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PRAYONG KEERATIURAI : THE STUDY OF CARBON MASSFLOW

OF FOOD PRODUCTION FROM ANIMAL HUSBANDRY TO DEVELOP
C-EMISSION FACTORS: A CASE STUDY IN NAKHON RATCHASIMA
PROVINCE. THESIS ADVISOR : ASST. PROF. NATHAWUT THANEE,

Ph.D., 376 PP.

CARBON EMISSION FACTORS/CARBON MASSFLOW/LIVESTOCK/FOOD

PRODUCTION

One of the environmental threats that our planet faces today is the greenhouse
effect. The global warming problem is caused by livestock production which releases
CO; and CH, to the atmosphere. Dairy cows, ox, and buffaloes are herbivores while
pigs, chickens, and hens are energy-using that are raised for their meat, milk, eggs,
and all produce emissions of both CO, and CH,. Therefore, it is important to
determine carbon emitted factors, to investigate the rate of carbon massflow from
plants to dairy cows, ox, buffaloes, pigs, chickens, and hens, and to study the carbon
emission in energy patterns that are used in meat, milk, and egg production from dairy
cow, ox, buffalo, pig, chicken, and hen farms and slaughterhouses, in 26 districts and
6 subdistricts of Nakhon Ratchasima province. Samples of grass and food used for
feeding in meat production and the feces produced were collected and transferred to
the laboratory for analysis. The study showed that the carbon emitted per living
weight from dairy cows, ox, buffaloes, pigs, chickens, and hens and emission from
farms, and slaughterhouses in meat production were 0.0072, 0.0066, 0.0051, 0.0339,

0.0851 and 0.0450 kg. C/kg. living weight/day, respectively. The carbon fixation in



milk, meat, organs and eggs from dairy cows, ox, buffaloes, pigs, chickens, and hens
were 0.0095, 0.0102, 0.0104, 0.0062, 0.0111, and 0.0136 kg.C/living weight/day,
respectively. The rate of carbon massflow from grass and animal feed was 0.0154,
0.0148, 0.0143, 0.0087, 0.0184, and 0.0220 kg.C/living weight/day, respectively. The
carbon emission from the buffalo was 27.67% of the carbon contents that were
transferred to buffalo by feeding. On the other hand, emitted carbon from chickens,
dairy cows, hens, ox, and pigs were 39.53%, 38.60%, 38.10%, 30.85%, and 28.78%,
respectively. The carbon emitted from chicken meat production increased
environmental problems more than from ox, pig, and buffalo meat production, milk,
and egg production, respectively. The results also showed that carbon fixation in the
buffalo was 72.33%, pig was 71.22%, ox was 69.15%, hen was 61.90%, dairy cow
was 61.40%, and chicken was 60.47%. For an equal quantity of meat production it can
be suggested that decreasing ox and chicken meat production and increasing buffalo
and pig meat production can decrease the environmental problems. The carbon
contents emitted from dairy cows, ox, buffaloes, pigs, chickens, and hens can be
determined from the rate of carbon massflow from plants (Sig. F < 0.05) by using the
equation as follow; C-emittedgairy cow = 0.2907(Cplant) + 0.6612, Adj. R? = 0.77:
C-emittedox = 0.1853(Cpian) + 0.5515, Adj. R? = 0.98: C-emittedyyraio = 0.1607(Coptant) +
0.7559, Adj. R?> = 0.99: C-emittedyq = 0.1737(Cpiant) + 0.1007, Adj. R? = 0.78:
C-emittedenicken = 0.6572(Cpiant) - 0.0112, Adj. R? = 0.63: C-emittednen = 0.6283(Cipan)

- 0.0107, Adj. R? = 0.87, respectively.
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vinalszing muméfmdwmmﬂmﬂméau (e)=%x5%

500 222
1,000 286
2,000 333
3,000 353
5,000 370
8,000 381
10,000 385
15,000 390
20,000 392
25,000 394
50,000 397
100,000 398

NUYINE : Mathematics for Economists : An Elementary Survey, Yamane, 1973, New Delhi :

Prentice-Hall.
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ulsziing uunIeea Sulszing NUIUAI0ENg

100 80 200 132
300 169 400 196
500 217 750 254
1000 278 1500 306
2000 322 3000 341
4000 351 5000 357
7000 364 9000 368
15000 375 20000 377
40000 380 50000 381
75000 382 100000 384

1118119 : Educational and Psychological Measurement (608-609), Krejcie and Morgan, 1970.
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LY : 31N “Developments in anaerobic digestion”, Tag Casey, 1981, Transactions of the

Institute of Engineers in Ireland, 105 : 25-32.
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v v 1 v Y 4 . 1 o
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0.1737 (C-inputg,) + 0.1007 (4.5)

a 1 4 @ a [ J v W
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(2.53)Dairy cows + (1.63)Oxen + (2.38)Buffaloes + (0.32)Pigs

+(0.016)Chickens +(0.015)Hens 4.8)

(1.55)Dairy cows + (1.13)Oxen + (1.72)Buffaloes + (0.23)Pigs +
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A1519% 4.1 Senunenumanasnuniaiulunmsdandassundisounszan inmsamramuiamsveud s uNMsHaaiie In nszle qns llﬂ Hy

Ta vaz'la'ln

Fadauasnwdn  Usznalng 3 2006

, swonla | dwawla | Swou | Suaugns $uauln
LR CL & - . . & '
- . ' Do A U 1o nszie YU nnulnide L
yiavesmauduinuazurasvesmsilaaasanfmsounszan ”
()
(Ton)
32,916 570,215 71,830 336,507 | 17,414,013 | 2,118,649
NAINUNIHNA 1,748,770.60 | 6,607.89 | 126,958.37 | 13,633.33 | 389,355.42 | 1,158,084.11 | 54,131.48
n. DINTTUMSIHUTOINAS 646,210.70 | 5,166.17 | 108,226.81 | 11,798.08 | 109,314.30 | 359,120.48 | 52,584.87
1. QATHNIINNAINY 131,158.63 | 2,162.58 | 4578826 | 3,146.15 | 8597.75 69,917.26 | 1,546.61
1.1 mswaa lfhuazanuiou 131,158.63 2,162.58 45,788.26 3,146.15 8,597.75 69,917.26 1,546.61
1.2 Yasiaey
4 A g o 4
1.3 WOINEAN 1A gAaIMNTTUNAININDY 9
2. QAAHNIINNMSHAANAZNIINOAF
3. M3UUEA 515,052.07 | 3,003.59 | 6243854 | 8651.92 | 100,716.55 | 28920322 | 51,038.25
) A
3.1 1nFeeliunalson
3.2 MIUUAINNOUU 515,052.07 3,003.59 62,438.54 8,651.92 100,716.55 289,203.22 51,038.25
3.3 3ol
a A
3.4 MIANGD
4. MAdIUdY q
4.1 Merumsimsedaiy
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d' d' 1Y [ d‘d 1 1 (%) A 1 o o [ a d" A 1
M3190 9.1 Teaunenumanasuitidaulunslasddssunaiounszan minmsmemuian1s voudmsumswnaaiiio Ia nszde gns In
unTa uaz'l'ln (o)

Jandaunsswdin Jszmealne 1 2006
, swonla | dwawla | Swou | Suaugns $uauln
MIveU 2 " . ' & ,
- . ' Do A U 1o nszie YU nnulnide L
rHavewraufunpazuvasvesmslandesufasounszan ”
(@)
(Ton)
32,916 570,215 71,830 336,507 17,414,013 | 2,118,649
2
5.1
v. midanassinyernaa 1,102,559.90 | 1,441.72 18,731.56 1,835.26 | 280,041.13 | 798,963.62 1,546.61
1. WoIna g
1.1 91UHU
1.2 maasuzdveuiomaania
A
139U 9
2. 1T AR A BTN 42,623.50 1,441.72 18,731.56 1,835.26 - 19,068.34 1,546.61
2.1 M lssunseednsnalurhsy 22,008.54 1,441.72 18,731.56 1,835.26 - - -
2.2 UAATIINIA
239U 9 (UAd LPG) 20,614.96 - - - - 19,068.34 1,546.61
3. m3vanildesmsvenaintinia (Wurseunaw) 1,059,936.40 - - - 280,041.13 | 779,895.28 -

€61



- ~ o Aa 1 W A 1 4 o % a d" ]
A1519% 9.2 SeuneInumManasnssunlaiulunsdaatassunasounszananmsniamnuIams Ua U IS UNMSHAAHD WY ul"’U

daridaunswamn Jszmalne 1 2006

riinvevaunuinuazuvasvesmslaaldesnfaseunszan CH, co, co
(Ton)
MANHAINIIUTIHNA 28,370.968 470,321.710 0.000
n. msnsinmelud g 27,324.863 459,797.242 0.000
1.1 23,123.125 326,268.710 0.000
TauueSayifu Tadud 1,477.764 26,563.706 0.000
Tmfrm?ﬂul@ﬂmﬁnﬁ 21,645.361 299,705.004 0.000
2. nyzile 3,329.680 54,244.939 0.000
3.qn3 872.058 31,148.434 0.000
4. la - 48,135.160 0.000
YAiite - 42,757.584 0.000
1nly - 5,377.576 0.000
5. u 9

Yol



- ~ o Aa 1 W A 1 4 o % a d" ] 1
A1519% 9.2 SeuneInumManasnssunlaiulunsdaatassunasounszananmsniamnuIams Ua U IS UNMSHAAHD WY ul"’U (919)

Favidaunswamn Uszmalne 1 2006

CH, Co, co
iiaveanaufuinuazuasvesmsianiaseuimSounszan
(Ton)
¥, M3damsyadnd 1,046.105 10,524.468 0.000
1. In 880.571 7,773.560 0.000
Tauy 48.057 1,321.577 0.000
Taile 832.514 6,451.983 0.000
A
2. n3zile 131.090 1,625.513 0.000
3.qn3 12.283 122.825 0.000
4. 1 22.162 1,002.570 0.000
Trile 19.068 940.705 0.000
1a'ly 3.093 61.865 0.000
A
59U 9

S6l1



A A v 9
A1TNN 4.3 T1WNUNYINVUDYA

Y
A

9

NHITUHUBDINTANHATNITUIINNITD

J o o a { ] o o
']fJW]M?ﬁﬂ’]ﬁﬂﬂuﬁ’]ﬁﬁﬂﬂ’]ﬁwa@lﬁ@ Uy ulfll ﬂ’lﬁﬁilﬂﬂ'lﬂclua']ulﬁ Llﬁ$ﬂ1ﬁ1’i']flﬁlfﬂ

davidaunsnwamn  Uszmalne 1 2006

a9 o daa
MINTINYDUAURNIZANINN

Y

Y09
YV a d’ d‘d U 4‘ Y Z £ Z £
- , Joyanonssumazdu 4 NNaINITRS Wnn | 1w y
PHAVDINNAS o 4 4 M3l
L. o dulszansms e | maems
uinuay _ C o4 o duilszansms , U
} ) AUNALVRINS | ANRBEAMITURYN | dadIu CO,+ , tanilasy Co, Y09 tlou 3
UHAYRINS NUI - e w2 o . tanilasy CH, - . Y . 14
. . (MA CO,+ CH, | Ndmnunavaa | CH, dumsvey | __ oA (ansu Co,/ & 91113
anlassuda (M) . o i e (Pan3u CH, /f/) o A . 0./
. (PN.C/MN/ ) (MN.C/AMNAY) | NAUNIKNA (%) 2l o | (e |
150UNITAN N . A/34)
M) )
1. In
Tauy 32,916 0.696 6.933 10.039 44.895 807.015 449.190 | 16410 | 11.140
Tauile 570,215 0.471 4.460 10.561 37.960 525.600 302250 | 11.060 | 0.425
2. ﬂi$ﬁ® 71,830 0.660 6.510 10.138 46.355 755.185 456.100 16.010 0.357
3. 903 336,507 0.075 0.879 8.532 2.592 92.564 100.910 1.960 0.769
4. a
Trifie 17,414,013 0.002 0.043 4.186 0.000 2.455 2.340 0.092 0.055
1nly 2,118,649 0.002 0.042 4.524 0.000 2.538 1.910 0.097 | 0.047
5
5. 9U9
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A15199N 9.4 31ﬂﬂWH%ﬂgaWH‘iTum@ﬂﬂWﬂmB@ﬁﬂﬁﬁiJﬁ]"lﬂﬂWiﬂWfJW]ll'JaﬂTTiJﬂuﬁTWi‘]Jﬂ"liwaﬁlﬁ@ HU h1’511 msaniaee CH, +CO, 9nyadaa)

£

daridaunsswamn  Jszmalng 3 2006

) a A Ax1 oAy
YoyananIsaazau q N IuneITeq
v | dedau D4 . awlssans | | _
- e Wmiin y _ Aundeveuds | | , dulszanims
yHaverauiuinuaz 4 yauda | i oL, | AveBsanueansegega | madanilaes ,
. C . naeya . 2 suvgludatuane - danilase CO,
uviasveamsiaaaesuia | Sruam o Ao | Indeveq . lumsifa CH, +CO, 910 CH, - .
3 . and | . . uaazIu L —_ . (an3u €O,/
(30UN32N (#) _ | v | dad v . yadn? (Wan3u CH, / o
kg®y | . (kg WLUFY/FY o )
. Mam | (kg/fd) . (kg. C/ kg VS) M)
™) )
(%)
1. 1n
Tauw 32,916 3.532 0.008 449.190 2.506 0.013 1.460 40.150
Tarile 570,215 2.694 0.009 302.250 1.675 0.007 1.460 11.315
2. nyzile 71,830 3.746 | 0.008 | 456.100 2.040 0.010 1.825 22.630
3. 903 336,507 0.513 | 0.005 | 100.910 0.314 0.001 0.037 0.365
4. n
lriiie 17,414,013 | 0031 | 0.013 2.340 0.021 0.002 0.001 0.054
n'ly 2,118,649 | 0.041 | 0.021 1910 0.024 0.001 0.001 0.029
4
5. 0u9
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A15199 9.1 FIUTLNOUNMUANVBIDINIT

200

mﬁﬂmmi !‘l.]i’)if!!“l?uﬁslli’]\‘lZT"J‘H‘]J?Sﬂ0ﬂﬂ13!ﬂﬁﬂlﬂﬂﬂ1ﬂ1i!!ﬂ'a$‘l§ﬁﬂ
Saquite | Tsiw | it | idely uilsrhana HIH19)
NNV (LHY) 90.2 4.6 0.9 33.6 455 6.6
vailes () 89.1 3.2 1.8 34.0 34.6 10.6
12 Twa @uta) 90.6 5.9 1.6 30.8 46.5 5.8
vhadhn (e 92.5 3.9 1.4 335 39.2 14.5
lunszduua 91.5 24.4 46 14.9 39.4 7.9
AN 27.8 1.8 0.4 10.0 12.7 2.9
nannuiiaa 26.8 1.4 0.4 11.5 10.5 3.0
nauilosdaa 21.9 1.1 0.3 9.0 8.9 2.6
11 Ina (Auda) 227 1.3 0.4 6.0 13.6 1.4
lunseduda 325 6.1 0.7 12.3 112 2.2
ANAUT TR 9.8 1.1 0.1 22 49 1.5
want1 Tna 85.0 8.7 3.9 6.2 60.2 1.2
t121he 89.6 10.8 2.8 2.3 71.1 2.0
31021909 85.7 15.2 13.2 9.9 34.6 12.8
e 88.3 7.5 1.6 1.6 78.8 1.8
dlends (hudu) 88.3 1.9 0.7 3.0 80.5 2.2
danluda 90.1 583 7.4 0.7 3.4 19.9
WUNRA 94.2 347 1.2 0.2 50.3 7.8
mnddea 90.9 443 53 5.7 29.6 6.0
mn@ae 93.0 47.1 1.5 14.9 25.0 45
mndiowdalinhdy 91.4 19.2 6.7 11.9 49.7 3.9
ﬂTﬂLé@LM%ﬂiHﬂNW"ﬁT 91.1 28.8 9.2 10.0 37.6 5.5

NINBKA : YIUAUAINT IIITINU, U.9.2. LazAdle (2528)
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~ S I 4 Aow 1w 9 [ Ao o
ATNN 9.2 L‘l]’l’)ﬁl“])'u@ﬁ']ﬁ'E]']ﬁ']ﬂ/]ﬁ@nﬁ@ﬂﬂ@ﬂﬂﬂWﬁLLamlﬁaﬂ@WﬂWﬁﬂﬁWﬂﬂJ

¥HATHI ANN %¥301HINVDI UHAIVRIA OIS
MBI 21M15NIrNAND I
qns (1-5 An.) 250 NTNAD I qninds e msszunm
qn3 (10-20 Nn.) 1000 NFNABTY | 1.8% UBIUU.AD
qn3 (60-100 NN.) ) 3000 NTuAD I T nsziie Mo1m1s 1 1%
— 91T — 3y
Trifie 2100-3800 NFW/TU | YOIUU.A2
Tailanay (200 AN.) 5800 NTuAD U (a1 THuu. emsua
TAuua17 (300 AN.) 7200 NSuAD Y 110 NFusi0Iu)
lAtiie (0-8 §1Ja1m) 3200 keal/kg
Tn'la 5 2850 keal/kg
NHINY -
N3 (25-90 nN.) 3150 kcal/kg
qn3 (15-25 nn.) 3250 keal/kg
Tailanay (200 AN.) 3.4 nn.apu
TDN — -
Tauua? (200 AA.) 3.2 An.pe T
dadily M3l 50-70 % Sy ywiianig q wanudls
lapsa ana Wy e leluiiy
dainnwil 2-5%
Trifio (usnina-aanain) > 49
0l (5 dalaniaulal) 3 > 3% vniuiy lvdad duiudy
a A llauuuslu 3 A 3 o
qnT (U3nInA- 3 1Hon) > 49 /a1 waany Mawaas?
. 91413
qns (60 nn. 3u'lal) > 20, waz lviuazanlusiame
Ta (isNA-15 nA.) > 5%
Tauu > 3%
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F
Tauy 1miinga 500 n.

364 (NSH/AY)

~ S I 4 Aow 1w 9 [ Ao o [
M99 9.2 1Weodigudm oI ndainodIneImstazunaIn 1T nd 1Ay (Ao)
. , %H3011HINVDA ,
yHATN) ANNADINS s L. | whasvesmenring
21M15NINAND I
J [
Truile (0-8 dalansd) Tisauluomns 22% 21 da 3N 1)
1n dad >16 % MADIAN 9 U
= = 7 o 1 1Eeail &
ANIUINNADIUINUN 15 >20-22 % W laoadu IABLUD
Alandy U ¥aunm uag
wu'lnthy
ans (15-25 nn.) >18 %
an3 (30-60 NN.) >15%
Fd

qn3 (60 nn. Yu 11y >12 %
Ta (usntia- 3 o) >22 9%
Ta (18 aeuau1) >10 %
Tauy >14-16 %
Taong 3 Tl 9%

E ~ 4 v o
Tauy 1miina 400 nn. | Tils@wiie 318 (NFWAU) -

v o = Y] @
Taun i niing 450 A, | MIATTIBN 341 (RFW/AN)

Tauw

Tis@wiensnan

Uy 1 nlansy

87 (NTW/IY)

Tauy (Foens Talsaumy

Y
1110 1 nlansy)

Tasau

320 (AFN/AN)

2 2
Tautloayu 1imiinga 150-

250 N lansy

) [] Y
WoINIMITNAA 1

nlansy

690 (AFN/IN)

WK : WIUY NUUNAT, 2535
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[ Y
MINd 2.1 dregndnumdassuanydmsunvassuilalszianduan)iyomaa

A fmgumslasayaiiy (nn./1000 an3)
FHATDINAY
Cco Co,
WU USY 848.3 2,102
duaea 12.9 2,237
1M NO. 1-3 0.6 -
1391 NO. 4 0.6 -
10U NO.5-6 0.6 -
an'lun (nn.e) 0.25 -
[ =)
undd Insiaeuriad (LPG) 0.4 1,760
UAEEIIUEIA N0./10° 30, 560 1,900,000

HUYLYE : U.S. EPA, AP-42 (1995), WHO, Assessment of Source of Air, Water and Land

Pollution, 1993

uaznntaFsemsdunadeviinislanlassuaiivanmanaa 1l 1 Alafad-
#2113 voams Wihrhenaaualszmalneg TasndaliidonowiunazlTas@en 81999

%

Y
mﬂgm%’ayjauaﬁswmsmiwa@"lwﬁﬁmﬁqﬂﬁzmﬂ (Life cycle inventory of grid mix in
Thailand: TEL 2003) saunugiudeyatin®nisldndeanulihningudeya sSiMPro 7.0
wumsean i 1 Aladad-11u veams Iihhendauvalszme Inevziimslanilaes

yanyaaaadlunsei 2.2

AMINN 0.2 dedrmitassnanydmsunswan Wi 1 Alatad-521ue veens Inihehe

wanuradszmalneluil 2003

Jngdu Y3mnanly Nadiye 1A Ysanamilaailass
a 11 4 -1 a @ -1 a [
anlun 2.07X10" nlansu Co, 7.15X10" nlansu
WlwFemas 1.17X10” ang Co 1.92x10" Alansu
WiuAa 226X10" ans CH, 2.14X10° Alansu
[2J a 3
UNATITUNA 7.06 Y@




A a Rl . a o [ 1 1 tﬂy a A 9 =
ATNN B3 NITUATIEHAT C-input %']ﬂﬂ'lﬁWﬁ@]Wﬁ\i\ﬂullV\lﬁ'l 1 kWh ndadiuvesuviauseinacnlglug 2548

T %C = 45% lagnimin

biomass

AT IMVBIHAINEINY manaandnululih e Y o y
oy oo Anuduusvealfnseniy | C-input 110mslEnasnu | CO, emission 910M3lH
mmwamwaaa1u"lwﬂ1 ANNTINITOVDI , X - o o
% ANURHHUVDUFOINDS HannHun Iuldh wasalulih
voaszme lne* oINS
s - Wi sl A 15% Wi C H,, ., (C=14-20) 0.072 0N Cppps kWh
i1 6.6% 11.05 kWh/ans o 1.969 (Ib CO, / kWh)
= = *
930 NFN/AN3 168/198*930/11.05 0.0714 NN, ¢,y /kWh
P - Wiiuda 7120 Wiuda (C,H,,)
WluAwa 0.25% 10.12 kWh/ans Lo 0.0711 NN, Cppppn/kWh 1.969 (Ib CO, / kWh)
=850 N§W/an3 = 144/170%850/10.12
auiuanlud 15.01% 2.91 kWhikg auiuanTudsil % = 73%Tagthmin 0.30 AN.C;,1,#/kWh 2.095 (Ib CO, / kWh)
ufeBITUIA (CH,) 0.29 kWh/m’ 1 m’ CH, 0 0.667 kg lg Cpyy=2.9/667%16/12
. . 0.173 NN.Cyy,/kWh 1.321 (b CO, / kWh)
72.5% (36.14 MJ/m’) (NANNIZNATFIU 20°% 1atm) 1 kg Ceyyy = 5.783 kWh
Biomass*** (31u80e-+nauag lad)
Biomass 3.99% 3.52 kWhkg 0.14 AN.C,,,,../kWh 1.378 (Ib CO, / kWh)

v
NALIUE 1.65%

wﬁmuamummﬁmﬁ ﬁﬂ guIn

v
v @

JUU

mslamdaanuluih 1 kwh el

0.18 nn. C/kWh

0.18 NN. C/kWh
(0.66 AN. CO, / kWh)

HUYLYe : *

**  Hanzade et al. (2001)

*** Brody (1945) i8¢ Maynard and Loosli (1969)

51mm”l"vhﬂmazuwugﬁiznuwﬁ’wmwﬁwmﬂizmﬁ”lmﬂzﬂs (2548) HAZUNNNT WIHBLIAZAUS (2547)

S0T



A ' A . o A s o A ! Y
1IN .4 A1RaY C-input %']ﬂWﬁ\‘]\‘l"lu“I/W‘hﬁJLLﬁgiﬁﬂ“Jﬂﬁﬂﬁﬂiﬂﬁ‘ﬂﬂimiﬂumi‘;})’
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mndelSinamsueuNINEINY C e (D C /I 3Y)
Tauu Tarite nszile qns Tniide Tl
0.08 + 0.00 + 0.002 + 0.002 +
Tnlilr= 0.00 & 0.00 0.02+0.02
0.03 0.01 0.00 0.00
P 0.01 = 0.00 0.052 = 0.078 =
hfuude* 0.01 £0.01 0.96 0.99
0.00 0.00 0.04 0.034
¢ — -
whsu hiunldiunsesdnsnars 0.14% 0.11 % 0.003 = 0.002 =
a 0.09+0.19 N.D.
nIouNd LPG*** 0.04 0.16 0.00 0.00
323 C INWAINW/AYTU 0.23 0.12 0.10 0.98 0.057 0.082
P
394 C NAndanuAihmindgadu 0.51X10° | 0.40%X10° 0.22X10° 9.71X10° 2437X10° | 42.93X10°
0.10+ 022+ 0.009 +
Tl 0.12+004 | 0051003 N.D.
0.05 0.37 0.004
T5931 v, 029t 035t 0.0018 =
., DRFGTRTIT SR 0.38 1 0.46 0.01 +0.00 N.D.
an7 0.19 0.30 0.0019
3o " " 0.1227%
. flu unay visefa LPG*** N.D. N.D. N.D. 2.28%1.02 N.D.
avingal 0.1708
Tauy . v o
59 C VIANEIU/AIY U 0.38 0.57 0.49 234 0.1335 N.D.
391 C AndenuAilminda s 0.85X10° | 1.88%X10” 1.07X10° 23.19X10” 57.05X10° N.D.
I s "y A
I C i]'IﬂWﬁii?umﬂiniMlm%IiQm'lﬁﬂ’J‘Hiﬁ]
. .. 0.611 0.69 0.59 332 0.1905 0.082
annsel lnuu/diu
530 C nawdanuveshsuuaz Tsaahdadnie B B ; B} . B}
. v . 136X10° | 2.28X10° 1.29%10° 32.90%X10° 81.41X10 42.93X10°
ﬁﬁﬂimiﬂuﬂ/uWﬂuﬂﬁﬂ’J/’Ju

vinews : N.D. = Ti1da3299m3129 O, 1 ppm = 1.96 mg/m’ CH, 1 ppm = 0.71 mg/m’

* 1o Iihuazurugiszouwasan e slszmalnedl2s4s (2548) naz

a a o 1 [
UNANT UBLAZAUE (2547) IATIEH 1A C-input 10m3 ldndeanu i =

0.18 nN. C/kWh

*+(J.S. EPA, AP-42 (1995) agWHO. (1993) 31A31H 1431 C-input 910314

Y
WuAra 18050 Cppyp

=0.72 kg/Luazihiiuuudu 1 aasi C = 0.67 kg/L

a a 4 aaa 1
COUNNINT WIAZANY (2547) AnTzdanaumsUfnsenam lud 18

m3lduna LPG 1 AlanSuAailu C-input = 0.821 kg. € Tasm3nanunansdunly

Tuasusou (LPG) azdaunaldfsdiodadiuvosusaInsimu (CH,) 70% uazi

AU (C,H,) 30% Famse lud Insinu 1 kg 92189 CO, 3 ke.CO, luvmeiinig

w1 Indl Taumu 1 kg 9210 CO, 3.034 kg.CO,
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co,(ATansudalnie)
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SUMMARY OUTPUT C-emitted & C-input of Dairies
Regression Statistics Observations 400
Multiple R 0.876292309 R Square 0.76788821
Adjusted R Square 0.767305015 Standard Error 0.188906036
ANOVA daf SS MS F Significance F
Regression 1 46.986765 46.98676469 1316.691 2.707E-128 < 0.05 (OK)
Residual 398 14.202825 0.035685491
Total 399 61.18959
Standard Lower Upper Lower Upper
Coefficients t Stat P-value
Error 95% 95% 95.0% 95.0%
1.59E-27 <
Intercept 0.661244846 0.056333 11.7382 0.5505 0.77199 0.5504977 0.771992
0.05 (OK)
2.7E-128 <
X Variable 1 0.290733222 0.0080122 36.2862 0.2750 0.30648 0.2749817 0.3064848
0.05 (OK)

1
I 1

a s v o o ' ' s o s {1
AT NN ﬂJU.Z Wa’JLﬂﬂ%‘l’i‘ﬂ’ﬂuﬁwwu‘ﬁiw’i’ﬂﬂﬂﬁﬂaﬂﬂﬂ’ﬂElﬂ15U®uﬂﬂﬂ1ﬁﬂ@uﬁﬂ1€llm%}1ﬁ

)

o LA 4 o A &
mimuamzﬂummwauu 95%

SUMMARY OUTPUT C-emitted & C-input of Oxen
Regression Statistics Observations 400
Multiple R 0.988565768 R Square 0.977262278
Adjusted R Square 0.977205148 Standard Error 0.054554089
ANOVA df SS MS F Significance F
Regression 1 50.909857 50.90985751 17105.95 0 <0.05 (OK)
Residual 398 1.1845072 0.002976149
Total 399 52.094365
Standard Lower Upper
Cocfficients t Stat P-value Lower 95%  Upper 95%
Error 95.0% 95.0%
8.3E-248
Intercept 0.551460901 0.0068752 80.2102 <0.05 0.5379446 0.5649771 0.5379447 0.56497715
(0K)
0<0.05
X Variable 1 0.185277106 0.0014166 130.790 oK) 0.1824921 0.1880621 0.1824921 0.18806207
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SUMMARY OUTPUT C-emitted & C-input of Buffaloes
Regression Statistics Observations 400
Multiple R 0.996735092 R Square 0.993480844
Adjusted R Square 0.993464465 Standard Error 0.03782013
ANOVA df SS MS F Significance F
Regression 1 86.75554618 86.75554618 60652.85 0 <0.05 (OK)
Residual 398 0.569284163 0.001430362
Total 399 87.32483035
Standard pP- Lower Lower Upper
Coefficients t Stat Upper 95%
Error value 95% 95.0% 95.0%
0
Intercept 0.755874704 0.004652596 162.4630 <0.05 0.746728 0.76502144 0.746728 0.7650214
(OK)
0
X Variable
0.16072628 0.000652621 246.278 <0.05 0.1594433 0.1620093 0.1594433 0.1620093
1 (0OK)
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SUMMARY OUTPUT C-emitted & C-input of Pigs
Regression Statistics Observations 400
Multiple R 0.882210387 R Square 0.778295167
Adjusted R Square 0.777738119 Standard Error 0.015091334
ANOVA df SS MS F Significance F
Regression 1 0.31820538 0.31820538 1397.18 2.9181E-132 < 0.05 (OK)
Residual 398 0.090643851 0.000227748
Total 399 0.408849231
Standard Lower Lower Upper
Coefficients t Stat P-value Upper 95%
Error 95% 95.0% 95.0%
2.1E-80 <
Intercept 0.100694196 0.004153148 24.2453 0.05 0.092529 0.1088590 0.0925293 0.10885904
(OK)
2.9E-132
X Variable 1 0.173674828 0.004646338 37.3789 <0.05 0.164540 0.1828092 0.1645404 0.18280926

(OK)
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U

SUMMARY OUTPUT C-emitted & C-input of Chickens
Regression Statistics Observations 400
Multiple R 0.794076054 R Square 0.63055678
Adjusted R Square 0.62962853 Standard Error 0.002808397
ANOVA df SS MS F Significance F
Regression 1 0.0053577 0.005357676 679.2968 4.39767E-88 < 0.05 (OK)
Residual 398 0.0031391 7.88709E-06
Total 399 0.0084967
Standard Lower Lower Upper
Coefficients t Stat P-value Upper 95%
Error 95% 95.0% 95.0%
6.87E-22
Intercept -0.011172638 0.0010944 -10.209 <0.05 -0.013324 -0.009021 -0.0133241 -0.009021
(0K)
4.4E-88 <
X Variable 1 0.657185232 0.0252149 26.0633 0.05 0.607614 0.706756 0.6076141 0.706756
(0K)
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SUMMARY OUTPUT

C-emitted & C-input of Hens

Regression Statistics Observations 400
Multiple R 0.93421438 R Square 0.872756505
Adjusted R Square 0.872436798 Standard Error 0.000368847
ANOVA df SS MS F Significance F
Regression 1 0.00037139 0.000371392 2729.861
2.8419E-180 < 0.05 (OK)
Residual 398 5.41471E-05 1.36048E-07
Total 399 0.000425539
Standard Lower Upper Lower Upper
Coefficients t Stat P-value
Error 95% 95% 95.0% 95.0%
4.57E-67 <
Intercept -0.010736 0.000507764 -21.1450 -0.01173 -0.0097 -0.01173 -0.0097
0.05 (OK)
2.8E-180 <
X Variable 1 0.62833733 0.012026038 52.2481 0.60469 0.65198 0.6046948 0.6519798

0.05 (OK)
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AN .1 VoYAAY C-input 11 C-emitted VoIdA Az yianAnm 11l 2550-2551

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
a1y - C- emitted a C- emitted - C- emitted
N¥DINI NYDIHI NYDIHNI
(NN, C/A/IU) | (N, C/AIU) | (DD, C/AIIW) | (DD, C/ATY) | (DD, C/A/IW) | (PN, C/A/ )
1 5.037 1.199 0.944 0.413 1.626 0.858
2 5.037 1.508 1.453 0.591 1.626 0.895
3 5.037 1.525 1.464 0.608 2.097 0.936
4 5.037 1.629 1.511 0.663 2.146 0.937
5 5.037 1.649 1.556 0.683 2.146 0.987
6 5.037 1.790 1.558 0.687 2.146 1.000
7 5.037 1.820 1.662 0.698 2.254 1.019
8 5.037 1.823 1.662 0.702 2.341 1.077
9 5.037 1.846 1.683 0.704 2.341 1.078
10 5.037 1.870 1.754 0.717 2.436 1.094
11 5.037 1.920 1.787 0.729 2.452 1.104
12 5.037 1.930 1.794 0.767 2.503 1.126
13 5.037 1.930 1.846 0.788 2.503 1.139
14 5.037 1.955 1.865 0.796 2.536 1.154
15 5.037 1.977 1.888 0.799 2.575 1.155
16 5.037 1.988 1.888 0.809 2.621 1.162
17 5.037 1.988 1.888 0.822 2.630 1.164
18 5.037 1.995 1.888 0.836 2.664 1.170
19 5.037 1.995 1.888 0.843 2.682 1.171
20 5.037 2.017 1.888 0.844 2.691 1.179
21 5.037 2.017 1.888 0.873 2.780 1.181
22 5.037 2.017 1.983 0.874 2.859 1.184
23 5.037 2.035 1.983 0.878 2.861 1.196
24 5.037 2.055 2.005 0.892 2.861 1.201
25 5.037 2.071 2.005 0.914 2.865 1.214
26 5.037 2.072 2.028 0.933 2.926 1.216
27 5.037 2.111 2.073 0.935 2.926 1.223
28 5.037 2.114 2.073 0.936 2.926 1.226
29 5.037 2.114 2.077 0.938 2.926 1.228
30 5.037 2.114 2.077 0.945 2.926 1.230
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
a1y “ C- emitted “ C- emitted “ C- emitted
WHD1H1I NWED1H1I NYDIHI
On. C/AYM) | (On. C/AVTW | (MD. C/AYTWY | (PP, C/HYTYW) | (PN C/AN) | (PR, C/AIIH)
31 5.037 2.114 2.077 0.955 2.926 1.236
32 5.037 2.114 2.096 0.961 2.926 1.237
33 5.037 2.114 2.096 0.962 2.926 1.249
34 5.037 2.114 2.216 0.962 2.926 1.262
35 5.376 2.114 2.256 0.968 3.028 1.263
36 5.417 2.114 2.256 0.968 3.121 1.267
37 5.466 2.124 2.256 0.975 3.166 1.268
38 5.507 2.162 2.266 0.978 3.219 1.269
39 5.522 2.162 2.266 0.982 3.251 1.276
40 5.608 2.162 2.266 0.983 3.313 1.280
41 5.670 2.162 2.361 0.984 3.313 1.284
42 5.672 2.162 2.361 0.987 3414 1.285
43 5.722 2.210 2.361 0.989 3.451 1.287
44 5.722 2.210 2.361 0.996 3.451 1.290
45 5.726 2.210 2.463 0.998 3.495 1.290
46 5.741 2.210 2.463 1.000 3.495 1.291
47 5.742 2.210 2.463 1.002 3.495 1.296
48 5.830 2.210 2.463 1.005 3.548 1.299
49 5.878 2.210 2.485 1.008 3.606 1.300
50 5.887 2.211 2.485 1.008 3.609 1.303
51 5.895 2.211 2.493 1.009 3.658 1.307
52 5.937 2.211 2.555 1.012 3.658 1.310
53 5.948 2.211 2.555 1.014 3.658 1.310
54 5.984 2.249 2.555 1.016 3.732 1.315
55 6.032 2.249 2.606 1.021 3.755 1.322
56 6.090 2.249 2.619 1.026 3.758 1.327
57 6.134 2.255 2.631 1.026 3.801 1.329
58 6.141 2.259 2.631 1.034 3.901 1.329
59 6.151 2.259 2.674 1.042 3.901 1.333
60 6.208 2.270 2.707 1.043 3.901 1.333
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
|y - C- emitted - C- emitted - C- emitted
N¥DINI NY¥DINI NY¥DINI
(0N, C/AIW) | (DD, C/AUTY) | (PN C/AYIY) | (PR C/AIM) | (DR C/AIM) | (PR. CIAIIM)
61 6.267 2.281 2.707 1.049 3.901 1.337
62 6.267 2.288 2.742 1.051 3.901 1.340
63 6.333 2.304 2.833 1.051 3.901 1.346
64 6.338 2.304 2.833 1.054 3.901 1.353
65 6.358 2.308 2.833 1.055 3.901 1.353
66 6.358 2.365 2.833 1.061 3.901 1.353
67 6.429 2.365 2.833 1.061 3.901 1.360
68 6.429 2.365 2.833 1.062 3.926 1.364
69 6.436 2.365 2.833 1.065 3.954 1.365
70 6.436 2.365 2.833 1.070 3.954 1.365
71 6.438 2.375 2.833 1.073 3.954 1.365
72 6.438 2.375 2.833 1.082 3.954 1.367
73 6.438 2.375 2.833 1.083 3.954 1.370
74 6.455 2.375 2.849 1.084 4.036 1.375
75 6.455 2.375 2.880 1.085 4.036 1.384
76 6.455 2.375 2.885 1.085 4.047 1.384
77 6.471 2.375 2.902 1.088 4.064 1.384
78 6.478 2.404 2.902 1.089 4.180 1.390
79 6.478 2.418 2.902 1.096 4.180 1.401
80 6.478 2.472 2911 1.098 4.194 1.412
81 6.491 2.477 2914 1.100 4.194 1.415
82 6.491 2.514 2.920 1.108 4.276 1.421
83 6.496 2.516 2.920 1.110 4.292 1.422
84 6.503 2.523 2.938 1.110 4.292 1.422
85 6.509 2.545 2.939 1.115 4.292 1.424
86 6.520 2.549 2.939 1.117 4.292 1.429
87 6.527 2.550 2.939 1.122 4.292 1.429
88 6.527 2.559 2.980 1.126 4.292 1.429
89 6.529 2.580 3.009 1.126 4.292 1.438
90 6.540 2.580 3.045 1.126 4.292 1.439




226

A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
a1y - - -
WYDIHIT C- emitted NWYOIHIT C- emitted WY C- emitted
N, C/HYTHY | (PR, C/AY) | (PP, C/AYTY) | (PN, C/AVTWY | (PR, C/AYTH) | (Pn. C/AITH)
91 6.547 2.580 3.045 1.126 4.292 1.442
92 6.551 2.580 3.045 1.127 4.292 1.446
93 6.552 2.580 3.056 1.129 4292 1.447
94 6.556 2.580 3.077 1.130 4.292 1.449
95 6.561 2.580 3.077 1.132 4.292 1.452
96 6.565 2.580 3.077 1.134 4.298 1.462
97 6.570 2.580 3.105 1.135 4.325 1.465
98 6.574 2.580 3.116 1.136 4.335 1.470
99 6.581 2.580 3.116 1.140 4.335 1.472
100 6.584 2.580 3.116 1.143 4.354 1.473
101 6.587 2.580 3.120 1.146 4.357 1.479
102 6.592 2.580 3.124 1.148 4.389 1.483
103 6.592 2.580 3.124 1.149 4.389 1.484
104 6.602 2.580 3.145 1.149 4.389 1.487
105 6.606 2.580 3.160 1.151 4.389 1.488
106 6.606 2.580 3.185 1.152 4.389 1.492
107 6.611 2.580 3.185 1.160 4.389 1.500
108 6.616 2.580 3.193 1.166 4.389 1.503
109 6.620 2.580 3.193 1.170 4.389 1.510
110 6.627 2.580 3.248 1.174 4.389 1.518
111 6.633 2.580 3.248 1.176 4.418 1.518
112 6.638 2.580 3.248 1.179 4.463 1.522
113 6.643 2.580 3.277 1.179 4.463 1.526
114 6.643 2.580 3.284 1.183 4.464 1.535
115 6.653 2.580 3.305 1.185 4.464 1.537
116 6.658 2.580 3.357 1.186 4.584 1.537
117 6.659 2.580 3.357 1.189 4.584 1.541
118 6.661 2.580 3.399 1.189 4.719 1.546
119 6.663 2.580 3.427 1.192 4.765 1.546
120 6.663 2.580 3.427 1.193 4.765 1.549
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (s0)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
a1y - " -
NYDIHT C- emitted NWYOIHIT C- emitted NWYDIHIT C- emitted
N, C/HYTW | (On. C/AVIWY | (PN C/AIN) | (. C/AI) | (AN, C/AYI) | (PN C/AIN)
121 6.672 2.580 3.447 1.194 4.776 1.552
122 6.678 2.580 3.447 1.197 4.877 1.553
123 6.684 2.580 3.450 1.198 4.877 1.555
124 6.688 2.580 3.468 1.204 4.877 1.556
125 6.693 2.580 3.494 1.205 4.877 1.560
126 6.698 2.580 3.504 1.208 4.877 1.564
127 6.703 2.580 3.504 1.210 4.877 1.568
128 6.703 2.580 3.504 1.210 4.877 1.568
129 6.703 2.580 3.513 1.211 4.877 1.571
130 6.708 2.580 3.513 1.211 4.877 1.578
131 6.718 2.580 3.513 1.216 4.877 1.588
132 6.723 2.580 3.541 1.216 4.877 1.589
133 6.723 2.580 3.541 1.216 4.877 1.598
134 6.733 2.580 3.541 1.217 4.877 1.603
135 6.738 2.580 3.541 1.217 4.877 1.606
136 6.738 2.580 3.542 1.217 4.877 1.614
137 6.748 2.580 3.542 1.217 4.877 1.618
138 6.753 2.580 3.542 1.218 4.877 1.622
139 6.759 2.580 3.542 1.218 4.877 1.625
140 6.759 2.580 3.542 1.219 4.877 1.625
141 6.769 2.580 3.550 1.223 4.881 1.625
142 6.771 2.580 3.571 1.224 5.012 1.627
143 6.774 2.580 3.571 1.225 5.012 1.629
144 6.776 2.580 3.584 1.230 5.020 1.629
145 6.776 2.580 3.584 1.230 5.029 1.630
146 6.776 2.580 3.588 1.233 5.056 1.631
147 6.779 2.580 3.610 1.234 5.056 1.633
148 6.788 2.580 3.632 1.234 5.364 1.637
149 6.793 2.580 3.682 1.237 5.370 1.638
150 6.798 2.580 3.693 1.237 5.393 1.644
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
a1y “« “ -
WY C- emitted NY9INIT C- emitted WY C- emitted
N, /A | (FD. C/AVTWY | (PN, C/AVTYH) | (DD, C/AYTM) | (PP, C/AUTH) | (PR, C/ATH)
151 6.803 2.580 3.777 1.241 5.393 1.644
152 6.808 2.580 3.777 1.242 5.437 1.645
153 6.808 2.580 3.777 1.242 5.459 1.646
154 6.809 2.580 3.777 1.244 5.462 1.650
155 6.814 2.580 3.777 1.253 5.475 1.651
156 6.815 2.580 3.827 1.254 5.524 1.654
157 6.819 2.580 3.827 1.257 5.568 1.655
158 6.824 2.580 3.854 1.259 5.651 1.655
159 6.827 2.580 3.877 1.261 5.651 1.657
160 6.830 2.580 3.877 1.262 5.651 1.658
161 6.835 2.580 3.878 1.264 5.690 1.661
162 6.840 2.580 3.899 1.266 5.722 1.664
163 6.846 2.580 3.899 1.269 5.752 1.667
164 6.851 2.580 3.923 1.271 5.846 1.668
165 6.857 2.580 3.973 1.275 5.852 1.670
166 6.862 2.580 4.013 1.278 5.852 1.674
167 6.864 2.580 4.013 1.279 5.852 1.676
168 6.866 2.580 4.013 1.280 5.852 1.679
169 6.867 2.580 4.014 1.280 5.852 1.679
170 6.870 2.580 4.014 1.281 5.852 1.688
171 6.871 2.580 4.060 1.281 5.852 1.690
172 6.874 2.580 4.060 1.282 5.852 1.695
173 6.875 2.580 4.060 1.285 5.852 1.697
174 6.879 2.580 4.060 1.289 5.947 1.707
175 6.880 2.580 4.060 1.290 5.967 1.708
176 6.881 2.580 4.060 1.292 5.987 1.709
177 6.881 2.580 4.060 1.298 6.291 1.709
178 6.882 2.580 4.060 1.298 6.291 1.715
179 6.884 2.580 4.060 1.300 6.331 1.718
180 6.884 2.580 4.060 1.300 6.331 1.723




229

A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
anay “« “ “
WY C- emitted NHBINT C- emitted NHBINIT C- emitted
AN, C/AYIY) | (AN C/AI) | (AN, C/AY) | (PN, C/A) | (PN. C/AYM) | (PP C/ATH)

181 6.887 2.580 4.060 1.305 6.340 1.730
182 6.887 2.580 4.060 1.307 6.340 1.730
183 6.888 2.580 4.060 1.308 6.340 1.732
184 6.889 2.580 4.060 1.310 6.340 1.743
185 6.889 2.580 4.060 1.315 6.340 1.745
186 6.890 2.580 4.155 1.320 6.340 1.750
187 6.890 2.580 4.155 1.321 6.340 1.751
188 6.893 2.580 4.155 1.324 6.437 1.757
189 6.893 2.580 4.155 1.326 6.437 1.759
190 6.894 2.580 4.155 1.328 6.437 1.767
191 6.894 2.592 4.155 1.330 6.437 1.769
192 6.894 2.592 4.155 1.337 6.437 1.770
193 6.894 2.592 4.155 1.340 6.437 1.771
194 6.894 2.592 4.155 1.341 6.437 1.772
195 6.895 2.592 4.155 1.342 6.437 1.773
196 6.897 2.592 4.155 1.348 6.437 1.775
197 6.897 2.592 4.155 1.351 6.437 1.779
198 6.897 2.592 4.155 1.351 6.437 1.783
199 6.897 2.592 4.155 1.355 6.437 1.793
200 6.897 2.592 4.155 1.357 6.437 1.796
201 6.898 2.592 4.190 1.357 6.437 1.797
202 6.899 2.592 4.207 1.358 6.437 1.799
203 6.899 2.592 4.249 1.359 6.437 1.799
204 6.901 2.592 4.249 1.359 6.437 1.802
205 6.903 2.592 4.249 1.359 6.437 1.803
206 6.904 2.592 4.249 1.363 6.437 1.803
207 6.907 2.592 4.249 1.364 6.437 1.803
208 6.909 2.592 4.249 1.367 6.437 1.803
209 6.909 2.592 4.249 1.372 6.437 1.803
210 6.912 2.592 4.249 1.374 6.437 1.803
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
anay “« - -
WY C- emitted NYDIHIT C- emitted WYOIHIT C- emitted
N, C/AYY | (hn. C/HIW) | (DN, C/AYTH) | (Fn. C/AVTWY) | (P, C/AIM) | (Pn. C/HI/IN)
211 6.915 2.592 4.257 1.377 6.437 1.803
212 6.916 2.592 4.287 1.377 6.437 1.803
213 6.918 2.598 4.287 1.378 6.437 1.803
214 6.920 2.598 4.304 1.378 6.437 1.803
215 6.922 2.598 4.304 1.378 6.502 1.803
216 6.923 2.598 4.327 1.379 6.514 1.803
217 6.926 2.598 4.378 1.381 6.514 1.803
218 6.929 2.598 4.402 1.381 6.514 1.803
219 6.931 2.598 4.402 1.381 6.514 1.803
220 6.931 2.598 4.438 1.382 6.514 1.803
221 6.931 2.598 4.438 1.384 6.514 1.803
222 6.931 2.616 4.438 1.386 6.514 1.803
223 6.931 2.634 4.438 1.386 6.514 1.803
224 6.931 2.636 4.455 1.391 6.514 1.803
225 6.931 2.642 4.455 1.392 6.514 1.803
226 6.931 2.676 4.460 1.392 6.514 1.803
227 6.931 2.676 4.460 1.393 6.514 1.803
228 6.931 2.692 4.460 1.394 6.514 1.803
229 6.931 2.694 4.460 1.394 6.514 1.803
230 6.931 2.704 4.460 1.397 6.514 1.803
231 6.931 2.722 4.460 1.402 6.514 1.803
232 6.931 2.730 4.460 1.412 6.514 1.803
233 6.931 2.734 4.460 1.412 6.514 1.803
234 6.931 2.753 4.585 1.414 6.514 1.803
235 6.931 2.757 4.585 1.414 6.514 1.803
236 6.931 2.762 4.585 1.418 6.514 1.803
237 6.931 2.768 4.585 1.419 6.514 1.803
238 6.931 2.768 4.585 1.423 6.514 1.803
239 6.931 2.768 4.600 1.423 6.514 1.803
240 6.931 2.768 4.640 1.423 6.514 1.803
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
a1y - - "
WY9IHIT C- emitted WY C- emitted NWYOIHIT C- emitted
0N, C/AYTM) | (PN, C/AYM) | (D, C/AVTW) | (DD, C/AUTH) | (PP, C/AYTH) | (PR, C/AIIN)
241 6.931 2.768 4.640 1.424 6.514 1.803
242 6.931 2.768 4.651 1.427 6.514 1.803
243 6.931 2.768 4.663 1.434 6.514 1.803
244 6.931 2.768 4.679 1.437 6.514 1.803
245 6.931 2.768 4.679 1.443 6.514 1.803
246 6.931 2.772 4.679 1.444 6.514 1.803
247 6.931 2.791 4.679 1.446 6.514 1.803
248 6.931 2.791 4.679 1.454 6.514 1.803
249 6.931 2.791 4.679 1.454 6.514 1.803
250 6.931 2.791 4.679 1.455 6.514 1.803
251 6.931 2.791 4.679 1.457 6.514 1.803
252 6.931 2.791 4.679 1.457 6.514 1.803
253 6.931 2.811 4.679 1.462 6.514 1.803
254 6.931 2.813 4.721 1.464 6.514 1.803
255 6.931 2.853 4.721 1.467 6.514 1.803
256 6.931 2.871 4.721 1.467 6.514 1.803
257 6.931 2.907 4.721 1.467 6.514 1.803
258 6.931 2.907 4.721 1.468 6.514 1.803
259 6.931 2.907 4.721 1.471 6.514 1.803
260 6.931 2.907 4.721 1.471 6.514 1.803
261 6.931 2.907 4.721 1.472 6.514 1.803
262 6.931 2.907 4.721 1.475 6.514 1.803
263 6.931 2.907 4.721 1.476 6.514 1.803
264 6.931 2.907 4.721 1.477 6.514 1.809
265 6.931 2.907 4.721 1.480 6.514 1.824
266 6.931 2.907 4.721 1.482 6.514 1.825
267 6.931 2.907 4.721 1.483 6.514 1.826
268 6.931 2.907 4.721 1.483 6.514 1.830
269 6.931 2.907 4.739 1.487 6.514 1.835
270 6.931 2.907 4.860 1.488 6.514 1.840
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (s0)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
a1y - “ -
NYDIHT C- emitted WY C- emitted NWYDIHIT C- emitted
"N, C/HYTW | (On. C/AVTW) | (PN, C/AYTWY | (PN, C/AYIM) | (PN, C/AYM) | (PR. C/AIIN)
271 6.931 2.907 4.864 1.488 6.514 1.840
272 6.931 2.907 4.8364 1.490 6.514 1.858
273 6.931 2.907 4.8364 1.492 6.514 1.858
274 6.931 2.907 4.8364 1.499 6.572 1.859
275 6.931 2.907 4.864 1.503 6.594 1.859
276 6.931 2.907 4.864 1.503 6.626 1.863
277 6.931 2.907 4.864 1.503 6.828 1.865
278 6.931 2.907 4.8364 1.504 6.828 1.871
279 6.931 2.907 4.8364 1.504 6.828 1.875
280 6.931 2.907 4.967 1.505 6.828 1.884
281 6.931 2.907 4.967 1.513 6.828 1.887
282 6.931 2.907 4.982 1.513 6.828 1.900
283 6.933 2.907 5.018 1.514 7.016 1.901
284 6.933 2.907 5.018 1.521 7.073 1.907
285 6.933 2.907 5.020 1.522 7.101 1.918
286 6.933 2.907 5.020 1.523 7.153 1.942
287 6.933 2.907 5.020 1.526 7.153 1.943
288 6.933 2.907 5.078 1.526 7.159 1.948
289 6.933 2.907 5.099 1.527 7.250 1.949
290 6.933 2.907 5.141 1.529 7.296 1.954
291 6.933 2.907 5.141 1.529 7.400 1.955
292 6.933 2.907 5.141 1.531 7.400 1.958
293 6.933 2.907 5.162 1.532 7.400 1.967
294 6.933 2.907 5.165 1.533 7.491 1.974
295 6.933 2.907 5.193 1.535 7.491 1.975
296 6.933 2.907 5.219 1.536 7.501 1.986
297 6.933 2.907 5.219 1.538 7.510 2.004
298 6.933 2.907 5.386 1.538 7.602 2.007
299 6.933 2.907 5.386 1.541 7.666 2.010
300 6.933 2.907 5.386 1.542 7.702 2.017
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (s0)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
a1y - - -
NYDIHT C- emitted WY9IHIT C- emitted NWY9IHIT C- emitted
N, C/HYTWY) | (AN, C/AVM | (PP, C/AVYTYW) | (PD. C/AVTWY | (PD. C/AIM) | (hn. C/AITH)
301 6.933 2.907 5.449 1.542 7.702 2.019
302 6.933 2.907 5.449 1.545 7.803 2.022
303 6.933 2.907 5.537 1.547 7.803 2.025
304 6.933 2.907 5.540 1.547 7.933 2.035
305 6.933 2914 5.581 1.549 7.982 2.037
306 6.933 2917 5.587 1.551 7.982 2.037
307 6.933 2.937 5.587 1.553 7.992 2.042
308 6.933 2.983 5.595 1.560 8.047 2.049
309 6.933 2.983 5.623 1.562 8.113 2.058
310 6.933 2.983 5.665 1.562 8.297 2.061
311 6.933 2.983 5.665 1.563 8.376 2.062
312 6.933 2.983 5.665 1.565 8.388 2.067
313 6.933 2.983 5.665 1.571 8.388 2.081
314 6.933 2.983 5.665 1.574 8.388 2.084
315 6.933 2.983 5.665 1.576 8.388 2.090
316 6.933 2.983 5.665 1.577 8.388 2.096
317 6.933 2.983 5.665 1.577 8.388 2.127
318 6.933 2.986 5.665 1.577 8.388 2.127
319 6.933 2.989 5.665 1.579 8.388 2.128
320 6.933 2.989 5.785 1.580 8.388 2.130
321 6.933 2.989 5.785 1.581 8.388 2.138
322 6.933 2.989 5.816 1.583 8.388 2.138
323 6.933 2.989 5.901 1.588 8.388 2.141
324 6.933 2.989 5.901 1.591 8.388 2.162
325 6.933 2.989 5.901 1.593 8.577 2.171
326 6.933 2.989 5.959 1.596 8.577 2.174
327 6.933 2.989 5.959 1.602 8.583 2.184
328 6.933 2.989 5.996 1.608 8.583 2.191
329 6.933 2.989 5.996 1.609 8.583 2.193
330 6.935 2.989 6.012 1.623 8.583 2.195
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
Cala] “ - a
NYD1HT C- emitted WYDIHIT C- emitted NPT C- emitted
(NN, C/AIW) | (DD, C/AIIW) | (DD, C/AUTM) | (PN C/AIU) | (N, C/A/IW) | (PN, C/A1/ )
331 6.935 2.989 6.012 1.635 8.583 2.198
332 6.935 2.989 6.020 1.642 8.583 2.201
333 6.940 2.989 6.020 1.649 8.583 2.203
334 6.959 2.989 6.090 1.653 8.778 2.203
335 6.988 2.995 6.090 1.661 9.065 2.207
336 7.009 2.995 6.137 1.665 9.216 2.217
337 7.033 2.995 6.137 1.668 9.216 2.217
338 7.033 3.013 6.137 1.670 9.251 2.229
339 7.164 3.019 6.186 1.670 9.445 2.281
340 7.226 3.024 6.186 1.672 9.552 2.294
341 7.238 3.024 6.232 1.682 9.754 2.303
342 7.285 3.029 6.232 1.691 9.754 2.323
343 7.307 3.032 6.232 1.691 9.754 2.324
344 7.331 3.032 6.232 1.694 9.754 2.325
345 7.401 3.032 6.232 1.695 9.754 2.340
346 7.437 3.032 6.232 1.703 9.754 2.341
347 7.437 3.032 6.232 1.705 9.754 2.341
348 7.443 3.032 6.232 1.717 9.754 2.343
349 7.677 3.032 6.232 1.721 9.754 2.347
350 7.740 3.033 6.232 1.723 9.754 2.349
351 7.748 3.033 6.232 1.736 9.754 2.353
352 7.748 3.033 6.232 1.737 9.754 2.355
353 7.748 3.033 6.232 1.743 9.754 2.359
354 7.748 3.033 6.232 1.745 9.754 2.364
355 7.748 3.033 6.232 1.751 9.754 2.369
356 7.794 3.033 6.232 1.757 9.754 2.372
357 7.854 3.033 6.232 1.763 10.087 2.386
358 7.895 3.038 6.232 1.774 10.087 2.397
359 8.044 3.038 6.484 1.775 10.131 2.415
360 8.084 3.038 6.522 1.794 10.427 2.426
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A5 .1 YoyaAY C-input H1U C-emitted VoIdnIuaazatananyluil 2550-2551 (7o)

Dairy cows Oxen Buffaloes
Vo C-input Th) C-input Th) C-input Wy
a1y
91113 C- emitted 91113 C- emitted 91113 C- emitted
(0N, C/AIW) | (PN C/AYIM) | (PN, C/A/IY) | (DN C/AIU) | (PN, C/AUIM) | (PN, C/AI/IN)
361 8.114 3.038 6.526 1.804 10.427 2.428
362 8.170 3.038 6.526 1.805 10.427 2.430
363 8.220 3.039 6.526 1.819 10.729 2.443
364 8.259 3.039 6.568 1.821 10.729 2.447
365 8.309 3.039 6.652 1.826 10.729 2.460
366 8.493 3.039 6.882 1.856 10.729 2.481
367 8.558 3.039 6.932 1.858 10.729 2.487
368 8.569 3.049 6.978 1.897 10.853 2.495
369 8.865 3.049 6.978 1.901 10.853 2.522
370 8.912 3.059 6.978 1.901 11.092 2.526
371 8.961 3.059 7.162 1.905 11.469 2.558
372 9.173 3.068 7.270 1.910 11.469 2.578
373 9.337 3.068 7.386 1.916 11.615 2.579
374 9.437 3.069 7.386 1.922 11.704 2.639
375 9.467 3.069 7.428 1.941 11.704 2.655
376 9.831 3.069 7.481 1.957 11.704 2.657
377 9.831 3.072 7.489 1.960 12.461 2.675
378 9.831 3.082 7.497 1.985 12.582 2.698
379 9.831 3.089 7.554 2.031 12.875 2.720
380 9.831 3.099 7.554 2.062 12.875 2.728
381 9.831 3.111 7.554 2.072 12.875 2.763
382 9.831 3.119 7.554 2.103 12.875 2.811
383 9.831 3.133 7.554 2.103 12.875 2.832
384 9.831 3.133 7.765 2.108 12.884 2.848
385 9.831 3.139 7.765 2.118 13.152 2.869
386 9.831 3.174 8.309 2.156 13.152 2.945
387 9.831 3.278 8.372 2.165 13.504 2.956
388 9.831 3314 8.694 2.202 13.504 2.967
389 9.831 3.566 9.274 2.238 14.245 2.996
390 9.831 3.604 9.274 2.245 14.615 3.001
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A1519% .1 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (s0)

aey Dairy cows Oxen Buffaloes
C-input C-input C-input
N¥oIM5 C- emitted N¥oIMS C- emitted N¥oIMS C- emitted
N, C/AYTM) | (N, C/AY) | (PN, C/AY) | (D C/AVIYW) | (PD. C/AYIY) | (PR C/AMN)
391 9.831 3.604 9.442 2.254 14.615 3.002
392 9.831 3.660 9.547 2.274 14.630 3.019
393 9.831 3.663 10.004 2.328 14.630 3.046
394 9.948 3.663 10.119 2.332 14.630 3.065
395 10.408 3.927 10.219 2.518 14.801 3.120
396 10.434 3.985 11.456 2.550 14.801 3.129
397 10.908 3.985 13.652 2.742 15.304 3.146
398 12.224 4.085 13.652 2.750 16.179 3.238
399 13.258 4.264 13.652 2.816 18.009 3.545
400 14.446 4314 14.163 3.053 18.009 3.727
m
méﬂ 6.933 2.676 4.455 1.376 6.514 1.801
S.D. 1.282 0.571 1.933 0.360 3.138 0.506
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~ 9 a . [ . v 1 A A= =)
MINN .2 voyanl C-input N C-emitted vosdnnazyianany lud 2550-2551

[-»)]
Se
=4

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Pigs Chickens Hens
C-input C-input C-input
N5 C- emitted NS C- emitted N¥oIM5 C- emitted
0. C/AYTW | (0. CHVYTW | (DN C/HVIM | (. C/AYTW) | (. CAVTYW) | (PD. C/H/TN)
0.486 0.147 0.006 0.003 0.032 0.010
0.525 0.147 0.006 0.006 0.032 0.010
0.525 0.155 0.017 0.006 0.034 0.010
0.561 0.158 0.026 0.007 0.034 0.010
0.570 0.163 0.026 0.007 0.036 0.011
0.574 0.167 0.026 0.007 0.037 0.011
0.580 0.175 0.027 0.007 0.037 0.011
0.580 0.178 0.029 0.007 0.038 0.011
0.595 0.178 0.031 0.007 0.038 0.012
0.605 0.180 0.032 0.007 0.038 0.014
0.608 0.185 0.032 0.007 0.038 0.015
0.615 0.189 0.034 0.008 0.039 0.015
0.623 0.190 0.034 0.008 0.039 0.015
0.623 0.193 0.034 0.008 0.039 0.015
0.631 0.194 0.035 0.008 0.039 0.015
0.639 0.194 0.035 0.008 0.039 0.015
0.642 0.197 0.035 0.008 0.039 0.016
0.643 0.197 0.035 0.008 0.039 0.016
0.643 0.198 0.035 0.008 0.042 0.016
0.644 0.198 0.035 0.008 0.042 0.016
0.645 0.201 0.035 0.008 0.042 0.016
0.652 0.202 0.035 0.008 0.042 0.016
0.656 0.205 0.036 0.009 0.042 0.016
0.658 0.205 0.036 0.009 0.042 0.016
0.658 0.206 0.036 0.009 0.042 0.016
0.672 0.206 0.036 0.009 0.042 0.016
0.679 0.207 0.036 0.009 0.042 0.016
0.682 0.208 0.037 0.009 0.042 0.016
0.683 0.208 0.037 0.009 0.042 0.016
0.683 0.209 0.037 0.009 0.042 0.016
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AN 9.2 ToyaAY C-input H1U C-emitted VoIdnIuaaziananyluil 2550-2551 (7o)

Pigs Chickens Hens
o C-input C-input C-input
CAITI N N
NYINIS C- emitted NHOINT C- emitted WY0IH1S C- emitted
(0. /AT | (DN, C/HAY) | (PN, C/A/ ) N C/AVTW) | (DN, C/AIIN) | (AN, C/ATU)
31 0.683 0.209 0.037 0.009 0.042 0.016
32 0.688 0.212 0.037 0.009 0.042 0.016
33 0.689 0.213 0.037 0.009 0.042 0.016
34 0.694 0.214 0.037 0.009 0.042 0.016
35 0.701 0.215 0.037 0.009 0.042 0.016
36 0.702 0.215 0.037 0.009 0.042 0.016
37 0.706 0.215 0.038 0.009 0.042 0.016
38 0.713 0.216 0.038 0.010 0.042 0.016
39 0.722 0.220 0.038 0.010 0.042 0.016
40 0.726 0.220 0.038 0.010 0.042 0.016
41 0.729 0.221 0.038 0.010 0.042 0.016
42 0.731 0.222 0.038 0.010 0.042 0.016
43 0.758 0.225 0.038 0.010 0.042 0.016
44 0.763 0.227 0.038 0.010 0.042 0.016
45 0.769 0.227 0.038 0.010 0.042 0.016
46 0.778 0.227 0.038 0.010 0.042 0.016
47 0.780 0.227 0.039 0.010 0.042 0.016
48 0.780 0.228 0.039 0.010 0.042 0.016
49 0.784 0.228 0.039 0.010 0.042 0.016
50 0.784 0.228 0.039 0.010 0.042 0.016
51 0.784 0.228 0.039 0.010 0.042 0.016
52 0.788 0.230 0.039 0.010 0.042 0.016
53 0.788 0.235 0.040 0.010 0.042 0.016
54 0.788 0.236 0.040 0.010 0.042 0.016
55 0.793 0.238 0.040 0.010 0.042 0.016
56 0.793 0.238 0.040 0.011 0.042 0.016
57 0.793 0.239 0.040 0.011 0.042 0.016
58 0.796 0.240 0.040 0.011 0.042 0.016
59 0.797 0.242 0.041 0.011 0.042 0.016
60 0.803 0.244 0.041 0.011 0.042 0.016
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A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazatanany1lull 2550-2551 (s0)

Pigs Chickens Hens
o C-input C-input C-input
dau| . .
NYDINS C- emitted WYDIHS C- emitted NYDINS C- emitted
AN, C/AYY | (OD. C/AVIYW) | (PN. C/AYI) | (PN. C/A) | (PN. C/AN) | (P, C/AIN)
61 0.807 0.246 0.041 0.011 0.042 0.016
62 0.813 0.246 0.041 0.011 0.042 0.016
63 0.814 0.247 0.041 0.011 0.042 0.016
64 0.822 0.247 0.041 0.011 0.042 0.016
65 0.822 0.247 0.041 0.011 0.042 0.016
66 0.824 0.249 0.042 0.011 0.042 0.016
67 0.825 0.252 0.042 0.012 0.042 0.016
68 0.834 0.253 0.042 0.012 0.042 0.016
69 0.840 0.253 0.042 0.012 0.042 0.016
70 0.843 0.253 0.042 0.012 0.042 0.016
71 0.848 0.253 0.043 0.012 0.042 0.016
72 0.870 0.253 0.043 0.012 0.042 0.016
73 0.873 0.253 0.043 0.012 0.042 0.016
74 0.879 0.253 0.043 0.012 0.042 0.016
75 0.879 0.253 0.043 0.012 0.042 0.016
76 0.879 0.253 0.043 0.013 0.042 0.016
77 0.879 0.253 0.043 0.013 0.042 0.016
78 0.879 0.253 0.043 0.013 0.042 0.016
79 0.879 0.253 0.043 0.013 0.042 0.016
80 0.879 0.253 0.043 0.013 0.042 0.016
81 0.879 0.253 0.043 0.014 0.042 0.016
82 0.879 0.253 0.043 0.014 0.042 0.016
83 0.879 0.253 0.043 0.014 0.042 0.016
84 0.879 0.253 0.043 0.014 0.042 0.016
85 0.879 0.253 0.043 0.014 0.042 0.016
86 0.879 0.253 0.043 0.014 0.042 0.016
87 0.879 0.253 0.043 0.014 0.042 0.016
88 0.879 0.253 0.043 0.014 0.042 0.016
89 0.879 0.253 0.043 0.014 0.042 0.016
90 0.879 0.253 0.043 0.015 0.042 0.016
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A5 9.2 VoyAAY C-input H1U C-emitted VoIdnIuaaziananyluil 2550-2551 (7o)

Pigs Chickens Hens
o C-input C-input C-input
aau| . M
NTOINT C- emitted NTOINT C- emitted WY0I1H13 C- emitted
(0. C/AYTW | (. C/AYTW) | (DD, C/AYI) | (D, C/AYTYW) | (DN, C/HAY) | (PD. C/AY/TW)
91 0.879 0.253 0.043 0.015 0.042 0.016
92 0.879 0.253 0.043 0.015 0.042 0.016
93 0.879 0.253 0.043 0.015 0.042 0.016
94 0.879 0.253 0.043 0.015 0.042 0.016
95 0.879 0.253 0.043 0.015 0.042 0.016
96 0.879 0.253 0.043 0.016 0.042 0.016
97 0.879 0.253 0.043 0.016 0.042 0.016
98 0.879 0.253 0.043 0.016 0.042 0.016
99 0.879 0.253 0.043 0.016 0.042 0.016
100 0.879 0.253 0.043 0.016 0.042 0.016
101 0.879 0.253 0.043 0.017 0.042 0.016
102 0.879 0.253 0.043 0.017 0.042 0.016
103 0.879 0.253 0.043 0.017 0.042 0.016
104 0.879 0.253 0.043 0.017 0.042 0.016
105 0.879 0.253 0.043 0.017 0.042 0.016
106 0.879 0.253 0.043 0.017 0.042 0.016
107 0.879 0.253 0.043 0.017 0.042 0.016
108 0.879 0.253 0.043 0.017 0.042 0.016
109 0.879 0.253 0.043 0.017 0.042 0.016
110 0.879 0.253 0.043 0.017 0.042 0.016
111 0.879 0.253 0.043 0.017 0.042 0.016
112 0.879 0.253 0.043 0.017 0.042 0.016
113 0.879 0.253 0.043 0.017 0.042 0.016
114 0.879 0.253 0.043 0.017 0.042 0.016
115 0.879 0.253 0.043 0.017 0.042 0.016
116 0.879 0.253 0.043 0.017 0.042 0.016
117 0.879 0.253 0.043 0.017 0.042 0.016
118 0.879 0.253 0.043 0.017 0.042 0.016
119 0.879 0.253 0.043 0.017 0.042 0.016
120 0.879 0.253 0.043 0.017 0.042 0.016
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A15199 9.2 VoyAAY C-input H1U C-emitted VoIdnIuaazatananyluil 2550-2551 (7o)

Pigs Chickens Hens
o C-input C-input C-input
Ay “ “ “
NYD1HT C- emitted NY9IHIT C- emitted NWYDIHIT C- emitted
(0N, C/AW) | (PD. C/ANAYW) | (PR, C/AIM) | (PN, C/A/I) | (DR, C/AIU) | (PN, C/AI/IN)
121 0.879 0.253 0.043 0.017 0.042 0.016
122 0.879 0.253 0.043 0.017 0.042 0.016
123 0.879 0.253 0.043 0.017 0.042 0.016
124 0.879 0.253 0.043 0.017 0.042 0.016
125 0.879 0.253 0.043 0.017 0.042 0.016
126 0.879 0.253 0.043 0.017 0.042 0.016
127 0.879 0.253 0.043 0.017 0.042 0.016
128 0.879 0.253 0.043 0.017 0.042 0.016
129 0.879 0.253 0.043 0.017 0.042 0.016
130 0.879 0.253 0.043 0.017 0.042 0.016
131 0.879 0.253 0.043 0.017 0.042 0.016
132 0.879 0.253 0.043 0.017 0.042 0.016
133 0.879 0.253 0.043 0.017 0.042 0.016
134 0.879 0.253 0.043 0.017 0.042 0.016
135 0.879 0.253 0.043 0.017 0.042 0.016
136 0.879 0.253 0.043 0.017 0.042 0.016
137 0.879 0.253 0.043 0.017 0.042 0.016
138 0.879 0.253 0.043 0.017 0.042 0.016
139 0.879 0.253 0.043 0.017 0.042 0.016
140 0.879 0.253 0.043 0.017 0.042 0.016
141 0.879 0.253 0.043 0.017 0.042 0.016
142 0.879 0.253 0.043 0.017 0.042 0.016
143 0.879 0.253 0.043 0.017 0.042 0.016
144 0.879 0.253 0.043 0.017 0.042 0.016
145 0.879 0.253 0.043 0.017 0.042 0.016
146 0.879 0.253 0.043 0.017 0.042 0.016
147 0.879 0.253 0.043 0.017 0.042 0.016
148 0.879 0.253 0.043 0.017 0.042 0.016
149 0.879 0.253 0.043 0.017 0.042 0.016
150 0.879 0.253 0.043 0.017 0.042 0.016
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A15199 9.2 VoyAAY C-input H1U C-emitted VoIdnIuaazatananyluil 2550-2551 (7o)

Pigs Chickens Hens
o C-input C-input C-input
o] N N )
WYDIH1S C- emitted NHOINT C- emitted NYOINIT C- emitted
AN C/AYTW) | (0. CAVTW) | (. C/AYIW) | (N, C/AYTYW) | (PN, C/HYTW) | (PD. C/H/TW)
151 0.879 0.253 0.043 0.017 0.042 0.016
152 0.879 0.253 0.043 0.017 0.042 0.016
153 0.879 0.253 0.043 0.017 0.042 0.016
154 0.879 0.253 0.043 0.017 0.042 0.016
155 0.879 0.253 0.043 0.017 0.042 0.016
156 0.879 0.253 0.043 0.017 0.042 0.016
157 0.879 0.253 0.043 0.017 0.042 0.016
158 0.879 0.253 0.043 0.017 0.042 0.016
159 0.879 0.253 0.043 0.017 0.042 0.016
160 0.879 0.253 0.043 0.017 0.042 0.016
161 0.879 0.253 0.043 0.017 0.042 0.016
162 0.879 0.253 0.043 0.017 0.042 0.016
163 0.879 0.253 0.043 0.017 0.042 0.016
164 0.879 0.253 0.043 0.017 0.042 0.016
165 0.879 0.253 0.043 0.017 0.042 0.016
166 0.879 0.253 0.043 0.017 0.042 0.016
167 0.879 0.253 0.043 0.017 0.042 0.016
168 0.879 0.253 0.043 0.017 0.042 0.016
169 0.879 0.253 0.043 0.017 0.042 0.016
170 0.879 0.253 0.043 0.017 0.042 0.016
171 0.879 0.253 0.043 0.017 0.042 0.016
172 0.879 0.253 0.043 0.017 0.042 0.016
173 0.879 0.253 0.043 0.017 0.042 0.016
174 0.879 0.253 0.043 0.017 0.042 0.016
175 0.879 0.253 0.043 0.017 0.042 0.016
176 0.879 0.253 0.043 0.017 0.042 0.016
177 0.879 0.253 0.043 0.017 0.042 0.016
178 0.879 0.253 0.043 0.017 0.042 0.016
179 0.879 0.253 0.043 0.017 0.042 0.016
180 0.879 0.253 0.043 0.017 0.042 0.016
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A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Pigs Chickens Hens
o C-input C-input C-input
o] ) M N
WY0I1H13 C- emitted WY0I1H15 C- emitted WY0IH1S C- emitted
(AN C/AUYTW) | (. C/AUYTW) | (AN C/AYTW) | (PN, C/ATY) | (AN, C/AYTU) | (PN, C/ATU)
181 0.879 0.253 0.043 0.017 0.042 0.016
182 0.879 0.253 0.043 0.017 0.042 0.016
183 0.879 0.253 0.043 0.017 0.042 0.016
184 0.879 0.253 0.043 0.017 0.042 0.016
185 0.879 0.253 0.043 0.017 0.042 0.016
186 0.879 0.253 0.043 0.017 0.042 0.016
187 0.879 0.253 0.043 0.017 0.042 0.016
188 0.879 0.253 0.043 0.017 0.042 0.016
189 0.879 0.253 0.043 0.017 0.042 0.016
190 0.879 0.253 0.043 0.017 0.042 0.016
191 0.879 0.253 0.043 0.017 0.042 0.016
192 0.879 0.253 0.043 0.017 0.042 0.016
193 0.879 0.253 0.043 0.017 0.042 0.016
194 0.879 0.253 0.043 0.017 0.042 0.016
195 0.879 0.253 0.043 0.017 0.042 0.016
196 0.879 0.253 0.043 0.017 0.042 0.016
197 0.879 0.253 0.043 0.017 0.042 0.016
198 0.879 0.253 0.043 0.017 0.042 0.016
199 0.879 0.253 0.043 0.017 0.042 0.016
200 0.879 0.253 0.043 0.017 0.042 0.016
201 0.879 0.253 0.043 0.017 0.042 0.016
202 0.879 0.253 0.043 0.017 0.042 0.016
203 0.879 0.253 0.043 0.017 0.042 0.016
204 0.879 0.253 0.043 0.017 0.042 0.016
205 0.879 0.253 0.043 0.017 0.042 0.016
206 0.879 0.253 0.043 0.017 0.042 0.016
207 0.879 0.253 0.043 0.017 0.042 0.016
208 0.879 0.253 0.043 0.017 0.042 0.016
209 0.879 0.253 0.043 0.017 0.042 0.016
210 0.879 0.253 0.043 0.017 0.042 0.016




244

A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazatanany1lull 2550-2551 (s0)

211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

Pigs Chickens Hens
C-input C-input C-input
N¥o1M3 C- emitted N¥01¥T C- emitted W¥0 113 C- emitted
0N C/AYTW) | (AN, C/AYIW | (0. C/AYIW) | (DD C/AII) | (PD. C/A1/3M) | (PD. C/A1/ W)
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
0.879 0.253 0.043 0.017 0.042 0.016
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AN 9.2 ToyaAY C-input H1U C-emitted VoIdnIuaaziananyluil 2550-2551 (7o)

Pigs Chickens Hens
C-input Wy C-input Th) C-input Th )
19U 91113 C- emitted 91113 C- emitted 91113 C- emitted
(P, CIMN/
(0D, C/ATYW) | (PN, C/AUIY) | (PR, C/AYIU) | (PN, C/AUIM) | (PN, C/AI/IN) M)
241 0.879 0.253 0.043 0.017 0.042 0.016
242 0.879 0.253 0.043 0.017 0.042 0.016
243 0.879 0.253 0.043 0.017 0.042 0.016
244 0.879 0.253 0.043 0.017 0.042 0.016
245 0.879 0.253 0.043 0.017 0.042 0.016
246 0.879 0.253 0.043 0.017 0.042 0.016
247 0.879 0.253 0.043 0.017 0.042 0.016
248 0.879 0.253 0.043 0.017 0.042 0.016
249 0.879 0.253 0.043 0.017 0.042 0.016
250 0.879 0.253 0.043 0.017 0.042 0.016
251 0.879 0.253 0.043 0.017 0.042 0.016
252 0.879 0.253 0.043 0.017 0.042 0.016
253 0.879 0.253 0.043 0.017 0.042 0.016
254 0.879 0.253 0.043 0.017 0.042 0.016
255 0.879 0.253 0.043 0.017 0.042 0.016
256 0.879 0.253 0.043 0.017 0.042 0.016
257 0.879 0.253 0.043 0.017 0.042 0.016
258 0.879 0.253 0.043 0.017 0.042 0.016
259 0.879 0.253 0.043 0.017 0.042 0.016
260 0.879 0.253 0.043 0.017 0.042 0.016
261 0.879 0.253 0.043 0.018 0.042 0.016
262 0.879 0.253 0.043 0.018 0.042 0.016
263 0.879 0.253 0.043 0.018 0.042 0.016
264 0.879 0.253 0.043 0.018 0.042 0.016
265 0.879 0.253 0.043 0.018 0.042 0.016
266 0.879 0.253 0.043 0.018 0.042 0.016
267 0.879 0.253 0.043 0.019 0.042 0.016
268 0.879 0.253 0.043 0.019 0.042 0.016
269 0.879 0.253 0.043 0.019 0.042 0.016
270 0.879 0.253 0.043 0.019 0.042 0.016
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A5 9.2 VoyAAY C-input H1U C-emitted VoIdnIuaaziananyluil 2550-2551 (7o)

Pigs Chickens Hens
C-input C-input C-input
M| Nyers C- emitted N¥oIM5 C- emitted N¥oIM3 C- emitted
(nn. C/aY
N, C/HYTY) | (PN. C/AHIN) On. /YY) | (PN C/AM) | (PN, C/AIN) oin)
271 0.879 0.253 0.043 0.019 0.042 0.016
272 0.879 0.253 0.043 0.019 0.042 0.016
273 0.879 0.253 0.043 0.019 0.042 0.016
274 0.879 0.253 0.043 0.019 0.042 0.016
275 0.879 0.253 0.043 0.019 0.042 0.016
276 0.879 0.253 0.043 0.019 0.042 0.016
277 0.879 0.253 0.043 0.019 0.042 0.016
278 0.879 0.253 0.043 0.019 0.042 0.016
279 0.879 0.253 0.043 0.019 0.042 0.016
280 0.879 0.253 0.043 0.019 0.042 0.016
281 0.879 0.253 0.043 0.019 0.042 0.016
282 0.879 0.253 0.043 0.019 0.042 0.016
283 0.879 0.253 0.043 0.019 0.042 0.016
284 0.879 0.253 0.043 0.020 0.042 0.016
285 0.879 0.253 0.043 0.021 0.042 0.016
286 0.879 0.253 0.043 0.021 0.042 0.016
287 0.879 0.253 0.043 0.021 0.042 0.016
288 0.879 0.253 0.043 0.021 0.042 0.016
289 0.879 0.253 0.043 0.021 0.042 0.016
290 0.879 0.253 0.043 0.021 0.042 0.016
291 0.879 0.253 0.043 0.021 0.042 0.016
292 0.879 0.253 0.043 0.021 0.042 0.016
293 0.879 0.253 0.043 0.021 0.042 0.016
294 0.879 0.253 0.043 0.021 0.042 0.016
295 0.879 0.253 0.043 0.021 0.042 0.016
296 0.879 0.253 0.043 0.021 0.042 0.016
297 0.879 0.253 0.043 0.021 0.042 0.016
298 0.879 0.253 0.043 0.021 0.042 0.016
299 0.879 0.253 0.043 0.021 0.042 0.016
300 0.879 0.253 0.043 0.021 0.042 0.016
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A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazatanany1lull 2550-2551 (s0)

Pigs Chickens Hens
o C-input C-input C-input
a1y - - -
NEDIHI C- emitted NYDIHI C- emitted WYDIHIT C- emitted
N, C/AYTYW) | (. C/AIIYW) | (AN. C/AN) | (PN, C/AIIN) | (PN, C/AIIN) | (PN. C/AIN)
301 0.879 0.253 0.043 0.021 0.042 0.016
302 0.879 0.253 0.043 0.021 0.042 0.016
303 0.879 0.253 0.043 0.021 0.042 0.016
304 0.879 0.253 0.043 0.021 0.042 0.016
305 0.879 0.253 0.043 0.021 0.042 0.016
306 0.879 0.253 0.043 0.021 0.042 0.016
307 0.879 0.253 0.043 0.021 0.042 0.016
308 0.879 0.253 0.043 0.021 0.042 0.016
309 0.879 0.253 0.043 0.021 0.042 0.016
310 0.879 0.253 0.043 0.021 0.042 0.016
311 0.879 0.253 0.043 0.021 0.042 0.016
312 0.879 0.253 0.043 0.021 0.042 0.016
313 0.879 0.253 0.043 0.021 0.042 0.016
314 0.879 0.253 0.043 0.021 0.042 0.016
315 0.879 0.253 0.043 0.021 0.042 0.016
316 0.879 0.253 0.043 0.022 0.042 0.016
317 0.879 0.253 0.043 0.022 0.042 0.016
318 0.879 0.253 0.043 0.022 0.042 0.016
319 0.879 0.253 0.043 0.022 0.042 0.016
320 0.879 0.253 0.043 0.022 0.042 0.016
321 0.879 0.253 0.043 0.022 0.042 0.016
322 0.879 0.253 0.043 0.022 0.042 0.016
323 0.879 0.253 0.043 0.022 0.042 0.016
324 0.879 0.253 0.043 0.022 0.042 0.016
325 0.879 0.253 0.043 0.022 0.042 0.016
326 0.879 0.253 0.043 0.022 0.042 0.016
327 0.879 0.253 0.043 0.022 0.042 0.016
328 0.879 0.253 0.043 0.022 0.042 0.016
329 0.879 0.253 0.043 0.022 0.042 0.016
330 0.879 0.253 0.043 0.022 0.042 0.016
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A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazatanany1lull 2550-2551 (s0)

Pigs Chickens Hens
o C-input C-input C-input
a1y “« “ “
NYDINIT C- emitted NYDINIT C- emitted WY C- emitted
0N, C/AY™Y | (PN, C/AYM) | (On. C/AVTW) | (DD, C/aY W) | (hn. C/AV W) | (hn. C/HITY)
331 0.879 0.253 0.043 0.022 0.042 0.016
332 0.879 0.253 0.043 0.022 0.042 0.016
333 0.879 0.253 0.044 0.022 0.042 0.016
334 0.879 0.253 0.044 0.022 0.042 0.016
335 0.879 0.253 0.044 0.022 0.042 0.016
336 0.879 0.253 0.044 0.022 0.042 0.016
337 0.879 0.253 0.044 0.022 0.042 0.016
338 0.879 0.253 0.045 0.022 0.042 0.016
339 0.879 0.253 0.045 0.022 0.042 0.016
340 0.879 0.253 0.045 0.022 0.042 0.016
341 0.879 0.253 0.046 0.022 0.042 0.016
342 0.879 0.253 0.046 0.022 0.042 0.016
343 0.879 0.253 0.046 0.022 0.042 0.016
344 0.879 0.253 0.046 0.022 0.042 0.016
345 0.879 0.253 0.046 0.022 0.042 0.016
346 0.879 0.253 0.046 0.022 0.042 0.016
347 0.879 0.253 0.046 0.022 0.042 0.016
348 0.879 0.254 0.047 0.022 0.042 0.016
349 0.879 0.255 0.047 0.022 0.042 0.016
350 0.879 0.257 0.047 0.022 0.042 0.016
351 0.879 0.258 0.047 0.022 0.042 0.016
352 0.879 0.258 0.047 0.022 0.042 0.016
353 0.883 0.258 0.047 0.022 0.042 0.016
354 0.891 0.259 0.047 0.022 0.042 0.016
355 0.895 0.261 0.047 0.022 0.042 0.016
356 0.906 0.263 0.048 0.022 0.042 0.016
357 0.916 0.263 0.048 0.022 0.042 0.016
358 0.916 0.267 0.048 0.022 0.042 0.016
359 0.925 0.268 0.048 0.023 0.042 0.016
360 0.932 0.270 0.048 0.023 0.042 0.016




249

A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazianany1lull 2550-2551 (7o)

Pigs Chickens Hens
o C-input C-input C-input
a1y - - “
NYDIHI C- emitted NEDIHI C- emitted NYINIT C- emitted
N, C/AYTWY) | (AN C/AYIN | (PN, C/A) | (PP, C/HYTY) | (PD. C/AIN) | (PN, C/AITH)
361 0.934 0.275 0.048 0.023 0.042 0.016
362 0.948 0.275 0.048 0.023 0.042 0.016
363 0.961 0.277 0.048 0.023 0.042 0.016
364 0.975 0.278 0.049 0.023 0.042 0.016
365 0.975 0.282 0.049 0.023 0.042 0.016
366 0.976 0.286 0.049 0.023 0.042 0.016
367 0.981 0.286 0.049 0.023 0.042 0.016
368 0.987 0.288 0.049 0.023 0.042 0.016
369 0.992 0.289 0.049 0.023 0.042 0.016
370 0.998 0.291 0.049 0.023 0.044 0.016
371 0.999 0.292 0.049 0.023 0.044 0.016
372 1.028 0.294 0.049 0.023 0.044 0.017
373 1.028 0.294 0.049 0.023 0.044 0.017
374 1.028 0.296 0.049 0.023 0.044 0.017
375 1.028 0.297 0.049 0.023 0.044 0.017
376 1.030 0.297 0.049 0.023 0.044 0.017
377 1.038 0.298 0.049 0.023 0.044 0.017
378 1.046 0.299 0.049 0.023 0.044 0.017
379 1.050 0.301 0.051 0.023 0.044 0.017
380 1.069 0.302 0.051 0.023 0.045 0.017
381 1.110 0.306 0.051 0.023 0.045 0.017
382 1.138 0.307 0.051 0.023 0.045 0.017
383 1.142 0.313 0.051 0.023 0.045 0.017
384 1.170 0.314 0.051 0.023 0.045 0.017
385 1.170 0.321 0.051 0.023 0.045 0.017
386 1.190 0.330 0.051 0.023 0.045 0.017
387 1.210 0.335 0.052 0.023 0.045 0.017
388 1.215 0.340 0.052 0.023 0.045 0.017
389 1.233 0.355 0.053 0.023 0.045 0.017
390 1.267 0.356 0.053 0.023 0.045 0.017
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A1519% 9.2 ToyAAY C-input 1 C-emitted Vosdnuaazatanany1lull 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
Mau » . N
NEDINIT C- emitted NYDINIT C- emitted NYDIHI C- emitted
On. /YWY | (N, C/AYTMW) | (Pn. C/AV W) | (hn. C/AV W) | (Pn. C/A W) | (hn. C/ATH)

391 1.267 0.356 0.054 0.023 0.045 0.017
392 1.267 0.366 0.058 0.023 0.046 0.017
393 1.267 0.372 0.058 0.023 0.046 0.018
394 1.267 0.374 0.059 0.023 0.046 0.018
395 1.267 0.375 0.061 0.023 0.046 0.019
396 1.293 0.378 0.061 0.026 0.047 0.020
397 1.336 0.378 0.063 0.028 0.047 0.020
398 1.365 0.383 0.063 0.028 0.048 0.021
399 1.915 0.398 0.068 0.028 0.048 0.021
400 2918 0.400 0.073 0.028 0.049 0.022
m

!ﬂéﬂ 0.879 0.253 0.043 0.017 0.042 0.016
S.D. 0.297 0.058 0.007 0.006 0.004 0.003




A 9 a . [ . v J 1 A A =)
ATNN .3 VBYaAU C-input NU C-fixation vosdaunazyiananylud 2550-2551

251

Dairy cows Oxen Buffaloes
C-input C-input C-input
Meu | Wrems C- fixation N¥o1M3 C- fixation N¥o1NS C- fixation
(nn. C/AY
) N C/AYTW) | (AN, C/AHYTW | (DD, C/AII) | (PD. C/A/TN) (AN, C/ATU)
1 5.037 1.859 0.944 0.000 1.626 0.000
2 5.037 1.988 1.453 0.000 1.626 0.000
3 5.037 2.198 1.464 0.000 2.097 0.000
4 5.037 2.209 1.511 0.000 2.146 0.000
5 5.037 2.236 1.556 0.054 2.146 0.000
6 5.037 2237 1.558 0.088 2.146 0.228
7 5.037 2.271 1.662 0.140 2.254 0.229
8 5.037 2.294 1.662 0.144 2.341 0.271
9 5.037 2.313 1.683 0.185 2.341 0.304
10 5.037 2.335 1.754 0.265 2.436 0.306
11 5.037 2.352 1.787 0.309 2.452 0.401
12 5.037 2.364 1.794 0.335 2.503 0.408
13 5.037 2.446 1.846 0.365 2.503 0.432
14 5.037 2.450 1.865 0.421 2.536 0.476
15 5.037 2.457 1.888 0.451 2.575 0.498
16 5.037 2.457 1.888 0.451 2.621 0.695
17 5.037 2.469 1.888 0.457 2.630 0.711
18 5.037 2.496 1.888 0.469 2.664 0.798
19 5.037 2.525 1.888 0.531 2.682 0.803
20 5.037 2.542 1.888 0.542 2.691 0.832
21 5.037 2.579 1.888 0.597 2.780 0.843
22 5.037 2,610 1.983 0.603 2.859 0.859
23 5.037 2.625 1.983 0.605 2.861 0.968
24 5.037 2.632 2.005 0.613 2.861 0.971
25 5.037 2.685 2.005 0.625 2.865 1.051
26 5.037 2.763 2.028 0.665 2.926 1.054
27 5.037 2.819 2.073 0.684 2.926 1.104
28 5.037 2.824 2.073 0.691 2.926 1.146
29 5.037 2.830 2.077 0.704 2.926 1.155
30 5.037 2.832 2.077 0.776 2.926 1.208
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M3199 1.3 Y0YaAY C-input AU C-fixation Vosda udazwilaidn11il 2550-2551 (do)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
an - “ -
NYD1HT C- fixation NYOIHIT C- fixation NYD1HT C- fixation
! (P, CIAN/ (P, C/6/
M) (NN, C/A1/IU) ) (0N, C/AIW) | (PN C/AIM) (PN, C/N/TU)

31 5.037 2.858 2.077 0.778 2.926 1.229
32 5.037 2.858 2.096 0.793 2.926 1.230
33 5.037 2.866 2.096 0.817 2.926 1.277
34 5.037 2.870 2.216 0.882 2.926 1.284
35 5.376 2.891 2.256 0.926 3.028 1.291
36 5.417 2.893 2.256 0.927 3.121 1.301
37 5.466 2.939 2.256 0.956 3.166 1.353
38 5.507 2.949 2.266 0.962 3.219 1.375
39 5.522 3.015 2.266 0.970 3.251 1.408
40 5.608 3.022 2.266 0.982 3.313 1.418
41 5.670 3.146 2.361 0.997 3.313 1.425
42 5.672 3.184 2.361 1.002 3414 1.452
43 5.722 3.207 2.361 1.007 3451 1.453
44 5.722 3.210 2.361 1.007 3.451 1.468
45 5.726 3.226 2.463 1.047 3.495 1.583
46 5.741 3.325 2.463 1.053 3.495 1.595
47 5.742 3.325 2.463 1.106 3.495 1.605
48 5.830 3.350 2.463 1.113 3.548 1.616
49 5.878 3.409 2.485 1.115 3.606 1.635
50 5.887 3.433 2.485 1.137 3.609 1.669
51 5.895 3.534 2.493 1.157 3.658 1.732
52 5.937 3.536 2.555 1.165 3.658 1.737
53 5.948 3.559 2.555 1.179 3.658 1.740
54 5.984 3.589 2.555 1.179 3.732 1.772
55 6.032 3.608 2.606 1.240 3.755 1.811
56 6.090 3.608 2.619 1.249 3.758 1.830
57 6.134 3.608 2.631 1.256 3.801 1.831
58 6.141 3.613 2.631 1.271 3.901 1.843
59 6.151 3.716 2.674 1.278 3.901 1.983
60 6.208 3.773 2.707 1.280 3.901 2.035
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M3199 1.3 YoYAAV C-input 71 C-fixation YoIda Junazsilafianu Uil 2550-2551 (se)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
a1y - - ~
NY9IHIT C- fixation NY9IHIT C- fixation NPT C- fixation
(PD. C/ANAIY) | (PN C/AYIU) | (N, C/A) | (PD. C/AIN) (NN, C/AIYW) | (PN, C/A M)
61 6.267 3.782 2.707 1.300 3.901 2.044
62 6.267 3.782 2.742 1.314 3.901 2.091
63 6.333 3.790 2.833 1.315 3.901 2.111
64 6.338 3.791 2.833 1.315 3.901 2.129
65 6.358 3.802 2.833 1.321 3.901 2.132
66 6.358 3.843 2.833 1.324 3.901 2.154
67 6.429 3.844 2.833 1.367 3.901 2.156
68 6.429 3.850 2.833 1.369 3.926 2.224
69 6.436 3.883 2.833 1.373 3.954 2.231
70 6.436 3.915 2.833 1.381 3.954 2.235
71 6.438 3.920 2.833 1.388 3.954 2.249
72 6.438 3.943 2.833 1.401 3.954 2.261
73 6.438 3.950 2.833 1.402 3.954 2.265
74 6.455 3.957 2.849 1.410 4.036 2.315
75 6.455 3.957 2.880 1.419 4.036 2.323
76 6.455 3.965 2.885 1.419 4.047 2.331
77 6.471 3.965 2.902 1.428 4.064 2.334
78 6.478 3.970 2.902 1.430 4.180 2.337
79 6.478 3.994 2.902 1.452 4.180 2.347
80 6.478 4.030 2911 1.455 4.194 2.380
81 6.491 4.045 2914 1.464 4.194 2.406
82 6.491 4.097 2.920 1.471 4.276 2.418
83 6.496 4.099 2.920 1.481 4292 2.433
84 6.503 4.100 2.938 1.536 4.292 2.437
85 6.509 4.127 2.939 1.581 4.292 2.446
86 6.520 4.127 2.939 1.583 4.292 2.452
87 6.527 4.127 2.939 1.588 4.292 2.464
88 6.527 4.127 2.980 1.608 4.292 2.468
89 6.529 4.127 3.009 1.614 4.292 2.472
90 6.540 4.144 3.045 1.620 4.292 2.540
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A5 9.3 VoyAAY C-input H11 C-fixation YodauAazyianAnu1ull 2550-2551 (sio)

Dairy cows Oxen Buffaloes
C-input C-input C-input
. o - C- fixation - C- fixation - C- fixation
any NY¥DINI NY¥DINI NY¥DINI
. . . . . (M. C/NY

M. C/AI) | (MN. C/AIIMU) | (N C/AIYW) | (PR, C/AIN) (MN. C/AIN) 5
91 6.547 4.160 3.045 1.621 4.292 2.556
92 6.551 4.179 3.045 1.630 4.292 2.560
93 6.552 4.192 3.056 1.637 4.292 2.610
94 6.556 4.220 3.077 1.644 4.292 2.613
95 6.561 4.220 3.077 1.663 4.292 2.618
96 6.565 4.220 3.077 1.668 4.298 2.631
97 6.570 4.220 3.105 1.670 4.325 2.647
98 6.574 4.220 3.116 1.672 4.335 2.648
99 6.581 4.220 3.116 1.677 4.335 2.658
100 6.584 4.220 3.116 1.686 4354 2.682
101 6.587 4.220 3.120 1.693 4.357 2.697
102 6.592 4.220 3.124 1.703 4.389 2.721
103 6.592 4.221 3.124 1.709 4.389 2.763
104 6.602 4221 3.145 1.774 4.389 2.765
105 6.606 4.221 3.160 1.796 4.389 2.784
106 6.606 4.221 3.185 1.806 4.389 2.802
107 6.611 4.222 3.185 1.808 4.389 2.821
108 6.616 4.222 3.193 1.812 4.389 2.832
109 6.620 4.222 3.193 1.816 4.389 2.849
110 6.627 4.222 3.248 1.838 4.389 2.851
111 6.633 4.222 3.248 1.851 4.418 2.870
112 6.638 4.222 3.248 1.863 4.463 2.895
113 6.643 4.225 3.277 1.881 4.463 2.898
114 6.643 4.230 3.284 1.901 4.464 2.925
115 6.653 4.230 3.305 1.905 4.464 2.935
116 6.658 4.235 3.357 1.909 4.584 2.939
117 6.659 4.243 3.357 1.916 4.584 2.953
118 6.661 4.247 3.399 1.949 4.719 2.999
119 6.663 4.247 3.427 1.956 4.765 3.012
120 6.663 4.247 3.427 1.960 4.765 3.027




255

M3199 1.3 Y0YaAY C-input AU C-fixation Vosda udazwilaidn11il 2550-2551 (do)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
anay - “ "
NYD1HT C- fixation NY9IHIT C- fixation WYDIHIT C- fixation
(NN, C/A/IUW) | (DN C/AYIU) | (N, C/AIU) | (N C/AAYM) | (PN, C/A/I) | (DD, C/A/TU)
121 6.672 4.247 3.447 1.969 4.776 3.044
122 6.678 4.247 3.447 1.970 4.877 3.056
123 6.684 4.247 3.450 1.976 4.877 3.062
124 6.688 4.247 3.468 1.977 4.877 3.075
125 6.693 4.250 3.494 2.007 4.877 3.081
126 6.698 4.250 3.504 2.018 4.877 3.110
127 6.703 4.250 3.504 2.027 4.877 3.168
128 6.703 4.250 3.504 2.045 4.877 3.181
129 6.703 4.250 3.513 2.046 4.877 3.183
130 6.708 4.250 3.513 2.073 4.877 3.201
131 6.718 4.250 3.513 2.083 4.877 3214
132 6.723 4.250 3.541 2.092 4.877 3.240
133 6.723 4.250 3.541 2.104 4.877 3.245
134 6.733 4.250 3.541 2.110 4.877 3.248
135 6.738 4.250 3.541 2.119 4.877 3.262
136 6.738 4.250 3.542 2.123 4.877 3.313
137 6.748 4.250 3.542 2.131 4.877 3.327
138 6.753 4.250 3.542 2.148 4.877 3.366
139 6.759 4.250 3.542 2.156 4.877 3.388
140 6.759 4.255 3.542 2.157 4.877 3.406
141 6.769 4.255 3.550 2.184 4.881 3.425
142 6.771 4.255 3.571 2.221 5.012 3.427
143 6.774 4.255 3.571 2.226 5.012 3.433
144 6.776 4.255 3.584 2.233 5.020 3.453
145 6.776 4.255 3.584 2.261 5.029 3.470
146 6.776 4.255 3.588 2.271 5.056 3.481
147 6.779 4.255 3.610 2.281 5.056 3.494
148 6.788 4.255 3.632 2.282 5.364 3.502
149 6.793 4.255 3.682 2.295 5.370 3.508
150 6.798 4.257 3.693 2.300 5.393 3.534




256

A15199 9.3 VoyAAY C-input 1 C-fixation vosdniuaazatananyluil 2550-2551 (sie)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
a1y " “ “
WY9IHIT C- fixation NY9IHIT C- fixation NY9IHIT C- fixation
(PN, C/ANATY) | (N, C/AW) | (PN. C/A/IY) | (PN, C/A/I) | (PR, C/AYIM) | (DD C/AI/TU)
151 6.803 4257 3.777 2.312 5.393 3.561
152 6.808 4.257 3.777 2.313 5.437 3.569
153 6.808 4.257 3.777 2.333 5.459 3.610
154 6.809 4.257 3.777 2.342 5.462 3.628
155 6.814 4.257 3.777 2.348 5.475 3.655
156 6.815 4.257 3.827 2.369 5.524 3.665
157 6.819 4.257 3.827 2.377 5.568 3.678
158 6.824 4.257 3.854 2.383 5.651 3.696
159 6.827 4.257 3.877 2.390 5.651 3.782
160 6.830 4.257 3.877 2.390 5.651 3.804
161 6.835 4.257 3.878 2.410 5.690 3.906
162 6.840 4.257 3.899 2.414 5.722 4.007
163 6.846 4.257 3.899 2.418 5.752 4.011
164 6.851 4.257 3.923 2.421 5.846 4.021
165 6.857 4.257 3.973 2.430 5.852 4.028
166 6.862 4.257 4.013 2.464 5.852 4.053
167 6.864 4.257 4.013 2.469 5.852 4.058
168 6.866 4.257 4.013 2.477 5.852 4.062
169 6.867 4.257 4.014 2.478 5.852 4.088
170 6.870 4.257 4.014 2.490 5.852 4.088
171 6.871 4.257 4.060 2.529 5.852 4.108
172 6.874 4.257 4.060 2.531 5.852 4.144
173 6.875 4.257 4.060 2.535 5.852 4.172
174 6.879 4.257 4.060 2.536 5.947 4.178
175 6.880 4.257 4.060 2.540 5.967 4.184
176 6.881 4.257 4.060 2.553 5.987 4.201
177 6.881 4.257 4.060 2.555 6.291 4.207
178 6.882 4.257 4.060 2.557 6.291 4.238
179 6.884 4.257 4.060 2.576 6.331 4.292
180 6.884 4.257 4.060 2.610 6.331 4.310




257

A1519% 9.3 ToyaAY C-input 1 C-fixation vosdaiuaazatanany1luil 2550-2551 (s0)

)}
Se
=4

Dairy cows Oxen Buffaloes
C-input C-input C-input
W¥0I1M3 C- fixation N¥oIMS C- fixation W¥0I1M3 C- fixation

(PN, C/AIIN)

(PR, C/MITH)

(M0, C/AITH)

(AN, C/AIIN)

(PR. C/AITH)

(PN, C/AIIN)

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

6.887
6.887
6.888
6.889
6.889
6.890
6.890
6.893
6.893
6.894
6.894
6.894
6.894
6.894
6.895
6.897
6.897
6.897
6.897
6.897
6.898
6.899
6.899
6.901
6.903
6.904
6.907
6.909
6.909
6.912

4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257

4.060
4.060
4.060
4.060
4.060
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.155
4.190
4.207
4.249
4.249
4.249
4.249
4.249
4.249
4.249
4.249

2.612
2.627
2.628
2.636
2.648
2.649
2.667
2.693
2.693
2.707
2.707
2.715
2.728
2.735
2.735
2.747
2.752
2.774
2.796
2.811
2.824
2.837
2.842
2.842
2.847
2.852
2.857
2.858
2.877

2911

6.340
6.340
6.340
6.340
6.340
6.340
6.340
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437
6.437

4352
4381
4386
4413
4.415
4.433
4.470
4.499
4.505
4537
4572
4.579
4.600
4.644
4.656
4.688
4.705
4.715
4.715
4715
4.715
4715
4.715
4.715
4.715
4715
4.715
4.715
4.715
4.715
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A1519% 9.3 ToyaAY C-input 1 C-fixation vosdaiuaazatanany1luil 2550-2551 (s0)

),
Se
=4

Dairy cows Oxen Buffaloes
C-input C-input C-input
W¥0I1M3 C- fixation N¥0IMS C- fixation N¥OIM5 C- fixation

(M0, C/AIIN)

("D, C/MNTH)

M0, C/AITH)

("D, C/MNTH)

("D, C/ATH)

(M0, C/AIIN)

211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

6.915
6.916
6.918
6.920
6.922
6.923
6.926
6.929
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931
6.931

4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257
4.257

4257
4287
4287
4304
4304
4327
4378
4.402
4.402
4438
4438
4438
4438
4455
4.455
4.460
4.460
4.460
4.460
4.460
4.460
4.460
4.460
4.585
4.585
4.585
4.585
4.585
4.600

4.640

2912
2915
2.920
2.924
2.925
2.929
2.938
2.949
2.956
2.958
2.978
2.989
2.990
2.992
3.026
3.038
3.040
3.062
3.090
3.090
3.117
3.132
3.140
3.144
3.152
3.162
3.163
3.171
3.195
3.196

6.437
6.437
6.437
6.437
6.502
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514
6.514

6.514

4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
4.715
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A1519% 9.3 ToyaAY C-input 1 C-fixation vosdaiuaazatanany1luil 2550-2551 (s0)

),
Se
=4

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

Dairy cows Oxen Buffaloes
C-input C-input C-input
N¥01HS C- fixation W¥01H13 C- fixation N¥o1M3 C- fixation
(0. /AW | (dD. C/AYTW | (M. C/AYTW) | (D, C/AYTW) | (DD, C/AI) | (DN, C/AI)
6.931 4,257 4.640 3.206 6.514 4715
6.931 4257 4.651 3.216 6.514 4715
6.931 4.257 4.663 3.226 6.514 4715
6.931 4257 4.679 3.230 6.514 4715
6.931 4257 4.679 3.232 6.514 4715
6.931 4257 4.679 3.239 6.514 4715
6.931 4,257 4.679 3.241 6.514 4715
6.931 4.257 4.679 3.241 6.514 4.715
6.931 4257 4.679 3.242 6.514 4715
6.931 4257 4.679 3.287 6.514 4715
6.931 4257 4.679 3.293 6.514 4715
6.931 4,257 4.679 3.297 6.514 4715
6.931 4.257 4.679 3.323 6.514 4715
6.931 4.257 4.721 3.324 6.514 4715
6.931 4257 4.721 3.324 6.514 4715
6.931 4257 4.721 3.331 6.514 4.733
6.931 4257 4.721 3.350 6.514 4752
6.931 4257 4.721 3.376 6.514 4783
6.931 4,257 4721 3.379 6.514 4,784
6.931 4.257 4.721 3.405 6.514 4.789
6.931 4.257 4.721 3.408 6.514 4.799
6.931 4257 4.721 3.416 6.514 4.833
6.931 4257 4.721 3.436 6.514 4.847
6.931 4257 4.721 3.441 6.514 4.863
6.931 4,257 4721 3.450 6.514 4.879
6.931 4.257 4.721 3.458 6.514 4918
6.931 4257 4.721 3.489 6.514 4.927
6.931 4257 4.721 3.530 6.514 4.943
6.931 4,257 4.739 3.583 6.514 4951
6.931 4,257 4.860 3.594 6.514 5.004




260

A1519% 9.3 ToyaAY C-input 1 C-fixation vosdaiuaazatanany1luil 2550-2551 (s0)

Do
-
=4

271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

287
288
289
290
291
292
293
294
295
296
297
298
299
300

Dairy cows Oxen Buffaloes
C-input C-input C-input
Nyo1M3 C- fixation N¥o1NS C- fixation W¥01H13 C- fixation
@O0 CAYTW | (0. /AW | (DN, C/AAY) | (DN, C/AAY) | (PN, C/AYTH) | (PN, C/ATY)
6.931 4.257 4.864 3.627 6.514 5.025
6.931 4257 4.864 3.628 6.514 5.058
6.931 4.257 4.864 3.629 6.514 5.072
6.931 4257 4.864 3.634 6.572 5.108
6.931 4257 4.864 3.638 6.594 5.116
6.931 4257 4.864 3.639 6.626 5.137
6.931 4.257 4.864 3.648 6.828 5.144
6.931 4.257 4.864 3.679 6.828 5.148
6.931 4.257 4.864 3.679 6.828 5.170
6.931 4257 4.967 3.696 6.828 5.201
6.931 4257 4.967 3.756 6.828 5.202
6.931 4257 4.982 3.759 6.828 5.233
6.933 4.257 5.018 3.766 7.016 5.276
6.933 4.257 5.018 3.801 7.073 5.308
6.933 4.257 5.020 3.840 7.101 5.311
6.933 4257 5.020 3.845 7.153 5.326
6.933 4257 5.020 3.849 7.153 5.353
6.933 4.257 5.078 3.860 7.159 5.388
6.933 4.257 5.099 3.872 7.250 5.458
6.933 4257 5.141 3.878 7.296 5.462
6.933 4257 5.141 3.880 7.400 5.544
6.933 4257 5.141 3.925 7.400 5.581
6.933 4.257 5.162 3.935 7.400 5.638
6.933 4.257 5.165 3.938 7.491 5.749
6.933 4.257 5.193 3.991 7.491 5.773
6.933 4257 5219 4.021 7.501 5.810
6.933 4257 5219 4.042 7.510 5.866
6.933 4.257 5.386 4.056 7.602 5.921
6.933 4.257 5.386 4.068 7.666 5.922
6.933 4.257 5.386 4.068 7.702 5.934
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A1519% 9.3 ToyaAY C-input 1 C-fixation vosdaiuaazatanany1luil 2550-2551 (s0)

Dairy cows Oxen Buffaloes
o C-input C-input C-input
any “ A “
NPT C- fixation WYDIHIT C- fixation NPT C- fixation
(DD, C/A/ W) | (DD, C/AUIM) | (AN, C/A/YM) | (AN, C/A/IM) | (DD, C/AIY) | (PN, C/A1/ )
301 6.933 4.257 5.449 4.094 7.702 5.934
302 6.933 4257 5.449 4.111 7.803 5.963
303 6.933 4.257 5.537 4.138 7.803 5.983
304 6.933 4.257 5.540 4.160 7.933 5.984
305 6.933 4.257 5.581 4.178 7.982 6.005
306 6.933 4.257 5.587 4.209 7.982 6.033
307 6.933 4.257 5.587 4.250 7.992 6.036
308 6.933 4.257 5.595 4.258 8.047 6.047
309 6.933 4.257 5.623 4.261 8.113 6.088
310 6.933 4.257 5.665 4.261 8.297 6.136
311 6.933 4.257 5.665 4.308 8.376 6.174
312 6.933 4.257 5.665 4317 8.388 6.221
313 6.933 4.257 5.665 4.325 8.388 6.240
314 6.933 4.257 5.665 4.358 8.388 6.249
315 6.933 4.257 5.665 4371 8.388 6.250
316 6.933 4.257 5.665 4.385 8.388 6.260
317 6.933 4.257 5.665 4411 8.388 6.367
318 6.933 4.257 5.665 4.437 8.388 6.381
319 6.933 4.257 5.665 4.445 8.388 6.402
320 6.933 4.257 5.785 4.452 8.388 6.440
321 6.933 4.257 5.785 4.457 8.388 6.513
322 6.933 4.257 5.816 4.457 8.388 6.540
323 6.933 4.257 5.901 4.465 8.388 6.576
324 6.933 4.257 5.901 4.480 8.388 6.579
325 6.933 4.257 5.901 4.489 8.577 6.608
326 6.933 4.257 5.959 4.520 8.577 6.634
327 6.933 4.257 5.959 4.523 8.583 6.744
328 6.933 4.257 5.996 4.562 8.583 6.876
329 6.933 4.257 5.996 4.565 8.583 7.021
330 6.935 4.257 6.012 4.602 8.583 7.051
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A1519% 9.3 ToyaAY C-input 1 C-fixation vosdaiuaazatanany1luil 2550-2551 (s0)

Dairy cows Oxen Buffaloes
. o C-input C-input C-input
Cala] " “ -
WYDIHIT C- fixation NY9IHIT C- fixation WY9IHIT C- fixation
(PD. C/AN/TY) | (PN C/AYIN) | (PN, C/AYIU) | (DR C/AYIM) | (PN, C/AUIM) | (DD, C/A/TU)
331 6.935 4.257 6.012 4.652 8.583 7.055
332 6.935 4.257 6.020 4.683 8.583 7.080
333 6.940 4.257 6.020 4.693 8.583 7.086
334 6.959 4.257 6.090 4.705 8.778 7.098
335 6.988 4.259 6.090 4.715 9.065 7.126
336 7.009 4.264 6.137 4.729 9.216 7.133
337 7.033 4273 6.137 4.749 9.216 7.152
338 7.033 4.325 6.137 4.751 9.251 7.164
339 7.164 4.335 6.186 4.777 9.445 7.196
340 7.226 4.355 6.186 4.787 9.552 7.353
341 7.238 4.359 6.232 4.800 9.754 7.551
342 7.285 4.402 6.232 4.803 9.754 7.627
343 7.307 4.402 6.232 4.810 9.754 7.664
344 7.331 4.428 6.232 4.818 9.754 7.729
345 7.401 4.428 6.232 4.835 9.754 7.881
346 7.437 4.440 6.232 4.850 9.754 7.977
347 7.437 4.440 6.232 4.874 9.754 7.980
348 7.443 4.440 6.232 4.886 9.754 7.997
349 7.677 4.449 6.232 4.898 9.754 8.011
350 7.740 4.450 6.232 4.933 9.754 8.055
351 7.748 4.453 6.232 5.014 9.754 8.065
352 7.748 4.456 6.232 5.028 9.754 8.103
353 7.748 4.473 6.232 5.065 9.754 8.150
354 7.748 4.538 6.232 5.106 9.754 8.168
355 7.748 4.539 6.232 5.122 9.754 8.202
356 7.794 4.565 6.232 5.164 9.754 8.203
357 7.854 4.565 6.232 5.184 10.087 8.269
358 7.895 4.603 6.232 5.218 10.087 8.336
359 8.044 4.691 6.484 5.243 10.131 8.388
360 8.084 4.803 6.522 5.308 10.427 8.418
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M3199 1.3 Y0YaAY C-input AU C-fixation Vosda udazwilaidn11il 2550-2551 (do)

Dairy cows Oxen Buffaloes
Vo C-input C-input C-input
a1y “ w “
NYD1HT C- fixation NWYDIHIT C- fixation NYD1HT C- fixation
(NN, C/AIW) | (DN, C/AYIM) | (N, C/A/I) | (DD, C/ATM) | (DD, C/A/IUM) | (P. C/ATM)
361 8.114 4.932 6.526 5.312 10.427 8.463
362 8.170 4.935 6.526 5.321 10.427 8.597
363 8.220 4.980 6.526 5.356 10.729 8.614
364 8.259 4.982 6.568 5.423 10.729 8.645
365 8.309 5.000 6.652 5.487 10.729 8.693
366 8.493 5.055 6.882 5.520 10.729 8.780
367 8.558 5.090 6.932 5.528 10.729 8.979
368 8.569 5.169 6.978 5.558 10.853 9.036
369 8.865 5.177 6.978 5.568 10.853 9.093
370 8.912 5.251 6.978 5.572 11.092 9.575
371 8.961 5.369 7.162 5.760 11.469 9.623
372 9.173 5.369 7.270 5.791 11.469 9.625
373 9.337 5.429 7.386 5911 11.615 9.660
374 9.437 5.611 7.386 5.926 11.704 9.809
375 9.467 5.692 7.428 6.023 11.704 9.892
376 9.831 5.719 7.481 6.030 11.704 9.999
377 9.831 5.778 7.489 6.049 12.461 10.035
378 9.831 5.855 7.497 6.180 12.582 10.266
379 9.831 5.943 7.554 6.181 12.875 10.424
380 9.831 6.001 7.554 6.194 12.875 10.561
381 9.831 6.044 7.554 6.228 12.875 10.724
382 9.831 6.101 7.554 6.231 12.875 10.828
383 9.831 6.267 7.554 6.375 12.875 11.072
384 9.831 6.595 7.765 6.439 12.884 11.277
385 9.831 6.619 7.765 6.572 13.152 11.322
386 9.831 6.624 8.309 6.754 13.152 11.437
387 9.831 6.840 8.372 6.908 13.504 11.463
388 9.831 6.861 8.694 7.568 13.504 11.781
389 9.831 6.941 9.274 8.134 14.245 12.432
390 9.831 7.239 9.274 8.171 14.615 12.825
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M13797 1.3 Y0YaAY C-input 1 C-fixation Vosda uAazwilanany1uil 2550-2551 (so)

Dairy cows Oxen Buffaloes
C-input C-input C-input
fdn | Wremns C- fixation N¥oIMNS C- fixation NFoIMs C- fixation
("N, C/AY
AN CAVTW | (PN, C/AYI) | (pn. C/AYIW) | (D C/AYTW) | (PN, C/ATYW) )
391 9.831 7.239 9.442 8.276 14.615 12918
392 9.831 7.304 9.547 8.468 14.630 12.973
393 9.831 7.427 10.004 8.499 14.630 13.141
394 9.948 7.509 10.119 8.647 14.630 13.202
395 10.408 7.545 10.219 8.748 14.801 13.231
396 10.434 7.552 11.456 9.980 14.801 13.724
397 10.908 8.065 13.652 12.292 15.304 13.758
398 12.224 10.013 13.652 12.383 16.179 13.793
399 13.258 10.660 13.652 12.543 18.009 15.960
400 14.446 11.753 14.163 12.941 18.009 16.474
ﬂvuﬂéﬂ 6.933 4.257 4.455 3.079 6.514 4,715
S.D. 1.282 1.031 1.933 1.969 3.138 3.140
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{ a @ v J a { ~
A15199 §.4 YoYAAY C-input 11 C-fixation Vosdauaazyianany1uil 2550-2551

)}
Se
=

Pigs

Chickens

Hens

C-input
A
NWYDIHI

("D, C/AITH)

C- fixation

("D, C/AIIH)

C-input
A
NWYDIHI

(D, C/AIIN)

C- fixation

(M0, C/AIIN)

C-input
A
NYDIHI

(D, C/ATM)

C- fixation

(D, C/HTH)

10
11
12
13
14
15
16
17
18
19
20
21
2
23
24

25
26
27
28
29
30

0.486
0.525
0.525
0.561
0.570
0.574
0.580
0.580
0.595
0.605
0.608
0.615
0.623
0.623
0.631
0.639
0.642
0.643
0.643
0.644
0.645
0.652
0.656
0.658

0.658
0.672
0.679
0.682
0.683

0.683

0.322
0.334
0.347
0.347
0.375
0.389
0.394
0.419
0.423
0.424
0.425
0.425
0.428
0.433
0.433
0.433
0.435
0.437
0.438
0.438
0.440
0.449
0.452
0.454

0.454
0.456
0.462
0.472
0.473
0.474

0.006
0.006
0.017
0.026
0.026
0.026
0.027
0.029
0.031
0.032
0.032
0.034
0.034
0.034
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.036
0.036

0.036
0.036
0.036
0.037
0.037
0.037

0.000
0.003
0.011
0.019
0.019
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020

0.020
0.020
0.020
0.020
0.020

0.020

0.032
0.032
0.034
0.034
0.036
0.037
0.037
0.038
0.038
0.038
0.038
0.039
0.039
0.039
0.039
0.039
0.039
0.039
0.042
0.042
0.042
0.042
0.042
0.042

0.042
0.042
0.042
0.042
0.042

0.042

0.021
0.022
0.022
0.022
0.022
0.023
0.023
0.023
0.023
0.023
0.023
0.024
0.024
0.024
0.024
0.025
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026

0.026
0.026
0.026
0.026
0.026

0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - -
NEDINI C- fixation NEDINI C- fixation NHDIHI C- fixation
On. C/AYY | (On. C/AVIW) | (PN C/AVIN) | (P, C/AN) | (hn. C/AYTY) | (D, C/AIIN)
31 0.683 0.475 0.037 0.020 0.042 0.026
32 0.688 0.476 0.037 0.020 0.042 0.026
33 0.689 0.478 0.037 0.020 0.042 0.026
34 0.694 0.480 0.037 0.020 0.042 0.026
35 0.701 0.480 0.037 0.020 0.042 0.026
36 0.702 0.486 0.037 0.020 0.042 0.026
37 0.706 0.487 0.038 0.020 0.042 0.026
38 0.713 0.490 0.038 0.020 0.042 0.026
39 0.722 0.498 0.038 0.020 0.042 0.026
40 0.726 0.500 0.038 0.020 0.042 0.026
41 0.729 0.500 0.038 0.020 0.042 0.026
42 0.731 0.508 0.038 0.020 0.042 0.026
43 0.758 0.512 0.038 0.020 0.042 0.026
44 0.763 0.512 0.038 0.020 0.042 0.026
45 0.769 0.512 0.038 0.020 0.042 0.026
46 0.778 0.515 0.038 0.021 0.042 0.026
47 0.780 0.516 0.039 0.021 0.042 0.026
48 0.780 0.524 0.039 0.021 0.042 0.026
49 0.784 0.530 0.039 0.021 0.042 0.026
50 0.784 0.532 0.039 0.021 0.042 0.026
51 0.784 0.536 0.039 0.021 0.042 0.026
52 0.788 0.536 0.039 0.021 0.042 0.026
53 0.788 0.536 0.040 0.021 0.042 0.026
54 0.788 0.540 0.040 0.021 0.042 0.026
55 0.793 0.542 0.040 0.021 0.042 0.026
56 0.793 0.548 0.040 0.021 0.042 0.026
57 0.793 0.555 0.040 0.021 0.042 0.026
58 0.796 0.556 0.040 0.021 0.042 0.026
59 0.797 0.556 0.041 0.021 0.042 0.026
60 0.803 0.559 0.041 0.021 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Do

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Pigs Chickens Hens
C-input C-input C-input
NY01113 C- fixation N¥oIM5 C- fixation N¥oI1M3 C- fixation
On. /YT | (0. C/AVIW) | (DN, C/AYM) | (Pn. C/AYTYW) | (Pn. C/AIN) | (PP, C/HITH)
0.807 0.561 0.041 0.021 0.042 0.026
0.813 0.561 0.041 0.021 0.042 0.026
0.814 0.561 0.041 0.021 0.042 0.026
0.822 0.567 0.041 0.021 0.042 0.026
0.822 0.579 0.041 0.021 0.042 0.026
0.824 0.592 0.042 0.021 0.042 0.026
0.825 0.593 0.042 0.021 0.042 0.026
0.834 0.596 0.042 0.021 0.042 0.026
0.840 0.598 0.042 0.021 0.042 0.026
0.843 0.604 0.042 0.021 0.042 0.026
0.848 0.604 0.043 0.021 0.042 0.026
0.870 0.605 0.043 0.021 0.042 0.026
0.873 0.615 0.043 0.021 0.042 0.026
0.879 0.616 0.043 0.021 0.042 0.026
0.879 0.621 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.021 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
0.879 0.626 0.043 0.022 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - -
NYIINT C- fixation NH9IH13 C- fixation N¥9IHI C- fixation
On. C/AYTY) | (PN, C/AVM | (AD. C/AVTW) | (DD, C/AVTYW) | (PN. C/AIN) | (DD, C/AITH)
91 0.879 0.626 0.043 0.022 0.042 0.026
92 0.879 0.626 0.043 0.022 0.042 0.026
93 0.879 0.626 0.043 0.022 0.042 0.026
94 0.879 0.626 0.043 0.022 0.042 0.026
95 0.879 0.626 0.043 0.022 0.042 0.026
96 0.879 0.626 0.043 0.022 0.042 0.026
97 0.879 0.626 0.043 0.022 0.042 0.026
98 0.879 0.626 0.043 0.022 0.042 0.026
99 0.879 0.626 0.043 0.022 0.042 0.026
100 0.879 0.626 0.043 0.022 0.042 0.026
101 0.879 0.626 0.043 0.022 0.042 0.026
102 0.879 0.626 0.043 0.022 0.042 0.026
103 0.879 0.626 0.043 0.022 0.042 0.026
104 0.879 0.626 0.043 0.022 0.042 0.026
105 0.879 0.626 0.043 0.022 0.042 0.026
106 0.879 0.626 0.043 0.022 0.042 0.026
107 0.879 0.626 0.043 0.022 0.042 0.026
108 0.879 0.626 0.043 0.022 0.042 0.026
109 0.879 0.626 0.043 0.022 0.042 0.026
110 0.879 0.626 0.043 0.022 0.042 0.026
111 0.879 0.626 0.043 0.022 0.042 0.026
112 0.879 0.626 0.043 0.022 0.042 0.026
113 0.879 0.626 0.043 0.022 0.042 0.026
114 0.879 0.626 0.043 0.022 0.042 0.026
115 0.879 0.626 0.043 0.022 0.042 0.026
116 0.879 0.626 0.043 0.023 0.042 0.026
117 0.879 0.626 0.043 0.023 0.042 0.026
118 0.879 0.626 0.043 0.023 0.042 0.026
119 0.879 0.626 0.043 0.023 0.042 0.026
120 0.879 0.626 0.043 0.023 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - -
NHDIHI C- fixation N¥9IHI C- fixation N¥9IHI C- fixation
N, C/HYTHY) | (AN, C/AYI | (PD. C/AVI | (PN, C/AIM) | (hn. C/AITYW) | (P, C/AIN)
121 0.879 0.626 0.043 0.023 0.042 0.026
122 0.879 0.626 0.043 0.023 0.042 0.026
123 0.879 0.626 0.043 0.024 0.042 0.026
124 0.879 0.626 0.043 0.024 0.042 0.026
125 0.879 0.626 0.043 0.024 0.042 0.026
126 0.879 0.626 0.043 0.024 0.042 0.026
127 0.879 0.626 0.043 0.024 0.042 0.026
128 0.879 0.626 0.043 0.025 0.042 0.026
129 0.879 0.626 0.043 0.025 0.042 0.026
130 0.879 0.626 0.043 0.025 0.042 0.026
131 0.879 0.626 0.043 0.025 0.042 0.026
132 0.879 0.626 0.043 0.025 0.042 0.026
133 0.879 0.626 0.043 0.025 0.042 0.026
134 0.879 0.626 0.043 0.025 0.042 0.026
135 0.879 0.626 0.043 0.025 0.042 0.026
136 0.879 0.626 0.043 0.025 0.042 0.026
137 0.879 0.626 0.043 0.026 0.042 0.026
138 0.879 0.626 0.043 0.026 0.042 0.026
139 0.879 0.626 0.043 0.026 0.042 0.026
140 0.879 0.626 0.043 0.026 0.042 0.026
141 0.879 0.626 0.043 0.026 0.042 0.026
142 0.879 0.626 0.043 0.026 0.042 0.026
143 0.879 0.626 0.043 0.026 0.042 0.026
144 0.879 0.626 0.043 0.026 0.042 0.026
145 0.879 0.626 0.043 0.026 0.042 0.026
146 0.879 0.626 0.043 0.026 0.042 0.026
147 0.879 0.626 0.043 0.026 0.042 0.026
148 0.879 0.626 0.043 0.026 0.042 0.026
149 0.879 0.626 0.043 0.026 0.042 0.026
150 0.879 0.626 0.043 0.026 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - “ -
NYIINT C- fixation NEDINII C- fixation N¥9IHI C- fixation
0N, C/AYTY) | (PN, C/AYI | (PN, C/AVN) | (Fn. C/AYTW) | (hn. C/AVTYN) | (PN. C/AIN)
151 0.879 0.626 0.043 0.026 0.042 0.026
152 0.879 0.626 0.043 0.026 0.042 0.026
153 0.879 0.626 0.043 0.026 0.042 0.026
154 0.879 0.626 0.043 0.026 0.042 0.026
155 0.879 0.626 0.043 0.026 0.042 0.026
156 0.879 0.626 0.043 0.026 0.042 0.026
157 0.879 0.626 0.043 0.026 0.042 0.026
158 0.879 0.626 0.043 0.026 0.042 0.026
159 0.879 0.626 0.043 0.026 0.042 0.026
160 0.879 0.626 0.043 0.026 0.042 0.026
161 0.879 0.626 0.043 0.026 0.042 0.026
162 0.879 0.626 0.043 0.026 0.042 0.026
163 0.879 0.626 0.043 0.026 0.042 0.026
164 0.879 0.626 0.043 0.026 0.042 0.026
165 0.879 0.626 0.043 0.026 0.042 0.026
166 0.879 0.626 0.043 0.026 0.042 0.026
167 0.879 0.626 0.043 0.026 0.042 0.026
168 0.879 0.626 0.043 0.026 0.042 0.026
169 0.879 0.626 0.043 0.026 0.042 0.026
170 0.879 0.626 0.043 0.026 0.042 0.026
171 0.879 0.626 0.043 0.026 0.042 0.026
172 0.879 0.626 0.043 0.026 0.042 0.026
173 0.879 0.626 0.043 0.026 0.042 0.026
174 0.879 0.626 0.043 0.026 0.042 0.026
175 0.879 0.626 0.043 0.026 0.042 0.026
176 0.879 0.626 0.043 0.026 0.042 0.026
177 0.879 0.626 0.043 0.026 0.042 0.026
178 0.879 0.626 0.043 0.026 0.042 0.026
179 0.879 0.626 0.043 0.026 0.042 0.026
180 0.879 0.626 0.043 0.026 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
Moy “ - A
NPT C- fixation NYD1HT C- fixation NY9IHIT C- fixation
(DD, C/AYW) | (PN C/AIY) | (DD, C/A/TU) | (DD, C/A/ATY) | (PN, C/A/IY) | (P. C/AITM)
181 0.879 0.626 0.043 0.026 0.042 0.026
182 0.879 0.626 0.043 0.026 0.042 0.026
183 0.879 0.626 0.043 0.026 0.042 0.026
184 0.879 0.626 0.043 0.026 0.042 0.026
185 0.879 0.626 0.043 0.026 0.042 0.026
186 0.879 0.626 0.043 0.026 0.042 0.026
187 0.879 0.626 0.043 0.026 0.042 0.026
188 0.879 0.626 0.043 0.026 0.042 0.026
189 0.879 0.626 0.043 0.026 0.042 0.026
190 0.879 0.626 0.043 0.026 0.042 0.026
191 0.879 0.626 0.043 0.026 0.042 0.026
192 0.879 0.626 0.043 0.026 0.042 0.026
193 0.879 0.626 0.043 0.026 0.042 0.026
194 0.879 0.626 0.043 0.026 0.042 0.026
195 0.879 0.626 0.043 0.026 0.042 0.026
196 0.879 0.626 0.043 0.026 0.042 0.026
197 0.879 0.626 0.043 0.026 0.042 0.026
198 0.879 0.626 0.043 0.026 0.042 0.026
199 0.879 0.626 0.043 0.026 0.042 0.026
200 0.879 0.626 0.043 0.026 0.042 0.026
201 0.879 0.626 0.043 0.026 0.042 0.026
202 0.879 0.626 0.043 0.026 0.042 0.026
203 0.879 0.626 0.043 0.026 0.042 0.026
204 0.879 0.626 0.043 0.026 0.042 0.026
205 0.879 0.626 0.043 0.026 0.042 0.026
206 0.879 0.626 0.043 0.026 0.042 0.026
207 0.879 0.626 0.043 0.026 0.042 0.026
208 0.879 0.626 0.043 0.026 0.042 0.026
209 0.879 0.626 0.043 0.026 0.042 0.026
210 0.879 0.626 0.043 0.026 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - “
NYIINT C- fixation NHDIHI C- fixation NEDINII C- fixation
On. C/AYY | (On. C/AYTYWY) | (D, C/ATYW) | (Pn. C/AYTY) | (D, C/AIIN) | (PR, C/AIH)
211 0.879 0.626 0.043 0.026 0.042 0.026
212 0.879 0.626 0.043 0.026 0.042 0.026
213 0.879 0.626 0.043 0.026 0.042 0.026
214 0.879 0.626 0.043 0.026 0.042 0.026
215 0.879 0.626 0.043 0.026 0.042 0.026
216 0.879 0.626 0.043 0.026 0.042 0.026
217 0.879 0.626 0.043 0.026 0.042 0.026
218 0.879 0.626 0.043 0.026 0.042 0.026
219 0.879 0.626 0.043 0.026 0.042 0.026
220 0.879 0.626 0.043 0.026 0.042 0.026
221 0.879 0.626 0.043 0.026 0.042 0.026
222 0.879 0.626 0.043 0.026 0.042 0.026
223 0.879 0.626 0.043 0.026 0.042 0.026
224 0.879 0.626 0.043 0.026 0.042 0.026
225 0.879 0.626 0.043 0.026 0.042 0.026
226 0.879 0.626 0.043 0.026 0.042 0.026
227 0.879 0.626 0.043 0.026 0.042 0.026
228 0.879 0.626 0.043 0.026 0.042 0.026
229 0.879 0.626 0.043 0.026 0.042 0.026
230 0.879 0.626 0.043 0.026 0.042 0.026
231 0.879 0.626 0.043 0.026 0.042 0.026
232 0.879 0.626 0.043 0.026 0.042 0.026
233 0.879 0.626 0.043 0.026 0.042 0.026
234 0.879 0.626 0.043 0.026 0.042 0.026
235 0.879 0.626 0.043 0.026 0.042 0.026
236 0.879 0.626 0.043 0.026 0.042 0.026
237 0.879 0.626 0.043 0.026 0.042 0.026
238 0.879 0.626 0.043 0.026 0.042 0.026
239 0.879 0.626 0.043 0.026 0.042 0.026
240 0.879 0.626 0.043 0.026 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - “ -
NYD1HT C- fixation NY9IHIT C- fixation NPT C- fixation
(NN, C/A/IUW) | (DD, C/A/TUW) | (DN, C/AIM) | (PN, C/A/I) | (PD. C/AAIY) | (P. C/AITM)
241 0.879 0.626 0.043 0.026 0.042 0.026
242 0.879 0.626 0.043 0.026 0.042 0.026
243 0.879 0.626 0.043 0.026 0.042 0.026
244 0.879 0.626 0.043 0.026 0.042 0.026
245 0.879 0.626 0.043 0.026 0.042 0.026
246 0.879 0.626 0.043 0.026 0.042 0.026
247 0.879 0.626 0.043 0.026 0.042 0.026
248 0.879 0.626 0.043 0.026 0.042 0.026
249 0.879 0.626 0.043 0.026 0.042 0.026
250 0.879 0.626 0.043 0.026 0.042 0.026
251 0.879 0.626 0.043 0.026 0.042 0.026
252 0.879 0.626 0.043 0.026 0.042 0.026
253 0.879 0.626 0.043 0.026 0.042 0.026
254 0.879 0.626 0.043 0.026 0.042 0.026
255 0.879 0.626 0.043 0.026 0.042 0.026
256 0.879 0.626 0.043 0.026 0.042 0.026
257 0.879 0.626 0.043 0.026 0.042 0.026
258 0.879 0.626 0.043 0.026 0.042 0.026
259 0.879 0.626 0.043 0.026 0.042 0.026
260 0.879 0.626 0.043 0.026 0.042 0.026
261 0.879 0.626 0.043 0.026 0.042 0.026
262 0.879 0.626 0.043 0.026 0.042 0.026
263 0.879 0.626 0.043 0.026 0.042 0.026
264 0.879 0.626 0.043 0.026 0.042 0.026
265 0.879 0.626 0.043 0.026 0.042 0.026
266 0.879 0.626 0.043 0.026 0.042 0.026
267 0.879 0.626 0.043 0.026 0.042 0.026
268 0.879 0.626 0.043 0.026 0.042 0.026
269 0.879 0.626 0.043 0.026 0.042 0.026
270 0.879 0.626 0.043 0.026 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y “« " -
NHIIHT C- fixation NEDINI C- fixation NEDIHI C- fixation
N, C/AYY | (DN, C/AYM) | (hn. C/HVIW) | (AN, C/AYMY | (PN, C/AI) | (hn. C/AITH)
271 0.879 0.626 0.043 0.026 0.042 0.026
272 0.879 0.626 0.043 0.026 0.042 0.026
273 0.879 0.626 0.043 0.026 0.042 0.026
274 0.879 0.626 0.043 0.026 0.042 0.026
275 0.879 0.626 0.043 0.026 0.042 0.026
276 0.879 0.626 0.043 0.026 0.042 0.026
277 0.879 0.626 0.043 0.026 0.042 0.026
278 0.879 0.626 0.043 0.026 0.042 0.026
279 0.879 0.626 0.043 0.026 0.042 0.026
280 0.879 0.626 0.043 0.026 0.042 0.026
281 0.879 0.626 0.043 0.026 0.042 0.026
282 0.879 0.626 0.043 0.026 0.042 0.026
283 0.879 0.626 0.043 0.026 0.042 0.026
284 0.879 0.626 0.043 0.026 0.042 0.026
285 0.879 0.626 0.043 0.026 0.042 0.026
286 0.879 0.626 0.043 0.026 0.042 0.026
287 0.879 0.626 0.043 0.026 0.042 0.026
288 0.879 0.626 0.043 0.026 0.042 0.026
289 0.879 0.626 0.043 0.026 0.042 0.026
290 0.879 0.626 0.043 0.026 0.042 0.026
291 0.879 0.626 0.043 0.026 0.042 0.026
292 0.879 0.626 0.043 0.026 0.042 0.026
293 0.879 0.626 0.043 0.026 0.042 0.026
294 0.879 0.626 0.043 0.026 0.042 0.026
295 0.879 0.626 0.043 0.026 0.042 0.026
296 0.879 0.626 0.043 0.026 0.042 0.026
297 0.879 0.626 0.043 0.026 0.042 0.026
298 0.879 0.626 0.043 0.026 0.042 0.026
299 0.879 0.626 0.043 0.026 0.042 0.026
300 0.879 0.626 0.043 0.026 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - -
NYOINI C- fixation NEDINI C- fixation NEDINI C- fixation
N, C/AYTWY) | (N, C/AYIM) | (PN, C/AUM) | (hn. C/HIIY) | (OD. C/AYTM) | (P, C/ATH)
301 0.879 0.626 0.043 0.027 0.042 0.026
302 0.879 0.626 0.043 0.027 0.042 0.026
303 0.879 0.626 0.043 0.027 0.042 0.026
304 0.879 0.626 0.043 0.027 0.042 0.026
305 0.879 0.626 0.043 0.027 0.042 0.026
306 0.879 0.626 0.043 0.027 0.042 0.026
307 0.879 0.626 0.043 0.027 0.042 0.026
308 0.879 0.626 0.043 0.027 0.042 0.026
309 0.879 0.626 0.043 0.027 0.042 0.026
310 0.879 0.626 0.043 0.027 0.042 0.026
311 0.879 0.626 0.043 0.027 0.042 0.026
312 0.879 0.626 0.043 0.027 0.042 0.026
313 0.879 0.626 0.043 0.027 0.042 0.026
314 0.879 0.626 0.043 0.027 0.042 0.026
315 0.879 0.626 0.043 0.027 0.042 0.026
316 0.879 0.626 0.043 0.027 0.042 0.026
317 0.879 0.626 0.043 0.027 0.042 0.026
318 0.879 0.626 0.043 0.027 0.042 0.026
319 0.879 0.626 0.043 0.027 0.042 0.026
320 0.879 0.626 0.043 0.027 0.042 0.026
321 0.879 0.626 0.043 0.027 0.042 0.026
322 0.879 0.626 0.043 0.027 0.042 0.026
323 0.879 0.626 0.043 0.027 0.042 0.026
324 0.879 0.626 0.043 0.027 0.042 0.026
325 0.879 0.626 0.043 0.027 0.042 0.026
326 0.879 0.626 0.043 0.027 0.042 0.026
327 0.879 0.626 0.043 0.027 0.042 0.026
328 0.879 0.626 0.043 0.027 0.042 0.026
329 0.879 0.626 0.043 0.027 0.042 0.026
330 0.879 0.626 0.043 0.028 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - -
NYOIN1I C- fixation N¥9IH13 C- fixation NEDINI C- fixation
On. C/AYTYW) | (DD C/AVTW) | (AD. C/ATW) | (Pn. C/AIY) | (PN. C/AN) | (PN. C/AIIN)

331 0.879 0.626 0.043 0.028 0.042 0.026
332 0.879 0.626 0.043 0.028 0.042 0.026
333 0.879 0.626 0.044 0.028 0.042 0.026
334 0.879 0.626 0.044 0.028 0.042 0.026
335 0.879 0.626 0.044 0.028 0.042 0.026
336 0.879 0.626 0.044 0.029 0.042 0.026
337 0.879 0.626 0.044 0.029 0.042 0.026
338 0.879 0.626 0.045 0.029 0.042 0.026
339 0.879 0.626 0.045 0.029 0.042 0.026
340 0.879 0.626 0.045 0.029 0.042 0.026
341 0.879 0.626 0.046 0.029 0.042 0.026
342 0.879 0.626 0.046 0.029 0.042 0.026
343 0.879 0.626 0.046 0.029 0.042 0.026
344 0.879 0.626 0.046 0.029 0.042 0.026
345 0.879 0.626 0.046 0.029 0.042 0.026
346 0.879 0.626 0.046 0.029 0.042 0.026
347 0.879 0.626 0.046 0.030 0.042 0.026
348 0.879 0.626 0.047 0.030 0.042 0.026
349 0.879 0.626 0.047 0.030 0.042 0.026
350 0.879 0.626 0.047 0.030 0.042 0.026
351 0.879 0.626 0.047 0.030 0.042 0.026
352 0.879 0.626 0.047 0.030 0.042 0.026
353 0.883 0.626 0.047 0.030 0.042 0.026
354 0.891 0.626 0.047 0.030 0.042 0.026
355 0.895 0.626 0.047 0.030 0.042 0.026
356 0.906 0.627 0.048 0.030 0.042 0.026
357 0.916 0.631 0.048 0.030 0.042 0.026
358 0.916 0.641 0.048 0.030 0.042 0.026
359 0.925 0.642 0.048 0.030 0.042 0.026
360 0.932 0.656 0.048 0.030 0.042 0.026
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
o C-input C-input C-input
a1y - - -
WY1 C- fixation NHDINT C- fixation NHDINT C- fixation
N, C/AVYTW | (PN, C/AYY | (PD. C/HYTYW) | (PR, C/AIM | (Pn. C/AYIN) | (DD, C/AITH)
361 0.934 0.657 0.048 0.030 0.042 0.026
362 0.948 0.670 0.048 0.030 0.042 0.026
363 0.961 0.673 0.048 0.031 0.042 0.026
364 0.975 0.677 0.049 0.031 0.042 0.026
365 0.975 0.681 0.049 0.031 0.042 0.026
366 0.976 0.694 0.049 0.032 0.042 0.026
367 0.981 0.698 0.049 0.033 0.042 0.026
368 0.987 0.701 0.049 0.033 0.042 0.026
369 0.992 0.717 0.049 0.033 0.042 0.026
370 0.998 0.722 0.049 0.033 0.044 0.027
371 0.999 0.724 0.049 0.034 0.044 0.027
372 1.028 0.729 0.049 0.034 0.044 0.027
373 1.028 0.731 0.049 0.034 0.044 0.027
374 1.028 0.731 0.049 0.035 0.044 0.027
375 1.028 0.734 0.049 0.035 0.044 0.027
376 1.030 0.736 0.049 0.036 0.044 0.027
377 1.038 0.739 0.049 0.036 0.044 0.027
378 1.046 0.749 0.049 0.037 0.044 0.028
379 1.050 0.759 0.051 0.037 0.044 0.028
380 1.069 0.787 0.051 0.038 0.045 0.028
381 1.110 0.802 0.051 0.038 0.045 0.028
382 1.138 0.811 0.051 0.038 0.045 0.028
383 1.142 0.862 0.051 0.038 0.045 0.028
384 1.170 0.863 0.051 0.038 0.045 0.028
385 1.170 0.889 0.051 0.039 0.045 0.028
386 1.190 0.889 0.051 0.039 0.045 0.028
387 1.210 0.892 0.052 0.039 0.045 0.028
388 1.215 0.901 0.052 0.040 0.045 0.028
389 1.233 0.903 0.053 0.040 0.045 0.028
390 1.267 0.904 0.053 0.042 0.045 0.028
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A1519% 9.4 ToyAAY C-input 1 C-fixation Vosdaiuaazatanany1luil 2550-2551 (s0)

Pigs Chickens Hens
. o C-input C-input C-input
a1y - - -
NYOIN1I C- fixation NEDINI C- fixation NEDIHI C- fixation
. /YT | (Pn. C/AYIW | (PN, C/AYTYH) | (hn. C/AVIYN) | (DD, C/AITY) | (PR C/AIH)
391 1.267 0.910 0.054 0.042 0.045 0.028
392 1.267 0.911 0.058 0.043 0.046 0.028
393 1.267 0.911 0.058 0.045 0.046 0.028
394 1.267 0.912 0.059 0.047 0.046 0.029
395 1.267 0.973 0.061 0.048 0.046 0.029
396 1.293 1.035 0.061 0.049 0.047 0.029
397 1.336 1.052 0.063 0.051 0.047 0.029
398 1.365 1.083 0.063 0.051 0.048 0.029
399 1.915 1.515 0.068 0.051 0.048 0.033
400 2.918 2.520 0.073 0.051 0.049 0.034
Fh!ila'ﬂ 0.879 0.626 0.043 0.026 0.042 0.0264
S.D. 0.297 0.256 0.007 0.007 0.004 0.0029
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A15190 -1 ﬂ'Zﬂl]ﬁlJW1!‘ﬁi$14']1\1fﬂﬁ@?\1ﬂ'l'i‘]J’E)uﬂ‘]Jﬂ"Iiﬂﬂuﬁﬂ"lﬂnfllsls]}"lq%'ﬂﬂuil

SUMMARY OUTPUT C-fixed & input of Dairies
Regression Statistics Observations 400
Multiple R 0.968943406 R Square 0.938851324
Adjusted R Square 0.938697684 Standard Error 0.255351514
ANOVA daf SS MS F Significance F
Regression 1 398.4462214 398.4462214 6110.726 1.2776E-243 < 0.05 (OK)
Residual 398 25.95134952 0.065204396
Total 399 424.397571
Coefficient Standard Lower Lower Upper
t Stat P-value Upper 95%
s Error 95% 95.0% 95.0%
3.71E-67
Intercept -1.611730 0.076147283 -21.166 <0.05 -1.76143 -1.4620295 -1.7614318 -1.4620295
(OK)
1.3E-243
X Variable 1 0.8466263 0.010830421 78.1711 <0.05 0.825334 0.86791826 0.8253343 0.8679183
(OK)
A v o ¢ ' =< ¢ y ¢ A Y 1w &
ATNN 9.2 ﬂ'3111ﬁNWHﬁ§$ﬂ3Nfﬂﬁ@]i\?ﬂ'l3‘]J’E)uﬂ‘]Jﬂ"Ii‘]J@uﬂﬂ"lfJWIL‘lJ"IiIﬁ'ﬂﬂLuﬂ
SUMMARY OUTPUT C-fixed & input of Oxen
Regression Statistics Observations 400
Multiple R 0.998858355 R Square 0.997718014
Adjusted R Square 0.997712281 Standard Error 0.093924313
ANOVA df SS MS r Significance F
Regression 1 1535.0905 1535.090547 174011.5 0 <0.05 (OK)
Residual 398 3.511067 0.008821777
Total 399 1538.6016
Standard Lower Upper
Coefficients t Stat P-value Lower 95% Upper 95%
Error 95.0% 95.0%
0<0.05
Intercept -1.4537363 0.0118368  -122.814 -1.4770 -1.4304658 -1.4770069  -1.4304658
(OK)
0<0.05
X Variable 1 1.017390822  0.0024389 417.147 1.0126 1.02218561 1.012596 1.0221856

(OK)
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SUMMARY OUTPUT C-fixed & input of Buffaloes
Regression Statistics Observations 400
Multiple R 0.998186393 R Square 0.996376075
Adjusted R Square 0.99636697 Standard Error 0.174408349
ANOVA df SS MS F Significance F
Regression 1 3328.6007 3328.600694 109427.7 0<0.05 (OK)
Residual 398 12.106472 0.030418272
Total 399 3340.7072
Standard Lower Upper Lower Upper
Coefficients t Stat P-value
Error 95% 95% 95.0% 95.0%
2.3E-252 <
Intercept -1.7698254 0.0214555 -82.48801 -1.812006 -1.7276 -1.8120057 -1.727645
0.05 (OK)
0<0.05
X Variable 1 0.995563863 0.0030096 330.79853 0.989647 1.00148 0.9896472 1.0014805
(0K)
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(OK)

SUMMARY OUTPUT C-fixed & input of Pigs
Regression Statistics Observations 400
Multiple R 0.995359796 R Square 0.990741124
Adjusted R Square 0.990717861 Standard Error 0.013532769
ANOVA df SS MS F Significance F
Regression 1 7.7993492 7.799349186 42587.78 0<0.05 (OK)
Residual 398 0.0728881 0.000183136
Total 399 7.8722372
Standard Lower Lower Upper
Coefficients t Stat P-value Upper 95%
Error 95% 95.0% 95.0%
2.5E-123 -
Intercept -0.1301437 0.003724 -34.945 <0.05 -0.13747 -0.122822 -0.1374653 0.122822
(0K) 0
0<0.05
X Variable 1 0.859829419 0.004166 206.368 0.851638 0.8680205 0.8516384 0.868020
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SUMMARY OUTPUT C-fixed & input of Chickens
Regression Statistics Observations 400
Multiple R 0.896899489 R Square 0.804428694
Adjusted R Square 0.803937309 Standard Error 0.002477538
ANOVA daf SS MS F Significance F
Regression 1 0.0100486 0.010048611 1637.063 4.1538E-143 < 0.05 (OK)
Residual 398 0.0024430 6.13819E-06
Total 399 0.0124916
Standard Lower Lower Upper
Coefficients t Stat P-value Upper 95%
Error 95% 95.0% 95.0%
1.66E-33
Intercept -0.012805629 0.0009654 -13.263954 <0.05 -0.0147 -0.0109076 -0.0147036 -0.010908
(0OK)
4.2E-143
X Variable 1 0.900020869 0.022244 40.46064 <0.05 0.8563 0.943752 0.8562897 0.943752
(0K)
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C-fixed & input of Hens
400

Observations

SUMMARY OUTPUT
Regression Statistics
Multiple R 0.951240131 R Square 0.904857787
Adjusted R Square 0.904618736 Standard Error 0.000308562
ANOVA df SS MS F Significance F
Regression 1 0.000360 0.000360391 3785.211 2.0874E-205 < 0.05 (OK)
Residual 398 3.78937E-05 9.52103E-08
Total 399 0.000398285
Standard Lower Lower Upper
Coefficients t Stat P-value Upper 95%
Error 95% 95.0% 95.0%
0.477354
Intercept 0.000302115 0.000424774 0.71124  >0.05(no  -0.00053 0.001137 -0.000533 0.0011372
good)
2.1E-205
X Variable 1 0.618961501 0.010060477 61.5241 <0.05 0.599183 0.6387398 0.5991832 0.6387398
(0K)
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MTNN 3.1 {l]11!'31!1/\'13“&@135]1“31!ﬁﬁallﬂﬂlﬂu518’ﬂnﬂa!lﬁ3ﬂ\ianﬂaslu%QWjﬂuﬂﬁﬁ'ﬂfﬁN'ﬁlﬂ\iﬂ 2548

a9

Tuu Tavite nszile qns Inla il
lab 2UND U INHAINI U INYAINT U INYAINT U INYAINT NI INYAINS U INYAINT
(1) @5501) G (a550u) G 5501) G @550u) G @550u) G 550u)

1 g 985 54 9,652 521 1,632 324 8,017 68 1,431 53 14,596 736

2 VNS 1,530 104 6,403 284 683 63 540 101 2,140 25 89,847 28

3 RTLENLITGN 182 19 13,213 2,200 1,131 247 1,766 183 346 48 9,530 1

4 &N 5 1 19,443 4,554 6,773 1,402 2,831 316 15,846 43 93,500 8

5 A31)3 1,700 91 5,220 387 2,590 205 7432 389 123,715 32 210,500 20

6 NI - - 17,495 2,814 865 174 4,427 506 400 1 89,880 10

7 FUNN 775 37 19,365 3,032 3,025 684 2,085 445 1,479 112 186,319 129

8 Tynto 30 2 4,892 387 1,545 192 3,394 88 - - 2,693,600 14

9 AyUNA - - 31,636 1,881 2,593 220 4,430 684 79,984 253 337,754 236
10 Tuuga - - 21,626 7,165 2,729 487 2,660 464 6,240 256 713 38

11 Tuu'lne - - 13,562 2,130 2,365 264 9,528 712 36,603 45 724,700 74

12 Tunuag 30 2 8,925 2,285 3,602 1,240 3,153 321 568 42 115 7
13 171 - - 6,559 1,843 6,613 1,476 5,803 417 341 50 50,841 47
14 Thumide - - 6,665 587 3,077 431 1,638 271 514 15 122,282 66
15 {nsade 3,257 7 17,544 1,546 3,878 519 12,385 780 936,909 68 2,130,674 68
16 1hnvoq 39,059 1,559 7,162 536 545 102 114,209 196 52,000 3 611,800 24
17 szme 192 2 23,656 5,269 3,471 723 4,182 518 600 2 23,000 3

¥8¢
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Tauw Tasite nszile qns Inla il
ot 2N DU INHAINI NUIY INHAINI NUIY INHAINI NUIY INHAINI NUIY INYAINT NUIY INYAITNT
IGi) @51501) (¥1) (@51501) () (@51501) (1) (@51501) () (@51501) (1) (a51501)
18 Wie 3,564 151 22,090 2,741 690 143 4211 577 1,216 80 27,720 72
19 quﬁu 3,152 128 11,700 859 1,394 166 20,749 1,009 70,205 43 5,974,640 52
20 AR 690 40 4,932 708 854 87 1,256 273 - - - -
21 i 2,518 127 17,458 981 2,442 363 4,735 216 129,501 50 177,369 165
22 ﬁ’ammaa 9 2 19,535 3,954 2,301 459 12,101 748 10,000 3 422,326 35
23 HUDIYYNIN - - 6,996 551 1,023 114 5,760 570 28 1 1,743,000 23
24 TSR IIRN - - 12,505 1,559 2,213 328 2,237 241 288 25 43 4
25 5\1151&%83 350 13 11,566 436 355 19 1,809 160 937 15 173,267 48
26 fa euileaens 72 5 11,475 1,736 1,986 362 2,028 252 94 3 - -
27 ﬁ'ﬂ ’l’].L’ﬂWW%ﬂﬁ - - 13,195 725 592 63 1,101 116 1,252 21 108,000 4
28 | feemsznes 33 3 1,045 1,333 1,127 239 1,127 72 31 4 148,503 67
29 | fve.dmzmude 6 2 9,057 203 997 57 1,328 189 592 36 10,999 18
30 | waunszinesd - - 3,831 344 349 42 2,373 376 162,633 25 251 16
31 ﬁi .89 - - 7,889 1,960 2,717 718 996 76 453 16 305 17
32 ﬁ'ﬂ 0.97018 - - 4,323 875 2,421 705 1,543 212 177 13 18,000 9
39U 58,139 2,414 390,615 56,386 68,578 12,618 251,834 11,546 1,636,523 1,383 | 16,194,074 2,039
NUIUAIDE1 398 343 400 398 398 390 400 390 400 310 400 340
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SUMMARY OUTPUT Buffaloes (Confidence level = 95%)
Regression Statistics Observations 400
Multiple R 0.804488152 R Square 0.647201186
Adjusted R Square 0.646314757 Standard Error 32.02115717
ANOVA df SS MS F Significance F
Regression 1 748633.6 748633.6 730.1217 4.5E-92 < 0.05 (OK)
Residual 398 408091.1 1025.355
Total 399 1156725
Standard Lower Upper Lower Upper
Coefficients t Stat P-value
Error 95% 95% 95.0% 95.0%
4.4E-206<
Intercept 194.246113 3.143665 61.78971 188.0658 200.4264 188.0658 200.4264
0.05 (OK)
4.5E-92 <
X Variable 1 -16.2268755 0.600534 -27.0208 -17.4075 -15.0463 -17.4075 -15.0463
0.05 (OK)
SUMMARY OUTPUT Oxen (Confidence level = 95%)
Regression Statistics Observations 400
Multiple R 0.727822 R Square 0.529725
Adjusted R Square 0.528544 Standard Error 55.98974
ANOVA df SS MS F Significance F
Regression 1 1405396 1405396.3 448.31359 3.4415E-67 < 0.05 (OK)
Residual 398 1247671 3134.851
Total 399 2653067
Standard Lower Upper Lower Upper
Coefficients t Stat P-value
Error 95% 95% 95.0% 95.0%
6.23E-185 <
Intercept 218.4393 4.054188 53.87991 210.4690 226.4096 210.4690 226.40956
0.05 (OK)
3.441E-67 <
X Variable 1 -21.8353 1.03126 -21.1734 -23.8627 -19.8079 -23.8627 -19.80790
0.05 (OK)
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SUMMARY OUTPUT aumsmamsaidnnulaiio+nsziie = 55015.171 () - 109798061.8
Regression Statistics Observations 6
Multiple R 0.886537594 R Square 0.785948906
Adjusted R Square 0.732436132 Standard Error 60052.77333
ANOVA df SS MS F Significance F
5296670902 0.018580235
Regression 1 5.297E+10 14.68712708
8 <0.05 (OK)
Residual 4 1.443E+10 3606335585
Total 5 6.739E+10
Standard
Coefficients t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Error
0.0188169
Intercept ~ -109798061.8 28760971 -3.81760618 -189651319.8 -29944803.79 -189651319.8 -29944803.9
<0.05 (OK)
X
0.0185802
Variable 55015.171 14355.359 3.832378 15158.306 94872.036 15158.306 94872.036
<0.05 (OK)
1
A a s A Y o A AL <1 a
ATNN A2 WANITUATIZHIAIUDADDULBILTUITUIUNTE UDNLAYN Wil 2009-2010
SUMMARY OUTPUT ﬁNﬂ]iﬂ1ﬂﬂﬁﬂiﬂu1u’Juﬂ§8ﬁﬂ = 1845.57(?]) —3631223.52
Regression Statistics Observations 6
Multiple R 0.9613602 R Square 0.924213623
Adjusted R Square 0.905267028 Standard Error 1105.424988
ANOVA daf SS MS F Significance F
59607343. 0.002210695
Regression 1 59607343.21 48.77993416
21 <0.05 (OK)
4887857.6
Residual 4 1221964.405
19
64495200.
Total 5
83
Standard Lower Upper
Coefficients t Stat P-value Lower 95% Upper 95%
Error 95.0% 95.0%
0.0023657
Intercept -3631223.52 529419.2858 -6.85888 -5101127.11 -2161319.94 -5101127.11 -2161319.9
<0.05 (OK)
X Variable 0.002210
1845.5714 264.247114 6.984263 1111.9038 2579.2390 1111.904 2579.239

1

<0.05 (OK)
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~ a L4 a Y o tﬂy ~ dy =
ATINN A3 wamimﬂiwzwmmaﬂaaﬂmmummuimuamamﬁluﬂ 2009-2010

SUMMARY OUTPUT aumsmamsaisnnulnniie = 53169.6(1) - 106166838.3
Regression Statistics Observations 6
Multiple R 0.881364908 R Square 0.776804101
Adjusted R Square 0.721005126 Standard Error 59612.83446
ANOVA df Ss MS F Significance F
0.020276576
Regression 1 4.947E+10 49472611373 13.92147625
<0.05 (OK)
Residual 4 1.421E+10 3553690032
Total 5 6.369E+10
Standard
Coefficients t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Error
- 2855027 0.020499671
Intercept -3.71859 -185435101.6 -26898574.94 -185435101.6 -26898574.94
106166838.3 2 <0.05 (OK)
X Variable 0.020276576
53169.6 14250.19 3.731149 13604.72127 92734.47873 13604.72127 92734.47873

1

<0.05 (OK)
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{ a 4 a 1 1 4 o y
M1319%0 8.1 WamsAnIITHANNDAneauduAINsandassasueunniIuIUMIREa
v
Talemuanaluilans

SUMMARY OUTPUT C-emitted Tatisor/n@
Regression Statistics Observations 10
Multiple R 0.970851866 R Square 0.942553345
Adjusted R Square 0.935372513 Standard Error 101.6042481
ANOVA df SS MS F Significance F
3.04894E-06
Regression 1 1355048.721 1355048.721 131.2596308
<0.05 (OK)
Residual 8 82587.38578 10323.42322
Total 9 1437636.107
Coefficie Standard Lower Upper
t Stat P-value Lower 95% Upper 95%
nts Error 95.0% 95.0%
3.15167E-06 <
Intercept 255903. 22434.066 -11.4069 -307636.40 -204170.30 -307636.40 -204170.30
0.05 (OK)
3504
128.159 3.04894E-06 < 102.363843 153.954965 102.363843 153.954965
X Variable 1 11.18626 11.45686
4046 0.05 (OK) 8 3 8 3

4 a 4 a 9 1 1 4 o Y
A9 A2 HamMIBATIEHANNDADRuFudUAINIanasems ueuIASIUINMTIRES
Y
Taiio 10% ludlena 9

SUMMARY OUTPUT

Regression Statistics

C-emitted $1:2u)A1i10 10%

Taisiviudhiey Aszdunnaniiesiv 95%

Observations

10
Multiple R 0.536919045 R Square 0.288282061
Adjusted R Square 0.199317319 Standard Error 369.0839707
ANOVA df SS MS F Significance F
0.109534
Regression 1 441418.0233 441418.0233 3.240407981
> 0.05 (no good)
Residual 8 1089783.82 136222.9775 Total 9 1531201.843
Coefficie Lower Lower Upper
Standard Error t Stat P-value Upper 95%
nts 95% 95.0% 95.0%
0.108337 -
147282.7 1.807300 335206.354 - 335206.354
Intercept 81493.19064 >0.05 40640.91
198 937 3 40640.91463 3
(no good) 463
0.109534 -
X Variable 1 -73.1472 40.63480781 -1.80011 >0.05 166.8512 20.556776 -166.85129 20.556776
(no good) 9
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{ a 4 a 1 1 4 o y
A15197N .3 Naﬂ']ﬁ'Jl,ﬂi']w/iﬂ'313Jﬂﬂﬂ’OEJLGINL%uﬂWﬂ']ﬁﬂﬁﬂﬂﬁﬂﬂﬂWiﬂ@u%WﬂfﬂTLl'Juﬂ"IiLafN

Taiio 50% Judlena 9

C-emitted S132uTA1H0 50%

Hy oo o A o A g
Taidieh Y NITAUANIYONY 95%

SUMMARY OUTPUT
Regression Statistics Observations 10
Multiple R 0.408910373 R Square 0.167207693
Adjusted R Square 0.063108654 Standard Error 202.2672951
ANOVA df SS MS F Significance F
0.240666648
Regression 1 65714.4489 65714.4489 1.60623667
> 0.05 (no good)
Residual 8 327296.4695 40912.05868 Total 9 393010.9184
Coefficie Lower Upper
Standard Error t Stat P-value Lower 95% Upper 95%
nts 95.0% 95.0%
- = 0.247247 >
- 47241.4323 - 47241.4323
Intercept 55745.44 44660.3173 1.248209 0.05
158732.3202 2 158732.3202 2
396 761 (no good)
0.2406666
X Variable 1 28.2230 22.26889628 1.26737 >0.05 -23.129148 79.575185 -23.129148 79.575185
(no good)

4 a 4 a 9 1 1 4 o Y
G]'li“l‘ﬁ .4 Naﬂ'li')mi13Wﬂ31ﬂﬂﬂﬂ@ﬂlﬂfﬂlﬁuﬂ1ﬂ15ﬂﬁﬂﬂa’f]ﬂﬂ’lﬁﬂ@ui]’lﬂi]’lui]uﬂ’lﬂaﬂﬂ

Tautlo 60% 1udlane 9

C-emitted $1:3u1AtD 60%

SUMMARY OUTPUT
Regression Statistics Observations 10
Multiple R 0.72176523 R Square 0.520945048
Adjusted R Square 0.461063179 Standard Error 164.9546515
ANOVA df SS MS F Significance F
Regression 1 236714.957 236714.957 8.699545558 0.018439803 < 0.05 (OK)
Residual 8 217680.2965 27210.03706
Total 9 4543952536
Coeffici Lower
Standard Error t Stat P-value Upper 95% Lower 95.0% Upper 95.0%
ents 95%
0.019169182 < - - -
Intercept 106502. 36421.7412 2.924145 190491.17
0.05 (OK) 22513.79915 190491.1707 22513.79915
4849 892 07
0.0184398
X Variable 1 53.565 18.16090942 2.9495 11.6865 95.444720 11.686456 95.444720

<0.05 (OK)
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{ a 4 a 1 1 4 o 4
MIN .5 WaMIANIITHANNDADeaEudUAIMsantasemsueuIATINIUMT @
v
Tauiio 70% Judlena 9

SUMMARY OUTPUT C-emitted $113uT1il0 70%
Regression Statistics Observations 10
Multiple R 0.886154406 R Square 0.785269631
Adjusted R Square 0.758428335 Standard Error 132.5077306
ANOVA df SS MS F Significance F
Regression 1 513686.0259 513686.0259 29.25602506 0.000639209 < 0.05 (OK)
Residual 8 140466.3894 17558.29867
Total 9 654152.4152
Coefficie Lower Upper
Standard Error t Stat P-value Upper 95% Lower 95.0%
nts 95% 95.0%
0.000665596 < - -
Intercept 157259.5 29257.50942 5.375014 224727.4 -89791.5882
0.05 (OK) 89791.5882 224727.4635
258 106 635
0.0006392 < 45.26673
X Variable 1 78.9081 14.588621 5.40888 112.54958 45.266737 112.54958
0.05 (OK) 7

{ a 4 a 1 1 4 o y
M13197 8.6 WAM3AATITHANNDADREuFUAINIandassmsueuIATINIUMIIREa
v

Tauiio 80% ludlena 9

SUMMARY OUTPUT

Regression Statistics

C-emitted $1321TA1H0 80%

Observations

10
Multiple R 0.950579447 R Square 0.903601286
Adjusted R Square 0.891551446 Standard Error 109.3473525
ANOVA df SS MS r Significance F
Regression 1 896627.6554 896627.6554 74.9886586 2.4582E-05 < 0.05 (OK)
Residual 8 95654.74802 11956.8435
Total 9 992282.4035
Coefficie Lower Lower Upper
Standard Error t Stat P-value Upper 95%
nts 95% 95.0% 95.0%
2.55101E-05 < - - -
Intercept 208016.5 24143.73246 8.61575844 263692.1
0.05 (OK) 152341.0199  263692.1136  152341.0199
668 3 136
2.4582E-05 < 76.48932
X Variable 1 104.251 12.03874729 8.6595992 132.01213 76.489326 132.01213
0.05 (OK) 6
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{ a 4 a 1 1 o o 4
AN Al Nﬁfﬂﬁ'JLﬂi13ﬁﬂ31ﬂﬂﬂﬂﬂﬂl%’\ﬂﬁ?{uﬂ1ﬂ1§ﬂaﬂﬂaﬂﬂﬂTiUﬂuﬂTﬂﬁ]"IU'Juﬂ'lﬁlaﬂﬂ

nszienuilnaluilana o

SUMMARY OUTPUT

C-emitted n3ziioUn@

Regression Statistics Observations 10
Multiple R 0.991410931 R Square 0.982895634
Adjusted R Square 0.980757588 Standard Error 1.451852347
ANOVA df SS MS F Significance F
Regression 1 969.0257299 969.0257299 459.7168336 2.35656E-08 < 0.05 (OK)
Residual 8 16.8630019 2.107875238
Total 9 985.8887318
Coefficie Lower
Standard Error t Stat P-value Upper 95% Lower 95.0%  Upper 95.0%
nts 95%
2.73942E-08 < - - -
Intercept 6743.12 320.5668343 21.0349972 7482.350
0.05 (OK) 6003.894045  7482.350935  6003.894045
249 9 935
3.42720 21.4410082 2.35656E-08 < 3.058609
X Variable 1 0.159843683 3.795809907  3.058609521 3.795809907
9714 2 0.05 (OK) 521

{ a 4 a 1 1 4 o Y
A15190 f.2 Nﬁﬂ"li’Jlﬂi"I$‘Viﬂ’J"Illﬂﬂﬂﬂ&ll%\i!,f%f}uﬂ”lﬂﬁﬂaﬂﬂaﬂElﬂ”li‘]_l’f)ui]"lﬂﬁnulluﬂﬁl,aﬂﬂ

nsedle 20% luiaa 9

SUMMARY OUTPUT C-emitted $1121n5% 10 20%
Regression Statistics Observations 10
Multiple R 0.913862557 R Square 0.835144773
Adjusted R Square 0.81453787 Standard Error 31.1760867
ANOVA daf SS MS F Significance F
Regression 1 39390.567 39390.56712 40.52742703 0.000216837 < 0.05 (OK)
Residual 8 7775.5870 971.9483817
Total 9 47166.154
Coefficien Standard Lower
t Stat P-value Upper 95% Lower 95.0% Upper 95.0%
ts Error 95%
6883.63347 0.000222928 - - -
Intercept 43643.98 6.34025393 59517.6
6 <0.05 (OK) 27770.29698 59517.67148 27770.29698
423 4 7148
0.0002168 13.9358
X Variable 1 21.8509 3.4323742 6.3661155 29.76596 13.93582 29.76596
<0.05 (OK) 2
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{ a 4 a 1 1 o o 4
A5 9N A3 Nﬁfﬂﬁ'JLﬂi1$ﬁﬂ31ﬂﬂﬂﬂﬂﬂl%QL&}Uﬂ1ﬂ1§ﬂaﬂ‘ﬂaﬂﬂﬂTiUﬂuﬂTﬂﬁ]"IU'Juﬂ'lﬁlaﬂﬂ

nseiio 30% luilan 9

C-emitted $1:UN52 10 30%

SUMMARY OUTPUT
Regression Statistics Observations 10
Multiple R 0.89679559 R Square 0.80424233
Adjusted R Square 0.779772621 Standard Error 65.55913693

ANOVA df SS MS F Significance F

0.000437467
Regression 1 141261.75 141261.75 32.86685336

<0.05 (OK)

Residual 8 34384.00348 4298.000435

Total 9 175645.7535
Coefficie Lower Lower Upper
Standard Error t Stat P-value Upper 95%
nts 95% 95.0% 95.0%
0.000445534 < - - -
Intercept 82756.62 14475.35972 5.71706861 116136.8
0.05 (OK) 49376.38539  116136.8641  49376.38539
473 4 641
0.0004375 2473517
X Variable 1 41.3795 7.217823423 5.7329620 58.023838 24.735177 58.023838
<0.05 (OK) 7

{ a J a 1 1 J o dy
AN A4 W'ﬁﬂTi’JLﬂi1$1’?ﬂ'NiJﬂﬂﬂﬂﬂl%ﬂL&luﬂWﬂWiﬂﬁﬂﬂﬁﬂﬂﬂWﬁU@u%Wﬂﬁnu?l‘lﬂTﬂﬁﬂﬂ

nsedlo 40% luilena 9

SUMMARY OUTPUT C-emitted $1IUN32 10 40%
Regression Statistics Observations 10
Multiple R 0.890112027 R Square 0.792299421
Adjusted R Square 0.766336849 Standard Error 100.1454887
ANOVA df SS MS F Significance F
Regression 1 306058.4675 306058.4675 30.51698462 0.000557607 < 0.05 (OK)
Residual 8 80232.95128 10029.11891
Total 9 386291.4188
Coeffici Lower
Standard Error t Stat P-value Upper 95% Lower 95.0% Upper 95.0%
ents 95%
0.000566045 < - - -
Intercept 121869 22111.97465 5.5114600 172859.
0.05 (OK) 70878.96031 172859.5702 70878.96031
2652 66 5702
0.0005576 35.4829
X Variable 1 60.908 11.02565543 5.524218 86.333331 35.482917 86.333331
<0.05 (OK) 17
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{ a 4 a 1 1 o o g
A1519% .1 Nﬁfﬂﬁ’llﬂ§1$ﬁﬂ31ﬂﬂﬂﬂﬂﬂl%\ilg1ftlﬂ'lﬂ1§‘ﬂaﬂ‘ﬂﬁﬂﬂﬂTiUﬂuﬂTﬂﬂ"lu’JuIﬂlﬁﬂ

A d'dy a =
wagnszdeNaesnunaluilais o

SUMMARY OUTPUT

393 C-emitted Touio : n3zile = Und (aiimsuSudaaudruumseslaiionaznszile

Regression Statistics Observations 10
Multiple R 0.971987 R Square 0.944759
Adjusted R Square 0.937854 Standard Error 102.1795
ANOVA df SS MS F Significance F
Regression 1 1428491 1428491 136.8201 2.6E-06 < 0.05 (OK)
Residual 8 83525.16 10440.64
Total 9 1512016
Coefficie Lower
Standard Error t Stat P-value Upper 95% Lower 95.0% Upper 95.0%
nts 95%
2.7E-06 <
Intercept 262646 22561.08 -11.6416 -314672 -210621 -314672 -210620.539
0.05 (OK)
2.6E-06 <
X Variable 1 131.586 11.24959 11.6970 105.645 157.5282 105.645 157.5282149
0.05 (OK)

1 a 7 a 1 ' J Y
AN 9.2 Waﬂﬁ’JLﬂi1$ﬁﬂ’ﬂﬂﬂﬂﬂﬂﬂl%\il&juﬂ1ﬂﬁﬂﬁﬂﬂﬁﬂElﬂﬁ‘]Jﬁ)u%Wﬂﬂﬁ‘ﬂﬂafNﬂ‘i‘U

(3 ! o dy A A dy =T
dadiuduiulaiie : nszde = 80 : 20 Mtaes 1utlaig il

SUMMARY OUTPUT

593 C-emitted Tntifo:nsziio = 80 : 20

Regression Statistics Observations 10
Multiple R 0.969370719 R Square 0.939679591
Adjusted R Square 0.93213954 Standard Error 102.5994132
ANOVA df SS MS F Significance F
Regressio
1 1311883.47 1311883.474 124.6250965 3.71084E-06 < 0.05 (OK)
n
Residual 8 84213.1167 10526.63959
Total 9 1396096.59
Coefficient Standard Lower Upper
t Stat P-value Lower 95% Upper 95%
s Error 95.0% 95.0%
3.85098E-06 -
Intercept -251660.6 22653.7975 -11.1089 -303900.3 -199420.8 -303900.3
<0.05 (OK) 199420.8
X 11.163561 3.71084E-06 < 0.05 100.053401 152.149833 100.053401 152.1498
126.1016 11.2958236
Variable 1 1 (OK) 3 2 3 332
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1 a J a 1 1 4 %
A5 9N 7.3 Nﬁfﬂi’JLﬂiT%Wﬂ’NNﬂﬂﬂ’ﬂﬂl%’\iLﬁ%}uﬂ'lfnﬁﬂaﬂ‘ﬂa’ﬂ‘t’Jﬂ'li‘]J’f)ufmﬂﬂ'lﬁﬂﬂa’ﬂ\i‘]Jﬁ‘U

U 1 o dy A d‘ dy =
dadiudiviulaiie : nszde = 70 : 30 Mtaes 1utlaig il

SUMMARY OUTPUT 533 C-emitted TAtifo : n3zile =70 : 30
Regression Statistics Observations 10
Multiple R 0.965598386 R Square 0.932380244
Adjusted R Square 0.923927774 Standard Error 104.0263457
ANOVA df SS MS F Significance F
5.87829E-06
Regression 1 1193702.588 1193702.588 110.3086197
<0.05 (OK)
Residual 8 86571.84481 10821.4806
Total 9 1280274.433
Coefficie Lower Lower Upper
Standard Error t Stat P-value Upper 95%
nts 95% 95.0% 95.0%
- - 6.10663E-06 < -
Intercept 240016.1 22968.86209 10.4496317 0.05 292982.4
187049.8597  292982.4415  187049.8597
506 5 (OK) 415
5.87829E-06 <
93.87717
X Variable 1 120.288 11.45292372 10.502791 0.05 146.69815 93.877175 146.69815
5
(0K)

1 a 7 a 1 ' J o
AN A4 Waﬂﬁ’JLﬂi1$ﬁﬂ’ﬂﬂﬂﬂﬂﬂﬂl%\il&juﬂ1ﬂﬁﬂﬁﬂﬂﬁﬂElﬂﬁ‘]Jﬁ)u%Wﬂﬂﬁ‘ﬂﬂafNﬂ‘i‘U

o ! o dy A A dy =T
dadiuduiulaiie : nszde = 60 : 40 Miaes 1utlang il

SUMMARY OUTPUT 57U C-emitted JAui{o : n3zilo = 60 : 40
Regression Statistics Observations 10
Multiple R 0.960545726 R Square 0.922648091
Adjusted R Square 0.912979103 Standard Error 106.4400869
ANOVA df SS MS F Significance F
Regressio 1.01075E-05 < 0.05
1 1081099.04 1081099.04 95.42343387
n (0OK)
Residual 8 90635.9367 11329.49209
Total 9 1171734.98
Coefficie Standard Lower Lower Upper
t Stat P-value Upper 95%
nts Error 95% 95.0% 95.0%
1.05112E-05 -
Intercept ~ 228371.7  23501.81254  9.71719 28256  -174176.47 -174176.47
<0.05 (OK) 282567.03
501 7334 7.027
X 87.45
114.4737 9.76849 1.01075E-05

Variable 11.71866788 04156 141.4970 87.4504 141.4970

122 1894 <0.05 (OK)

1
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GMSARN International Conference on Sustainable Development: Challenges and Opportunities for GMS  12-14 Dec. 2007

The Study of Carbon Mass Flow in Milk Production from Dairy
Farms: A Case Study in Nakhon Ratchasima Province

Nathawnt Thanee, Wut Dankittikul, and Prayong Keeratiurai

Abstract— The carbon budget of aniry cows during milk production was studied to develop C emission factors from animal
husbandry, to study the rate of carbon fixation by producers and its fransfer to first consumers in the food chain and fo study
the changing carbon content in energy patterns used in food products iike milk from animal husbandry in Nakhon
Ratchasima province, Thailand. The sampiing numbers were 309 dairvy farms, 9 dairy farm co-operotives, and 400 dairy
cows. Grass and foods for daivy cows, milk and faeces of dairy cows were collected and transferved to the laboratory at
Suranaree University of Technology. Dairy cows on farms and the energy sectors of farm activities and daivy farm co-
gperative activities emitted 3.221 kg C/head-day and the fived factor was 4.257 kg Chead-day from milk and the growth of
dairy cows. The rate of change of carbon contents of dairy production was 7.544 kg C/head-day. It was also found that the
efficiency of dairy cows that transfer carbon from producers and fixed to milkwas 10.33% and the ratic of C emission factor
was chavged from producers and energy sectors of dairy production by 0427. The ratio of carbon contents that were
emitted to carbor contenis fived in milk ond the growth of dairy cows was 0.757. The futwre trends in the net carbon
emission per vear from dairy farms, dairy farm co-operatives and the decreasing trend of milk per head per day of the dany
cows in Nakhon Ratchasima province can be forecasted by using the eguations as follow: ¥ = 2x10°X — 4x10° (R =
0.8969) and ¥ = -0.1934X + 399.30 (R’ = 0.8748), respectively.

Eeywords— Carbon massflow, milk production, dairy farm, Nakhon Ratchasima.

that carhon 1= collected dunng growth The net carthon
1. INTRODUCTION production can be used to explain the tume averaged C
stecks by carbon weight per time [11], [12]. Increasing
carbon foeation rates will deerease €O, emissions to the
atmosphere. Producers are the animal foods and are fixed
1 meat or other animal products.

So 1t 1z important to study and understand about the
relationship of carbon emission from animal husbandry
and carbon transfer to herbivores using energy for food
production This study was ammed te develop € crussion
factors from animal husbancry, to study the rate of catbon
fixation by producers and 1ts transfer to first consumers mn
the food chain and to study the changing carbon content
in energy patterns nsed in ‘ood products like milk from
ammal husbandry in the Nakhon Ratchasima province.

One of the environmental threats our planet faces today 1s
the long-term change :mn the Earth’s climate and
t=mperature pattems due to global climate change or the
greenhouse effect. The CO; and CH; from human
activities are important greenhouse gases thar are
contributng to global clmate change. Clobal climate
change 15 due largely to the inereased production of
greenhouse anthropogenic sources such as the burmng of
fossil fuels, agriculture and livestock, disposal of solid
waste and wastewater. and deforestation [5].

Carbon 1s important to life because it 15 the primary
element that makes up the body [7]. CO; 1s an mmportant
creenhouse gas and has the potential to cause changes in
the Earth's climate and temperature patterns [6].

One product of carbon fixation 1s the protemn i meat
and animal praducts One of the key processes we smdied Study Area
was carbon which was transferred to the food cham and
fixed in milk and meat. Net carbon production is the rate

2. METHODS

The study area 1s located at dary farms and dairy farm
co-operatives, in 51 Khiu, Khon Buri, Sung Noen, Kham
‘Thale So. Phimai. Chumphuang, Soeng Sang, and Pak
Clong districts of Nakhon Ratchasima province (Figure

Nathawut Thanes (comespending author) is wih the School of 1.). Nakhon Ratchasima province has an agricultural area
Biology, Instimte of Science, Swanaree University of lechnology, 111 of 12.469.46 square kilometers which 1s the biggest area
University Avenue, Suramarze, Muang, Nakhon Ratchasima Province for dairy farms in Thailand [3]. The map of dairy farm

30000, Theiland. Phome: 66-4422-4192; Fax:66-4422-4633; E-mail: - . . . -
i — - area mn the Nakhon Ratchasima province is shown in
Wut Dankittikul iz with the School of Enviromental Enginsering, Figure 1.
Istitute of Engmeermg, Suramaree University of Teclmology. 111
University Avemme, Suranaree, Muang, Nakhon Ratchasima Province Scope of the Study
30000, Thadand. Thone: 66-4422-4218; T-manl: vttt ac.th. .
Prayons Keeratimai is with the School of Envircmental To study the transference of carbon contents mn producers
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Technelogy, 111 University Avenue, Suranaree, Muang, Nakhen contents 1 faeces and to study the transference of the
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} carbon contents 1n the electricity and engine energy
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sectors for livestocks to keep cool milk, and the
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transference  of transportation energy sector for
transporting milk from dairy farms to dairy farm
co-operafives m the province and to transport miik from
dairy farm co-operatives to dairy manufacturers.

Fig. 1. The districts of Nakhon Ratchasima province map

Size of Samples, Site Sampling Methods and Analyfical
Methods

The numbers of dairy farms and dairy cows 1n any district
were calculated by determuming the number of dairy farms
and the number of dairy cows m the province (adapted
from [2], [13] The sampling numbers were 309 dairy
farms, 9 dairy farm co-operatives, and 400 dairy cows.
Guass and fouds fo1 dany cows, mnlk and facces of dany
cows were collected and transferred to the laboratory at
Suranaree Umversity of Technology. The analytical
methods are shown i Table 1.

Table 1. The methods for p

1
mille, and faece

operty analysis of animal foods,
= £

om dairy cows

Praperties Aualyteal metbods Reforenees
Moustre | By weighing the known wert sample affer | Maakay ef ol {2004)
content ove dryiog at 103005 C fin 24 howss

Cabon By ONS-2000 ELEMENTAL ANALYZER. | Marlay etal. (2004)
ozt (C)
Welatile & | Dy weighing the known weigit sample atter | AFCA, AWWA, WET, (1392)
fired solids | burimgat 350 € for 30 wmrtes

3. RESULTS AND DISCUSSION

The C Emission Factor and the Rate of Change in
Carban Contents

This study showed that the carbon contents was
transferred and enutted from activities i livestock
sectors. The C emission factor was 2.676 kg.C/head-day.
the C fixation factor was 4.257 kg C/head-day, and the
rae of transference of carbon contents from producers
was 6.933 kg.C/head-day as shown in Table 2. The CO,
C0,. and CH, gases which were enutted from faeces, and
enteric fermentation and respiration of dairy cows are
shown 1n Table 3.

Figure 2. skowed the ratio of the carbon contents in
mulk, faeces, tae growth of dairy cows and the CO, CO;
and CH, from faeces. entenc fermentation and respiration
to carbon contents in the producers, that were transferred
to dairy cows by feeding. Figure 2. showed the carbon

content was Oxed w mulk and mtie mowih of (he dany

cows. It was calculated that the carbon contents by mass
balance, was 61.40% and that the carbon contents
emitted, to influence the environmental problem. was
38.60%.

Table 2. The average of Cypyt, C-fization, Coytpar and C-
emission of CO, CO; and CHy from dairy farms that were
the member of the dairy farm co-operatives in Nakhon

Ratchasima
" a (frution L
il fieadday) % a9
Couflp e (e Cealday) ke Chesddint
: € =<nmssiomof 14, C0LECH,
Arverze X X The aowth . -
T nedfooks | il fom nr;_‘w'; Fasof
for daryeoms | dairy oows O | derywus | Faecesof | Entc femuentrtion
(1uass balperce . .
damyoows |l espiration
L 6933 onf || 1w | o 0656
conems

Table 3. The CO, C0O; and CH, from faeces, enteric
fermentation and respiration of dairy cows on dairy farms
in Nakhon Ratchasima

Avempe of s (o 002520 kneadday) | CH, 25D hptiadHisg) | (o2 5T ehead )

Fowies of ety coms (1004 = .00 (AL 2000128 01562 002197

Entene Gementaticoand cespraton | .0010< 0,000 011 £0.0569 100720453

§.00.= gtk derstion
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|10 w03

on ab

C i ool of dairy wome

9 fimace balsnce)

a T 1 faeces

mEE
of O, DO&CH,

e Ny

Gl © s of OO, 000K,
foee eareric fannenntion and
reipuation

Fig. 2. The percentage of C was transferred from producers
to any sectors

The Carbon Contenis of Emergy Sectors for Milk
Production

The dawry farms, that are members of dawy farm
co-operatives, used 3 energy sectors for milk producton.
The first sector was the electricity energy for lighting and
pumping of milk The second sector was petrol used for
transporting milk to dary farm co-operatives daily. The
last was pctrol uscd for cutting grass and transfermng 1t to
the farms for feeding. The C iy and C enussion per unit
of 3 energy sectors of dawry farms were 0.229 kg C/head-
day and 0206 kg C'head-day, respectively. The dairy
farm co-operatives nsed electrnicity for milk conling and
for transporting nulk from dairy farm co-operatives to
datry manufacterers. The Cigp and C emission per unit of
electricity and petrol used by dairy farm co-operatives
were 0.382 kg Clhead-day and 0.339 kg C/laead-day,
respectively. The resulr of the carbon contents per unit in
the energy sectors for milk production are shown in Table
4.
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Table 4. The averages of Cippet and C-emission from energy
sectors of dairy farms and dairy farm co-operatives

Cinm 10 emission C extission
Average cathon conterts from energy sectors
(e Clhead-dany] | (e COvhendHdiny) | (e Cheaddiy)
Electrigity for light and prop 00g 0.2 0,080
I[:ﬂmL: Transportatioa energy 0012 035 Ao
Engine engigy 0.137 0425 016
Diry Elestricity for milk cooling 07 0357 0T
fam o
opernalives Transporstiod cIeTgy 0285 0.587 0242

The transportation energy and the engine energy of the
dairy farms had C emission of 83.33% and 84.67% of
Cigpu Tespectively. The transportation energy of the dairy
farm co-operatives had C emssion of 84.91% of Cigu.
The sum of the total C emissions per umit and the total C
mpr per umit from the electncity energy and the
transportation and engine energy of dairy farms and dairy
farm co-operatives was 0.545 kg.C/head-day and 0.611
kg.C/head-day. tespectively. The transportation and
engine energy had carbon loses of 0.066 kg C/head-day.
This C enussion showed the environmental problems
known as global climate changes from the energy sectors
in milk production.

The Relation of the Percentage of Carbon Contents and
the Physical Properfies of Animal Foods, Milk and
Faeces of Dairy Cows.

The average of mulk, faeces weight and weight of dairy
cows and the food properties are shown in Table 5. The
ratio of faeces of dairy cow to weight of dairy cow was
4.2% and the ratio of nulk to weight of dairy cow was
2.48%. The percentage of moisture, total solids, volatile
solids, ash, and the carbon contents of amimal foods, mulk,
and faeces of dairy cows, respectively are shown in Table
6.

Table 5. The average weight and standard deviation of
milk, faeces, dairy cow and the percentages of fat, protein,
and total solid in milk from dairy farms in Nakhon
Ratchasima

Averapeweight | Averapeweight | Averane weight .
i I v Pertiileges

of milk offaeees of daazy cow
figfhealedy) | (kg headeday) (e head) Fa Proeein | Towal solids
LML | IBMS£34] | W0086£5399 | 375 32006 | 11T

* Nontheastern Veteriary Research ad Developonent Center (Lower Zooc

The Forecasting Trends of Milk and C Emission from
Dairy Farms and Dairy Farm Co-operatives

The results showed that the average mulk production
from dairy cows was 11.144 kg /head-day in 2007, and
showed a decline compared with earlier wear. This
decreasing trend in the rate of milk per head of dairy cow
was forecast from the livestock statistics m 1999 — 2007
and shown in Figure 3. The future trend of the C emission
from dairy farms and dawry farm co-operatives for milk
production forecasted from the C emussion factor was
3.221 kg C/head-day and the number of dairy cows
statistics i 1997 — 2006 m Nakhon Ratchasima is shown
in Figure 4.

Table 6. Physical properties, carbon contents, and the ratio
of the carbon contents to the volatile solids of animal foods,
feeded to dairy cows on dairy farms

Witz Toulsalids | Velaile Ad Caben | Carbonconeenns
T 15D 8D, |salid28D | £5D  |comens 8D | Vbl selik
% (%) %) (%) %) %)
Gass | GRIDETAD | JLS0ET4D | BLIG2547 [ ITME54T | £205:183 tAs
Ricestrw | TSTLITE | S2A3E10E [ GABdE05 | 30061315 | d0rlM 130
f:n‘?utls obtloe | FLA0EIN | TATIZLSE | 02EL15E | 42861106 122
Comstalk | 705L£699 | 2049699 7686292 | BMr28) | 43872000 3556
Cassarva
mesk | TRIDELSG | MS0:196 | BEM LIS [ LLI0E2LE | 4L7EE10 4758
izsadne
J':ol;lu' 9510084 | S049008 | TLOGI04 | 2834104 | 45N z1m (S5
Milk
;i".“ b esesun | resson | masss | wwens | mmoe | am
LBITY SO
Fagges | 60611262 | B 1202 [ TLE9 2258 (260114208 | MM +24] 171

5D. = standard deviation

=

Aoz of Trilks chriry cen
[ S B s ey J
&
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Year
Fig. 3. The decreasing trend of the milk production from
dairy cows in Nakhon Ratchasima
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Fig. 4. The future trend of the carbon contents emitted from
milk production of dairy farms and dairy farm co-
operatives in Nakhon Ratchasima province

4. CONCLUSION OF THE STUDY

The dairy farms and dairy farm co-operatives have the
C enussion factor which can be dertved form the sum of
carbon content per head per day of dry faeces of dairy
cow, gas emission from wet faeces of dairy cow. enteric
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fermentation, respiration of dairy cow and the energy
sector i dairy production was 3.221 kg C/head-day. The
C emission factor showed that one of the environmental
threats in global warming results from overall dairy
production. The C fixation factor was 4.257 kg C/head-
day from milk and the growth of dairy cows. It showed
the ability of dairy cows to transfer carbon from
producers and fix it on milk and meat. The carbon
different contents per unit between Coupe from the faeces
and C were fixed in milk and the growth of dairy cows
are shown in Figure 5. The rate of change carbon content
in dairy production was due to the carbon contents fed per
dav 1 ammal foods and the carbon contents per unit of
energy consumption in the electricity, transport and
engine sectors for dairy production. This was shown to be
7.544 kg.C/head-day. The Cuyp, different contents per umt
between producers and energy sectors from the dairy
farms and dairy farm co-operatrves are shown in
Figure 5. And the Figure 5. showed the C emutted in
faeces form and C enussion different contents per unit
between dairy cows and energy sectors.

. carns £ Baces A € Stk e

Fig. 5. The carbon different contents are generated
from Cipyt, C emitted, C fixation and C emission of dairy
cows and energy sector

Figure 6 shows the conclusion of the study carbon
budget of dawv cows, dairy farms and dairy farm co-
operatives during nulk production m the Nakhon
Ratchasima Province.

[Sp— © emission (emisy wto

716 C fixation
C emited = &, + O emision

Uniy; kg Cohead-day

Fig. 6. The carbon contents are generated from Cypyt, C
emitted, C fixation and C emission of dairy cows and energy
sectors

The results showed that the efficiency of dairy cows in
transferring carbon from producers and fixed 1 milk was

10.33%. Also the ratio of C emission factor enutted to
carbon contents was changed from producers and energy
sectors of dairy production was 0427 and the ratio of
carbon contents were enmutted to carbon contents were
fixed in milk and the growth of dairy cow was 0.757.

The results also showed that the changing carbon contents
emitted and milk obtained from a dairy cow per day can
forecast the future trends in the net carbon emission per
vear from dairy farms and dairy farm co-operatives and
the decreasing trend of milk production per head per day
from the dairy cows in Nakhon Ratchasima province by
using the equations as follow: ¥ = 2x10%X — 4x10° (R* =
0.8969) and Y = -0.1934X + 39939 (R® = 0.8748),
respectively.

ACKNOWLEDGMENT

The researchers acknowledge the centre for Scientific and
Technological Equipment, Suranaree Umversity of
Technology for providing laboratory analyses. This work
received financial support from Vongchavalitkul
University and National Research Council of Thailand.
The researchers acknowledge critical and helpful
comments by Professor B.R. Watkin, Professor Emeritus,
Massey University, New Zealand.

REFERENCES

[1] APHA, AWWA, WEF. 1992. Standard Methods for

the Exmination of Water and Wastewater. 18

Edition. Wash. D.C.. USA: Amencan Public Health

Association.

Cavana. R. Y.; Delahave, B. L.; and Sekaran, U.

2000. Applied Business Research: Qualitative and

Quantitative Methods. New York: John Wiley and

Sons.

[3] Center for Agricultural Information, Office of
Agrnicultural Economics. 2004. dgricultural Statistics
of Thailand 2004. Agncultural Statistics No.410.
Ministry of Agriculture and Co-operatives. Bangkok.

[4] Department of Livestock Development. (2005).

Livestock Statistics Data. [On-line]. Available: htip://

www.dld go th/index html

Intergovernmental Panel on Climate Change. 1995.

Climate Change 1995, The Science af Climate

Change. Contribution of Working Group I to the

Second Assessment Report of the Intergovernmental

Panel on Climate Change Cambridge, UK.: Press

Syndicate of the University of Cambridge.

Jintavaet, U. 2004. Carbon Collection. Faculty of

Agriculture. Chiangmai University.

[7] Lavhajinda, N. 2008. Ecology: Fundamentals of

Environmental. 2™ ed. Bangkok: Kasetsart

University.

Manlay, Raphaé&l J: Ickowicz. Alexandre; Masse,

Domumique; Floret, Chnstian; Richard, Didier; and

Feller, Christian. 2004. Spatial carbon, nitrogen and

phosphorus budget of a village m the West African

savanna-1. Element pools and structure of a muxed-

farmung system. Agricultural Svstems. (79): 55-81.

Manlay, Raphaél J.. Ickowicz, Alexandre: Masse,

Domunique; Feller, Chnstian; and Richard, Didier.

2004. Spatial carbon, mitrogen and phosphorus

budget in a village of the West African savanna-II.

Element flows and functioning of a muxed-farming

system. dgricultural Svstems. (79): 83-107.

[2

—_—

[5

—_

6

—

[8

[l

[9

—_—




308

[L0]JUNECE TEEIP. (2004). Task Force on Emission
Inventories and Projections. [On-lme]. Available:
attp://tfeip-secretanat.orgunece. htm

[11]van Noordwyk, M; Cerri, C; Woomer, P. L ;
Nugroho, K ; and Bemoux, M. 1997. Soil carbon
dvnamics in the hunud tropical forest zone.
Geoderma. (79): 187-225.

[12]van Noordwyk, M., Murdryarso, D.; Hamah, K ;
Wasrin, U. K. Rachman. A.; and Tomuch, T. P.
1998. Forest so1l under alternatives to slach and bum
agriculture i Sumatra, Indonesia. In. A Schulte and
D. Ruhiyat (eds.). Seils of Tropical Forest
Ecosystems: Characteristics, Ecoiogy  and
Management. (pp17:-185). Berlin: Springer-Veriag.

[13]Yamane, Taro. 1973. Mathematics for Economists:
An Elementary Survey. 2 ed. New Delhi: Prentice-
Hall.

th




309

COMPARISON OF CARBON MASSFLOW AND EMISSION FACTORS
FROM OX AND BUFFALO FARMS IN MEAT PRODUCTION

Nathawut Thanee

Wut Dankittikul

Pravong Keeratiurai

Suranaree University of Technology, Thailand.

Abstract

The carbon budget of oxen and buffaloes during meat production were studied to
develop carbon emission factors from ox and buffalo farms, to investigate the rate of carbon
fixation by plants and their transfer to oxen and buffaloes in food chain and to study the
carbon content changing in energy patterns from electric energy and petrol that were used in
meat production in Nakhon Ratchasima provinee. The study showed that the carbon emission
factors per unit from ox and buffalo farms and slaughterhouses in ox and buffalo meat
production were 2.00 and 2.32 kg.C/head/day, respectively. The carbon fixation factor in
meat and organs, of oxen and buffaloes were 3.09 and 4.72 kg.C'head/day, respectively and
the rate of carbon massflow from grass and energy used for electricity, and petroleum of
oxen and buffaloes were 5.15 and 7.10 kg.C/head/day. respectively. This study also showed
the ratio of the carbon fixation in ox or buffalo meat and organs to the sum of carbon contents
i grass, that humans cannot use the carbon in grass but herbivores can, and carbon contents
from electric energy and petrol used mn ox and buffalo meat production were 0.60 and 0.66,
respectively. The ratio of total carbon emitted per unit to total carbon contents per unit in
grass and energy used in ox and buffalo meat production were 0.39 and 0.33, respectively.
The ratio of total carbon emitted per day to carbon fixation per day in meat and organs of an
ox and a buffalo was 0.65 and 0.49, respectively. Ox production produced more
environmentally harmful carbon than buffalo production. The carbon contents changing
emitted in meat production in ton C. per year from ox and buffalo farms and slaughterhouses
in Nakhon Ratchasima plmulcc can be plcchctcd by using the equation as follow: C-
eﬂussmmm = 100‘5—1Lyea1) 4::10° {}Efu] + 4x10° {R = 0.9528) and C-emissionmfiloe: =
72.28(year) - 288042(year) + 3x10% (R? = 0.9522). The results also showed that the ratio of
CH, : CO; enutted from facces, enteric fermentation and respiration of ox was 1.48 times
higher than the walue from buffalo. For the same quantity of meat production it can be
suggested that decreasing ox meat production and inereasing buffalo meat production can
decrease of the environmental problems.

Kevwords - carbon massflow, carbon emission, meat produetion, ox, buffalo
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1. INTRODUCTION

o ot s e O

Oi_le Df ‘l-l_le Eﬂ%’ifﬁﬂiﬁﬂ'fﬂl ‘l‘h.i‘tdlb tnat our PldLlCL 1dCCs lUUd}f ].El l[l: 1011g-u:1‘111 Ludllgc ].Il
Earth’s climate and temperature patterns due to global climate change, or the greenhouse
effect. CO; and CHy from human activities are the most important greenhouse gases that
are contributing to global climate change [5]. CHs 1s 23 times more potent a greenhouse
gas than CO; [6]. Ox and buffalo are herbivores that are raised for their meat, however,
production of ox and buffalo produce emission of both CO; and CHy.

Carbon is an important element for humans because it is the primary element of both
plants and animals and it cycles through living and non-living components [8]. One
product of carbon fixation 1s the protein in meat and animal produets. The focus of this

ctrrder so anelme 12lhiads trman mfmrmad o Ham Fmmd Aliad madl Feead e svimnt Tlha svet anaelmes
STUGY 15 Carooll Wilici 15 WansISITed 10 1wie 1004 Caail aid IiXca in Mcat. The net carbon

production is the rate at which carbon is fixed during growth. The net carbon production
can be used to explain the time averaged C stocks by carbon weight per time [11], [12].
Therefore it is important to study and understand the relationship between the carbon
emissions and carbon transfer to herbivores® energy use for meat production.

2. METHODS

Objectives of Study

The primary objective of this study was to develop carbon emission factors for ox and
buffalo farms. To accomplish this we studied the rate of carbon fixation by plants which is
then transferred to ox and buffalo, and the included the carbon emissions from electricity and
petroleum used during meat production in Nakhon Ratchasima.

Srudy Area

We studied ox and buffalo farms and slaughterhouses, in 32 districts of Nakhon
Ratchasima province (Figures 1 and 2, respectively). Nakhon Ratchasima province has
an agricultural area of 12.469.46 square kilometers which is the largest area of ox and

buffalo farms in Thailand [3].

The Density of Ox Farm Areas

2850-3513 heads

—F
& | 55148768 heads
(L I 5769-13067 heads
S . B 13068-19052 heads
. = ‘ﬂt“*),_,__ y B 1005330575 heads

Figure 1. Ox farm areas in Nakhon Ratchasima province [4]
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Figure 2. Buffalo farm areas in Nakhon Ratchasima province [4]

Size of Samples, Site Sampling Methods and Analytical Methods

The numbers of farms, oxen and buffaloes in each district were caleulated by
determining the number of ox and buffalo farms and the number of oxen and buffaloes in
the province [2], [13]. The sampling numbers were 398 ox farms, 390 buffalo farms, 17
slaughterhouses, 400 oxen, and 398 buffaloes. Grass and food for oxen and buffaloes,
meat and faeces of oxen and buffaloes were collected and transferred to the laboratory at
Suranaree University of Technology. The analytical methods were shown in Table 1.

Table 1. Methods for property analysis of animal food, meat, entrails, gases, and faeces from oxen
and buffaloes

Properties Analytical methods References
Moisture content B" wcshing samplc alicr-ovem: dejme-at 1037105 Manlav et al. (2004)
C for 24 hours
; ' By CNS-2000 ELEMENTATL ANALYZER and . ) -
Carbon content (C) GAS ANALYZER Manlav et al. {(2004)
Volatile & fixed solids By weighing the known weight of the sample after APHA, K AWWA, WEF.

burning at 550 "C for 30 nunutes (1992)

3. RESULTS AND DISCUSSION
The Rate of Change in Carbon Contents and the C Emission Factors

This study determined that the rate of carbon massflow from grass for feeding to the
biomass and fasces of oxen and buffaloes (Cigpu). The rate of transference of carbon
contents from plants to ox and buffalo were 4.46 + 1.93 and 6.51 + 3.14 kg.C/head/day.
(average = standard deviation) respectively (Table 2). Table 2 shows the carbon fixation
factors of ox and buffalo were 3.09 + 1.97 and 4.72 + 3.14 kg.C/head/day, respectively.
Carbon contents were caleulated by mass balance. The transference of carbon contents
(Cigpwy) munus the carbon contents emitted i faeces, enteric fermentation, and respiration
(Cemitted) Were the carbon mass fixed in the body (Cxation). The carbon emission factors for
ox and buffalo were 1.38 + 0.36 and 1.80 £ 0.51 kg.C'head/day, respectively.
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Table 2. The average of Cinput, Cfixation, Cemitted, Coutput, and Cemission of CQO, CO2 and CH4
from ox and buffalo in farms

C oo (M5 balance) C imitnd
(kg Cheadday (ke Chead-day
Cizgee tramsferred
- from Boune, Caminsion of €O, €O and CHagazes
]_L\“’." °|f plaut by feeding ) S0, | o) Coieaz | Dried
Anima; (kg.Cheadday Total Cheson | Meat | Entrails h::::iﬂ from animal | Faeces Eunteric fermentation
Faeces A
etc. and respiration
0.0
Ox 446193 309197 | 144 026 139 | 1382036 * 0012001 047+0.19
0.31
1.12
Buffalo 631£3.14 4721314 | 164 039 2.69 80%031 * 0022001 066028
0.44

Table 3. The percentage ratio of meat and entrails of ox and buffalo that were killed in

slaughterhouses
Weight before Ratio of meat to Ratio of entrails to Ratio of skin, blood,
Kind of killing weight before weight before killing bone, and etc. to weight
Animal (kg/head) killing (%0) before killing
(%) (%0)
Ox 268.74£101.38 46.55x11.96 8.5222.61 4493
Buffalo | 3377326691 34.65=7.14 8.32=1.06 57.03

Table 2 also shows the ratio of C.uneq per day from ox and buffalo to Cigy: per day of ox and
buffalo by feeding were 30.94% and 27.65%, respectively. This ratio of Cugigeg t0 Cigpye shows the
contribution to global climate changes from buffalo is lower than for ox. Table 3 shows the ratio
of meat, entrails. skin, blood. and bone to weight of ox and buffalo that were killed n
slaughterhouses. The CO. CO,, and CH, gases which were emitted from faeces. enteric

fermentation and respiration of ox and buffalo are shown in Table 4.

Table 4. The average of CO, CHy, and CO; gases from ox and buffalo in farms in Nakhon

Ratchasima province

Kind of Animal | Average of gases | CO (kg/head/day) | CH, (kg/head/day) | CO, (kg/head/day)
Faeces 0.000 £0.000 0.004 =0.002 0031 =0.015
Ox Enteric
fermentation and 0.001 £0.001 0.104 £0.063 1.440 £ 0.618
fespiration
Faeces 0.000 £0.000 0.005 £0.003 0.062 =0.035
Buffalo Enteric
fermentation and 0.001 £0.001 0.127 £0.068 2.069 £0.942
fespiration

Figures 3 and 4 show the percentages of CH, and CO, emitted from ox and buffalo.
Comparison of the ratio of CH, to CO, emitted from ox was 1.48 times greater than the value for
buffalo. Therefore ox was contributing more global climate change than buffalo.
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¢ Greenhouse Gas Emissions from Faeces

Figure 3. The percentages of CO, CH,, and CO; gases from faeces of ox and buffalo

& Greenhouse Gas Emussions from Enteric Fermentation and Respiration

Figure 4. The percentages of CO, CH,, and CO; gases from enteric fermentation and respiration
of ox and buffalo

Figures 5 and 6 show the ratio of the carbon contents transferred to ox and buffalo by feeding.
The carbon mass fixed i the biomass of ox and buffalo were 69.18% and 72.38%, respectively.
and emitted from facces. enteric fermentation and respiration of ox and buffalo were 30 82% and
27.62%, respectively. Carbon emissions whiach contribute to environmental problems that buffalo
encourage global climate change lower than ox because buffalo fixed the carbon contents in its
body more efficiently than ox.
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FigureS. The percentages of carbon contents were transferred from grass to ox’s parts
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OCO0,C012, and CH4 from

Figure 6. The percentages of carbon contents were transferred from grass to buffalo’s parts

Carbon Contents of Energy Sectors for Meat Production

The ox and buffalo farms in Nakhon Ratchasima province used little energy for
teeding. The first sector was electric light energy. The second sector was petrol used for
animal transport. The third sector was petroleum for cutting grass and transferring it to
farms for feeding. The Cigpur and Cemission per unit of all 3 energy sectors at ox farms were
0.12 £ 0.16 and 0.10 £ 0.14 kg.C/head/day. respectively. The Cigpu and Cenpission per unit
of all 3 energy sectors at buffalo farms were 0.10 = 0.19 and 0.08 + 0.16 kg.C/head/day,
respectively. On the other hand, the slaughterhouses in Nakhon Ratchasima used energy
for electric light and delivering meat from slaughterhouses to markets with Cipyy and
Cemission Petr unit of energy used by slaughterhouses for ox meat production were 0.57 £
0.47 and 0.52 £ 0.44 kg.C/head/day, respectively. The Cippe and Cemission per unit of
energy used for buffalo meat production by slaughterhouses were 0.49 £ 0.47 and 0.44 =
0.40 kg C/ead/day, respectively. The result of carbon contents per unit in meat
procuction are shown in Table 5.
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Table 5. The average of Ciypye and Copission from energy sectors of ox and buffalo farms and
slaughterhouses

Average carbon contents from energy Cinput Comission
sectors (kg.C/head/day) Ox Buffalo Ox Buffalo
. *
Electricity 0.00=001 %GISD_ 000001 000000
) . . N 0.01 =+ N
Transportation energy  0.00 £ 0.00 0.01 000000 001001
Farms Gég +
Engine energy 0.11=016 U 19_ 009013 007z0.16
Total carbon contents  0.1220.16 %llﬂgi 010014 008z0.16
it 71 +037 biz=x 33+ 0.37 7+ 0.0
Electricity 2203 0.04 0221037 012z0.04
. . - v 035+ 033z -
Slanghterhouses  Transportation energy  (0.35 £0.30 0.46 030£026 032x0.39
Total carbon contents 057 2047 Cl;f.,i 0522044 044040
Total carbon contents of farms and 0.60 0359 0.62 0.52

slaughterhouses

Carbon Contents and Physical Properties of Animal Food, Meat, Entrails, and Faeces
from Ox and Buffalo

The weight measurements of ox and buffalo at farms found that oxen were 61 - 608
kg/head at 0.17 - 14.84 years old and buffaloes were 63 - 861 kg'head at 0.17 - 20 years
old. Figure 7 showed the relation of the weight of oxen and buffaloes with age that the
equation as follow: weighty, = 93.231 In(agey,) + 239.87 (R =0.7223) and welghtyyg, =
154.8 In(agepusml) + 254.4 (R2 = 0.6904). They showed that oxen fixed carbon contents
more than buffaloes in first year but buffaloes fixed carbon more than oxen after one
year of age.

Lo
P00
B0
Waighti, oy, = 154 BLatAge,, ma,) = 2594
B’ =o.0004
_ J—
w4H— —
-
S
i
¥ p———
% — e
"!‘ : s Waight,, =93.251La(Age, ) + 23957
H I R =07
T T T T T T
10 12 14 18 18 1 =
Apr (ream)

Figure 7. The relation of ox and buffalo weights with their age
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Table 6 shows the average weights for animal food, facces and animals at farms. The
ratio of ox’s facces weight to ox weight and the ratio of buffalo’s faecces weight to
buffalo weight were 4.72% and 4.56%, respectively.

The percentages of moisture, total solids, volatile solids, ash, and carbon contents of
animal food, meat, entrails, and faeces are shown in Table 7. The percentages of carbon
contents of buffalo”s facces were 30.14% lower than the value of ox’s facces that were
33.47%. This percentages of carbon contents from faeces, entrails, and meat showed that

buffalo fixed carbon in its body more efficiently than ox.

Table 6. The average weight of oxen and buffaloes, faeces, and animal food from
farms in Nakhon Ratchasima

Kind Animal weights Faeces weights Ammal food
of weights
Animal (kg'head) (kg'head/day) (kg'head/day)

Ox 302.25+100.72 1427 £ 494 11.06 = 5.07
Buffalo 456.10 £ 13438 20.79 = 8.08 16.01=7.77

Table 7. Physical properties, carbon contents, and the ratio of the carbon contents
to volatile solids of animal food, meat, entrails, and faeces from ox and buffalo farms

Moisture Total Volatile Ash Carbon Ratio of
B solids solids contents Carbon
Type contents to
(%) (%) (%) (%) (%) Volatile
solids
76.64 £ 2336 75.20 2480 4042 = =
Grass 7.99 7.99 345 345 133 0-34
7.79 £ 221+ 70.91 2900+ 40,05 = 0.56
Rice straw 1.39 139 1.53 1.53 154 )
7305 2695 + 8334+ 16.65 + 5899+ 0.71
Ox meat 5.59 5.59 420 4.20 0.25 )
B1.12 = 1888 + 62.18 + 3782+ 3347+ 0.54
Ox’s faeces 3.78 378 1048 10.48 5.08 -
. 8044 £ 1956 £ 8524 % 1476 56.02 = 0.66
Ox’s entrails 344 344 1.79 1.79 6.43 )
7671 = 2320+ 86.61 + 1330+ 68.67 = 0.79
Buffalo meat 1.85 1.85 329 3119 0.21 )
Buffalo’s 8198 = 18.02 3445+ 45335+ 3014+ 055
faeces 4.42 4432 11.23 11.23 6.07 .
‘Buffalo’s 7946z 2054 £ 83701 1430% G361z 074
entrails 3.28 3.28 2.05 .05 0.36 )

“The average of each entrails of ox and buffalo

Forecasting Trends of Carbon Emission from Meat Production

The future trend of carbon emissions from meat production at ox and buffalo farms and
slaughterhouses is shown in Figure 8. The graph predicts from carbon emissions from ox
meat production to be 2.00 kg.C/head/day or 0.73 Ton C./head/year and buffalo meat
production to be 2.32 kg.C/head/day or 0.85 Ton C./head/year, respectively. These
values are based on oxen and buffaloes statistics for 2000 - 2006 1n Nakhon Ratchasima
province.
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Figure 8. The future trend of carbon contents emitted from oxen and buffaloes meat production in
Nakhon Ratchasima

4. CONCLUSION

The study showed that carbon emission factors for ox and buffalo farms, and
slaughterhouses were 2.00 and 2.32 kg C/head/day, respectively. Buffalo emitted more
carbon than ox but the carbon contents per unit m the energy sectors for buffalo meat
production were lower than the values for ox meat production. The ratio of CHy : COs
emitted from faeces. enteric fermentation and respiration of ox was 1.48 times greater
than the value for buffalo. Carbon fixation factors in meat and organs of ox and buffalo
were 3.09 and 4.72 kg C./head/day, respectively. Carbon content values were caleulated
by mass balance. The rate of carbon masstlow from grass, and energy used in
transportation and killing ox and buffalo were 5.15 and 7.10 kg.C/head/day. respectively.
The conclusion of the carbon massflow from oxen and buffaloes is shown in Figures 9
and 10, respectively. The comparison of Cipu and Cemission from energy sectors, Cinpu
from plant by feeding, Coupur and Cemission (gases) from animals, and the different carbon
contents per unit between Coygpy: from the faeces and Cgyaien of 0x and buffalo are shown
in Figure 11. Figure 11 showed the differences between carbon contents transferred to
animals by feeding and from animals to environment and carbon contents from energy
used in electricity and petrol. The results showed that the carbon contents in energy
pattern are less important for meat production.
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Figure 9. The conclusion of carbon mass halance for ox meat production
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Figure 10. The conclusion of carbon mass balance for buffalo meat production
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Figure 11. The comparison of the different carbon contents in eacl pattern of meat
production

Furthermore, this study showed the ratio of the carbon fixed in meat and organs to the sum
of carbon contents in grass, that humans cannot use but are useful for herbivores feed, and
carbon contents in electricity and petrol used were 0.60 and 0.66, respectively. The ratio of
the total carbon emitted per unit to the total carbon contents per unit i grass and energy used
for meat production were 0.39 and 0.33, respectively. The ratio of the total carbon emitted
per unit to the carbon fixation of ox and buffalo were 0.65 and 0.49, respectively. The results
showed that the carbon contents emitted from ox mereases environmental problems more
than buffalo (Table 8).

Table 8. The ratio of Cyyy(plant+energy), Crration, Cemittea(an imal+energy) from meat production

Ratio of Ratio of Ratioof Ratio of

Kind of Cipput(planttenergy) Cemittedl animal+energy)

Animal , . , Comeat Cfiration Cemitted C emitted

: : (kg.C/head/day) (kg.C/head/day) IC gt ICapat Ciapat /Cation
Ox 515 20 0.32 0.60 039 0.65

Buffalo 7.10 232 025 0.66 0.33 0.49




319

The results also showed that the changing of carbon contents emitted in meat production
can predict future trends in net carbon emission per year from ox and buffalo farms and
slanghterhouses in Nakhon Ratchasima provinee by using the following equation:
C-emissiong = 1005‘:4(}!&:31‘)2 - 4'<10?[;}’ca1‘) + 4510'° (RJ = (0.9528) and C-enussionpugle =
72.28(year) - 288042(year) + 3x10° (R? = 0.9522). Environmental problems could be
decreased by decreasing ox meat production and inereasing buffalo meat production.
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Comparison of Carbon Emission Factors from Ox and
Buffalo Farms and Slaughterhouses in Meat
Production

www serd ait ac th/reTic Nathawut Thanee*', Wut Dankittikul™, and Prayong Keeratiurai®

Abstract — The carben budget of oxen emd buffaloes during meat production were studied 1o develap carbon emission
Jfactors from ox and buffalo farms, to investigate the rate of carbon fixation and their transfer ta oxen and buffaloes in
food chain and to study the carbon content changing in energy patterns from electric energy and petrol that were used
in meat production in Nakhon Ratchasima province. The study showed thar the carbon emission factors per unit from
ox and buffalo farms and slaughterhouses in ox and buffale meat production were 2.00 and 2.32 kg Chead/day,
respectivelv. The carbon fixation factor in meat and organs, of oxen and buffaloes were 3.09 and 4.72 kg C/head/day,
respectively and the rate of carbon massflow from grass and energy wsed for electricity, and perrolewm aof oxen and
buffaloes were 515 and 7.10 kg C'head/iday, respectively. This study also showed the ratio of the carban fixation in ox
or buffalo meat and organs to the sum of carbon contents in grass, humans cannot use the carbon in grass but
herbivores can, and carbon contents from electvic enargy and petrol used in ox and buffale meat praduction were 0.60
and 0.66, respectively. The ratio of total carbon emitted per unit to total carbon contents per unit in grass and energy
used in ox and buffale meat production were 0.39 and 033, respectively. The ratio af total carbon emitted per day to
carbon fixation per day in meat and organs of an ox and a buffalo was 0.65 and 0.49, respectively. Ox production
produced more environmentally harmiul carbon than buffale production. The carbon contents changing emitted in
meat production in fon C. per year from ox and buffalo farms and slaughterfiouses in Nakhon Ratchasima province can
be predicted by using the equation as follow, C-emissionsen = 1 G054(vear) - 4x10 (vear) + 4x10"" (R’ = 0.9528) and
C-emissionyygaioe: = 72.35 T(vear) - 288350(vear) + 3x10° (R' = 0.9522). The results also showed that the ratio of CH:
: CO: emitted from faeces, enteric fermentarion and respiration gf ox was 148 times higher than the value from
buffalo. For the same quantity of meat production it cam be suggested that decreasing ox meat production and
increasing buffalo mear production can decrease of the environmental problems.

Keywords — Carbon massflow, carbon emission, meat production, ox, buffalo.

components [3]. One product of carbon fixation 15 the
protein 1 meat and animal products. The focus of this
study is carbon which is transferred to the food chain
and fixed in meat. The net carbon production is the rate
at which carbon 15 fixed durning growth. The net carbon
production can be used to explamn the time averaged C
stocks by carbon weight per time [4]. [5]. Therefore 1t
1s mmportant to study and understand the relationship
between the carbon emissions and carbon transfer to
herbivores” energy use for meat production.

1. INTRODUCTION

One of the environmental threats that our planet faces
today 1s the long-term change in Earth’s climate and
temperature patterns due to global climate change. or the
greenhouse effect. CO; and CH; from human activities
are the most important greenhouse gases that are
contributing to global climate change [1]. CHy is 23
times more potent a greenhouse gas than CO, [2]. Ox
and buffalo are herbrvores that are raised for their meat,
however, production of ox and buffalo produce emission

of both C0» and CH,.

Carbon is an important element for humans
because 1t 15 the primary element of both plants and
animals and it cvcles through living and nen-lrving

2. METHODS

Objectives of Study

The primary objective of this smdy was to develop
carbon emussion factors for ox and buffalo famms. To
accomplish this we studied the rate of carbon fixation which
1s transferred to ox and buffalo. and the mcluded the carbon
emussions from electricity and petrolenm wsed during meat
production in Nakhon Ratchasima.
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Study Avea

We studied ox and buffalo farms and slaughterhouses, in
32 districts of Nakhon Ratchasima province (Figures 1
and 2, respectivelv). Nakhon Ratchasima province has
an agricultural area of 1246946 square kilometers
which 1s the largest area of ox and buffalo farms in
Thailand [6].




321

International Qonference on Energy Security and Climate Change: Issues, Stvategies. and Options (ESCC 2008)

Fig. 1. Buffalo farm areas in Nakhon Ratchasima province [7]

Size of Samples, Site Sampling Methods and Analytical
Merhods

The numbers of farms, oxen and buffaloes in each
district were calculated by determuning the number of ox
and buffalo farms and the number of oxen and buffalees
in the province [8], [9]. The sampling numbers were 398
ox farms. 390 buffalo farms. 17 slaughterhouses, 400
oxen, and 398 buffalees. Grass and food for oxen and
buffaloes, meat and faeces of oxen and buffaloes were
collected and transferred to the laboratory at Suranaree
University of Technology. The analytical methods were
shown in Table 1.

| ]

Sofitel Centara Grend, Bangkok, Thailand. 6-8 Tugust 2008,

2850-3313 beads

_ 3514-E76% heads
B769-13067 heads
13068-19032 heads
19053-30575 heads

The Density of Buffals Farm Areas

| | 144928 heads

| 979-1761 heads
1762-2581 heads

B 25623556 heads

35B7-6442 heads

Table 1. Methods for property analysis of animal food,
meat, entrails, gases, and faeces from animals

Properties Analytical methods

Moisture content By weighing sample after oven
drying at 103-105 € for 24
hours[10]. [11]

Carbon content(C) By CNS-2000 ELEMENTAL
ANALYZER and GAS
ANALYZER [10]. [11]

Volatile & fixed By weighing the known weight

solids of the sample after bumumg at

550 °C for 30 minutes [12]
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3. RESULTS AND DISCUSSION

The Rate of Change in Carbon Contents and the C
Emission Factors

This study deternuned that the rate of carbon massflow
from grass for feeding to the biomass and faeces of oxen
and buffaloes (Ciygy). The rate of transference of carbon
contents from plants to ox and buffalo were 446 £ 1.93
and 6.51 £ 3.14 kg C/head/day, (average + standard
deviation) respectively (Table 2). Table 2 shows the
carbon fixation factors of ox and buffalo were 3.09 +

Carbon contents were calculated by mass balance. The
transference of carbon contents (Cinpy) munus the carbon
contents emutted in faeces. enteric fermentatton, and
respiration (Cemireq) Were the carbon mass fixed in the
body (Cesrion). The carbon emutted factors for ox and
buffalo were 1.38 + 0.36 and 1.80 = 0.51 kg C/head/day,
respectively. Table 2 also shows the ratio of Cayieq per
day from ox and buffalo to Cigpe per day of ox and
buffalo by feeding 30.94% and 27.65%,
respectively. This ratio of Cumimea 10 Cupw shows the
contribution to global climate changes from buffalo 1s

Were

197 and 472 + 3.14 kgClead/day, respectrvely. lower than for ox.
Table 2. The average of Cisgatr Chizations C emitteds Contput: 20 Comission of €0, CO; and CHy from ox and buffale
Kind of Ammal Ox Buffalo
Cipue transferred from plant
e P 446+193 651+3.14
by feeding (kgC head  day
Con Meat 1438 1635
e Entrails 0.263 0.393
(massbalance) Bone, skin, blood and etc. 1.389 2.692
(kg C/headday Total Caaion 309197 472314
Dried Faeces 0.894 031 1.12 044
Faeces 0.011 £0.005 0.021 £0.012
Cenned Caission of CO, CO4
(ke Cheadday and CH, gases Enteric fermentation ) 11 159 0.66 = 0.277
and respiration
Total Caigeg from ammal 1.38+0.36 1.80+0.51

Fig. 3. The percentages of CHy, and COy gases from faeces
of ox and buffalo

A Oz,
CH,,

17%

0 Ox,
C0,,
83%%

Fig. 4. The percentages of CHy, and CO; gases from enteric
fermentation and respiration of ox and buffalo

Figures 3 and 4 show the percentages of CH; and
CO, emitted from ox and buffalo. Comparison of the
ratio of CH: to CO- emutted from ox was 1.48 times
greater than the value for buffalo. Therefore ox was
contributing more global climate change than buffalo.

CO,, and CH. gases which were emitted from
faeces, enteric fermentation and respiration of ox and
buffalo are shown in Table 3.

Table 3. The average of CHy, and CD; gases from ox and
buffale in farms in Nakhon Ratchasima province

Kind Average of gases
of /head/day CH, co,
Animal (kg/head/day)
0.00= 0.03%
Faeces 0.00 e
Ox Enteric
fermentation 0.10= 144 =
o — 0.06 0.62
and respiration
Faeces 001 0.06 =
0.00 0.03
Buffala Enteric
fermentation 0.13= 207
0.07 0.94

and respiration

Table 4 shows the ratio of meat. entrails. skin,
blood. and bene to weight of ox and buffalo that were
lalled in slaughterhouses.
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Table 4. The percentage ratio of meat and entrails of ox
and buffalo that were killed in slaughterhouses in Nakhon
Ratchasima province

Kind of Animal Ox Buffalo
Weight before killing 26874+ 33773+
(ke/head) 10138 66.91
Ratio of meat to weight before  46.55 = 3465
Killing (%) 11.96 714
Ratio of entrails to weight 852+ 832+
before kalling (%) 261 1.06
Ratio of skin, bleod. bone, and
etc. to weight before killing 4493 57.03
(%%)
CO, CO,, and
CH. from
Faeces . 0.011,
0%

Faeces, 0804,

20%

Bone. Skin,

Blood. and

etc.. 1.389,
31%

Faeces, 1.12,
17%
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Figures 5 and 6 show the ratio of the carbon
contents transferred to ox and buffalo by feeding. The
carbon mass fixed in the biomass of ox and buffalo were
69.18% and 72.38%, respectively. and emutted from
faeces, enteric fermentation and respiration of ox and
buffalo were 30.82% and 27.62%, respectively. Carbon
emissions which contribute to environmental problems
that buffalo encourage global climate change lower than
ox because buffalo fixed the carbon contents 1 1ts body
more efficiently than ox.

CO COy, and
CH, fiom
Enteric
Fermentation
and Respiration,
0471, 11%

Ox meat,
1438 32%

Entrails,
0.263, 6%

Fig. 5. The percentages of carbon contents were transferved from grass to ox’s parts

CO, CO., and
CH, from CO, CO;, and
Faeces, 0.021, CH, from
0% Enteric
Fermentation
and Respiration,

0.66. 10%

Bone. Skin.
Blood, and etc.,
2.692, 42%

Buffalo meat,

1.635, 25%

Entrails, 0.303, i
6%

Fig. 6. The percentages of carbon contents were transferred from grass to buffalo’s parts
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Carbon Contents of Energy Sectors for Meat
Production

The ox and buffalo farms in Nakhon Ratchasima
province used little energy for feeding. The first sector
was electric light energy. The second sector was petrol
used for ammal transport. The third sector was
petrolenm for cutting grass and transferring it to farms
for feeding. The Ciypy and Coggsigy per uvnit of all 3
energy sectors at ox farms were 0.12 + 0.16 and 0.10 +
0.14 kg C/head/day, respectrvely. The Cyyy, and Copicion
per unit of all 3 energy sectors at buffalo farms were
0.10 £ 0.19 and 0.08 £ 0.16 kg C/head/day, respectively.

On the other hand. the slaughterhouses in Nakhon
Ratchasima used energy for electric light and delivering
meat from slaughterhouses to markets with Ciyy and

Cenissicn. per unit of energy used by slaughterhouses for
ox meat production were 0.57 = 0.47 and 0.52 + 0.44
kg C/head/day. respectively. The Cupy and Copgeien per
unit of energy used for buffalo meat production by
slanghterhouses were 049 = 047 and 044 + 040
kg C/head/day, respectively. The result of carbon
contents per unit in meat production are shown in Table
3.

Table 5. The average of Cigpy and Copirjoy from energy sectors of ox and buffalo farms and slaughterhouses

Average carbon contents from energy sectors Cinpue Censssion
(kg C/head/day) Ox Buffalo Ox Buffalo

Electricity 000£00L 000£000 000£0.01 000z0.00
Farms Transpoﬁation ENnergy 000000 001x001 000+000 001001
Engine energy 0112016 009019 0.09+£0.13 0.0720.16
Total carbon contents 012+016 010+019 010+014 008=x016
Electnicity 022£037 012004 022037 0.1220.04
Slaughterhouses Transportationenergy 0352030 038046 030026 032x039
Total carbon contents 057047 049+047 052+044 0442040

Total carbon contents of farms and 0.69 059 0.62 052

slaughterhouses

Table 6. The average weight of oxen and buffaloes, faeces, and animal food from farms in Nakhon Ratchasima

Animal weights

Faeces weights Animal food weights

Kind of Anmimal
(kg/head) (kg'head/dav) (kg'head/day)
Ox 3022510072 1427 =494 11.06 £5.07
Buffalo 456.10£ 13438 2079808 16.01£7.77

Carbon Contents and Plysical Properties af Animal
Food, Meat, Entrails, and Faeces from Ox and Buffalo

The weight measurements of ox and buffalo at farms
found that oxen were 61 - 608 kg/head at 0.17 - 14.84
vears old and buffaloes were 63 - 861 kg'head at 0.17 -
20 vears old. Figure 7 showed the relation of the weight
of oxen and buffaloes with age that the equation as
follow: weighty; = 93.231 In(ages) + 23987 (R® =
0.7223) and weightruma, = 154.8 In(agepusre) + 254.4 (R
= 0.6904). They showed that oxen fixed carbon contents
more than buffaloes in first wear but buffaloes fixed
carbon more than oxen after one vear of age.

Table 6 shows the average weights for amimal
food. faeces and animals at farms. The ratio of ox’s

faeces weight to ox weight and the ratio of buffalo’s
faeces weight to buffalo weight were 4.72% and 4.56%,
respectively.

The percentages of moisture, total solids, volatile
solids. ash. and carbon contents of animal food. meat,
entrails, and faeces are shown in Table 7. The
percentages of carbon contents of buffalo’s faeces were
30.14% lower than the value of ox’s faeces that were
33.47%. This percentages of carbon contents from
faeces. entrails, and meat showed that buffalo fixed
carbon 1n its body more efficiently than ox.

L
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1,000

00

800

To0

WWeight,,, ., = 154.8Lm(Age,, r,) ~ 254.4

R = 0.6904

Wiight fegrtusaly

Weight,, = 93.231La(Age, ) + 239 .3:]

10 12 14
Age (year)

Fig. 7. The relation of ox and buffale weights with their age

Table 7. Physical properties, carbon contents, and the ratio of the carbon contents to volatile solids of animal food, meat,

entrails, and faeces from ox and buffale farms

Carbon Ratio of
Moisture Total solids Volatile solids Ash
contents Carbon
Type
% N 5 o 5 contents to
(% b (%4 Yo (i
) (% ) o) () Velatile selids

Grass 76.64 £ 7.99 33.361£7.99 75202345 24802345 40.42£1.33 0.54
Rice straw 7.79+139 9221+1.39 7091 £1.53 29.00+1.53 40.05£1.54 0.56
O meat 7305550 J605+£550 8334£4720 16,65+ 420 58.90+£0.25 0.71
0Ox’s faeces 81.12x£3.78 18.88£3.78 62.18 £ 10.48 378211048 33471£5.08 0.54
'Ox’s entrails 8044344 1956+ 3.44 B524£1.79 1476 £1.79 56.02 £ 6.45 0.66
Buffalo meat T76.71 £ 1.85 3320185 B6.61+3.20 13.30£3209 68.671£0.21 0.79
Buffalo's faeces 8198+ 442 1802+442 544311123 4555+£11.23 30.14£6.07 0.33
"Buffalo’s entrails To46 =328 2054+328 B3 70 £ 2.05 14.30£205 63.61 £9.36 0.74

"The average of each entrails of ox and buffalo

Forecasting Trends af Carbon Emission from Meat
Production

The future trend of carbon enussions from meat
production at ox and buffalo farms and slaughterhouses
15 shown 1n Figure 8 The graph predicts from carbon
emussions from ox meat production to be 2.00
kg Chead/day or 073 Ton C headyear and buffals
meat production to be 2.32 kg C'head/day or 0.85 Ton
C./head/vear, respectively. These values are based on
oxen and buffaloes statistics for 2000 - 2006 in Nakhon
Ratchasima province.

4. CONCLUSION

The study showed that carbon enussion factors for ox
and buffalo farms. and slaughterhouses were 2.00 and
232 kg Chead/day, respectively. Buffalo emitted more
carbon than ox but the carbon contents per unit i the
energy sectors for buffalo meat production were lower

6

than the values for ox meat production. The ratio of
CH, : CO; emitted from faeces, enteric fermentation
and respiration of ox was 1.48 times greater than the
value for buffalo. Carbon fixation factors in meat and
organs of ox and buffalo were 3.09 and 472 kg
C /head/day. respectivelv. Carbon content values were
calculated by mass balance. The rate of carbon massflow
from grass. and energy used m transportation and killing
ox and buffalo were 5.15 and 7.10 kg.C'head/dav.
respectively. The conclusion of the carbon massflow
from oxen and buffaloes 1s shown m Figures 9 and 10,
respectively. The companson of Cipy and Copeen from
energy sectors. Cig, from plant by feeding. Coypy and
Coposion. (2ases) from ammals, and the different carbon
contents per unit between Cgypy from the faeces and
Ciiganion ©f 0x and buffalo are shown m Figure 11. Figure
11 showed the differences between carbon contents
transferred to ammals by feeding and from ammals to
environment and carbon contents from energy used in
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electricity and petrol. The results showed that the carbon production.
contents in energy pattern are less important for meat

- Ox meat production L] Buffalo meat production a Oz and tuffalo meat production
Poly. (O meat production) = = = Doly. (Cx and buffale mear producton) — — — Poly. (Buffzlo meat production)
1400000
= 1200000
g N '
2 1 000000 v=10126x" -4E-0Tx + 4E+10 -
< BT =0053 .
= -
£ 800000 -
= -
g £00000 - - ¥= 10054 - 4E+07x + 4E+10
E - B =09528
%) -~
£ 400000 =
) - [ Y .
3 s " =72.357x - 288330x + 3E+08
< 200000 -— = ki il
R =09322
———.— — - — —— — —— — # — —— — — — — — — —_———————
U T T T T T T 1
1998 2000 2002 2004 2006 2008 2010 2012
Year

Fig. 8. The future trend of carbon contents emitted from oxen and buffaloes meat production in Nakhon Ratchasima

g, CETIOTES So Tomes 0 eaassier] (e s o iors])
0.68 oGz

orie, Dlood, @lon |
A . W 55

7 fRsraatbes: L8RS

C smmmts ol Cloyygenr - O srmiission LIrnity e Rl R am ol la e

Fig. 9. The conclusion of carbon mass balance for ox meat production

Ci"]_““_ (energy soctors) 7 errisiion (energy sectors)

[ 0n.52

|+ | bone. blood. skin
 Axation 2 G2

O e d = O, g0+ O emission Lt RO e sl day

Fig. 10. The conclusion of carbon mass balance for buffalo meat production
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C-enussion (energy)
C-emitted (ammals)

C-gases (animals)
C-output (faeces)

C-enutted (anmmals)
C-fixation (body)

C-input (energy)

B Buffalo C-mput (plant) }

OO0x

Ll
=i

[

kg.C/head/day

s A
wy

Fig. 11. The comparison of the different carbon contents in each pattern of meat production

Furthermore, this study showed the ratio of the

carbon fixed in meat and organs to the sum of carbon
contents in grass, that humans cannot use but are useful
for herbivores feed, and the carbon contents in electricity
and petrol used were 0.60 and 0.66, respectively. The
ratio of the total carbon emitted per unit to the total
carbon contents per unit i grass and energy used for
meat production were 0.39 and 0.33, respectively. The
ratio of the total carbon emitted per umt to the carbon

fixatton of ox and buffale were 065

and 049,

respectively. The results showed that the carbon contents
emitted from ox mcreases environmental problems more

than buffalo (Table 8).

The results also showed that the changing of

carbon contents emitted in meat production can predict
future trends in net carbon emission per year from ox
and buffalo farms and slaughterthouwses in Nakhon
Ratchasima province by using the following equation:
C-emissiong, = 10054(year)” - 4x10"(year) + 4x10" (R?

0.9528) and

C-emussionmsp, = /2.357(year) -

288350(year) + 3x10% (R’ = 0.9522). Environmental
problems could be decreased by decreasing ox meat
production and inereasing buffalo meat production

Table 8. The ratio of Cigpui(plant+energy), Ctration, Cemitted(animal+energy) from meat production

Kind of Cinpat(plant-+energy) C emittea(animal+energy) Ratio of Ratio of Ratioof Ratio of
Animal ! X . X Cmeru C fixation Cem.irled Cemitted
£ (kg.C/head/day) (kg.C/head/day) 1C piant ICimput /Cinput /C gxation
Ox 515 2.0 0.32 0.60 0.39 0.65
Buffalo 7.10 232 0.25 0.66 0.33 049
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Abstract

One of the environmental thrzats that our planet faces today is the greenhouse effect. The global warming prolem is caused
by livestock of activities which releasing CO, and CE, to the atmosphers. Cx and buffalo are herbivores while pig and chicken are
energy-using that are raised for their meat, and produce emissions of both CO, and CH,. Therefore if 15 important ta determine carbon
emitt=d factors, to mvestigate the rate of carbon massflow from plants to ox, buffalo, pig, and chicken, and to study the carbon
eMIS5100 1M energy patterns that was used i meat production from ox, buffalo, pig, ard ciucken farms aad slaughterhouses, 1 32
distrizts of Makhon Ratchasima province. The munbers of farms in each distnict were calculated by determining the mimbers of fanms
andd (e munbers of oxen, bullaloes, pigs, and dockens i the provinee, Gras and food fun Fezding, meal, aml faces were collected and
transi®rred to the laboratory, The study showad that the carbon emutted per living weight from ox, buffalo, pig. and chick=n and
emission from farms, and slaughterhouses in meat production were 0.0066, 0.0051, 0.0339, and 0.085] Lke.Cliving weight/day,
respectively. The results also showed that emitted carbon from tuffilo was 27.67% of the carbon contenis that were traasferred to
buffalo by feeding. On the other hand, emifted carbon from chicken ox, and pig were 39.53%, 30.85%, and 28 78%, respectively,
which ware dgher than that from buffalo. The casborn emitted from chicken meat production increase environmental problems than
from ox, pig, and buffalo in meat production, respectively. The resulls also showed that carbon fixation in buffalo were 72.33%, pig
71.22%, OX 69.15%, anc chickea 60.47%. For the same quantity of meat production i can be suggesed that decreasing ox and chicken
in meat procduction and increasmg buffalo and pig meat production can decrease the environmental problems. The carben contents
ertlzd o ux, bulale, pig, and chicken can God witl e 1ate of carbon mess Oow Gom plants (Sig. F - 0.05) by using (be equalion
as follow; C-emutted ='[}.1353(C:,m) +0.5515, Ady. RE= 0.9, C-emitted__, = 0.163?((?@1) +0.7359, Adj. R’= 0.99, C-emited =

O.E?ET(CFE:; +0.1007, Adj. R= 0.78, nd C cmiteed = O.ES?EfCFm} 0.0112, Adj. R= 0.63, respectively.
Keywords : Carbon emission: meat production: ox; bufaloe; pig; chicken
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Abstract

Carbon is an important element of plants, animals, and humans. CO, and CH, from human activities are
the most unportant greenhouse gases contributing to global climate change. Ox and buffalos are ruminants while
pigs are energy-using that are raised for theirr meat, and produce emissions of both CO, and CH,. The carbon
budget of ox, buffalos, and pigs during meat production were studied to determine carbon emitted from farms, to
investigate the rate of carbon massflow from plants to ox, buffalo, and pig in the food chain and to study the
carbon emission 1n energy patterns that was used in meat production m Nakhon Ratchasima province, The studv
showed that the carbon emitted per unit from farms and slaughterhouses m ox, buffalo, and pig meat production
was 0.0066, 0.0051, and 0.0339 kg.C/living weight/day, respectively. The carbon fixation in meat and organs of

ox, buffalos, and pigs was 0.0102, 0.0104, and 0.0062 kg.C/living weight/day, respectively and the rate of carbon
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study also showed the percentage of carbon fixation in meat and organs of ox, buffalos, and pigs to the sum of
carbon contents in grass and animal feed used for feeding was 69.24%, 72.53%, and T1.18%, respectively. The

ratio of total carbon emitted to total carbon contents in grass and feed used for ox, buffalo, and pig feeding was
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0.31, 0.28, and 0.28, respectively. The ratio of total carbon emitted per day to carbon fixation per day in meat and
organs of ox, buffalos, and pigs was 0.45, 0.38, and 0.40, respectively. Ox production produced more
environmentally harmful carbon than pig and buffalo production. For the same quantity of meat production it can
be suggested that deereasing ox meat production and inereasing buffalo meat production can decrease the

environmental problems.

Keywords : Carbon massflow, carbon emission, meat production, ox, buffalo, pig
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Introduction

Air pollution has resulted mn adverse effects,
which urgently require emission reductions. One of
the environmental threats that our planet faces today
15 the long-term change in Earth's climate and
temperature patterns due to global climate change, or
the greenhouse effect. CO, and CH, from human
activities are the most important greenhouse gases
contributing to global climate change with CH, being
23 times more potent than CO, [1]. Ox and buffales
are ruminants while pigs are energy-using that are
raised for their meat, and produce emissions of both
CO, and CH,. It 15 therefore necessary to identify
reduction potentials and evaluate them with respect to
feasibility, affordability and accomplichment. In any
case, the nitial step 1s the quantification of emissions
m a way that allows to meet these goals. In
agriculture, this stresses the need for methods, which

go beyond simple calculations of the type:

emission rate = animal number

emission factor (1)

0.2 (2009) 39

The reduction of enussions of aw pellutions
15 subject of wnternational conventions, which include
reporting of enussions in accordance with guidelines
or guidebooks provided. With respect to emissions
from agricultural sources, 1n particular from animal
husbandry, the calculation procedure making use of
partial emission factors for the wvarious sources of
emissions (animal house, storage, manure application,
etc.) is being replaced by a mass flow concept for
carbon species. The way to describe emissions from
animal husbandry was to apply a mass flow approach,
which depicts the pathways of C species strictly under

P

the aspect of mas

Simpler methodologies calculate  overall
emussions 1 animal husbandry using fixed amounts
per amimal or amimal place such as illustrated in

Figure 1 where; E 1is the emission (kg. area’).

E o E s @

Fraolic

grazing

E-
Feed 3
input () E_1T

Feturn

) to soil

housing

E.
A

Es

storage

spreading

Figure 1 Losses from animal excreta due to metabolic processes, during grazing, housing,
storage and spreading according to the approach using “classical™ partial emission

factors for parallel flows. F denotes fluxes and E denotes emissions. [2]
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For a given number of animals, total emissions
are calculated using the sum of the partial enussion
factors where; n is the number of animals considered and
EF is the emission factor (kg. * animal™ x area ).

E_,=n_ *(EF_,  +EF __ +

ot metzbolic Frazicg

EF s TEF e ™ EF=Pmu§] (3

Crops produced can serve as ammal feed.
They are mputs into the animal subsystem. In the
animal subsystem, direct metabolic emissions will
occur, in particular of CH4 from enteric fermentation.
C excreted are then stored and eventually spread.
These flows and the respective emissions are dealt
with m the manure management subsystem. Slurry
and manure treatments are important measures to
reduce emissions [3].

Carbon 1s an mmportant element for humans
because it i the primary element of both plants and
animals and cycles through living and non-living
components [4]. The focus of this study is on carbon
which 15 transferred to the food chain and fixed mn
meat. Therefore 1t 15 important to study the
relationship between the carbon emissions, carbon

massflow, and energy use for meat production.

The primary objective of this study was to
determine carbon emutted from ox, buffalo, and pig
farms. To accomplish this we studied the rate of
carbon massflow from plants to an ox, a buffalo, and
a pig, and included the carbon emissions from
electricity, wood or paddy husk, and petroleum used

during meat production in Nakhon Ratchasima.

Materials and Methods

Study Area

We studied ox, buffalo, and pig farms and
slaughterhouses, 1 32 districts of Nakhon Ratchasima
province which are shown in Figures 2 [5]. Nakhon
Ratchasima province has an agriculmural area of
12,469 square kilometers and has the largest area of

ox farms in Thailand [6].

Size of Samples, Site Sampling DMethods and
Analytical Methods

The numbers of farms and the numbers of
ox, buffales, and pigs on farms in each district were
calculated by determining the numbers of ox, buffalo,
and pig farms and the numbers of ox, buffalos, and

pigs in the province are shown in Table 1 [7, 8].
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(a)
The Density of Ox Farm Areas
2850-5513 head
5514-3768 head
Fed \ [ 8760-13067 head
B 13065-16052 head
B 19053-30575 head

(b)

144-028 head
920-1761 head

|
[ 1762-2561 head
[—
[ |

2562-3586 head
3387-6442 head

The Denzity of Pig Farm Areas (C)

1099-1526 head
1 1527-2601 bead
2602-5760 head
5761-21070 head
21071-112835 haad

Figure 2 Ox, buffalo, and pig farm areas in Nakhon Ratchasima province [5]
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Table 1 Numbers of farms, slaughterhouses, and animals

Kind of animal Animal age (day) Farms Slaughterhouses Animals
Ox 71175 + 121.55 398 400
Buffalo 1277.50 & 226.48 390 g 398
Pig 131.24 £ 22.64 390 7 400

Grass and feed, plus their meat and faeces
were collected and transferred to the laboratory
at  Suranaree  Umversity of Technology for
measurements. The analytical methods for moisture
content of animal feed, meat, entrails, and faeces from
anmimals 15 weighing sample after oven drving at
103-105 C for 24 h [9], carbon content of animal
feed, meat, entrails, and faeces from animals 15 using

CN5-2000 ELEMENTAL ANALYZER [9] and

carbon content of gases from faeces and animals 15

of animal feed, meat, entrails, and faeces from
amimals are weighing the known weight of the sample
after burning at SSO-jC for 30 min [11], weight of
anumal feed, meat, entrails, and faeces from animals 15
weighing and animal weight is using cattle weighing

tape [12].
Results and Discussion

The Rate of Carbon Contents Massflow and the
Carbon Emitted

This study determined that the rate of carbon
massflow from animal feed for feeding to the biomass
of ox, buffalo, and pig (Cﬁmg was 4.46 I 1.93, 6.51
= 3.14, and 0.879 £ 0.30 ke.C/head/day, respectively

are shown in Table 2. C-input are the carbon contents
transferred from plants and animal feed to ox, buffalo,
and pig by feeding. C-fixation are the carbon contents
fixed in meat and organs of ox, buffalo, and pig. CW_FJ__

are the carbon comtents in faeces excreted from

animals. C

" emizs

. are the sum of the carbon contents of
CO, and CH, gases from faeces and enteric
fermentation, and respiwation. C-emitted are the
carbon contents in faeces (Caulpur) and carbon emission

(CO, and CH,) from enteric fermentation, respiration,

and fasces (C_ )ofox, n

C oo T Cominioa

Table 2 also shows that the carbon fixation of
ox, buffalos, and pigs was 3.09 T 1.97,4.72 T 3.14, and
0.626 I 0.256 leg.C/head/day, respectively. Carbon was
calculated by mass balance. According to Thanee ef al.
(2008), the C,_, minus the carbon contents emitted in
faeces, enteric fermentation, and respiration (C____) was
the carbon mass fixed in the body (C__ ) Ox
production produced more environmentally harmful
carbon than buffalo production [13]. The carbon emitted
for ox, buffalos, and pigs was 1.38 £ 0.36, 1.80 = 0.51,
and 0.253 £0.058 kg .Crhead/day, respectively. CO, and
CH, gases which were emutted from faeces, enteric
fermentation and respiration of animals are shown in

Table 3. Figure 3 shows the ratio of the carbon massflow
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Table 2 The average of C; .. Cp 0. Cies Congpue ad € of CO, and CH, from

animals on farms (Average = standard deviation)

Kind of animal Ox Buffalo Pig
Living weight (kg./head) 30225 T 100.72 | 456.10 13438 | 10091 £ 6.31
Cipee massflow from plant by feeding
446103 6.51 1 3.14 0.370 £ 0.30
(kg.C/head/day)
Meat 0.031 0.0198 0.047
Coin Entrails 0.004 0.0039 0.007
(mass balance) Bone, skin, blood, etc. 3.055 4.696 0.572
(kg.C/head/day)
Total C,_ 3.00 197 4721+ 314 0.626 * 0.256
Dried facces (C,,.,.) 0.894 T 0.31 1121044 0.178 £ 0.044
Faeces 0.011 = 0.005 0.021 £0.012 | 0.0004 X 0.0001
c-emj(ud* cel::'.or_ OF CO! aud
) Enteric fermentation
(kg.C/head/day) CH, gases 0.471T0.188 0.66 T 0.277 0.075 T 0.037
and respiration
Total C,, 1.38 T 0.36 1.80 + 0.51 0.253 1t 0.058
*C__.=C___+C

Table 3 Gas emission from animals (Average 2 standard deviation)

Average of gases Kind of animal CH, (kg.CH /head/day) €O, (kg.CO /head/day)
Ox 0.004 = 0.002 0.031 £ 0.015
Faeces Buffalo 0.005 = 0.003 0.062 £ 0.035
Pig 0.0001 = 0.0000 0.0010 % 0.0003
Ox 0.104 = 0.063 1440 £ 0.618

Enteric fermentation
Buffalo 0.127 T 0.068 2,069 £ 0.942

and respiration

Pig 0.0071 = 0.0074 0.2536 T 0.1286
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O CO2. and CH4 from Enteric

Fermentation and Respiration
B CO2, and CH4 from Fasces

40%

O Faeces

M meat

] Bone, Skin. Blood. and etc.

30%

20%a

NLLURRRNS

10%

0% - T

M Entrails

Pig

Figure 3 Carbon contents transferred from grass to ox's parts,

buffalo’s parts, and pig's parts (ke.C/head/day)

by feeding. The carbon mass fixed in the biomass of
ox, buffalo, and pig was 69.18%, 72.38%, and T1.14%,
respectivelv and that emutted from faeces, enteric
fermentation and respiration was 30.82%, 27.62%, and
28.86%, respectively. Carbon emitted which
contributes to environmental problems show that
buffalos encourage less global climate change than

pigs and ox because buffalos fixed the carbon contents

m 1ts body more efficiently than pigs and ox.

Carbon Contents Emission from Energy Sectors

for Meat Production
Ox, Dbuffalo, and pig farms and

slaughterhouses are energy-using that are raised for

their meat, and produce emissions of both CO, and

CH.,. The first sector was electric light and heat energy.
The second sector was petrol used for anmmals and
amimal feed transport, The thurd sector was petroleum
for cutting grass and transferring 1t to farms for feeding.
C-emission(mr?_} are the carbon contents emission from
energv-using electricity, wood or paddy husk, and
petroleum of farms and slaughterhouses 1n meat
production.

The C-emission(w_} per unit of all 3 energy
sectors at ox, buffalo, and pig farms were 0.09,
0.08, and 0.83 kg.C/head/day, respectively. The
slaughterhouses in Nakhon Ratchasima used energy for
electric light, boiling the water for pig skin cleaning,
and delivering meat from slaughterhouses to markets

with C-emission

{ezer,

- Per unit of energy used for ox,
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buffalo, and pig meat production being 0.52, 0.44,

and 2.34 kg.C/head/day, respectively. On the other used more energy than ox and buffalo farms for feeding. A

hand, the C-emission___, of energy used for meat buffalo and an ox emitted more carbon than a pig but the
production by farms and slaughterhouses were carbon contents per unit in the energy sectors for buffalo

2,05 X 10'3, 1.14 % 10'3, and 31.41 X 107 kg.C/living and ox meat production were lower than the values for pig

weight/day, respectively are shown in Table 4.

The pig farms in Nakhon Ratchasima province

meat production are shown in Figure 4.

1able 4 1he average ol L 'E]IllSSlﬂllEMlﬂ_) Irom energy sectors at iarms and

slaughterhouses (Average & standard deviation)

45

C-emission,,,,, .,

Average carbon contents from energy sectors (kg.C/head/day)

Ox Buffalo Pig
Electricity 0.00+0.01 | 000000 | 0.02X0.02
Transportation energy 0.000.00 | 0.010.01 | 0.81 =0.85

Farms

Engine energy 0.09+0.13 | 0.07X0.16 ND.

Total carbon contents 0.10 0.08 0.83
Electricity’ 0221037 | 0.1220.04 | 0.0510.04
Transportation energy 030X0.26 | 0322039 | 0.01£0.00

Slaughterhouses

Wood and paddy husk N.D N.D. 2281 1.02

Total carbon contents 0.52 0.44 2.34

Total carbon emission from (kg.C/head/day) 0.62 0.52 3.17
farms and slaughterhouses (kg.C/living weight/day) 205X 107 | 114X 107 | 31.41X 107

'CO, emission = 0.18 ke.C/kWh [14]

€O, emission = 74.5 kg.CO,/1 Ton/500 km [15]

"‘COE emission from diesel oil = 2.24 kg.CO,/L and CO, emission from gasoline = 2.10 kg.CO,/L [16], [17]
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2600 - '
Buffalo ‘ 77.60% -22.40%. ' O C-emitted from animal
T 0 C-emission from energy-using
o || 69.28% | somee '
- L | I SR
T | /
0%% 20% 40%% 60% 20% 100%

Figure 4 Percentages of C

from energy sectors in meat produetion

Relation of Carbon Contents and Physical
Properties of Animal Feed, Meat, and Faeces
from Ox, Buffalo, and Pig

The percentages of moisture, volatile solids,
ash, and carbon contents of animal feed, meat, and
faeces of amimals are shown m Table 5. The lowest
percentage of carbon content was mn buffalo’s faeces
+
+

(30.14
(68.67

6.07%) and highest in buffalo’s meat

0.219%). These percentages of carbon

cotteq ITOM animals and C_

contents from faeces and meat showed that the

buffalo fixed highest level of carbon m its body. The
conclusion of the carbon massflow for ox, buffalos, and
pigs are shown in Figure 5. The ratio of CH, to CO,
emutted froun faeces, enteric fermentation and respiration
of ox was greater tham the value for buffalos [13].
This study also showed the relation of C__ , and Cin? "

Sig. F = 0.05) and C, ... andC (S1g. F = 0.05) are

input

shewn in Figure 6(a) and 6(b), respectively.
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Table 5 Physical properties, carbon contents, and the relation of C and VS of

animal feed, meat, and faeces (Average = standard deviation)

Carbon Coefficient of
Moisture Volatile solids Ash Linear regression
Type Contents determination
(%) (%) (%a) equations )
(%) (R)
Grass 76641 7.99 | 75201345 | 2480 %345 | 4042133 | %6VE=3.54(%C) - 68.59 0.39
Ricestraw | 7.79 1t 1.39 | 7091 =274 | 2981 £2.74 | 40132 1.47 | %VS=1.54(%C) +8.26 0.69
Ox meat 73.05 1559 | 83341420 | 16.65 T 420 | 58.99 1 0.25 | %VS = 16.40 (%C) - 884.11 0.94
Ox's faeces | 81121378 | 62,185 1048 | 37.82 £ 10.48 | 33.47 £ 5.08 | %VE =2.65 (%C) - 26.35 0.39
Buffalo
7671 £ 1.85 | 86.61 329 | 13.30£3.20 | 68.67 £ 0.21 | %VS = 14.90 (%C) - 936.50 0.58
meat
Buffalo’s
8198 4,42 | 5445 111,23 | 4555 £ 11.23 | 30,14 £ 6.07 | 96VE — 2.31 (26C) - 1493 0.05
faeces
Pig'sfeed | 10481220 | 7028 2242 | 2072 £ 242 | 45022205 | %VS=0.93 (%C) +28.43 0.62
Pigmeat | 68741563 | 82.6213.67 | 17.3813.67 | 48.0015.09 | %VS=0.70 (%C) + 48.97 0.94
Pig'sfaeces | 67.71 L 5.54 | 61301340 | 38.7E34 |[3508F1.83 | %VS=0178(%C)-2.78 0.92
Paddyhusk | 112X 1.01 | 60.67 1545 | 39331545 |3556£3.33 | %VS = 1.64(%C) +2.99 095

Ox meat production in Nakhon Ratchasiman

: Coamission_, . o sl respicetion 047140188
Cemnission o =02 i L
f T ey
i -Ihpllllllu,_
=446b0.03 1€ = 0030, (€, = 0.004)
S f'-<|1|!p||l__|_.,"_,._.
+
a5 . e ) 940,31
C-inpuae jon = 3.09t197
TR T —
il
L
LT TR T = 0,01 120,008
Clapningi ) Poaces
Total C-emitted | = {C'-output) + (Cremission, | )= 135+n.36 it kg Ol iy

(a) Carbon massflow of ox
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Buffalo meat production in Nakhon Ratchasimaa

- ] = 660277
e T ol

LR R e " = >
Crinputy,, | 1
=¢.3113.14 (0= O.0MBE), (= 0.008)], s
g =4 06 L, | S
+ "R, ihun, Mosd i ) ol Phies
—_— =y
-inpni, 1 -~
- Total C-fixation = 4.7 213,14
=H.40 Soml i 5
Comisstion, , = 0.40 C-emssion,,, , = 002140012

Total C-emitted = (C-output) + {C-emiszion, 1= sodn.s1 umit : kg C'hecholay

(b) Carbon massflow of buffalo

Pig meat production in Nakhon Ratchasiman

Totul C-emitted . = (C-outpul) + (C-emission )= 0.25310.058  wuir: ke Chead day

CemisBion gy pemvntntion snd rspiession™ 075 L0037

|

CAnputy,, G = ORD47), (0, ), = 0.007),
=0.87940.3 i = 0572) .
i —ontpul,
+ = ik
o =0,178 0044

(¢) Carbon massflow of pig

Figure 5 Carbon massflow for ox, buffalo, and pig meat production
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0.050

3 5
oo Cemittedgg= 0.1853(Cagy) + 0.0018
= Adjusted R = 0.98
,:'5' 0.01
=
o C-emittedsmn = 0.1607(Cap) + 0.0017
2 0.008 1 e
= Adjusted B =090
(a) = 0.006
=
=
= 0.004 1
=
%. 0002 1 C-emittedyg =0 ]75"' ':p_u-.] +0.001
= Adjusted R" =078
0 T T T T T T T T T 1
0000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.043
Cipnlkg.Clkg living weight/day)
0037
00457
5 0041
=
5 0035 4
2 003
-5 C-fixedipesn = 0.9936(Cme) - 0.0039
(b) = 0231 = {
a2 Adusted B =0.99
o002
=4
2
3 0015
Z
o001
C-fedyg= 10174 Cipy) - 0.0048
0.005 1 . L
P Adjusted B = 0.99
0 T T T T T T T T 1
0.0:00 0005 0.010 0.013 0.020 0.025 0.030 0,033 0.040 0.045
Cipe (kg kg living weight/day)
Figure 6 Relation of C____ to Cm. andC_ _ to Ciuw at 95% confidence
Conclusions ox, buffalos, and pigs was 0.0102, 0.0104, and 0.0062

The smudy showed that carbon emitted from
ox, buffalo, and pig farms and slaughterhouses was
0.0066, 0.0051, and 0.0339 kg.C/living weight/day,

respectively. Carbon fixation in meat and organs of

0.050

kg C/lliving weight/day, respectively. The rate of
carbon massflow from grass and animal feed to ox,
buffalos, and pigs was 0.0148, 0.0143, and 0.0087

kg.C/living weight/day, respectively.
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Furthermore, this stadv showed that the ratio
of the carbon fixed in meat and organs of ox, buffalos,
and pigs to the carbon contents m grass and feed was
0.69, 0.72, and 0.71, respectively. The ratio of the total
carbon eputted per head per day to the total carbon
contents per head per day in grass and feed used for ox,
buffalos, and pigs feeding was 0.31, 0.28, and 0.28,
respectively. This ratio of C__ to Ca:_:. .. shows that the
coniribution to environmental problems from ox 1s the
highest. The ratio of the total carbon ematted to the
carbon fixation of ox, buffalos, and pigs was 0.45, 0.38,
and 0.40, respectively. Ox production produced more
environmentally harmful carbon than pig and buffalo
production, respectively. For the same quantity of meat
production 1t can be suggested that decreasing ox meat
production and increasing buffalo meat production can

decrease the environmental problems.
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Abstract

The carbon budget of oxen and buffaloes during meat production were studied o develop
catbon emitted factors from ox and buffalo farms and slaughterhouses in ox and buffalo meat
production; to mnvestigate the rate of carbon massflow from plants to oxen and buffaloes in the
food chain and to study the carbon emission in energy patterns from electric energy and petrol that
was used m meat production in Nakhon Ratchasima province. The study showed that the carbon
emitted per unit from ox and buffalo farms and slaughterhouses in ox and buffalo meat production
were 2.00 and 2.32 kg C head™ d”, respectively. The carbon fixation'in meat and organs, of oxen
and buffaloes was 3.09 and 4.72 kg C heéad? d. respectively and the rate of carbon massflow
from grass, and the energy used for electricity, and petroleum was 5.15 and 7.10 kg C head™ d,
respectively. This study also showed the ratio of the earbon fixation in ox or buffalo meat and
organs to the sum of carbon contents in grass. and carbon contents from electric energy and petrol
used in ox and buffalo meat production was.0.60 and 0.66, respectively. The ratio of total carbon
emitted per unit to total carbon contents per unit i grass and energy used in ox and buffalo meat
production was 0.39 and 0.33, respectively. The ratio of total carbon enutted per day to carbon
fixation per day in meat and organs of an ox and a buffalo was 0.65 and 0.49, respectively. Ox
production produced more environmentally harmful carbon than buffale production. For the same
quantity of meat production it can be suggested that decreasing ox meat production and increasing
buffalo meat production can decrease the environmental problems. The carbon contents changes
emitted 1 meat production mn ton C per vear from ox and buffalo farms and slaughterhouses in
Nalkhon Ratchasima proviace can be predicted by using the equation from simple linear regression
analysis and least square method as follow: C-emitted; pee = 38814(year) + 125824 (R = 0.78)
and C-emittedym me = 1568.7(year) + 50931 (R® = 0.92) where; vear is vear of our Lord in
2001-2010.

Keywords: carbon massflow, catbon enussion, ox, buffalo

Introduction greenhouse gases contnibuting fo global climate
change (Intergovernmental Panel on Climate

One of the environmental threats that our planet Change, 1995) with CH; being 23 tumes more

faces today 1s the long-term change in Earth's
climate and temperature patterns due to global
climate change, or the greenhouse effect. CO; and
CH, from human activities are the most important

potent than CO; (Intergovernmental Panel on
Climate Change, 2001). Ox and buffalo are
herbivores that are raised for their meat. and
produce emissions of both CO; and CHe..
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Carbon 1s an important element for humans
because 1t 15 the primary element of both plants and
animals and it cycles through living and non-living
components (Lauhajinda, 2006). One product of
carbon fixation 1s the protemn in meat and animal
products. The focus of this study 1s on carbon
which is transferred to the food chain and fixed in
meat. The net carbon production 1s the rate at which
carbon 1s fixed during growth. and can be used to
explain the time averaged C stocks by carbon
weight per time (van Noordwyk et al, 1997, 1998).
Therefore it 1s important to study and understand
the relationship between the carbon emissions and
carbon transfer to herbivores’ energy use for meat
production.

Materials and Methods

The primary objective of this study was to
develop carbon emuitted factors for ox and buffalo
farms and slaughterhouses 1 ox and buffalo meat
production. To accomplish this we studied the rate
of carbon massflow from plants to ox and buffalo.
and included the carbon enussions from electricity
and petrolenm used during meat production in
Nakhon Ratchasima.

We studied ox and buffalo  farms - and
slaughtethouses, m 32 distuets  of Nakhon
Ratchasima province (Figures 1 and 2.
respectively). Nakhon Ratchasima provinece has an
agricultural area of 1246946 square kilometers
and 1s the largest area of ox and buffalo farms in
Thailand (Center for Apgneultural” Information,

Table 1 Methods for property analysis of animal feed, meat, entrails, gases, and faeces from animals

Thai Journal aof Agricultural Science

Office of Agrnicultural Economics, 2004). Grass
and feed for oxen and buffaloes, plus therr meat
and faeces were collected and transferred to the
laboratory at Suranaree University of Technology
for measurements. The analytical methods are
shown in Table 1.

Size of Samples

The numbers of farms, of oxen and buffaloes. in
each district were calculated by deternuning the
mumber of ox and buffalo farms and the number of
oxen and buffaloes in the province at 95%
confidence level (Yamane. 1973; Cavana et al.
2001). According to the population of the study.
the totals of population study of the ox farms and
buffalo farms were 36,386 and 12.618 farms,
respectively. Therefore, the researcher calculated
the sample group by Taro Yamane's formula
(Yamane, 1973) as follows:

N
n = _
1"+ Ne (1)
Where,
n = Sample size
N = Population size
e = The error of sampling

So. the example of the sample size of ox farms
for the study has been calculated according to the
recommendation as follows:

n= 56386/ {1+56386%(0.05)°} = 398 ox farms

Property Analytical method

Moisture content
2004).
Carbon content (C)

Volatile solids and ash

Weight

By weighing sample after oven drying at 103-105C for 24 h (Manlay et al.,

By CNS-2000 ELEMENTAL ANALYZER (Manlay et al | 2004) and GAS
ANALYZER (Kawashima et al., 2000).

By weighing the known weight of the sample after burning at 550°C for 30
min (APHA AWWA WEF_, 1998).

Bv weighing or using cattle weighing tape (Vudhipanee et al._ 2002).
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Figure 2 Buffalo farm areas in Nakhon Ratchasima (Department of Livestock Development, 2003).

With N = 56386, e = 5% (at 95% confidence
level), hence the sample size 1s 398 respondents.
The results showed that sample size were 398 ox
farms, 390 buffalo farms, and 17 slaughterhouses
which calculated by Taro Yamane formula. Taro
Yamane's formula also used to obtamn the sample
size of cxen. and buffaloes to be totalled 400 oxen
from ox farms. and totalled 398 buffaloes from
buffale farms.

Comparizon of carbon emirted factors from ox and buffalo 3

The Density of Ox Farm Areaz
[ 2850-5513 head
5514-8768 head
1 [ ] 8769-13067 head
- I 13068-19052 head
r - 19053-30575 head

ﬁ‘:{\?l:ﬂﬂtf"_
- The Denzity of Buffals Farm Areas

| 144-528 head
925-1761 head

\ | 1762-256] head
L P 2562-3586 head
- 3587-6442 head

Results and Discussion

The Rate of Carbon Contents Massflow and the
Carbon Emitted Factors

This study determined that the rate of carbon
masstlow from grass for feeding to the biomass and
the faeces of oxen and buffaloes (Cyp). The rate of
transference of carbon contents from plants to ox
and buffalo were 446 + 193 and 651 £3 14 kg C
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head? d7, (average + standard deviation)
respectively (Table 2). Table 2 also shows the
carbon fixation factors of ox and buffale were 3.09
+1.97 and 4.72 + 3.14 kg C head™ d, respectively.
Carbon contents were calculated by mass balance.
The transference of carbon contents (Cogy) minus
the carbon contents emutted in faeces. enteric
fermentation, and respiration (Camineq) Were the
carbon mass fixed i the body (Cgzaron). The carbon
emitied factors for ox and buffale were 1.38 = 0.36
and 1.80 + 0.51 kg C head? d”, respectively. Table
2 also shows the ratio of Cupinea per day from ox and
buffalo to Cigpy per day of ox and buffalo by
feeding was 30.94% and 27.65%, respectively. This
1atio of Cemired 10 Cippe shows that the contribution
to environmental problems from buffalo 15 lower
than for ox.

Figures 3 and 4 show the percentages of CI
and CO; enutted from ox and buffalo. Comparison
of the ratio of CHy to CO; emitted from faeces,
enteric fermentation and respiration of ox was

Table 2 The average of Cigpr. Chinarion. Comirtads Conzpus. 318 Camission 0f CO; and CHa from ox and buffalo

on farms (average = standard deviation).

Thai Journal of Agricultural Science

greater than the value for buffalo. Therefore ox was
contributing more to global climate change than
buffalo.

C0O, and CH; gases which were emitted from
faeces, entenic fermentation and respiration of ox
and buffalo are shown 1n Table 3.

Table 4 shows the ratio of meat. entrails, skin.
blood, and bone to weight of ox and buffalo that
were killed 1n slanghterhouses.

Figures 5 and & show the raitio of the carbon
contents transferred to ox and buffalo by feeding.
The carbon mass fixed in the biomass of ox and
buffalo was 69.18% and 72.38%, respectively, and
that emitted from faeces. enteric fermentation and
respiration of ox and buffalo was 30.82% and
27.62%, respectively. Carbon emitted which
contribute to environmental preblems show that
buffalo encourage less global climate change than
ox because buffale fixed the carbon contents in its
body more efficiently than ox.

Kind of animal Ox Buffalo

Cipus transferred from plant by feeding (kg C head’ d™) 446+193 6.51+3.14
C fxation Meat 0.031 0.0198
(mass Entrails 0.004 0.0039
balance) Bone, skin. blood and etc. 3.055 4.696
(ke € head™ d") Total Cagn 3.09+197 472+3.14
Coansriea Dried Faeces (Coup) 0.894 £ 0.31 112 +044
(kg C head ' d") € pyenion of CO: Faeces 0.011 £0.005 0.021 +0.012

and CH, gases Enteric fermentation 0471 £ 0.188 0.66 £ 0277

and respiration
Total Capinea from animal 138036 180+051

Table 3 The average of CH: and CO; emission from ox and buffalo in farms in Nakhon Ratchasima

(average = standard deviation).

Kind of Average of gases : )

ammal (kg head™ d'lj CHy €O

Ox Faeces 0.00 000 0.03+001
Enteric fermentation and respiration 0.10 = 0.06 144 £0.62

Buffalo Faeces 0.01 =000 0.06 £0.03
Enteric fermentation and respiration 0.13 =007 207094
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Figure 3 The percentages of CHy, and CO; gases from
faeces of ox and buffalo.

Figure 4 The percentages of CHy, and CO, gases from
enteric fermentation and respiration of ox and buffalo

Carbon Contents Emission from Energy Sectors
for Meat Production

The ox and buffalo farms 11 Nakhon Ratchasima
province used little energy for feeding’ The first
sector was electric light energy. The second sector
was petrol used for animal transport. The third
sector was  petrcleum for ‘cutting srass and
transferring it to farms for feeding. The Ciypy and
Coamsaon por vt of all 3 energy sectors ot ox farms
were 0.12 £ 0.16 and 0.10 = 0.14 kg C head™ d*,
respectively. The Cigp: and Comssion per vnit of all 3
energy sectors at buffalo farms were 010 = 0.19
and 0.08 = 0.16 kg C head™ d", respectively. On the
other hand, the slanghtethonses 1 Nakhon
Ratchasima used energy for electric light and
delivering meat from slaughrerhouses fo markets
with Cipy and Cemission per uait of energy used by
slaughterhouses being 0.57 £ 0.47 and 0.52 £ 0.44
ke C head™ 47, respectively. The Cupy and Cowiw
per unit of energy used for buffalo meat production

Comparison af carbon emitted factors from ox and buffalo 5

Bons, Skin,

Bloed and

eir, 3.055,
4%

Figure 5 The percentages of carbon contents were
transferred from grass to ox’s parts.

0, amd
s _cc,.n;:lm o
E; Emanic Fameantation
00, o =d Raspination,
e 1.56 10%
Fagfes, 112, 17085 Buffln mear.
— 00198 0.30%
%‘l B
] I Entrails, 000322
0.08%,
Bens, k=, Hlood,
wnd sk, 489632

T

Figure 6 The percentages of carbon confents were
transferred from grass to buffalo’s parts.

by slanghterhousss was 0.49 £ 0.47 and 0.44 £ 0.40
ke C head™ d”, respectively. The result of carbon
contents per unit in meat production are shown n
Table 5.

Carbon Massflow of Animals and Energy
Sectors in Meat Production

The result of the carbon massflow from oxen
and buffalees 13 shown m Figures 7 and B,
respectively. The results also showed that the
carbon contents emutted from ox increases
envirenmental preblems mere than buffalo (Table
6).

Th: comparison of Ciggy and Cegiee from
energy sectors. Cige from plant by feeding, Coupe
and Cupjssion (gases) from ammals, and the different
carbon contents per umt between Cogy from the
faeces and Cgpanw of ox and buffalo are shown in
Figure 9. Figure 9 shows the differerces between
carbon contents transferred to animals by feeding
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Table 4 The percentage ratio of meat and entrails of ox and buffalo that were killed in
slaughterhouses i Nakhon Ratchasima (average + standard deviation).

Kind of animal Ox Buffalo
Weight before killing (kg head™) 268.74+ 10138 33773 £ 6691
Ratio of meat to weight before kalling (%) 46.55+11.96 3465x7.14
Ratio of entrails to weight before killing (%) B.52+261 832x1.06
Ratio of skin, bloed, bone, and etc. to weight 4493 57.03

before killing (%)

Table 5 The average of Cipw a0d Coanesicn from energy sectors of ox and buffalo farms and slaughterhouses
(average + standard deviation).

Average carbon contents from energy sectors Copu Comssion
(kg C head™ d") Ox Buffala Ox Buffalo
Farms Electricity® 0.00+0.01 0.00 %+ 0.00 0.00 £ 0.01 0.00 £ 0.00
Transportation energ}-“: 0.00x 0.00 0.0+ 001 0.00 £0.00 0.01x0.01
Engine env;-rg}-“3 011 =016 009+019 0.09=0.13 0.07x0.16
Total carbon contents 012016 0102019 010z014 008x0.16
Slaughterhouses  Electricity 0.22+0.37 0.12£004 022x037 012x0.04
Transportation energy 0.35x0.30 038046 0.30=0.26 032039
Total carbon contents 0.57x047 049047 052044 0.44+ 040
Total carbon contents of farms and 0.69 0.59 0.62 0.52
slaughterhouses
Y Poftution Control Department (2003) CO; emission=0.18 kg CkWh
2 National Transportation Statisties (2000) COj emission = 74.5 kg CO; 7500 km'".

U.S. EPA AP-42 (1995) and WHO {1093) CO, emission from diesel oil = 0.61 kg € L and CO;, emission from
gasoline=057 ke C L™

Table 6 The ratio of Cigy(plantrenergy). Caation. Cenurealanimal+energy) from meat production.

Clp’.u cem;r.ed

Kind of  (plant+energy) (animal+energy) Ratio
animal . . .
(ke € I.le"ld-] d-] __________ ) Coremr C oo Clmired Comired C fixzrion
- ‘ "I-Cp'_an‘t -"lclp'.u -"lC:npu[ /C fixation "I-Cpl.au
Ox 515 2.00
Buffalo 7.10 232 0.25 0.66 0.33 0.49 0.725
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Comparizon of carbon emitted factors firom ox and buffalo

Emergy Sectors

4.7243.14

Cemitted = ., + C emission Uniit: kg.C/head/ day

Figure 8 The conclusion of carbon mass balance for buffalo meat production.

-
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C-emission (enerzy)
C-emitted (aninnl ) [ ——— B BuSlo
C-gases (animak ) === 00x

C-output (faeces)

C-enntted (animals)

C-fiomtion (body)

C-mput (energy) é
C-input (plant) |

0 1 2

Figure 9 The comparison of the different carbon confents in each pattern of meat production.

and from animals to environment and carbon
contents from energy used in electricity and petrol.
The results show that the carbon contents in energy
pattem are less important for meat production.

Carbon Contents and Physical Properties of
Animal Feed, Meat, Entrails, and Faeces from
Ox and Buffalo

The weight measurements of ox and buffalo on
farms found that oxen were 61-608 kg head! at
0.17-14.84 years old and buffaloe 63-861 kg head™
at 0.29-20 vears old Figure 10 showed the
relationship of the weight of oxen and buffaloes
with age, as follows: weightyy = 93.231 In(agey) +
239.87 (R’ = 0.72) and weightpme = 154.8
In(agepsmas) + 2544 (R® = 0.69). The results

Table 7 The average weight of oxen and buffaloes, faeces, and animal food from farms in Nakhon

Ratchasima (average T standard deviation).

kg Chead! d

- d

3 4 3 6

showed that oxen fixed carbon contents more than
buffaloes in the first vear but buffaloes fixed carbon
more than oxen after one year of age.

Table 7 shows the average weights for animal
food. faeces and amimals at farms. The ratio of ox’s
faeces weight to ox weight and the ratio of
buffalo’s faeces weight to buffale weight were
4.72% and 4.56%, respectively.

The percentages of moisture, volatile solids, ash,
and carbon contents of amimal feed, meat, entrails,
and faeces are shown in Table 8. The percentages
of carbon contents of buffalo’s faeces were 30.14%
lower than the wvalue of ox’s faeces. These
percentages of carbon contents from faeces,
entrails, and meat showed that the buffale fixed
carbon m 1ts body more efficiently than the ox.

_ _ Animal weight
Kind of animal

Faeces weight

Animal food weight

(kg head™) (kg head ' d™h
Ox 302.25 £ 100.72 14.27 £ 4.94 11.06 +5.07
Buffalo 456.10 £ 13438 20.79 + 8.08 16.01 +7.77
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Table 8 Physical properties, carbon contents. and the linear equations of the carbon contents t

Comparison of carbon emirted faciors from ox and buffalo

=]

[=]

volatile solids of amimal feed, meat, entrails, and faeces from ox and buffalo farms (average *
standard deviation).

- . . Carbom

Moisture Volatile solid Ash 5

Type content Linear regression equation ~ R*

( e Y - -)
Grass 76642700 75202345 24805345 40422133 %VS=354(%C)- 6859 | 0.89
Ricestraw ~ 7.70£1.30 7091 £274 2081x274  40.13:147 %VS=134(%C)+B26 0.69
Ox meat J305x550 83342420 16.65£4.20 58001025 %VS=16400%C)- 88411 004
Ox’s faesces  §81.12+3.78 62181048 3782+1048 33471508 %VS=265%C)-26.35 0.89
Ox'sentrails’ 8044344 8524179 1476x179  56.02+645 %VS=003(%C)+8352, 030
Buffalomeat 7671185 8661320 1339+329 68671021 %VS=14.90(%C)-936.50 0.88
Buffalo’s 8198442 544521123 455521123 30.14+6.07 %VS=231(%C)-14.933 005
faeces
‘Buffalo’s 7946=3.28 8570 =205 1430205 6361 +£936 VS =-0.08"%C) + 90.63 0.34
entrails

L The average of each entrails of ox and buffalo.

Forecasting Trends of Carbon Emission from
Meat Production

The future trend of carbon emitted from meat
preduction at ox and buffale farms  and
slaughterhouses is shown in Figure 11. The graph
predicts from carbon emitted for ox . meat
production to be 2.00 kg C head™d! or 073 t C
head” y"! and for buffalo meat production to be 2.32
kg C head™ d” or 0.85 t C head” v, respectively.
These wvalues are based on oxen and buffaloes
statistics from 2001-2006 1 Nakhon Ratchasima
province. The results showed that the changes
carbon contents emitted in meat production (ton C
per wear) from ex and buffalo farms and
slaughterhouses in Nakhon Ratchasima province.
The resulis can be predicted by usmg the equation
from simple linear regression analysis and least
square methed 1 net carbon ematted per year by
using the following equation: C-emittedy, e =
38€14(year) + 125824 (R> = 0.78) and C-
emittedgaio mesr = 1568.7(year) + 50931 (R = 0.92)
where; vear is year of our Lord in 2001-2010.
Environmental problems could be decreased by
decreasing ox meat production and increasing
buffalo meat production (Thanee et al., 2008).

Conclusions

The study showed that carbon emitted factors
for ox and buffalo farms, and for slaughterhouses
wete 2.00 and 232 ks C head' d\, respectively.
Buffalo emitted more carbon than ox but the carbon
contents per unit in the energy sectors for buffalo
meat production were lower than the values for ox
meat production. Carbon fixation factors in meat
and organs of ox and buffalo were 3.09 and 4.72 kg
C head! d. respectively. The rate of carbon
massflow from grass, and from energy used m
transportation and killing of ox and buffalo were
5.15 and 7.10 kg C head ™' d”. respectively.

Furthermore, this study showed that the ratio of
the carbon fixed in meat and organs to the sum of
carbon contents in grass, and carbon contents in
electricity and petrol used were 0.60 and 0.66,
respectively. The ratio of the total carbon emitted
per unit to the total carbon contents per unit in grass
and energy used for meat production were 0.39 and
(.33, respectively. The ratio of the total carbon
emitted per unit to the carbon fixation of ox and
buffalo were 0.65 and 0.49, respecirvely.
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Figure 10 The relation of ox and buffalo weights with their age.
E;l Crezn l:l Buffaloes Cemitted's ox maat
Capnattad's boffalo meat === Lmear (Cemitteds ox meat) == Lingar (Camattad's buffalo meat)
| - " 00 At £ e BO00
600000 Coemitted,, o = 388 4(year) + 125524 600000
500000 i R =0.7768 = 500000
,;' 400000 1 = |l T 400000 o
& o L =
= = ] o
F Hoe b S
g 300000 T _ o= ;/” l 1 T 300000 f
z i /ﬁ// o H =
200000 /,E B | Cosltfted, g, me = 1568 T(vear) = 509311 200000
N u - I ul H R =0914
100000 T I | ul ] ul I - 100040
0 | | Y | | | | 0
001 2002 2003 2004 2005 2006

Year

Figure 11 The future trend of carbon contents emitted from oxen and buffaloes meat Production in
Nalchon Ratchasima.
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COMPARISON OF CARBON EMITTED FROM OX,
BUFFALO, PIG, AND CHICKEN FARMS AND
SLAUGHTERHOUSES IN MEAT PRODUCTION

(Runring head): Carbon Emutted m Ox, Buffalo, Pig, and Chicken Meat Production
Nathawut Thanee' , Wut Dankittikul® and Pravong Keeratiurai®

Abstract

The carbon budget of oxen, buffaloes, pigs, and chickens during meat production were studied
to determine carbom emitted from farms, to investigate the rate of carbon massflow from
plants to ox, buffalo, pig. and chicken in the food chain and to study the carbon emission in
energy patterns that was used in meat production in Nakhon Ratchasima province. The study
showed that the carbon emitted per unit from farms and slaughterhouses in ox, buffalo, pig.
and chicken meat production was 0.0066, 0.0051, 0.0339, and 0.085]1 kg.C/kg. living
weight/dayv, respectively. The carbon fixation in meat and organs of ox, buffalo, pig, and
chicken was 0.0102, 0.0104, 0.0062, and 0.0111 kg.C/kg. living weight/day, respectively, and
the rate of carbon massflow from grass and animal feed was 0.0148, 0.0143, 0.0087. and 0.0184
kg.Crke. living weight/day, respectively. This study also showed that the percentage of carbon
fixation in meat and organs of ox, buffalo, pig, and chicken to the sum of carbon contents in
grass and feed used for feeding was 69.24%, 72.53%, 71.18%, and 60.45%, respectively. The
ratio of total carbon emitted to total carbon contents in grass and feed used for ox, buffalo,
pig, and chicken feeding was 0.31, 0.28, 0.28, and 0.39, respectively. The ratio of total carbon
emitted per day to carbon fixation per day in meat and organs of ox, buffalo, pig, and chicken
was 0.45, 0.38, 0.40, and 0.65, respectively. Ox production produced more environmentally
harmful carbon than buffalo production. The results also showed that the ratio of CH, to CO,
emiftted from faeces, enteric fermentation and respiration of ox was higher than the value
from buffalo. For the equal quantity of meat production, it is suggested that ox meat
production should be reduced while the buffalo meat production should be increased to lessen
the environmental impact. Moreover, of the four animals, carbon emitted from buffale and
pig will give less environmental problems and farming/slaughterhouses should be more
encouraged than ox and chicken farming/slaughterhouses. The carbon contents emitted in
meat production in ton C per vear from ox, buffalo, pig. and chicken farms and
slaughterhouses in Nakhon Ratchasima province can be shown by using the equation from
mass conservation and the numbers of animals as follows: Capigeg = (0.73) Oxen + (0.85)
Buffaloes + (1.25) Pigs + (0.07) Chickens.

Kevwords: Carbon emission, meat production, ox, buffale, pig, chicken
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Introduction

One of the environmental threats that our
planet faces teday 1s the long-term change in
Earth’s climate and temperature pattems due
to global climate change, or the greenhouse
effzct. CO» and CHy from human activities
are the most important greenhouse gases
coutributing to global climate change (IPCC,
1995) with CH, bemng 23 times more potent
than CO, (IPCC, 2001). Ox and buffalo are
hetbivores wlule pig and chicken are energy-
using ammals that are raised for their meat,
and produce emissions of both CO, and CH,.

Carbon 15 an important element for
humans because it 1s the primary element of
both plants and amimals and cycles through
livmg and non-living components (Lanhajinda,
2006). One product of cerbon fixation 1s the
protein in mear and animal products. The focus
of flus study 1s on carbon which 1s transferred to
the food chain and fixed in meat. The n=t carbon
production 1s the rate at which carbon 1s fixed

duning growth, and can be vsad to explam the
o o = T

time averaged C stocks by carbon weaight per
time (van Noordwyk er al, 1997, 1998).

Tiw Dwmiiy o Cx Farm Aress
L ERLIRE
— A 1A-E T b
19513087 head
130881 BEAT el
108330879 bumd
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(a) Ox farm areas

Therefore, it is important to study  and
understand the relationship between the carbon
enussions, carbon massflow, and energy used
for meat production.

The primary cbjective of this smdy
was to determine carbon emutted factors for ox,
buffalo, pig. and chicken fanms. To accomplish
this, we stadied the rate of carbon massflovr
from plants to an ox. a buffalo, a pig, and a
chucken, and nchided the carbon emussions
from elecincity. LPG. wood or paddy husk. and
petroleum used durmng meat production m
Nakhon Rarchasima.

Materials and Methods

Study Area

Ox, buffalo, pig, and chicken farms
and slaughterhouses were studied in 26
districts and 6 subdistricts of Nakhon
Rarchasima province which are shown in
Figures 1 and 2. respectively.
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(b) Buffalo farm areas

Figure 1. Ox and buffalo farm areas in Nakhon Ratchasima province
(Department of Livestock Development. 2003)

{(a) Pig farm areas

(b) Chicken farm areas

Figure 2. Pig and chicken farm areas in Nalkhon Ratchasima province
(Department of Livestock Development. 2005)
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Nakhon Ratchasima province has an
agricultural area of 12 469 square kilometers
and 1s the largest area of ox farms m
Thailand {Center for Agricultural
Information, Office of  Agncultural
Economics, 2004).

Size of Samples and Sampling Methods

The mumbers of farms, and numbers
of oxen. buffaloes, pigs, and chickens. n
each district and subdistrict were calculated
by determuning the numbers of ox. buffalo,
pig. and chicken farms and the numbers of
oxen, buffaloes, pigs. and chickens in the
province (Yamane, 1973; Cavana er al,
2001). The results showed that these were
398 ox farms. 390 buffalo farms. 390 pig
farms, and 340 chicken farms. 17 ox and
buffalo slaughterhouses, 7 pig
slaughterhouses, and 18 chicken
slaughtethouses, totaling 400 oxen, 398
buffaloes, 400 pigs, and 400 chickens from
farms. Grass and feed. plus their meat and
faeces were collected and transferred to the
laboratory at  Suranaree University of
Technology for measurements. Results from
analytical methods are as shown m Table 1.

Previous Researches and Calculating
Methodology for Coitted. Chixation. a0d Cinpur

According to Thanee er al. (2008). ox
production produced more environmentally
harmful carbon than buffalo production. For
the equal quaniity of meat production, it is
suggested that decreasing ox meat production
and increasing buffalo meat production can
decrease the environmental problems. The
ratio of CH: to CO; emutted from faeces,
enteric fermentation and respiration of ox
was greater than the walue for buffalo
{Dankattikul and Keeratinrai, 2008). Carbon
was calculated by a mass balance method.
Cizgr was the carbon contents transferred
from plant and animal feed to animals by
feeding (kg.C'head/day). Cammes was the
carbon contents emitted from animal faeces

{(Cowpur). enteric fermentation and respiration
(Copission)- Thus, Coypne plus Coppeyse make for
Cominea (kg .C/head/day). The Cygp, nunus the
carbon contents emitted from animal faeces,
enteric fermentation, and respiration (Comned)
was the carbon mass fixed in the body
(Cseation)- Whereas the C fxntion
(kg C'head/day) was the carbon contents
fixed 1n meat and organs of animals (Thanee
efal  2008)

Results and Discussion

The Rate of Carbon Contents Massflow
and the Carbon Emitted

The rate of carbon massflow from
amimal feed for feeding to the biomass of ox,
buffalo. pig. and chicken (Cypy) was
determumed and found to be 446 £193,
6.51 £3.14, 0.879 £ 0.30, and 0.043 £ 0.007
kg C'head/day, respectively are shown in
Table 2.

Table 2 also shows that the carbon
fixation of ox, buffalo, pig. and chicken was
309+197, 472 314, 0.626 £ 0.256, and
0.026 £ 0007 kg Chead/day, respectively.
The carbon emutted for ox, buffale, pig, and
chicken was 1.28 £ 0.36, 1.80 £ 0.51. 0.253
+ 0058, and 0.017 + 0.006 kg C/head/day,
respectively. CO, and CH, gases which were
emitted from faeces, enteric fermentation and
respiration of amimals are shown in Table 3.
Figures 3 and 4 show the ratio of the carbon
massflow by feeding. The carbon mass fixed
m the biomass of ox, buffalo. pig. and
chicken was 69.18%, 72.38%, 71.14%. and
60.70%, respectively and that emutted from
fasces, enteric fermentation and respiration
was 30.82%. 27.62%. 28.8BG%. and 39.30%,
respectively.  Carbon  enutted  which
coniributes to environmental problems show
that buffalo and pig encourage less global
climate change than ox and chicken because
buffalo and pig fixed the carbon contents in
their bodies more efficiently than ox and
chicken.

Table 1. Methods for property analysis of animal feed, meat, entrails, gases, and faeces

from animals

Properties

Analvtical methods

Moisture content

By weighing sample after oven diving at 103-105 C for 24 b (Manlay ef al, 2004).

Carbon content

By CNS-2000 ELEMENTATL ANATYZER (Manlay et al., 2004) and
GAS ANALYZEFR. (Kawashima er al., 2000).

Wolatile zolids
and azsh

By weighing the Imown weight of the sample after burning at 550 C for 30 min
(APHA AWWA, WEF.. 1998).

Weight

By weighing or using cattle weighing tape (Vudhipanee ar al, 2002).
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Carbon Contents Emission from Energy
Sectors for Meat Production

The pig and chicken farms in Nakhon
Ratchasima province used more energy in
kg.Ckg. living weight/day than ox and
buffalo farms for feeding. The first sector
was electric light and heat energy. The
second sector was petrol used for animal
transport. The third sector was petroleum for
cutting grass and transferning 1t to famms for
feeding. The fourth sector was liquefied
petroleum gas (LPG) used for heating. The
C omission DT unit of all 3 energy sectors at ox,
buffalo, and chicken farms were 0.09. 0.08.
and 0049 kg C/head/day, respectively. The
Camissica Per unit of all 2 energy sectors at pig

farms were 083 kg C'head/day, respectively.
The slaughterhouses in Nakhon Ratchasima
used energy for electric light, boiling the
water for ammal skin cleamng, and
delivering meat from slaughterhouses to
markets with Copission per unit of energy used
for ox. buffalo. pig. and chicken meat
production being 0.52, 0.44, 2.34, and 0.1332
kg C/head/day, respectively. On the other
hand, the Cepiisor of energy used for meat
production by farms and slanghterhouses was
205 x 107, 1.14 x 107, 3141 x 107, and
7786 x 107 kgCkgz living weight/day,
respectrvely. The average of Cayiesion from
energy sectors at farms and slanghterhouses
are shown in Table 4.

Table 2. The average of Ciypy. Chrations Cemitteds Coutpuer A4 Coiision 0f CO; and CH,, from
animals on farms (average + standard deviation)

Kind of animal Ox Buffalo Pig Chicken
Ciape: massflow from plant by feeding + 2+ 040 3 + -
(ke.Clhead/day) 4461193 6.51+3.14 0,879+ 030 0,043 £ 0,007
Copoe (kg Clkg, living weight/day) x 10° 14.76 1427 8.71 18.38
Meat 0.031 00198 0.047 0.0046
Comine Enails 0.004 0.0039 0.007 0.0008
(masshalance) P - PR
(kg Cheadiday) | Bove skin blood etc 3.055 4.696 0.572 0.021
Total Ceo e 3.09+£1.97 4721314 0.626 £0.256 | 0.026+0.007
Cmnen (k2. Clkig, living weight/day) x 10° 10.22 10.35 6.20 1111
Dmed fasces {Coupu) 08941031 A210.44 017820044 | 0013 £0.006
R 0011 % 0021+ 0.0004 + 0.00004 £
c . Copi of Fasoss 0.005 0.012 0.0001 0.00004
.mim-d'. CO: and Enteric .
o, Clhead/'day’ i 75+ +
(kg Chead/da¥) | (57, gaces | fermentation | 0.471%0.188 | 0.660277 0073 % 00000
and respiration Had :
Total Comins 138+ 0.36 L.30 + (.51 0.253 £ 0,058 | 0.017 £ 0,006
C,oaes (52 Ckig, living weightday) x 10° 157 393 248 727
Living weight 0225+ 456.10 = 100,81+ 234+
(ke head) 100.72 134 .38 6.31 0.34
icmtned = Col.rtpu'. + szuiss'.an
Table 3. The gas emission from animals (averagetstandard deviation)
Average - . CH, cCo,
of gases Kind of animal (kg.CH,/head/day) (kg.COy/head/day)
Ox 0.004 = 0.002 0.031+0.015
Buffalo 0.005 £0.003 0062 0035
Fasces
Pig 0.0001 £ 0.0000 0.0010 +0.0003
Chicken 0.000003 £ 0.000002 0.000142 £ 0.000136
Ox 0.104 £ 0.063 1440+ 0.618
Epteric fermentation Buffalo 0.127 £ 0.068 2.069 +0.942
and respiration Pig 0.0071 £0.0074 0.233620.1286
Chicken 0.0000 £ 0.0000 0.0067 +0.0000
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Figure 4. The percentages of carbon content: transferred from animal feed to pig’s parts
and chicken’s parts

Table 4. The average of C.mpisipn from emnergy sectors at farms and
slanghterhouses (average + standard deviation)

Average carbon contents from emergy sectors Comisiicn
(kg.C/head/day) Jx Buffalo Fig Chicken
Electricity” 000z001  000Z000 | 0022002 | 0002+0.00
Tranzportation energy’ 0.00£000 001 2001 081085 0044 £0.03
Fatmn: Engine energy 0092013 007016 N.D. ND.
LPG" MN.D. MN.D. N.D. 0003 £0.00
Total carbon contents (.10 0,08 0.83 0.049
Electricity” 222037 012004 | 0052004 | 0.000 £0.004
T g 030z 031% 001t 000153+
TAnspanallon enetgy 026 0.39 0.00 0.0016
Slaughterhouszss . . 228¢ 012274
Wood and paddy husk ND. ND. Lo 01708
Total carbon contents .52 0.4 234 0.1332
Total carbon (kg.C/head/day) .62 0.52 317 0.1522
emission from
farms and
slangkterhouses (kg Cike. living weight/day) | 2.05= 107 114 =107 | 3141 =107 | 77.86= 10

" IPCC (1996) CO2 emission = (.18 kg OkWh and CO; enission from LPG = 3.0102

kg.CO1kg IPG
* National Transportation Statisdes (2000) CO, emission = 74.5 kg 00,1 Tow/500 km
US. EPA, AP-42 (1993) and WHO (1993) CO, emisston from diesel oil =2.24 kg 00.L

and CO; emission from gascline = 2.10ke COLL
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The Relation of Carbon Contents
Massflow and Physical Properties of
Animal Feed, Meat, and Faeces from Ox,
Buffalo, Pig. and Chicken

The carbon contents massflow of ox
and buffalo are shown in Figures 5(a) and
5(b) and the carbon contents massflow of pig
and chicken are shown in Figures 6(a) and
6(b). respectively. The relation of Cuypineq and
Ciggr (S1g. F=0.05) and Cgranen and Cigy
(S1g. F=0.03) are shown in Figures 7(a) and
7(b). respectively. The results showed that
the carbon emitted from clicken mecreased
the most environmental problems.

The results also showed that the
changes m carbon contents emitted, fixed,
input, and emitted from energy used 1n ton C
per vear can be illustrated by using the
equation from the mass conservation and the
numbers of ammals as follows:

C—emiﬁed:amﬁmg}-)
=(0.73) Oxen = (0.85) Buffaloes + (1.25)
Pigs + (0.07) Chickens (1)

C-input = (1.63) Oxen + (2.38) Buffaloes +
(0.32) Pigs +(0.016) Chickens (2)

C-fixation
={1.13) Oxen + (1.72) Buffaloes
+(0.23) Pigs + (0.0095) Chickens (3)

C-emissioN ey
={0.23) Oxen + (0.19) Buffaloes + (1.16)
Pigs + (0.0665) Chickens 4

where: C-emitted i enerzyy 15 the carbon
contents enutted from ox. buffalo, pig. and
chicken and the emission from energy used
i1 meat production (ton C/year), C-input 1s
the carbon contents transferred from plants

(a) Carbon massflow of ox

and feed to ox, buffalo. pig. and chicken by
feeding (ton C/vear), C-fixation 1s the carbon
contents fixed m meat and organs of ox,
buffale, pig. and chicken (ton Clyear),
C-emissiOlmesy 15 the carbon contents
emitted from energy using as electmicity,
LPG, wood or paddy husk, and petroleum of
farms and slaughterhouses 1 meat
production (ton Clyear) Oxen, Buffaloes,
Pigs, and Cluckens are the numbers of oxen,
buffaloes, pigs. and chickens on farms,
respectively (head).

The percentages of moisture, volatile
solids. ash. and carbon contents of animal
feed, meat. and faeces of amimals are shown
in Table 5. The lowest percentage of carbon
content was in buffalo’s faeces (30,14 +
6.07%) and the highest in buffalo’s meat
(68.67 = 0.21%). These percentages of
cartbon contents from faeces, and meat
showed that the buffalo fixed the highest
level of carbon in 1ts body.

Conclusions

The study showed that carbon emutted from
ox. buffalo, pig. and chicken farms and
slaughterhouses was 0.0066, 0.0051, 0.0339,
and 0.0851 kegC/kg. living weight/day,
respectively. A buffalo and an ox emitted
more carbon than a pig and a chicken but the
carbon contents per unit 1 the energy sectors
for buffalo and ox meat production were
lower than the walues for pig and chicken
meat production. On the other hand. the
Comission 0 energy used for ox, buffalo, pig,
and chicken meat production by farms and
slaughterhouses was 30.72%. 22 40%,
92.60%., and 91.54% of the total carbon
emitted from animal and energy sectors
meat production.

4728314

i e = € omimion

L feg b didny

(b)) Carbon massflow of buffalo

Figure 5. The carbon mass balance for ox and buffalo meat production
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Carbon fixation m meat and organs of ox,
buffale. pig. and clicken was 0.0102,
0.0104. 0.0062. and 0.0111 ke C/ke. living
weight/day, respectively. Carbon content
values were calculated by mass balance. The
rate of carbon massflow from grass and feed
to ox, buffalo, pig, and chicken was 0.0148,
0.0143, 0.0087. and 0.0184 ke C/ke. living
weight/day, respectively.

Furthermore, this study showed that
the ratio of the carbon fixed in meat and
organs of ox, buffalo, pig, and chicken to the
carbon contents in grass and feed was 0.69,
0.72, 0.71, and 0.60, respectively. The ratio
of the total carbon emitted per head per day
ta the total carbon contents per head per day
i grass and feed used for feeding was 0.31,
0.28, 0.28, and 0.39, respectively. The ratio
0f Camired 10 Cigpur shows that the contribution
to environmental problems from buffalo 1s
the lowest. The rato of the total carbon

() Carbon massflow of pig

emutted to the carbon fixation of ox. buffale,
pig. and chicken was 0.45, 0.38, 0.40, and
0.65, respectively. It can be concluded that
the carbon contents emutted from chicken
increases the most environmental problems
{Table 6).
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(b) Carbon massflow of chicken

Figure 6. The carbon mass balance for pig and chicken meat production
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Table 5. Physical properties, carbon contents, and the relation of C and VS of feed,
meat, and faeces (average = standard deviation)

, . , . Carbon .
Moisture Volatile solids Ash . : R : Coefficient of
Type Contents Lm?'u';;l?;'ﬁ:mn determination
(%) (%) (%) (%) e Ry
T6.64 75.20 24 80 40.42 SoWS =334 (%) -
Grass +7.99 +345 +345 | £133 6350 089
- . 778 7091 2081 40.13 VS =154 3:0) +
Ricesmaw | | 5 +274 +274 £147 2.26 069
7305 8334 16.63 3899 WVs=
O meat +550 +490 £420 | £025 | 1640¢0) - 88411 0.54
On's Bi.iz aZ.18 37EZ 3347 VS =263 (30— 0.89
fasces t3178 1048 + 1048 T35.08 26.35 .
Buffalo 76.71 86,61 1330 68.67 VS = 028
meat t1.85 1329 1329 021 1480 (%C) - 936.50 i
Buffalo's 8198 54.45 4353 30.1¢ fWE =231 (%) - 0.95
faeces +4.42 +11.23 +11.23 +6.07 1483 -
Pig’s 1048 70.28 2072 45.02 VS =093 %)+ 0.6
fead 222 t242 +242 205 2843 T
Pig 68.74 8262 1738 42.00 TS =070 (%C) + 0.94
meat t5.63 347 347 504 4897 '
Pig’s 67.71 61.30 387 3508 %WS =178 (3:0C) - 0.9
fasces +5.54 +340 +34 +1.83 278 "
Paddy 1112 60.67 3033 33.536 TeVS = 1.64 (%C) + 0.05
husk t1.01 1545 1545 T 333 2,86 -
Chicken’s 1045 7282 27.18 44.06 2eVE =040 (360 =+ 078
feed +1.25 +2.07 +2.07 +432 33m -
Chicken 63.71 8437 15.63 48.40 VS =059 3:0) + 083
meat t6.57 401 401 t6.21 3397 '
Chicken’s 61.51 66.39 3361 3407 %VS =0.97 (%) + 042
faeces +2231 +9.16 +9.16 +6.13 3323 T
Table 6. The ratio of Cinput. Chizations Cemittea from feeding in meat production
Cinput C fization C umitted The percentage of
Kind of
animal (kg.C/kg. living weight/day) Chization ! | Coemitted ! | Cemitted ! (Cinput - Cemitted) /
X 1'["-'] ci.n]mt Cjnpu: Cfization Cmpnt
Ox 14.76 1022 457 69.24 3096 4472 69.04
Buffalo 1427 10.35 395 7253 2768 38.16 7232
Pig 271 6.20 248 71.18 2847 40.00 71.53
Chicken 18.38 11.11 7.27 60.45 3035 65.44 60.45
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