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Comparison on Mitochondrial DNA Fingerprint
for Identification

of Thai Native Silkworm Varieties

4
nguar 1309gns  §51ms agdgmga” Fanw wersziasy uas d3awr ensiaa ”

Krissana Ruangrit'/ Jiraporn Tayutivutikuf A Weerathep Pongpraserty and Angsana Akrapisan”

Abstract: There are many varieties of Thai native silkworms, Bombyx mori Linnaeus, showing high potential for
silk product improvement. However, since they are all very closely related and basically have morphological
identity especially in their adult stage, it is difficult to identify them in a breeding process. Therefore, a molecular
technique, Polymerase Chain Reaction—Restriction Fragment Length Polymorphism (PCR-RFLP), was applied to
study among 5 native silkworm varieties; Nonrusee, Nanglai, Keawsakol, Nangluang and Nangnoisrisaket 1, and
compared to a wild silkworm, Philosamia ricini Boisduval. The regions between cytochrome oxidase subunit I-II
gene (COI-COII gene) from mitochondrial genome of all silkworms were amplified by PCR, and were digested
with 9 restriction enzymes; Bfal, Clal, Hhal, Mbol, Msel, Msp], Rsal, Taq I, and Xnm I to generate band
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polymorphisms on agarose and polyacrylamide gel. Four restriction enzymes; Clal, Hha ], Msp 1, and Xnm | were
not useful in separating the Thai native silkworm varieties and the wild silkworm. However, there were five
restriction enzymes that cut the COI-COII gene target, and four of them; Bfa I, Mbo 1, Rsa I, and Tag I generated
band patterns to differentiate between Thai native silkworm varieties and the wild silkworm. Only Mse I produced
band polymorphisms that is not only separated the Thai native group from the wild one, but also divided them into
two groups. The first group composed of Nonrusee and Nanglai, and the second group consisted of Keawsakol,

Nangluang, and Nangnoisrisaket 1
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1Riiqungi 55 esrnwaiFoa 1A phenol-
chloroform—isoamyl alcohol (25 : 24 : 1) ¥yu
imisfinnmds 8,000 soudewIi gaas
azmm‘?yuumﬁn chloroform—isoamy! alcohol
(4:1) wmﬁmﬁmmﬁ'a 8,000 30UABU
AAMITATAUFULMIALAITAZAI0 3 M sodium
acetate 1HUSUIAT 1 A9 10 (1velSuas 1AY
absolute ethanol ‘ﬁu‘ﬁtﬁu 2 mweatlSinas 1y
137 20 perirarFoa mamIsadt 12,000 50U
ADuI dnazneuAluIBR LN IUBa 70
wefifudiuse azawazneudls TE buffer
U135 4 essuwadod el 19ae 1

Ufin3en PCR

Wduedldh PCR 1001¥ primer
COI-RLR : 5'- TTG ATT TTT TGG TCA TCC
AGA AGT -3' @wwiafl 2,184 — 2207 uae
5'- CCA CAA ATT TCT
GAA CAT TGA CC -3’ dumuiafi 3,666 - 3,688
U3 mtDNA gene 910 gene bank TN AY048187
(Lu et al., 2001) M3IA3sUAIUNTUYDNURNT0
(reaction mix) 1U¥adA PCR tube UUIA 0.2
Hadans Yswmssaw 30 Tulnsdas Yseneu

primer COll-Croz :

COI-RLR I

COI

A0 1X QIAGEN PCR Buffger, | mM dNTPs,
3 mM MgCl,, 200 uM primers COI-RLR, 200 ptM
primers COII-Croz, 0.75 y1ia#t@1/§ji561 Tag DNA
polymerase taz@tdueAUILD 10 W TunTuATw
ddy diowauynetensuudnimasa PR 1d
TunSouin/Sinafidue (MJ Research {u
PTC-100) Tﬂﬂﬁmmqquﬁun:namﬁazﬂfu
noudefl QMg 94 °C 1A 1 WIH T 1 50U
wasfigaingll 92 °C v 1 wft 56 °C
1479 72 °C 181 2 Wil §19U 35 591 MAIN
i1 72°C e 10 @ §1m9m 1 501

PCR-RFLP

wananues PCR wed Tnylunday
Wwfindadaooulmidasune o siafie B 1
Clal, Hhal, Mbo I, Mse L Msp 1, Rsa 1, Taq 1 Wa¥
Xon 1 15105570 20 lulasdas udnhlduen
vadiduedvermIsmoauas Indezasal
Tudioa SoudmendidonTuslud dwgldae
in3eatugiling (syngene) uazdRTEYIMIAIY
duiusnmaiugnssulaold Tdsunsunis
ned gene directory A2075 UPGMA %04

Dice

tRNA-Leu

COil

-« 1

COlt - Croz

Figure 1 Scheme of COI-Croz and COII-RLR primers for amplification of COI-COII genes

in mitochondrial DNA of Bombyx mori Linnaeus
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Table 1 Optical density (OD) of DNA purified from varieties of Bombyx mori Linnaeus.

o oD, 0D, Ratio
Varieties
(nm) (nm) oD, : 0Dy,
Nonrusee 0.2062 0.2004 1.0289
Nanglai 0.1947 0.1893 1.0285
Nangluang 0.1774 0.1638 1.0830
Keawsakol 0.2015 0.2054 0.9810
Nangnoisrisaket 1 0.1625 0.1624 1.0006

Figure 2 Restriction fragment patterns, unable to discriminate all five varieties of Bombyx
mori Linnaeus and Philosamia ricini Boisduval, of the PCR amplified COI-COH

region of the mtDNA from a single individual on a 1.5 % agarose gel. [Restriction

enzyme: A, Cla I; B, Hha 1; C, Msp |; D, Xmn L. Silkworm varieties: 1, Nonrusee (untreat enzyme); 2-7 {treat
enzyme); 2, wild silkworm, Philosamia ricini; 3, Nonrusee; 4, Nanglai; 5, Keawsakol; 6, Nangluang and 7,

Nangnoisrisaket 1 and M is a 100 bp ladder, NEB|

bp
o 1,517
— 1,200
— 1,000
—
—
—
- 500
-
L
o
N
bp
1517

1,200
1,000
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Figure 3 Relationship among five varieties of Bombyx mori Linnaeus and Philosamia ricini

Boisd. by used restriction enzymes Bfa I;, Mbo 1; (C)=Rsa I; (D)=Taq 1

A

bp

1,517
1,200
1,000

B

bp

1,517
1,200
1,000

560

pre

Pharts QERE G ey Bk

ey e S Gk o SR 500
= .

L

Figure 4 Restriction fragment patterns, able to discriminate among five varieties of Bombyx

mori Linnaeus and Philosamia ricini Boisduval, of the PCR amplified COI-COII

region of the mtDNA on a single individual on a 1.5 % agarose gel. [Restriction enzyme: A,

Bfal; B, Mbo I; C, Rsa 1; D, Taq L. Silkworm varleties: 1, Nonrusee (untreat enzyme); 2-7 (treat enzyme); 2, wild

silkworm, Philosamia ricini; 3, Nonrusee; 4, Nanglai; 5, Keawsakol; 6, Nangluang and 7, Nangnolsrisaket 1 and

M is a 100 bp ladder, NEB]
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Nonrusee

Nanglai

Nangluang

Keawsakol

Nangnoisrisaket 1

P. ricini

Figure 5 Relationship among five varieties of Bombyx mori Linnaeus and Philosamia ricini

Boisd. by used restriction enzymes Mse 1.

bp

200

100

Figure 6 Restriction fragment patterns, able to discriminate among five varieties of Bombyx

mori Linnaeus and Philosamia ricini Boisduval, of the PCR amplified COI-COIl

region of the mtDNA on a single individual on a 1.5 % agarose gel. [Restriction enzyme:

Mse L. Silkworm varieties: 1, Nonrusee (untreat enzyme); 2-7 (treat enzyme); 2, wild silkworm, Philosamia ricini;

3, Nonrusee; 4, Nanglai; 5, Keawsakol; 6, Nangluang and 7, Nangnoisrisaket 1 and M is a 100 bp ladder, NEB]
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Effect of Different Cultivars on Mineral Contents

in Olive ( Olea europaea L.) Leaves

@3uaga woumya’

Sermsakul Pojanagaroon’

Abstract: Eighteen Olive (Olea europaea L.) cultivars from Spain, Italy and Isael were grown at Phurua
Highland Agricultural and Experiment Station, Phurua district, Loei province (927 m asl, 17° 17'N 101°24'E)
to study the effect of cultivars on leaf-mineral contents during the winter (December, 2001 to February, 2002).
Macroelements (N, P, K, Ca, and Mg) and microelements (Fe, Mn, Zn and Cu) contents in leaves of olive
comprised of 1.708-2.418%N, 0.116-0.226%P, 0.415-0.763%K, 0.403-1.000%Ca, 0.071-0.145%Mg and
microelement contents were 67.40-175.34 ppm Fe, 57.25-117.91 ppm Mn, 12.67-29.52 ppm Zn and 5.88-66.74
ppm Cu. The mineral contents in leaves were significant difference among cultivars (p < 0.01). The N, P and Cu
contents were highest in leaves of ‘Arbequina’. This cultivar can grow, Produce flower and set fruit very well. The
highest Ca and Mn contents were present in ‘Gordal’, while the K, Mg, Zn and Fe contents were highest in

‘Nocellare-Messinese’, ‘Coratina’, ‘Bamea’ and ‘Carolea’ ,respectively.

¥ amriinaasunyasigegide 0.9 v.1a0 42160

V Phurua Highland Agricultural Experiment Station, Phurua, Loei 42160, Thailand.
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Table 1 N, P, K, Ca and Mg content in leaves of 18 olive cultivars.

Cultivars Leaf-mineral content (%dw) /1
N P K Ca Mg

1 Arbequina 2418a 0.226 a 0.679 abcd 0.614 cde 0.136 abc
2 Barnea 2.148 abe 0.207 ab 0.612 def 0.409 e 0.099 bede
3 Carolea 2.098 abc 0.233 a 0.630 cdef 0.581 cde 0.126 abed
4  Cipressino 1.993 abc 0.159 cde 0.674 abed 0.771 abc 0.141 ab
5§  Coratina 1.868 ¢ 0.155 cde 0.742 ab 0.651 cde 0.145a
6  Cornicabra 1.982 abe 0.185 be 0.555 fg 0.698 bed 0.136 abe
7  Gordal 1.940 be 0.169 cde 0.612 def 0.676 cde 0.138 abc
8  Grossa-di-cassano 1.723 ¢ 0.159 cde 0.500 gh 1.000 a 0.116 abede
9  Hojiblanca 1.845¢c 0.153 cde 0.415h 0.778 abe 0.112 abede
10 Itrana 1.708 ¢ 0.160 cde 0.504 gh 0.476 de 0.108 abcde
11 Maiatica 1.948 be . 0.173 bed 0.572 efg 0.403 ¢ 0.097 hcde
12 Manzanilla 2.008 abe 0.131 ef 0.579 defg 0.532 cde 0.071 e
13 Moresca 2,015 abe 0.168 cde 0.725 abc 0.531 cde 0.084 de
14  Nabadee 1.808 ¢ 0.116f 0.660 bedef 0.475 de 0.096 bede
15 Nocellare-del-belice 2.032 abe 0.146 def 0.594 defg 0.940 abc | 0.137 abe
16 Nocellare-messinese ~ 2.348 ab 0.153 cde 0.763 a 0.664 cde 0.103 abede
17 Piqual 2.000 abc 0.176 bed 0.555fg 0.576 cde 0.093 cde
18  Roggianella 1.720 ¢ 0.153 cde 0.583 defg 0.586 cde 0.099 bede

Mean 1.981 0.168 0.609 0.626 0.113

SD 0.263 0.330 0.097 0.189 0.025

CV (%) 10.59 10.13 7.98 19.56 17.69

Y Means within the same column with different superscripts differ significantly (p<0.01) by DMR
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Table 2 Zn, Mn, Fe and Cu contents in leaves of 18 olive cultivars,

Cultivars Leaf-mineral content (Yodw) n
Zn Mn Fe Cu
1 Arbequina 17.80 ab 69.62 bede 102.4 ab 66.74 a
2 Barnea 29.52a 75.94 bede 101.48 ab 26.47 def
3 Carolea 22.47 ab 67.32 bede 175.34 a 47.29 be
4  Cipressino 15.36 ab 74.42 bede 103.65 ab 33.02 cde
5 Coratina 16.62 ab 88.34b 92.47 ab 36.36 cd
6 Cornicabra 27.27 ab 76.26 bede 104.72 ab 30.08 cde
7  Gordal 22.97 ab 11791 a 135.47 ab 23.65 def
8  Grossa-di-cassano 15.48 ab 76.89 bede 7490 b 55.34 af
9  Hoejiblanca 21.04 ab 58.39 de 74.30 b 24.29 def
10 Itrana 17.66 ab 63.09 cde 58.40 b 18.29 def
11 Maiatica 19.91 ab 62.11 de 84.11 ab 21.07def
12 Manzanilla 21.04 ab 60.66 de 73.64 b 8.05f
13 Moresca 13.86 ab 67.63 bede 82.36 ab 21.03 def
14 Nabadee 22.85ab 57.25e 94.26 ab 5881
15 Nocellare-del-belice 19.40 ab 75..01 bede 96.74 ab 15.05 ef
16  Nocellare-messinese 21.99 ab 87.37 be 77.44b 15.05 ef
17 Piqual 23.76 ab 82.58 bed 114.14 ab 29.81 cde
18 Roggianella 12.67b 69.70 bede 67.40 b 13.48 ef
Mean 20.16 74.04 95.52 26.96
SD 9.24 17.10 45.06 17.17
CV (%) 3.34 1.04 3.10 247
V' Means within the same column with different superscripts differ significantly (p<0.01)by DMRT
Table 3 Comparative values of mineral contents in olive leaves.
Leaf- Our Research Jordao et al., 1999 Dimassi et al., 1999  Sufficiency Range
mineral (18 cultivars) ( 15 cultivars in (17 cultivar) (Mills and Jone, 1996)
Portuguese)
1.708-2.418 %dw 1.84 - 2.15 %dw 1.56 - 1.84 %dw 1.50-2.50 %dw
P 0.116-0.226 %dw ~ 0.129-0,187 %dw 0.13 -0.16 %dw 0.10-0.30 %dw
K 0.415-0.763 %dw  0.54 - 0.83 %dw 0.52 -0.93 Y%dw 0.90-1.20 %dw
Ca 0.403-1.000 %dw  1.55 - 2.56 % dw 1.45 -2.20 %dw 10 20 %dw
Mg 0.071-0.145 %dw  0.094-0.189 %dw 0.095-0.240 %dw 0.20-0.60 %dw
Fe 67.40-175.34 ppm 51.0-68.0 ppm - -
Mn 57.25-117.91 ppm 14.9-33.7 ppm 33.3-71.0 ppm 25-200 ppm
Zn 12.67 - 29.52 ppm 16.9-30.3 ppm 10.0-20.0 ppm 25-100 ppm
Cu 5.88 - 66.74 ppm - - -
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Figure 1 Correlation between (a) Leaf-mineral N and P (r=0.475**) and (b) N and K

(r=0.411**) of introduce olive (p < 0.01).
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Effect of Ethanol and Acetaldehyde on Green Mold Control

and Fruit Quality of Tangerine
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Abstract: The effect of ethanol and acetaldehyde fumigation to control green mold was studied. The results
showed that concentration and duration of ethanol fumigation affected on green mold control and fruit injury .
Ethanol could delay growth of Penicillium sp. without fruit injury. 0.05 % ethanol fumigation for 3 days delayed
the appearance symtoms for 4.25 days and while 0.01 % acetaldehyde fumigation delayed the appearance of
symtoms for 2.63 days. Chemical composition analysis of fruit, showed that ethanol and acetaldehyde did not
affect on ascorbic acid, TSS and TA content but affected on peel color change of fruit.
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Table 1

inoculation for S days.

Effect of ethanol and acetaldehyde vapour on tangerine green mold after

Treatment Dose Treatment Delay Decayed Inhibition Skin
(%) period (day) (day) (%) (%) injury
Ethanol 0.05 1 0.50° 100.00° 0.00" -
3 4.25 0.00° 1.00" -
5 294" 25.00° 075" -
Acetaldehyde 0.01 1 0.50" 100.00° 0.00° -
3 2.63% 18.75" 081" -
5 2.50° 50.00" 0.50° -
Control - - 0.00°  106.00° 0.00° -
LSD,,, - - 036 20.84 0.21 -
C.V. (%) - - 13.29 2520 3239 -

Means in column with different superscripts differ significantly at P > 0.05
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Table 2 Effect of ethanol and acetaldehyde vapour on fruit quality of tangerine after storage for 4

days.
Treatment Dose L* a* b* Cc* hue® TSS TA Vitamin C
(%) (%) (%) (mg/i00ml.)
Ethano! 0.05 59.59° 7" 4788 47.90" 92,08" 9.20™ 0.49 26.49
Acetaldehyde 0.01 59.43" 4.16" 50.45 50.65" 85.28" 9.30" 0.48 27.40
Control - 55.82" 675 4176°  4231" 99.20" 9.07" 0.48 28.43
LSD, ,, - 3.50 3.36 4.93 488 4.08 0.15 ns ns
C.V. (%) - 3.01 39.99 529 521 221 2.04 19.64 6.11

Means in column with different superscripts differ significantly at P > 0,05
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Behavior of Gene Controlling Iron Accumulation

in F, Rice Seed

/

Ausiy Moz’

17
Dumnern Karladee

Abstract: Efficiency of selection procedure in the breeding program for improving Iron (Fe) accumulation in
rice seed depends on the understanding in the behavior of genes controlling the trait. The phenotype of F, hybrid
could identify the behavior and further, could predict the response of selection of the genotype higher in iron
accumulation ability . In this investigation, the hybrid F, was produced using KaoDokMali 105 (white rice) as a
female parent and Kumdoisaket (purple rice) as a male parent. Iron with O-phenanthroline method with the dry
ashing sample of the whole seed and the decorticated seed was used in the nutritional analysis, reading absorbent
value through spectrophotometer at wavelength 510 nm. And compare the value to standard curve for predicting
the amount of iron accumulation. The results show that, the purple rice (Kumdoisaket) accumulated lower amount
than the white rice (KaoDokMali 105) both in the whole seed and in the decorticated seed. The iron accumulation
of the F, seed exhibited the amount valued in between the values of the two parents, but statistically non-
significant differed from the mid-parent value. However, since, the value of F, moved closely to the value of the

higher parent, indicates the additive action with partial dominance behavior of genes controlling the trait.

" madnisls ausinuaseoad aminadedesIn sidualvi 50200

: Department of Agronomy, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Table 1 Amount of iron accumulation in rice's whole seed and decorticated

seed of parental cultivars and the F, hybrid

Parents Iron in whole seed Iron in decorticated seed (mg.kg")
and F, (mgkg") |

F-1" pot 13.65 12.17
F,2" pot | 10.21 12.90
F,-3" pot 12.54 9.75
F-4" pot 13.73 12.12
F-5" pot 13.59 12.70
F-6" pot 11.53 10.93
F,-7" pot 12,79 12.23
F,-8" pot - 11.39 10.72
F,-9" pot 12.60 11.65
F,-10" pot 1030 9.75
F-11" pot 13.96 13.29
F,-12"pot 13.60 12.66
F,- average 12.48 1L.77
F,-sd 1.16 1.10
Female parent 14.18 13.76

(KDML105)
Male parent 9.36 9.42

({ Kum Doisaket )
Mid-parent value (MP) 11.72 11.59
t- test ns ns

(F,- average vs. MF)

Parents and F, average 12.01 ‘ 11.65
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Globba rosea Gagnep.

Effect of bulb Size on Growth and Development of

Globba rosea Gagnep.

a o & o I
A 3J\7ﬂ@5ﬁu7ﬁ”ﬁ URERUNU) ff’)iﬁ'ﬂlﬂ?ﬂ?

Nittaya Mongkolrattanasit ¥ and Chuntana Suwanthada "

Abstract: Studies on growth and development of Globba rosea Gagnep. were carried out. The plants were
grown from bulbils of 3 different sizes ,ie. 0.21-0.25,0.26 = 0.35 and 0.36 - 0.4 cm in diameter. It was found
that the plants grown from bigger bulbils gave better vegetative growth , considering from plant height , number
of leaf per plant , leaf length and new bulb production. As for reproductive growth , it revealed that the plants
from smallest size of bulbils failed to flower. The inflorescences produced from flowering plants had no flower

and only bulbils were found in the bract axils of those inflorescence.

UNARE : Ammsiniyiiv Taveanadifiu (Globba rosea Gagnep.) @eilgnanviaziia bulbil 34uia fp
aniidureudnareiaily 021 -025,026-035 uaz 036 - 0.4 Wy wud1Auiilgnein bulbil #il
yalnglimsiniydulavesdunazlufnhduiidgnan  bubil  swmidn Tundyosnnuguosdu
v ¥

Sundudedu anwenly waz vwakasihminvostilml dmlusdvesmaniy@ulaneaentiuwy
VYA F 1 9 3 ' {] i PR = -t D e
MAufidgnan bubil vwialnguaznanlidessnudiludenoni lilinensseilifioud bulbil fHavsnu
nngprvesmulunazdufiiann bubil Mnadndigehildvessn
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Globba , growth
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Table 1 Means of plant height, number of leaf per plant and leaf length of the 4" leaf of

plants grow from bulbils of different sizes.

bulbil size plant height number of Jeaf leaf length
(cm) per plant (cm)
A 10.53a 7.78 a 4.88a
B 9.84a 7.73a 4.17b
C 4.99b 6.85b 2.80¢c

Means within column followed by different letters are significantly different at P< 0.05
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Globba rosea Gagnep.

ALAUDINIIAD rhizome iU 3.60, 2.92 uag
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Table 2 Means of weight and size of rhizome and number of storage root per rhizome

recorded from the plants grown from bulbils of different sizes.

bulbil size rhizome weight rhizome diameter number of storage
® (em) root per rhizome
A 1.16a - 0.37a 3.60a
B 0.85b 031a 292b
C 0.59¢ 0.28b 1.44¢

Means within column followed by different letters are significantly different at P< 0.05
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Table 3 Means of number and total weight of bulbil per plant recorded from the plants

grown from bulbils of different sizes.

bulbil size number of bulbil total weight
per plant of bulbils
345 0.40
1.97 0.22

Means within column are significantly different at P<0.05
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The Estimation of Organic Matter Digestibility
and Metabolizable EnergyContent of DairyCow Rations

by the Hohenheim Gas Test Technique

wqua gqu1d” Tva finda” measy Gusdail” n3ednd Tvelses’ uazending augan”

Narumon Sumalee”, Choke Mikled", Therdchai Vearasilpy, Griangsak Chairote” and Eakkasit Somkuna'

Abstract: The study was carried out to evaluate OMD, ME and NEL by the Héhmhehn gas test technique. For
roughages; ruzi, guinea and napier grasses had closely OMD values (64.35, 61.50 and 61.39 %, respectively). But
stargrass, jumbo and paragrass had similar OMD values (54.28, 53.92 and 52.43 %, respectively; P > 0.05). For
feedstuffs, com and soybean meal had similar OMD values (78.90 and 76.90 %, respectively; P > 0.05).
Nevertheless, brewer’s dried grains produced the lowest OMD (38.98 %). ME and NEL of corn and soybean meal
(ME: 12.81 and 11.41, NEL: 8.08 and 6.83 MJ/kgDM, respectively) were significant higher than that of brewer’s
dried grains, fish meal and leucaena leaf meal (P < 0.05). For commercial concentrates, the results showed that

there were no significant difference of OMD of the tested concentrates. The ME and NEL values of Supreme, KT,

" madndamaad anzimyasmand uninodoFeslnd v.Fovalmi 50200

Yawivunil augInomaad uminndudealni wFsalmi 50200

” Department of Animal Science, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
) Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand.
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LEE 795, CP 005-16 and Purepide brands were significantly higher than that of Win-95. However,Supreme and
Win-95 showed the highest and the lowest ME and NEL values, respectively.

unAAEe: Mmsfnyinmsmmimsoesldvesdunidiag (OMD, %) AmdsswldlseTomi (ME ; MIkgDM) taz
AmdsugniinemsTiuy (NEL ; MikgDM)  Tuems Inundaematianis aufa laeled luens
' - Y ad LY ot b ) = a dd o
wouwuh wanga wapni wesnduuidluiin oMb Indifueiu (6435, 61.50 uaz 6139 Wedkuany
o o 3 o ¥ o k' kY - = Y ok o
&9 ; P > 0.05) ngnamiingd wandu il naznghuudimindifivaiu (54.28, 53.92 uay 52.43 iwediFuda
-] o 3 A =l 1 r
87 ; P > 0.05) A1 ME wag NEL lunghsduazwagniditinilndifiveiyu (ME : 8.97 uas 8.64, NEL : 521 Lay
5.01 MJ/kgDM. a @8y ; P > 0.05) nguudlesuazndnamsnsia ia Tndifivaiu (ME : 7.95 uag 7.50,
NEL : 4.56 1122 4.23 MJ/kgDM. A& 8D ; P > 0.05) dundvy Hmdndmgngd (ME : 6.77 uay 8.97,
NEL: 3.70 1% 5.21 MI/kgDM. mudid ; P < 0.05) ludngdu emisdad dhnTwavauaznindandeaiiin
oMD Indifieetu (78.90 uaz 7690 nefiFudawddy; P > 0.05) dwnnddeaniindiga (38.98
wWosidum) a1 ME taz NEL Tudn Inavauazmindunans s indifisaty (ME ; 12.81 uaz 11.81, NEL ;
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L ﬂi - n' 1 A
1n&@uafiu KT, LEE 795, CP 005-16 11a2 Purepide (P> 0.05) Tuanizh Win-95 idnngaiou q (P <0.05)
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Standard Hay | 200 mg.DM 44.43 ml (GPh)

Standard

Concentrates | 200mg.DM 65.18 ml (GPc¢)
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A = 1 a an
vz ldlszana 6 ~ 12 faddns lu 24
%2 1us lUinesnvina i afinaeindiedia
RS uazAIeteiidesmsdnud 1dlinng
U519 dry matter 200 mg wod v ldmuia
qnd (GP) Atlugasdimnuiiauolao Menke
and Steingass (1988) #1141 :

GP (ml./200mgDM, 24 h) = (V,, - V, - GP,) x 200
x (FH+FC) | / W

$
e V= Sinasvesdunannianun
n:; 1 9 ] .
911 1d419rasAneY incubate
V,= 1o lAiisincubate 14 24
#2134
4 :E [ d' o
GP,~= flundsysunaiing lunaea
blank 81U# 24 %2739
FH =44.43 / (GPh — GPo) ; roughage
correction factor
FC =65.18 / (GPc-GPo) ; concentrate
correction factor
W = timindtecauiiuliadnsy
Faquia (mg.DM)
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TAIBE198 1M I NANUA AT 12T
DM, OM, CP, EE, ta¥ Ash #1435 Proximate
analysis (AOAC, 1980) 74 NDF (1az ADF Al
Bi: Detergent method Y84 Van Soest (1994) 1w
W a wa o 1 A a
voalfiams i Idenmsiesizd lunuy
! A 1 U = = oo
alueums  iommmsdesldvesduniiiag
uazewasau Mlse Tond

.q', a 1 L] 3

aumsn 1 lumsmusmaimsden1d

¥8IBUN3 §3ng(OMD, %) mdsanudilse Toand
v @ A

(MEMI/kgDM)  tazmwasauitens Ivuy
(NELMJVkgDM) 9NQUNITVOY  Menke and
Steingass (1988) Aail :

9IMIINYIV (roughages)
OMD = 15.38 + 0.8453 GP + 0.0595 XP

+0.0675 XA
ME = 2.20+0.1357 GP + 0.0057 XP
+0.0002859 XL’
NEL = 0.54 +0.0959 GP + 0.0038 XP
+0.0001733 XL’
01159 (concentrate)
OMD = 9.00 +0.9991 GP + 0.0595 XP
+0.0181 XA

ME =1.06+0.157 GP + 0.0084 XP
+0.022 XL - 0.0081 XA
NEL =-0.36 + 0.1149 GP + 0.0054 XP
+0.0139 XL - 0.0054 XA

134

o d an
MIUATSHNNTOA

ey ldundinsenidinay
15157 (Analysis of variance) uazilou
MOUANUIANAN NRAGATEHINNGY 1A0TE
Duncan’s new multiple range test (iﬁig, 2534)
Taoldlsunsuneufiumesdiufegl  SAS
(1985)

Han1INaasl

nsminInsdenldvesduniding
(OMD, %)  swdamldlseTond (ME,
MJ/kgDM) HAZATWAIY qwﬁ;ﬁamﬂﬁﬁmu
(NEL, MIkgDM) ludodraemmsiinudoe
matansiautauuulaeuled  dwans
naanade il :

M ITiENL

ndedieenisneiuilFlunis
' ¥ Y aa Y A da
nAany WuIMENyE vanntuazvguuillesd
#i1 OMD IndiRuaiu (P > 0.05) nehaasnsta
w1 u T wazvawulia lndifsedu
(P > 0.05) Tasfingnnquusnildl OMD ganm
nguiiaendihisddgmeada (P <0.05)
Tudauvesr ME uay NEL Tunghy®
uaznapniiimIndfosiu (P > 0.05) dmsy
Y o v 4 a0 Y = w
niuuitlsiuazndhaminaiafiaindifein
® > 0.05) dungniultuazngnuuiiang
ganazAnImeg1gsuazng et aiive
AAigynada (P> 0.05) (M3nd 1)
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Table1 The 24 hours gas production (ml), the nutritive values (g/kg), organic dry matter
digestibility (OMD, %), metabolizable energy (ME, MJ/kgDM) and net energy for
lactation (NEL, MJ/kgDM) in roughages.

“Substrate GP XA Xp XL ME OMD NEL
(mi) (g/kg) (MJ/kgDM) (%) (MJ/kgDM)

Guinea 38.97 98.08 © 124,25 38.33 8.64a 61.50a 5.01a

Paragrass 26.13 131.92 127.67 31.26 6.77d 52.43b 3.70c

Ruzi 39.61 137.53 118.13 49.34 8.97a 64.35a 5.21a

Napier 37.31 155.73 71.55 30.62 7.95b 61.3%9a 4.56bc

Stargrass 3334 89.60 87.49 29.94 7.50bc 54.28b 4.23cd

Jumbo 31.38 117.53 77.71 25.09 7.10cd 53.92b 3.96de

Means with different letters in the same column differ significantly (p < 0.05)

Table 2  The 24 hours gas production (ml), the nutritive values (g/kg), organic dry matter
digestibility (OMD, %), metabolizable energy (ME, MJ/kgDM) and net energy for
lactation (NEL, MJ/kgDM) in feedstuffs.

Substrate GP XA XP XL ME OMD NEL

(mi) (g/kg) (MJ/kgDM) (%) (MJ/kgDM)

Soybean 93.07 40.05 69.35 447.67 11.41a 76.90a 6.83a

Fishmeal 68.16 12.67 318.44 552.08 6.66cd 60.29b 3.34cd

Sunflower 94.20 27.61 57.95 282.86 8.15bc 54.46b 4.57.bc

Brewer’s Grain 96.68 16.42 33.13 218.12 7.13bcd 38.98¢ 3.75bed

Rice bran 89.32 31.15 106.45 159.34 8.69b 51.53b 4,94b

Corn 98.22 64.11 17.81 92.88 : 12.81a 78.90a 8.08a

Leuceana 90.07 16.36 99.34 217.23 5.76d 40.07¢ " 2.85d

Means with different letters in the same column differ significantly (p < 0.05)
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YngAvensdnl

¥ o o
amstuduiagy

o 1 - o
msAnuluimediaingavemisdnd nNMsAnAIENeIMITFITIzLON

yiladn 9 wuidnInanazmindamdestin
oMD In&ifvsiu @ > 0.05) Tavfiarihs nan
MuAziu uazhazduatin) OMD disesan (P
< 0.05) uazlunszdufunmnddeaniidn oMD
F1qa P < 0.05) dwsusmdandialuglves
ME Loy NEL tamuh ludninauazmnda
mieadimlndifissiu (P > 0.05) uazgenitiag
fuommsdasailadu q Hazidea mamuasiu
wazmndhasioariim Indideau (> 0.05) Taoil
Yartluuazlunsziuiismdanuiialddige
(P <0.05) (M5 2)

dadmiuTnuiinyasnsionidiui 9 Ty
6 QA3 @it 3) wudh emndiTegludas
gasiim oMD Tndifusfueginlszanaifesas
61~67 (P > 0.05) dmumwasnudmsy
Tnuuisalagm ME uay NEL wud 03
Supreme HANgIgANATOIMIS KT LEE 795
CP005-16 1182 Purepide HA150909NA MY
@®> 0.05) Taofloms Win-9s Trmdsamud
rhemsdusogilgasdu q ¢ <0.05)

Table3 The 24 hours gas production (ml), the nufritive values (g/kg), organic dry matter

digestibility (OMD, %), metabolizable energy (ME, MJ/kgDM) and net energy for

lactation (NEL, MJ/kgDM) in commercial concentrates.

Substrate GP XA XP XL ME OMD NEL
(ml.) (MJ/kgDM) (%) (MJ/kgDM)

CP005-16 40.88 93.22 162.81 56.61 9.34ab 61.21a 5.50ab
LEE 795 41.16 79.68 157.72 59.12 9.51a 60.95a 5.62ab
KT 44.16 70.57 169.19 35.57 9.63a 64.46a 5.74ab
Purepide 40.99 87.05 167.12 44.60 9.18ab 61.47a 5.41ab
Win-95 40.79 91.10 173.88 21.28 8.66b 61.75a_ 5.07b
Supreme 46.11 86.54 182.50 64.08 10.54a 67.50a 6.35a

Means with different superscripts in the same column differ significantly (p < 0.05)
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intake in cattle. Anim. Feed Sci. and Tech. 40 : of ruminant feedingstuffs from the gas
109-119. production when they are incubates with rumen
Khazaal, K., M.T. Dentinho, J.M. Ribeiro and E.R. %) liquor in vitro. J. Agric. Sci., Camb. 93 : 217-
rskov. 1993. A comparison of gas production 222.
during incubation with rumen contents in vitro  Menke, K.H. and H. Steingass. 1988. Estimation of the
and nylon bag degradability as predictors of the energetic feed value obtains from chemical
apparent digestibility in vitro and the voluntary ' analysis and in vitro gas production using
intake of hays. Anim. Prod. 57 : 105-112. ' rumen fluid. Animal Research and
Menke, KH., L. Rasb, LA. Salewski, H. Steingass, D. Development. 28 : 7-55.

 Fritz and W. Schneider. 1979. The estimation of Van Soest, P.J. 1994. Nutritional Ecology of the
the digestibility and metabolizable enérgy content Ruminant. (2 nd. ed) . Comell University : O
& B Books , Inc. 476 pp.
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Prelaying Growth Performance and Mortality
of Native Chickens Raised by Farmers

in Villages of Lampang Province

o309 ideas1nga” Finey weasn” uaz d1e @eas1ga”

Onanong Leotaragul o Verapong Polsayom  and Amnuay Leotaraguly

Abstract: Native chickens aged 7, 8, 9, and 10 weeks were raised by 50 farmers under the traditional condition
in the local village of Lampang province. Each farmer received 15 chickens(3 males and 12 females). The results
revealed that the male native chickens had higher (P<0.01) body weights and daily gains than the female.
Chickens which were allocated to the local farm at difference ages had significant difference body weight at
started to weight at 24 weeks of age. The maximum weight was observed in the chickens allocated at 10 weeks of

age. For the daily gain, the results were similar to those of the body weight. Mortality rate of the chickens

! dninanilgdaidaniadnhie eudles .41 52100

¥ dninanilgdaiteniadodmi eafleaoelni v.doelui 50000

¥ oo v ° v o LA ' o - '
guidtonazihgaiugdadidesivi o.duihaes v.i¥eslni 50120

. Lampang Provincial Livestock Development Office, Lampang. 52100 Thailand.

. Chiangmai Provincial Livestock Development Office, Chiangmai. 50000 Thailand.

= Chiangmai Livestock Research and Breeding Center, Chiangmai. 50120 Thailand.
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at 7, 8 and 9 weeks of age did not statistically differ (P>0.05) among each others but they were higher (2.91%),

bitten by dogs( 2.81%) and others (2.60%), respectively.(P<0.05) than that allocated at 10 weeks of age. The male
and female chickens did not differ in mortality rate. Total loss of native chickens raised in the village from the
start of the experiment to 24 weeks of age was due to death rate (86.64%) which was the highest and followed in
order by accidental loss (5.04%), bitten by pigs.

M ° ' S o d” '
unfiade : wirlafuileseny 7, 8, 9, uaz 10 dland TulHinuasnsdmau 50 sidoslumytiuley
s 1 3 ' 9 Y o o ' T ya : L.
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sanimsniyauTagandt (p<0.01) iy dnlnfinuasns 185uileey 7, 8, 9, uaz 10 dulav
(-] : o L ' o LAl O’ o A C'l : o A o
Wi wtndauandieiy (@<0.0D) lidnzdhaimindesuseusudoimindesty 24 dlaw
vel Vo A as /d:’ @ o o v <t @ @ @ - = |2
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v A 4 @ A - o ' 1 o 1
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i : 1 o ' '4 ol 3 o 1
Tika 3 nquildasinsaegend (<0.01) lnfinuasns IdTuueumiionty 10 dlawi (p<0.05) dw
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Table 1 Least square means = SE (n) of body weight and daily gain affected by sex of native

Female

Sex combined

mean T SD

457.28 t 4.53 b(597)
594.93  6.51b(571)
828.93 £ 10.32b(549)
1082.12 1 13.36 b(526)
1321.04 £ 16.80b(511)

467.70 £ 101.55 (750)
623.06 L 142.64 (722)
861.66 = 215.67 (694)
1117.02 T 280.06 (664)
1369.01 1 340.19 (640)

chickens.
Trait Male

BW at, g

Beginning 596.64 Tt 8.44 a(153)
12 wk 766.82 t 11.98 a(151)
16 wk 1061.05 T 18.74 a(145)
20 wk 1397.81 T 24.81 a(138)
24 wk 1692.52 * 31.57 a(129)
Daily gain, g

From beginning to12 wk 7.38 1 0.35a(151)

12 to 16 wk 10.47 T 0.462a(145)
16 to 20 wk 12.00 1 0.572a(138)
20 to 24 wk 10.15 1 0.582a(129)

587 10.19b(571) 6.35 * 4.13(722)

8.28 T 0.25b(549) 8.40 T 5.26 (694)
9.25 10.31b(526) 9.88 T 6.29 (664)

8.66 T 0.31b(511) 8.79 * 6.18 (640)

Means within column followed by different letters are significantly different at P<<0.01
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Table 2 Least squares means * SE (n) of body weight and daily gain affected by age of native chickens.

Age of

chickens at start

8 wk

9 wk

10 wk

Trait 7 wk
BW at, g
Beginning 451.49 £ 35.39a(105)
12 wk 599.96  15.12a(96)
16 wk 838.55 = 23.18a(94)
20 wk 1152.10 £ 30.71a(90)
24 wk 1455.60 & 38.38a(88)

Daily gain, g

From beginning

501 T 0.44a(%6)

to 12 wk

12 to 16 wk 8.69 T 0.57a(94)
16 to 20 wk 10.97 L 0.69b(90)
20 to 24 wk 10.78 1 0.70b(88)

483.58 = 34.46b(300)
662.36 £ 9.13b(289)
912.04 T 14.42b(271)
1161.31 £ 19.25a(261)

1422.23 + 24.31a(249)
7.23 *0.26b(289)
8.68 £ 0.35a(271)

8.61 X 0.43a(261)

8.53 T 0.44a(249)

544.35 7 34.18¢(240)
658.65 £ 10.12b(233)
902.16 1 15.89b(226)
1139.91 £ 21.55a(211)
1415.52 £ 28.13a(204)

6.56 1 0.30b(233)
8.44 T 0.39a(226)

8.14 T 0.49a(211)

8.78 T 0.51a(204)

719.74 £ 35.39d(105)
802.53 T 14.52c(104)
1127.21 £ 23.66¢(103)
1506.53 T 28.87b(102)
1733.77 £ 35.9b(99)

7.68 T 0.42b(104)

11.70 t 0.58b(103)

14.78 £ 0.70¢(102)

9.53 T 0.65ab(99)

Means in a row with no common superscripts are significantly different (P<0.01).
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Table 3 Mortality rate + SE (n) of native chickens that raising in the local condition from the

start testing to 24 weeks.

Traits

Mortality rate (%)

Age of chickens
7 wk
8 wk
9wk
10 wk
Sex
Male

Female

1629 T 1.52a(105)
1440 T 0.92 a(300)
15.78 T 1.02 a(240)

9,63 T 1.54 b(105)

14.10 T 1.23(153)
13.89 T 0.67(597) .

Means in a column of the same trait with no common letters are significantly different

(P<0.01).
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Table 4 Causes of loss of the native chickens that raised under the local condition (mean +sE ).

Trait Percentage of loss
Death 86.64 + 3.93
Accidental loss 504 * 293
Being bitten by pigs 291 150
Being bitten by dogs 281 231
Others 260 T 127
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Effect of Heat Stress on Reproductive Efficiency

in the Ruminant

idld  eAvAaegy’

Tusanee Apichtm‘smngkoon”

Abstract: Heat stress is orie of the most important stressors influencing animal reproduction. It affects puberty,
ocestrous activity, fertility, embryonic survival and foetal development. Furthermore, it is difficult to protect
animals from natural heat stress particularly in sub-tropical or tropical areas. The critical stages of reproduction
which are most susceptible to heat stress are the peri - ovulatory period and early pregnancy. The effects of heat
stress during these periods tesult in oestrus inhibition, fertilization failure and embryonic loss which are major

sources of economic loss to the livestock industry.
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Strategic Management for

the Banharn — Jamsai 21 Dairy Cooperative Ltd.
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Abstract: The objectives of this study are to find out the strategic plans by using the concepts of strategic
Management. The methods used in this study are as follows, Participation Approach, Threats — Opportunities —
Weaknesses — Strengths matrix (TOWS matrix) and Strategic Position and Action Evaluation matrix (SPACE matrix).
The results of these three methods are almost the same. Concentric diversification and Retrenchment seem to be the

favorable strategic plans for the Banharn ~ Jamsai 21 Dairy Cooperative Ltd.
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Strategy and Technology for Reducing Methane

Emissions from Ruminants — A review

v

Pramote Paengkoum” and J.B. Liang

Abstract : Ruminants on low quality feed possibly produce over 75 % of the metha:_:e from the world’s population of
ruminants. The supplementation to improve efficiency of feed utilization and increase product output may reduce
methane production per unit of productions. Other additional strategies are available including improving diet quality,
eliminating nutrient deficiencies, using growth promotants, appropriate genotypes, the increased use of ionophores that
will reduce total feed fermented and decreased methane per unit of product. Environment-friendly development of livestock
production systems demands that the increased production be met by increased efficiency of production. The stoichiometry
of rumen fermentation has indicated an important approach to help ameliorate the greenhouse effect, that is, lowering of

entric methane production per unit of feed intake or per unit of animal products from ruminants by strategic supplementation.

Index words : Methane, Ruminant, Strategy, Technology

“Department of Animal Science, Faculty of Agriculture, Universiti Putra Malaysia, 43400 UPM, Serdang, Malaysia.
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Introduction

Methane levels in the atmosphere have more
than doubled to approximately 1800 ppb over the
last 200 years (IPCC, 1990). Ruminants contribute
appoximately 18-20 % of global methane product
annually (Gibbs ez al., 1989). Ruminant typically
lose 6 % of their energy as eructed methane, The
levels of ruminant production on roughage based
diets are in general well below that possible from the
available resources and are often between 10 to 30%
of the genetic potential of animal species (Leng,
1991). The reasons for low productivity is complex
but it has been argued that the poor feed base which
provides imbalanced nutrition is by for the greatest

. limitation (Leng, 1990). Researchers have focused
on finding methods to reduce methane emissions
because of its inefficiency, not because of the role of
methane in the global warming. However, methane
can affect environment indirectly through atmo-
spheric oxidation that produce carbondioxide (C02),
a potent greenhouse gas (Johnson and Johnson,
1995). Potentially any technology which improves
the efficiency of conversion of feed into livestock
products lowers the number of animals required to
produce the same amount of meat, milk, wool and

other products. The increasing in such efficiency

Strategy and Technology for Reducing Methane

Emissions from Ruminants

can have a significant effect on reducing methane

emissions.
Materials and Methods

Literature concerning methane emissions
published data (research, review, trianning and
conference papers) were complied totalling 37

papers.
Discussion
Livestock Methane Emissions

Recently published estimated (Johnson et
al., 1996) that applied 1990 census data conducted
by a method independent from Crutzens’ for the
major contributors, cattle and buffalo, largely con-
firmed their estimate (Table 1). Little change has
been expected since 1990 because of static cattle
numbers. The world’s 1.3 billion cattle with their
large body size, feed intake and extensive fermenta-
tion produce 73 % of the livestock methane. Water
buffalo contribute another 10 %, sheep and goats
12 %, camels and swine about 1 % each, and horses
and donkeys about 2 %
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Table 1 Global estimates of methane emissions by livestock during recent years 1983 and 1990

Crutzen (1983) Gibbs and Johnson (1990)
estimated estimated
Species No. head Methane No. head Methane
x 10’ (Tg/year) x 10’ (Tg/year) %
Cattle 1225 54.3 1279 58.1 734
Buffalo 124 6.2 141 7.7 9.7
Sheep 1137 6.9 1191 7.0 8.8
Goats 476 24 557 2.8 35
Camels 17 1.0 19 - 09 1.1
Pigs 774 0.9 857 1.0 1.1
Equine 117 1.7 119 1.7 2.1
Total 734 79.2

Data from Johnson et al. (1996).

Tg = Teregram = 10 g = million metric ton

Methane Emissions and
the Greenhouse Effect

The greenhouse effect, or increasing world
température, is due to the accumulation of gas in the
atmosphere. It is clearly ascribable to the major

' industrial 6ountries, as some 50 % of the increased
retention of energy by the atmosphere is a result of
the accumulation of CO2 from combustion of fossil
fuel. Industrialized countries presently consume 70%
of the world’s oil production (Leng, 1993). Methane
concentrations in the world’s atmosphere are rising
rapidly, and although they contribute only 19 % of
the averall warming, methane is major component
(Mosier et al., 1991). Relative to other greenhouse
gases, methane half-life is short, 10 to 12 years,
requiring a decreased entry rate of only about 10 %

to stabilize present concentrations. About one third

of methane comes from nature sources; another
third is oil, gas and refuse related, and the balance is
from agricultural sources (Table 2). Animal agricul-
ture contributes to accumulation of methane gas
directly through production of methane in
fermentative digestion in the rumen, and indirectly
when faecal materials decompose anaerobically
(Safley et al., 1992). Ruminant animals produce a
relatively small proportion (18 %) of the total global
emissions (Figure 1.). However, the domestic
ruminants represent one of the few sources that can
be manipulated. Biotechnology, feeding,
management and breeding can be combined to
improve animal production anci could potentially
increase animal production to the extent that in the
would, it may be possible to reduce methane
generation by up to 60 % from the same product
(Leng, 1991).
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Table 2 Global sources and sinks of atmospheric methane

(%)

Emissions from Ruminants

Sources

Tg/year Sinks Tg/year
Natural sources
Wetland 110 Hydroxyl (CH) 450
Oceans, hydrates 35 Soils 30
Termites 20 Cland O 40
Buring and others 5
Agricultural
Rice 65
Livestock 80
Manure 10
Biomass burning 30
Energy and waste
Gas and ofl industries 70
Coal mines 40
Charcoal/wood 10
Wastewater 25
Landfills 40
Total, all 540

Data from Johnson et al. (1996).

Tg = Teregram = 10* g = million metric ton

60

50

40

20

10

[ ]

co2

CH4

CFC

N oxide

others

Figure 1 Relative contribution (%) of greenhouse gases to atmospheric warming (Leng, 1993)
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Ruminal Methane Production

Ruminant methane production is respon-
sible for approximately 95 % of total global animal
and human methane emissions (Johnson et al.,
1991). Furthermore, 90 % of ruminant methane is
produced in the forestomachs, while only 10 %
originates from hindgut fermentation (Murray et al.,
1978); Van Nevel and Demeyer, 1995). During the
microbial fermentation process in the rumen,
carbohydrates, protein and glycerol are oxidized
anaerobically to acetate, CO2 and ammonia, with
methane, propionate and butylrate being produced
mainly as a result of electron and protein transfer
reaction (H- sinks). The reduction of CO2 with HZ via
methanogenesis keeps the partial pressure of H very
low, and this has an important effect on the overall
fermentation, hydrogenase activity can proceed
towards ethanol as major end-products and allowing
more acetate to be produced (Wolin and Miller,
1988).

The efficiency of microbial growth is nutri-
tionally important, because microbial protein flowing
from the rumen is the most important source of
protein for ruminant. The standard free energy
change of overall process of methane production
(CO2 + 4H2 I.CH4 + 2H20) is negative and allows
formation of ATP, which is used by the
methanogenic bacteria for maintenance and growth
purpose (Russell and Wallace, 1988). Inhibition of
methanogenesis lowered microbial growth yields
only when H gas accumulated, perhaps because of
an impairment of substrate level phosphorylation
mechanisms (Van Nevel and Demayer, 1981; 1995).
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It was also soon observed that inhibition of
methanogenesis shifted electron transfer to
propionate production as analternative electron sink
in fermentation. It can be speculated that the loss of
ATP yield caused by lower acetate and methane pro-
duction is compensated by an increased ATP yield
from propionate formation, during which ATP is
also generated (Russell and Wallace, 1988).

Methane Production from Poor Quality
Roughage

Methane output relative to product output
of ruminants depends on two factors; the efficiency
of fermentative digestion in the rumen and the
efficiency of conversion of feed to product which in
turm depends on the balance of nutrients absorbed
(Leng, 1993). The typé of carbohydrate fermented
influences methane production most likely through
impacts on ruminal pH and the microbial population.
Fermentation of cell wall fiber yields higher acetic :
propionic acid and higher methane lossed (Moe and
Tyrell, 1979; Beever et al., 1989). In ruminants on
poor quality forage a number of essential nutrients
may be deficient and microbial growth efficiency in
the rumen is low. In these conditions methane
produced may represent 15-18 % of the digestible
energy, but correction of these deficiences reduces
this to as low as 7 % (Leng, 1993).

Methane production is determined by two
animal production parameters (de Haan et al., 1996).
First, ruminant animals with low levels of
productivity use a large fraction of their feed intake

for maintenance and, consequently, the emissions



are spread over a relatively small output, resulting in
ahighlevel ofemissions perunit of product. Second,
feed quality has an important impact on the levels of
methane emissions. Very low quality of feeds, have
low levels of digestibility, and therefore higher emis-
sions per unit of feed intake. Low productivity and
poor feed quality are characteristic for most of the
land-based production systems in arid regions, and
to an ever greater degree in the humid tropics and
sub-tropics, where emissions per unit of product are
therefore comparatively high. Grazing and mixed
systems in the tropics and sub-tropics are thus the
main contributors to high methane emission levels.
Inirrigated areas, fodder is usually of better quality

resulting in lower emissions.

Strategy for Reducing Methane in

Ruminants
Feed and Feeding Management

Physical and chemical processing of diets
such as grinding, pelleting of diets can reduce
methane losses by 20 to 40 % (Blexter and
Clapperton, 1965). Okine et al. (1989) found 29 %
reductions in methane when weights were placed in
the rumen, which accelerated passaged rate but did
not change digestibility. Chemical treatments such
as sodium hydroxide (Robb et al., 1979) or
ammoniation (Birkelo ef al., 1986} of straw have
been shown to increase methane loss in proportion
to increased digestibility. The decrease undoubtedly
relates to the faster rate of passage and lowered cell

wall carbohydrate digestibility that occurs when
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these small particle feedstuffs are fed ad libitum.
Faster rate of passage may reduce methane,
conceivably through changes in microbial species or
site of digestion (Johnson et al., 1996). There are
serveral factors that contribute to methane
suppression when animals are fed these diets. Starch
substrate, low pH, rapid passage and depressed
protozoal populations. [onophores can improvement
in feed efficiency (Goodrich et al., 1984; Thornton
and Owens, 1981), when added to ruminant diets.
One commonly held mode of action is to shift the
fermentation parttern to result in a higher propionate
production and reduced methane loss (Johnson et
al., 1996). Urea and other supplemental nutrients
are mixed with molasses (multi-nutrient blocks) to
make it palatable to livestock. In addition, molasses
provides the energy needed to realize the improved
microbial growth that can result from enhanced
ammonia levels. Many reports have shown both
increased production and reduced methane emissions
(Habib et al., 1991; Hendratno et al., 1991; Leng,
1991). On the other hands, Van der Honing et al.
(1981) found 10 to 15 % decreases in methane loss
from dairy cows fed 5 % tallow or soybean oil,
because of reductions in methane can result from
uptake of H by unsaturated fatty acid additions
(Czerkaski, 1969).

To reduce methane emissions, improved
breedihg, veterinary care, better feeds and improved
feeding technologies are the main \;vehpons, although
these technologies are usually not employed for their
environmental benefits but for increasing profitabil-
ity. Improvements in animal productivity have two

beneficial effects (Van Nevel and Demeyer, 1995).
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They direct a greater proportion of feed energy to
the production of useful products ( milk, meat, draft
power, offspring), and thus reduce methane emis-
sions per unit of product. In addition, they lead to
reductions in the herd size required to meet a given
production level. Methane production was found to
be negatively related to the level of intake, while ata
maintenance level of feeding, increases in digestibil-
ity resulted in higher methane production (Blexter
and Clapperton, 1965). For efficient digestion, the
rumen requires a diet that contains essential nutri-
ents for the fermentative micro-organisms. Lack of
these nutrients lowers animals on low quality feed
the primary limitation to efficient digestion is the
concentration of ammonia in the rumen. Supplying
ammonia can therefore greatly enhance digestive
efficiency and utilization of available feed energy.
Urea is broken down in the the rumen to form am-
monia, and adding urea to the diet has been the most

effective method of boosting rumen ammonia levels.

Microbial Feed Additives

A wide range of microbial feed additives
for ruminants has been described in cluding bacte-
rial cultures from both ruminal and nonruminal
sources (Johnson et al., 1972), and mixtures of
bacteria and fungi (Windschitl, 1992; Newbold,
1995). By far the most commonly used products
are those based on Aspergillus oryzae (AO) and/or
Saccharomyces cerevisiae (SC). Carro et al. (1992)
found that SC caused a greater stimulation in bacteria
protein synthesis on a high concentrate diet than on

high forage diet, and their effect on rumen fermen-

tation and animal productivity has been reviewed
recently by serveral authors ( e.g., William, 1988;
William and Newbold, 1990; Martin and Nisbet,
1992). More consistent results were obtained by
Frumhoitz et al. (1989) and Mutsvangria et al.
(1992), the first group added 250 mg AO daily to
Rusitec and the percentage of methane in the
headspace gas decreased to approximately 50 % of
the control value. Protozoal number were reduced
by 45 %. Because of the close association between
methanogens and cilates, and between ciliates and
other members of the bacterial population, the mi-
crobial additives could therefore change the
composition of the microbial flora and decrease
methane inhibition indirectly by altering the balance
of the population.

Defaunation of the Rumen

Decreased methanogenesis in defaunated
animals can be explained by that low rumen
digestibility of the crude fibre fraction of the ration,
an altered volatile fatty acid (VFA) pattern in the
rumen, with an increased proportion of propionate,
due to changes in the composition of the microbial,
losse of methanogens attached to ciliates, then loss
of protozoa which produce H or formate, which in
turn are precursors of methane (Van Nevel and
Demeyer, 1995). The lower methane production in
the rumen of chemically defaunated is not the result
of toxic effects of the defaunating agent on bacteria
as the same effect was found in animals raised ciliate
free form birth (Kreuzer et al., 1986).
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Integrated Farming

Integrated crop and livestock production
systems are highly efficient, if potential crop residues
are used as livestock feed, the waste products (e.g.
urine and faeces) are fed into biogas digestors and
the efficient use of effluent to fertilise ponds for
aquatic plant. The environmental attributes of such
systems methane emissions into the atmosphere and
fossil fuel use, are minimised. However, the efficient
and almost total hamessing of the energy from high
producing crops reduces the land areas required per
unit of product (Leng, 1990, 1991).

Conclusions

Ruminant methane production is respon-
sible for approximately 95 % of total global animal
and human methane emissions. Furthermore, 90 %
of ruminant methane is produced in the
forestomachs, while only 10 % originates from
hindgut fermentation. Ruminant livestock can pro-
duce 250 to 500 L of methane per day, and contrib-
ute a significant amount (18 % of the total) of the
world production of methane and are targeted as a
source which is one of the few easily manipulated.
Many factors influence methane emissions from
cattle and include the following, level of feed intake,
type of carbohydrate in the diet, feed processing,
feed additives in the diet, biotechnological
supplementation, and alterations in the ruminal
microflora. Integrated crop and livestock production
systems are highly efficient, if potential crop residues

are used as livestock feed, the waste products are

Strategy and Technology for Reducing Methane
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fed into biogas digestors and the effluent be used to
fertilise ponds for aquatic plants. Implementation of
these strategies should result in enhanced animal pro-
ductivity and decreased contributions by ruminants
to the atmospheric methane budget and, thus, reduc-

ing environmental pollution.
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