% response time min 100 100 96 96 100 99 99 100
Net volume of chamber L 14150 14067 14594 14490 14389 14543 13804 13913
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HARBEOWEZITADLIEDIRENT T2, AUTFFYAETHIEICEY, ZhEITHOIL
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Table 3 Factors in liner multiple regression model” contributed to Oz consumption (Y, L/10min)
determined by using conventional or fast-response method

Conventional method? Fast-response method®
Factor : :
oot SEt P UMl SE P

Door opening, a L/no. -2.70 075 -361 0.00 -3.22 062 -522 000
Eating, b L/min 0.00 009 003 097 0.80 008 1029 000
Rumination, ¢ L/min 0.14 006 -221 003 0.31 005 6.03 000
Chewing excepting eating and rumination’, d L/min 0.09 015 058 056 048 012 388 0.00
Standing, e L/min 0.09 007 130 019 0.18 006 322 000
Position change, f L/no. 0.10 055 018 086 3.16 046 693 0.00
Intercept, g L/10min 35.83 045 7881 0.00 3149 0.38 8390 0.0

Y'Y (L/10 min) =aX1 (no./ 10min) +bXz (min/ 10min) +cXs (min/ 10min)+dXs (min/ 10min)+eXs (min/ 10min) +fXs(no./
10min)+g, where Xis were independent variables, a-f were coefficients, and g was intercept. Values from cow 1 were put
into Y and Xis.

Y Model equipped O2 consumption determined by using conventional method (df=140, adjusted R*=0.15, P<0.001) .

¥ Model equipped O2 consumption determined by using fast-response method (df=140, adjusted R*=0.74, P<0.001).

Y Chewing activity associated with grooming, salt licking or water intake.

Table 4 Body weight, feed intake, milk yield, gaseous metabolism, and duration of activities in lactating
Holstein cows

Room A Room B
Chamber 1 Chamber 2 Chamber 1 Chamber 2
Cow 1 Cow 2 Cow 3 Cow 4
Body weight kg 693.3 635.0 634.3 5720
Dry matter intake kg/day 124 16.6 95 15.1
Water intake L/day 66.9 72.8 335 64.1
Milk yield L/day 215 220 131 254
Oz expenditure L/day 5223 5150 4575 4678
CO:z production L/day 5343 5588 4492 5014
CHa production L/day 368 441 286 395
L/kgDMI 29.6 26.5 30.0 26.2
RQ 1.02 1.08 098 1.07
Heat production k]/kgMBW?V/day 812 865 712 848
Duration of activities
Standing min 667 841 835 702
Eating min 289 338 261 497
Ruminating min 497 631 332 511

Y Metabolic body weight.
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Construction and Operation of Gas-Stream Control Unit and Data
Acquisition Unit in Indirect Calorimeter for Cattle

Tomoyuki Suzuki” , Yuko Kamiya, Mitsuru Kamiya and Masahito Tanaka

Summary

For over 30 years, an open-circuit, indirect calorimetry system for cattle in the
Kyushu Okinawa Agricultural Research Center, National Agriculture and Food Research
Organization, has provided data on energy requirements of cattle in a hot environment and
data on the nutritive value of feed produced in the southwest region of Japan. This time, we
upgraded a gas stream control unit connected to a gas analyzer, and also data acquisition unit
using commercially produced device modules, and developed programs for controlling these
units. This upgraded system continuously monitors oxygen (O2) , carbon dioxide (CO2) , and
methane (CHs) concentrate in the four chambers and the ambient environment, and outputs
the gas metabolism per minute using a fast-response method. The average recovery rate of
CO: from chambers was 98.8% (from 97.5% to 101.3%) . When we adopted a fast-response
method, the diurnal changes of heat produced by four Holstein lactating cows corresponded
well with the changes in their activities, such as eating, rumination, and standing or lying.
The daily heat production was closely related to the dry matter intake and milk yield. It was
showed that this upgraded system is able to provide reliable data for further study on energy
metabolism.

Key words : Cattle, energy metabolism, fast-response method, indirect calorimetry.
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