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DEVELOPMENT OF ECONOMIC INFRARED OVEN

Puntipa Pongpiajun
ABSTRACT : Infrared oven was developed by using a card-board box as an oven
and an infrared lamb for drying samples. The box wrapped with aluminum foil
generated higher temperature at the center of radiated area than the uncovered one
after infrared radiation was applied. Maximum temperature in the former reached
160 to 170 "C. In aluminum foil-covered treatment, temperature decreased from
120-130 to 106-107'C at the distance of 1.5 and 4 centimeter from the center of
radiation incidence respectively. Optimum distance between feed sample and infrared
lamp was 12.0-12.5 cm. The results indicated that the best incubation period was
20 minutes which similar to the optinum period obtained from a conventional me-

thod using electrical incubator.
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Figure 1. An infrared lamp. Figure 2. An oven box.
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Figure 5. Dry matter determination by Economic Infrared Oven (normally must

be covered with the card-board box).

Figure 6. Weighing samples for dry matter determination.
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Table 1. Temperature at the centre of infrared radiated area on the base of
stainless steel stand in the card-board boxes wrapped or unwrapped with

aluminum foil at different radiation time.

Radiation time Temperature ( C)

(minutes) unwrapped box  aluminum wrapped box
5 100 =
9 115 -
11 117 =
14 120 -
19 125 -
20 125 160—170
21 123 160-170
24 125 160—-170

over 24 125 160—-170

Table 2. Temperature on the base of the stainlese steel stand at different distance
from the centre of infrared radiated area in the boxes wrapped or

unwrapped with aluminum foil.

Distance (cm) Temperature (C)
unwrapped box wrapped box
0 123-125 160-170
1.5 113—115 120—-130
2.5 110-112 -

4.0 100 106-107




90

Table 3. Results of distance between feed sample and infrared lamp at different

radiation time on dry matter content of the same sample.

Distance Radiation time Dry matter Remarks

(cm) (minutes) (%)

2 6 89.75 burnt at the surface
area

7 7 89.14 »

10 10 89.14 5

10 12 89.04 slightly burnt at
the surfare area

11 13 89.38 .

11 14 88.71 slightly burnt

12.5 15 89.54 normal

12.5 16 89.52 -

12.5 17 89.36 »

12.5 18 89.28 »

12.5 19 89.39 ”

12.5 20 89.52 7

12.5 21 89.83 »

12.5 22 89.25 o

12.5 23 89.51 "

12.5 24 89.59 5
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Table 4. Means percentage of dry matter content in the same samples obtained

by conventional method compared with infrared method.

Sample No. Dry matter

Infrared method' conventional method?

1 89.55 89.52
2 93.81 94.03
3 88.77 88.49
4 89.79 89.72
5 89.18 89.45

1. Radiated with infrared lamp for 15 minutes at the distance of 12.5 cm from
the infrared lamp.
2. Dried in the electrical oven at the temperture 100-105'C for 16 hrs.

" Table 5. Means percentage of dry matter weighted immediately after drying by
infrared lamp compared with weighted after placing in desiccator at

different period of time.

Sample Time in desiccator Dry matter Differences
(minutes) (%) (%)
Sample A 0 84.98 -
5 84.93 0.04
10 85.29 0.40
12 86.63 1.74
15 87.83 2.94
Sample B 0 85.37 -
15 87.32 1.95
Sample C 0 84.90 =
15 87.32 2.0
Sample D 0 84.99 &

15 86.16 1.17
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SUPPLEMENTARY EFFECT OF VARIOUS LEVELS OF DRY
LEUCAENA LEAVES TO RICE STRAW AND THE PRECISION OF AIA
AS AN INDICATOR FOR DIGESTIBILITY DETERMINATION

Boonlom Cheva-Isarakul

ABSTRACT : Eighteen male sheep with average initial weight of 26.5 + 2.3 kg
were allocated to 3 treatments of different levels of dry leucaena leaves (0.5, 1.0
and 1.5% BW) supplemented to rice straw (fed ad [lib). Experimental period lasted
10 weeks, during which a [0 day balance trial was carried out. Total faecal
collection was used for digestibility calculation, while percentage recovery of AIA
was determined.

With increasing level of leucaena leaves, dry matter and nutrient intake
as wzll as- digsstible nutrients obtainzd; incrzased. Digestibility of crude protein
improved, while that of fibre fractions decreased. CP retention and ADG of animals
in groups 1,2, 3 were found to be 13.4, 23.5, 42.3 and 24.5, 39.5, 54.5 g/h/d
while FCR was 32.4, 21.5and 17.9, respectively. Supplementation of leuceana leaves
at 1.5% BW for 10 wecks seems to be safe, since no adverse effect was noticed.
Although percentage recovery of AIA in faeces fluctuated in some works found
by the author, but in this experiment it was very satisfactory (100.8 + 4.4,
n = 15). This indicates the high precision of AIA as an internal indicator for diges-

tibility determination.
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Department of Animal Husbandry, Faculty of Agriculture, Chiang
Mai University, Chiang Mai 50002
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Table 1. Chemical composition of rice straw (RS), dry leucaena leaves (LL) and

digestibility coefficients of various rations.

Chemical composition % Digestibility
RS LL RS+0.5%LL RS+1.0%LL RS+1.5%LL
DM 89.2 89.1 49.2 £ 2.5 48.6 = 1.3 48.0 = 1.4
oM 82.7 91.7 54,5 £ 2.5 a5.L = 202 525 £ .2
Cp 4.0 24.3 45.2 + 3.2 49.5 + 1.6 54.2 = 1.8
NDF 77.5 28.4 47.6 £ 2.5 44.1 = 1.4 419 + 2.8
ADF 52.4 16.5 40.2 = 1.9 345 £ 0.4 27.1 £ 2.4
ADL 5.3 8.4 = 123 £ 7.6 — 292 & 3.9 — 51.8 £ 3.2
AIA 12.0 0.3 96.6 +4.2 102.8 = 2.8 103.0 = 3.0
% LL calculated as percentage of body weight.
* = 7 recovery
D Nutrients from RS E Nutrients from LL
G1= RS Cad lib) + LL 0.5% BW "
G, =RS (ad 1ib) + LL 1.0%BW
Gz =RS (ad 1ib) + LL 1.5%BW
g/h /d g/h/d
G
1000+ 3 (;3 1 100
= Gy
800 + == G G, = + 80
S EE L BEE G,
600 + — = E E E 4 60
400t L 40
G, 1
200+ T 20
Dry matter Organic matter Crude protein

Figure 1, Nutrient intake from rice straw (RS) and leucaena leaves(LL)



101

Table 2. Nutrient intake from rice straw (RS) and dry leucaena leaves (LL) by

sheep fed various levels of LL supplemented to RS.

LL supplemented to RS at :

0.5% BW 1.0% BW 1.5% BW
Dry matter intake (DMI, g/h/d) 794.1 849.0 978.1
— from RS 667.8 + 56.8  603.8 + 74.7 605.8 + 37.0
— from LL 126.3 + 25.6  245.2 + 26.9 372.3 + 35.2
— LL (% of DMD 16 29 38
DMI (7,BW) 3.0 3.1 3.4
DMI (g/kgW®’®) 67.2 70.5 78.9
Organic matter intake
(oM1, g/h/d) 668.2 724.3 842.3
— from RS 552.4 '+ 47.0 499.5 + 61.8  501.1 = 30.6
— from LL 115.8 + 23.5 224.8 £ 24.6  341.2 + 32.3
Crude protein intake
(CPI, g/h/d) 57.4 83.7 114.6
— from RS 26.8 + 2.3 242 + 3.0 243 + 1.5
— from LL 30.6 + 6.2 59.5 + 6.5 90.3 + 8.5
Crude protein (7% of DMT) 7.2 9.8 11.7
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Table 3. Digestible nutrient obtained, CP-retention, Live weight gain and FCR of

sheep.

LL supplemented to RS at :—

0.5% BW 1.0% BW 1.5% BW
Digestible nutrient intake (g/h/d)
— Digestible dry matter intake 390.6 417.7 470.0
(DDMD
— Digestible organic matter intake 364.2 384.3 442.2
(DOMD
— Digestible protein intake 25.9 41.4 62.1
(DCPD)
— CP-retention 13.4 = 1.9 235 £ 2.6 42.3 = 4.3
Intial weight (kg/h) 26.0 + 2.5 262 + 3.0 26.8 + 1.7
Final weight (kg/h) 27.8 + 2.3 29.0 + 2.8 30.6 + 2.4
b
ADG (g/h/d) 245+ 6.6 39,5 + 14.6 54.5°+12.8
FCR (kg DM feed/kg gain) 32.4 21.5 17.9
a, b, ¢ — significant difference (p < 0.05)
Gy = RS+LL 0.5%BW
g/h/d Gy = RS+LL 1.0%BW g/h/d
G; = RS+LL 1.5%BW
800 ¢ + 80
GS
600 + G, 1
G, 2 c. 6 3 6, [
400 + 1 G G 2 140
1 Gz 1
200 + G1 ’—l + 20

Digestible DM Digestible OM

Figure 2 . Digestible nutrient obtained, CP-retention and ADG

Digestible CP

CP-retention ADG

of sheep.
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METABOLIZABLE ENERGY VALUE OF GROUND PADDY AND GROUND
PIGEON PEA DETERMINED BY REGRESSION AND SINGLE FEEDING
METHODS IN POULTRY DIETS.

Suchon Tangtaweewipat, Therdchai Vearasilp
and Boonlom Cheva-Isarakul

ABSTRACT : Metabolizable energy value of paddy rice using 4 laying hens and
of pigeon pea using 4 adult cockerel broilers were determined by replacement of
test meterial in basal diet at 0,15, 30 and 45 7%. This technique was compared
to the single feeding method using regression analysis trial, 5 day preliminary
period was followed by 4 day collection pzriod during which the amount of feed
intake and excreta were collected quantitatively once a day at 11.00 AM. and
determined for DM and gross energy. The results indicated a stepwise reduction
in metabolizable energy of the diets as proportion of ground paddy or ground
pigeon pea increased. Metabolizable energy value of paddy rice calculated by re-
gression was 8.779 comparing to 10.593 KJ/g as determined by single feeding.
method while the estimated value for pigeon pea was 7.805 comparing to 5.725
KJ/g, obtained from the single fecding method. Since negative and possitive as-
sociative effect have been found in ground paddy and pigeon pea respectively, it
is suggested that regression method is suitable for ME determination of both
feedstuffs than single feeding method. An alternative method for the regression

should bz the substitution of test material at 40 7% of basal diet.

MAMIENILIS AnsinEaTmEns anianoissgeslnn s, 1geelual sooo2
Department of Animal Husbandry, Faculty of Anriculture, Chiang Mai University, Chiang Mai 50002.
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Table 1. Composition of four experimental diets.

Materials Expermental diets
1 2 3 4
Basal or control diet (%) 100 85 70 55
Test material' (%) 0 15 30 45

st nd
'Ground paddy in 1 experimant and grounl pigeon pea in 2 experiment.

° 1 w % ¢ ° | o~ v -
mymmamawasrulsUsslest  (ME) @ ewsmamamassm s lemin
Ui'mg (Apparent Metabolizable Energy : AME) mmj‘lm

ME = (1 x GEi) — (E x GEe)

I
T 1 = USwmemnnnu (Feed intake)
E = ﬂ‘s‘mmga‘lﬁ (Excreta)
GEi = Wa3mIm9230ms  (Gross energy of feed)

GEe = wa"mmm*nm:p (Gross energy of excreta)
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Table 2. Composition of basal diets in ground paddy and ground pigeon pea experi-

ments.

Ingredients (kg) Experiments

ground paddy ground pigeon pea

Yellow corn (8.9% CP.) 64.16 68.50
Rice bran (12.0% CP.) 10.00 10.00
Soybean meal (44.0% CP.) 9.58 12.00
Fish meal (57.0% CP.) 9.71 8.00
Dicalcium phosphate = 1.00
Opyster shell 5.80 -
Salt 0.50 0.25
Premix (MB-Mix)' 0.25 0.25

Total 100.00 100.00

Calculated chemical composition (% D.M. basis)

Crude Protein 16.66 17.07
ME (kJ/g) 12.28 12.92
Crude Fiber 3.99 428
Calcium 3.00 0.90
Avi. phosphorus 0.50 0.62
Methionine 0.49 0.34
Lysine 0.88 0.88

' May & Baker products.
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Table 3. Nutrient composition of ground paddy and ground pigeon pea (% D.M.

basis).
Item Ground paddy Ground pigeon pea
Dry matter 87.44 88.94
Crude protein 8.71 21.32
Ether extract 2.11 1.69
Crude fiber 13.12 7.39
Nitrogen free extract 69.94 65.69
Ash 6.12 3.91

Gross energy (kJ/g) 15.23 16.96
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Table 4 . ME values of ground paddy or ground pigeon pea at different levels

of replacemeat in basal diet and the estimated values obtained by linear

regression analysis in poultry diets.

Level of ground paddy Ground paddy Ground pigeon pea
or pigeon pea in diets ME of ME of ME of ME of
(%) diet ground paddy  diet pigeon pea
at single level® at single level®
__________________ KT = = e e = i e e
0 12,126 = 13.081 =
15 11.506 7.993 12.461 8.948
30 11.129 8.803 11.796 8.798
45 10.583 8.697 10.579 7.521
X ~ 8.498+0.440 - 8.422+0.784
100 8.779" - 7.805" -
100 10.593 2 - 5.725° -

1 .
Value from regression method

# Value from single feeding method

® ME of ingredient = ME of diet — (% basal diet x ME of basal diet)

% test ingredient in diet

° v o v ¢ ) Ao * Al
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Lﬂ?ﬁULﬁH‘ULLWﬂiTZ’ﬂU (15, 30 RS 45%) ?zNﬂ']L%ﬂElﬂ;dﬂ']']ﬂ'lﬂiﬂ'mﬂﬂ']?ﬂ'lﬂﬂﬁil,uﬂ'w
v & v ) = [ a [ ° o i
AUNITLRUNTILBNUDE (8.422i0.784 wysumneunNy  7.805 ﬂIﬂ"Sﬂ/ﬂTN @']'mi‘ﬂﬂ‘l_l) 1891

& o v A o 1 Ay L & v X l
ndslnaufesnumnnnnaminanmslenauznezam g weelin



117

s A |- L o - v A A o
Lﬁawawmwmﬂiﬁmnmﬂmmqﬂu (g7udfen w3 OINzLEL) Nﬂuluqm
=1 ' P a v v v A A v oA a = [ ﬂi\lpI -al
gumaeln wWIsuifsunumslFinaAueinuk ) WNSITUANEY AUNAMININGIE
I AaA

“ v a v A o ! (ll - LA o v)
LLTﬂNLLW'JI%NWlﬂ’JT)ﬁM“N (luﬂiﬂ'LﬂGJﬁlﬂLﬂﬂ’ﬂﬂ) LLﬂ»ﬁjIJﬂ'T] UNTUYBININUES

" oA -1 a0 o o . e o w
WEAIUNA  Associative effect UW I@’mnmmu — 20.7% W6 + 26.67% MUAINY

Q ¢
FA1TUHNADNTITINAQAD
= ' @ I ¢ v A & -
TnmIfngmne el iU lertieastaenuaLas0 WL EUA laam IUNUN
1 a oA v o [ v v ¢
§IUTDIDIMNITIUTILINGUTLAY 0, 15, 30 WHY 457% UL Naﬂﬁngmmwamuhfﬂ‘::‘[mm
v = @ a - - v =
YDIFATIWITANGI  MNTLALNITLAITDIINONY FINMIaAaI IUNTH eI aanUn 819
ﬁmm@yﬁmmmn
Y A P S | P v v A
1. uasnualm ME ANNEnIeIMITNILANN (m313 4 NIgaualaen
0%)
v A A A 5 A e P a a ad A 3
2. m’nﬂaanumwalaqma.mz, wWan ldununomssumesunuiselem
a o 8 v PP ' ° P PP T -1 '
\WEY 3.99% mlmmmmﬂaammalaqjmm‘lﬂma mmuma'lamwuwuuanmmﬂuqn
\ ' v o o | v P v “< o qr | v
ﬂaalmmmmmfmJ‘lﬂ’ﬂ'ﬂmwmmaa‘lmaﬂmu:aulugmmm‘smﬂ R IAmWaINU
|9 (4 17 v [ e a {3 -y
15U lsrnanuasng ﬂavnulunmmmnmwmmghﬂ (Cellulose) U3 InTeesiny
A _ v v
1n  (Anderson et al, 1959) Vi‘S?]ﬂ’l'il,wun’ﬂ‘mlE]J?JﬂWWL'h’ﬂt}Iﬁﬂ ( L - Cellulose)
'lummmn‘ln (Potter et al. 1960) LLuAW
ﬂma‘hnﬂwmwma'lmmﬂﬂanumuuammﬂmmm"l.n naUNMNEINWITUTL-
Tdfnummwmahf muwluammmw YinmntennnntnUaaniganiiuamlIzney
@mwmmuwa ma.flmnmalummumm4 e mant A s nIuI v le
mmwﬂmmumuiﬂmu 'ﬂm:mnummmmmumam‘lﬂ391un7°LWW°Uﬂ (Gizzard)
1 ° ﬂl’ B dk
goalnlusmanninwe  ennsu ey lrl s an S MweaIMIUAE T IMUTIMUUNTU
o o A L v A A A = ] l v ' o
LuumlwualmmﬂﬂammLmemmmﬂmmummﬂn ueasia e 1l losian

m‘lu,mun LWTT"ﬁTLL'YﬂWW mmﬁnm ﬂULElEJIFJ'Y] WN‘DH W.ﬂ?Uﬂ']?‘II@L‘ﬁdmﬂﬂT”ﬂﬂﬁn'lW

Tt AT UE R B3NN TN I TN



118

. a = oo v & - =1 ] v
AT luNIMYI0INLLEZ LA mmmmua:%ulﬂmuﬂaumaﬁo (21.3%) way
A I A i w v ¥ o a Y ¢ o \
walswas  (7.39%) wmnasnnuuissevgimivaldsaullsdselesn  oulfunas
o B ) =Y = [ u ~ )
gUBINTWIU  (Trypsin inhibitor ; Visitpanich et al.1985)  uaensauealalunIwgu
= o (% [ % [4
(Chymotrypsin inhibitor ; Jambunathan and Singh, 1980) ‘leﬂmﬂ‘ﬁﬂizh}ﬁu‘ﬂﬂd
A & < a . Lot v v & & v
lUsauanoiuniezanas  deoanuam luamwa sl losieniniuugsanuosnnu
v L o - a X - o H a o ok
TLAUMT MOWLTUNUN U TINNTU  IASBRIZNTIAL 45% WATHNAUILHAMUTNTIU
A e & A ' A & X f v X o I ¢ &
walvowsusznwasasangy (100%) easln mamqumwamulajﬂ?ﬂwwmm
PR - P A o . -~ +
:J:me”l,ﬂmnmnmuwlutjlma1°mmhsmmaummmzﬂu (Regression method) 231nQ
A VI PP Aa w o Pl ' v a P -
wznuaLaasn lanmInunnIzaulnTea L Lmstzamwmﬂ‘muummsmmmn N
) . . o
NalA Associative effect LUWLAN
\ ' ~ v ¢ a Ad & ' aa¥ o
AnNLANAITasnIwaINY lelsslerin Usinganisns nawns insensum
v a PV P v A v o | Ay Al 2 v ¢ r o ]
Twantmilan  lunstessnindasnua omiamlaanismyluaninassslfsuue
P P ° 1 ' -
DIMINAROULWITUANGTY  (Sngle feeding method) mmmmtﬁmmmmaﬂn 23
e q o ! @ ' fay Iy v & | = a t 4 v P A
wanm iamnassm s laannlnlasuninnmonals naumwI e nlasnNal  As-
] & v ¥ L1 o | ° -~ A
sociative effect LLUWALUULDY ﬂauumﬂﬂnmﬂmm?‘lﬂmumqmmmi WHINHANTENY
° v a a P a o P I v v
MU TEANTMWNIT IANGNAN  ARDAIUENTINMTIUIEUDIMTAINILA  IUNNaTINUIIN
A L. & Ad o A e o v P
INNTUTDY Associative effect IININLUELNNANLULIN LHOUIMWN % LU T2 leain
. Aad L & | a E= ' ' s ° v T °
1nmsmslemuzuazatinnanazs n “lﬂlﬁlumimmmgmmmsmmuﬂ.mm M
PYREVIR 2T VRY) ) a v PR V- A ' o '3 =1
a7 1N TUNE 191U N AUANNRBINTNLN T maiumamu'mqﬂ's:mmaammmg
P} TR - * ) Aa v ¢« w o ') v € A 1
gyonamlwnanaasle 1w nmwmaamsmmwaJamlummﬂnwauuwuqma::Jm
o € \ | T TR E R “ S A ° v oo | -
wu@mﬁnm’mauh walululnlansuwssmumninuly wiseamingnguesnasam
- =] = 5 [} (% u\(ﬂl' ’ﬂ L] E 23
nultsau  (CP-ratio) 9299117WM LULVINRNNUAAINLAEY LUUNY
1% “a ) [V P2 v A A o - | A1 v
mamqummﬁmmﬂmw 'LumwnanmQﬂunmmsﬂnmmm MTVINE U
I ( ad L v fa v Y t ] | =1 VR 1 e
l‘ﬁﬂiziﬂﬁuIﬂﬂﬁﬁﬂﬁilﬂﬂmnu’JﬂQﬂU%HLLV}LWHJaUNmm wunlumuizan  wmzam
" P & - ad P v 1
1naannaauanaNuLRIT NN muﬂ'awﬂﬂmﬁnmmunqmmmﬁzﬂumo I
W s munamnnswaunss (Linear regression) 3¢ lamnuminzanlums

. [ ° a ' A v | A vad o ] 4 o
m‘lﬂlﬂunwmmmqmmmiﬁamnn'n wiao luazaInnazlgasmInInen  (FIneg



119

lpnd al

| v v | v 1 X A gyt l vaa
“U'Jﬁ'ﬂ']?ﬂi‘]\]inﬂ'ﬁl_l‘ﬂﬁuﬂ'ﬂ lﬁLQN"INW*Aﬂj]LlﬂzﬁuLUﬁﬂJﬂ’]l‘ﬁ"ﬂ’lm\l'lﬂﬂ']'l) ﬂ'mlﬂmﬁll'ﬂu

- A o o P 1 a v IR R v A sy e
ngnImIpunTzaulaTInbwie 1w Aszau 40% axmilvlaminafeanumnlaan

Regression method 310 ALAAIIUAITION 4

a§ﬂwan1snﬂaaa
L v A & Al -l - L)
1. mﬂ‘ﬁ‘nmﬂganm NIDDIULALTFSUN LNUNTIND DY EJ'W’ITL'LI'J"EJU WNYULUUERN
1 % Py o v o % . B 7 v} I
mumwiﬂwms:ﬂugaqﬂ 45%  USIWIMNAIENMT  Regression 92 taAwadamly
9

(4 ] a “ v o (vl
Useleginmny 8.779 U8 7.805 ninﬂa/nm NN

[ A A O o b= ' | A ' P
0. M3 11U oNUANTONINALEZUALLHEIMITIRE INNARDILNLNEIBEILNYY
° ! a 9 L3 1 o Y (v
(Single feeding method) MlvmwassmlEdselemiininy 10.693 uae 5.725 nTagﬁ/ n3a
0 w A v ) | o a A 0 w a v | . BV
MUNINY mlvmmqmazmmwmmLuuﬁmLwaunmQﬂumnmﬂﬂwmﬂumms RULN
] v 2 4 vl Y o {} as X | v
mimmwmJewul‘ﬁﬂizTSGﬁum@a’nﬂqﬂUﬂmm’ﬂﬂmﬁmmiuga:mmmuun
[ % 1 P v v ¢ v Y ad
3. m‘lm:mnm:mwﬂmu'l“ﬁﬂithﬁuwammqﬂuiﬂmﬁ Regression method
r v = - P v 5 a v A ° Ly | L o v
awlmmqﬂmmuﬂamijum:ﬂuﬂimm 40%  \AEITEALAE9N I e Lnaifzany
ad
75 Regression method #7N
L v A A O ) v v a PR
4. HRIINNITIEILURINUANTBOINLTLUA TWNLINOALTUNEU 1ur§m

| L a - a e w
[30N7P] ﬂ'ﬂl'ﬁLﬂﬂ Associative effect NLUUAUURZLIN MIUBINLU

A1veunal
HITH9099UAN Dr. R. Elliott, Dr. E. S. Batterham, 07, ugieTa %3-
DATING Uz WAL 53 Aanswing  lum sl unsiinamIsuiumIies unseevey
qmquﬁi&"aﬂmnwms:wﬁnﬂizmmaaaammL§a (ACIAR)  lumislunusmiuauuns
299
(@159 1909
Anderson, D.L.,Hill, F.W. and Renner, R. (1959). Studies of the metabolizable
and productive energy of glucose for the growing chick. J. Nutrition 65:

561-574.



120

Armsby, H.P. (1917). The nutrition of farm animals. In P.J. Van Soest. (1982).
Nutrition ecology of the ruminant, Oregon: O & B Books. Inc.

Campbell, G.L.,Campbell, L.D. and Blair, R. (1983). Calculation of metabolizable
energy for ingredients incorporated at low levels into a reference diet.
Poultry Sci. 62:705-707.

Farrell, DJ. (1978). Rapid determination of metabolizable energy of feeds using
cockerels. Br. Poultry Sci. 19 :303-308.

Jambunathan, R. and Singh, U. (1980). Grain quality of pigeon pea. In Procee-
ding internation workshop on pigeon peas. ICRISAT, Patancheru, India. Vol.
1, pp 351-356.

Mclntosh, J.I., Slinger, S.J. Sibbald, I.R. and Ashton, G.C. (1962). Factors affec-
ting the metabolizable energy and grit feeding on the availability of the
energy of wheat, corn, oats and barley. 8. A study on the effect of die-
tary balance. Poultry Sci. 41 :445-456.

Miller, W.S. (1974). In Energy requirements of poultry, p.91. Eds. T.R. Morris
and B.M. Freeman. Edinburgh: British Poultry Science.

Potter, L.M., Matterson, L.D. Arnold, A.W.,Pudelkiewicz, W.J. and Singsen, E.P.
(1960). Studies in evaluating energy content of feeds for the chick. I. The
evaluation of the metabolizable energy and productive energy of alpha
cellulose. Poultry Sci. 39:1166-1178.

Pryor, W.J. and Conner, J.K. (1966). In Recent advances in animal nutrition-1979
(Studies in the agricultural and food sciences) pp 38-39. Eds. W. Haresign
and D. Lewis. London : Butterworths.

Sibbald, LR., Summers, J.D, and Slinger, S.J. (1960). Factors affecting the meta-
bolizable energy centent of poultry feeds. Poultry Sci. 39: 544-556.

Sibbald, LR. (1975). The effect of level of feed intake on metabolizable energy

values measured with adult roosters. Poultry Sci. 54:1990-1997.



121

Sibbald, LR. (1979). Metabolizable energy evaluation of poultry diets. In W.
Haresign and D. Lewis. Recent advances in animal nutrition. (1979).
(Studies in the agricultural and food sciences) London . Butterworths.

Vistipanich, T., Batterham, E.S. and Norton, B.W. (1985). Nutritional value of
chickpea (Cicer arietinum) and pigeon pea (Cajanus cajan) meals for
growing pigs and rats. 1. Energy content and protein quality. Aust. J.

Agric. Res. 36:327-335.




NIAINBAT 4,2 122-132(2531)
Journal of Agriculture 4,2:122-132(1988)

U o 44 \ 5 Y
m%ﬂuwammswamnuﬂqiﬂﬂ Monascus purpureus
oty HumanAnAga Wil winuwly waz Gy Yunen
FACTORS AFFECTING RED RICE PRODUCTION BY Monascus purpureus
Aran H-Kittikun, Methinee V-Charern and Renu Pinthong

ABSTRACT: The factors that affected red rice production by Monascus purpureus
were investigated. M. purpurens CMU-KU was the best strain for pigment  pro-
duction from the nine strains tested. The ratio of rice and water of 1:1 and 3:4
were suitable for pigment production by this strain. Non-glutinous rice vareity Leung
148 was the best variety for pigmentation. Method of milling also had an effect
on pigment production. Rice polished for 3 minutes gave highest pigment with the
concentration of 5.40 units (OD 500). Addition of some nutrient such as yeast ex-
tract , peptonc, glutamate or ammonium sulfate did not stimulate pigment pro-
duction. Neither did addition of iron, manganese or zinc (102 = 107° M). The
optimum cultural conditions for pigmentation by this strain were incubalion tempera-

ture of 30-35 C with higher than 747 relative humidity.
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Table 1, Pigment production by M. purpureus in variety Pijit rice after 14 days

of incubation at 30 °C.

Amount of rice

*
Strain of M. purpureus without color (gm) Amount of red pigment

(unit OD 500)

TISTR 3002 13.1 0.83
TISTR 3003 6.3 0.47
TISTR 3006 0 0.67
TISTR 3090 7.7 1.85
TISTR 3111 14.6 0.67
TISTR 3177 11.0 0.82
TISTR 3179 5.6 1.60
CMU-KU 7.7 2.70
CMU-FST 9.5 1.70

*
Initial steamed rice 50 g.



126

aa [ A @ A
NALALTHAIWNDULUUEND
=1 & w € Aey A v a !
PINMINARDINIUARTT DENUTEE M. purpureus NITNANIIANINHEND
v a w €1 a w A ! v A v v Ay Ly t
MIGTG Tﬂaﬁwwugmmmnuummmmin'lummmﬂ was L unim lnansmeni
o aa '3 ' v A v €
nu fi3uay (2531) lanagaunusTaluMINTANNMENUS M. purpureus 989
9
' v € L Apeodaa ' o | oA v €
TISTR WUN@EHUS TISTR 3090 mwmiﬂﬂ‘nqmwnu WALKEININEEWUE CMU-KU
L A al 1 v € 1 ~ v o
'lmﬂ'immqammwwug TISTR 3090 119 50% lummmmm‘lﬂw‘lﬂfmww:mgwuﬁ
CMU-KU

g v v o
2. HAVaIAINLBUAANIIASINA Laa M. purpureus

Kg o v v v faa v ¥ v 1 [ o

mananasilFTnmmIiusiIng 15 n3y uazlfunlugnndaume i loo

A v ' vy o+ ¥ Y = v o}
JONTIHINTBITTINOUININA 2 11 09 3:8 WAAWANEY M. purpurens CMU-KU
2 -~ A A g o l v " ¥ v ey o %
Ynanuanslumin 2 welfensdmastinnnnan (2:1) annlaudann e
PN |-t TS a Aady e b v v \ ¥ A a veal |
suasylinuaslusinene USmaniinn wnlgsndmasmnnnreiiaiylon un
o * iy A v 1 v 1 ¥ A A 3
NHOLBITIUNIN RILAAE  BNTIHINIDITINUIMIMINLANAD 121 UAY 314 LW

a Adyy A 2 g v o o Aa v 4 A o ¢ v o
ﬂ?NWNﬂﬂ\lﬂq\)‘ﬂq\’ﬂ LLNL"IJT)Lm~J‘Yl‘lﬂLLEJﬂL'L|'HL1Jﬂ@]3Jmm\'lL‘?JNﬂu’lLﬂNﬂLNﬂﬂﬂLNﬂﬂ‘m')ﬂfﬂz

Table 2 .Effect of moisture on pigment production by M. purpureus CMU-KU.

*
Ratio of rice to water . Amount of red pigment

(unit OD 500)

2: 1 0.20
3% 2 0.63
1:1 33
3:4 3.25
3:5 2.03
l:2 2,15
3:7 1.68
3:8 1.73

*
Vareity Pijit rice 14 g.
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Table 3. Effect of rice variety on pigment production by M.purpureus CMU-KU,

*
Rice variety Amylose content Amount of red pigment

(unit OD 500)

RD 7 intermediate 3.40
RD 23 high 4.00
RD 25 high 3.90
KDML 105 low 1.27
Luang Yai 148 high 4.60

low <20 7% intermediate 20-24 % and high > 24 % (data from Rice Research
Institute : personal contact)
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Table 4.Effect of milling on pigment production by M.purpureus CMU-KU.

Polishing time Amount of red pigment

(unit OD 500)

RD 7 0 min 2.90
3 min 4.55

5 min 3.40

Luang Yai 148 0 min 3.30
3 min 5.40

5 min 4.40
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Table S. Effects of nutrients and trace elements on pigment production by M.

purpureus CMU-KU.

Type of nutrient Amount of red pigment
and trace element (unit OD 500)
Yeast extract 1% 4.20
Peptone 1% 3.50
Monosodium glutamate 1% 2.10
Ammonium sulfate 0.1% 4.50
ZnSO, 107°M 3,40

107°M 3.60
MnSO4 10°M 4.20
107°M 3.80
FeSO, 107°M 3.80
Control (Luang Yai 148) 4.40
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Table 6. Effects of temperature and pH on pigment production by M. purpureus

CMU-KU.
Temperature Amount of red pigment
(unit OD 500)
25°C ” 3.30
30C 4.40
35C 4.30

Initial pH (Phosphate buffer 0.2 M)

5.0 1.20
6.0 1.10
7.0 0.85
8.0 0.40
Control (Luang Yai 148) pH 5.6 4.30
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EFFECTS OF SUBSOILING ON PEANUT SUBJECTED TO
WATER SHORTAGE AT DIFFERENT GROWTH STAGES

Somchai Ongprasert
ABSTRACT: Though most of the low land paddies in Chiang Mai - Lamphun
Valley are irrigable land, croppings after rice during the dry season in the area
are prone to water shortage, especially in March and April.

The water shortage should be more severe insoil with a plow pan. This
experiment was aimed at evaluation of the results of subsoiling in lessening the
adverse effects of water shortages at different growth stages of peanut. Water
shortages were induced by witholding irrigation.

Results of the experiment on soil moisture content and peanut growth and
yield did not show any effect of pan breaking. This might be due to the timing
of pan breaking in early December, pan layer was too wet for effective shattering.

The water shortage during vegetative stage had relatively less effects in
yield compressing to those at flowering and pod forming stages. Water shortage
during the flowering stage caused 35% yield reduction when compared with well
irrigated treatment. Water shortage during pod forming stage resulted in the delay
of pod maturity for at least 10 days.

However, there were heavy rains during harvesting time, Thus, the soil
in the root zone was completely wet. Harvesting of the peanut, subjected to the
late water shortage was postponed for 10 days. The peanit yield in this treatment
was slightly higher than that was subjected to water shortage during flowering
stage.

The yieldé of peanuts subjected to water shortage at various growth stages

were highly correlated with the amount of irrigation water.

mnnfuiesly soniwnelulagninnensunly 1Fualuy so290.
Dept. Soils and Fertilizers, Mae Jo Inst. Agri Tech,, Mae Jo, Chiang Mai 50290.
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Figure 1. Soil moisture release curves.
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Table 1. Some chemical and physical properties of the soil in the experimental

plots.

Soil Bulk Mechanical Organic Avai. Avai. pH
depth density resistance matter phosporus  potassium
cm g/cm’ kg/cm® % ppm ppm

6 1.56 0.3-2.1 w

8 1.59 0.8-2.9
10 1.69 0.8-3.1 > 0.90 106 39 6.0
12 1.72 1.8-4.5
14 1.78 3.0-4.5 +

16 I 3.0-4.5 +

18 1.80 2.0-4.5 +
20 1.73 2.4--4.5+ 0.43 44 46 6.2
22 1.71 1.8 -3.9
24 1.72 1.4-34 )
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Table 2. Average soil moisture content at the end of each water shortage periods.

Vegetative Flowering Pod forming

15-30 cm 30-45 cm 15-30 cm 30-45 cm 15-30 cm 30-45 cm

% by volume

With
subsoilling 11.05 10.26 11.58 17.40 10.05 12.24
Without

subsoiling 11.20 989 15.48 14.28 8.63 10.35
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Figure 2. Moisture content of the soil between 15-30 cm at the end of different
water shortage periods.
(A = No shortage, B = Vegetative shortage,

C = Flowering shortage, D = Pod forming shortage)
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Table 3.Dry matter of the above—ground plant parts at the end of different water

shortage periods.

Factors Vegetative Flowering Pod forming
kg/rai
Subsoiling With 320 477 466
Without 253 515 494
Water shortage No 320% 509 499
periods Vegetative 233b 507 453
Flowering 2912 456 493
Pod forming 3132 496 475
1.2 EToc 3172 557° 547"
Irrigation 1.0 ETc 3422 5628 509"
doses 0.8 ETc 2862 4912 458
0.6 ETc 2540 3740 408

'Within each group, means with different subscripts differ at least 5 % level
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Table 4. Number of pegs and immature pod dry matter to the end of water shor-

tage periods.

Immature
Factors No.of pegs pod dry matter (kg/rai

Subsoiling With 20.1 118

Without 22.5 125

No 23.7 171a’
Water shortage Vegetative 24.0 154a
stages Flowering 19.2 45b

Pod forming 23.4 ]65b
Irrigation 1.2 ETc 21.4 1632
doses 1.0 ETc 20.7 13178

0.8 ETc 25.3 107b¢

0.6 ETc 22.1 88°¢

"Within each group, means with different subscript differ at least 5% level.
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Table 5. Yield, yield components and harvest index of peanut.

No. of No. of

Factors Yield Shelling pods/ seeds/ 100 seed Harvest
pod  percentage hill pod  weight (gm) Index
(kg/rai)

Subsoiling  With 413 26.5 18.6  1.68 37.5  0.30
Without 453 26.9 168 171 362 0.29

Water  No 5122 26.1%1 21.2% 170 3672 0.33

shortage  Vegetative 4992 25.5% ]9.0ab 1.69 39.2%  0.36
Flowering 334 29.6° 17.022 1,67 32.0b 024
Pod forming 386° 25,78 1400 172 387 0.26

Irrigation 1.2 ETc  520° 25.4 18.6% 178 383 0.32

doses 1.0 ETe 46230 26.1 20.8%  1.70 36.6  0.33
0.8 ETc  400%°  26.9 17.8%  1.69 37.3 024
0.6 ETc  350° 28.4 14.0°  1.62 353 0.26

Within each group, means with different subscripts differ at least 5% level.
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STUDIES ON STOMATAL BEHAVIOUR OF ARABICA COFFEE
1. INFLUENCE OF THE SEASONS

Voravit Prabhavit and Pittaya Sruamsiri

ABSTRACT : Studies on stomatal behaviour of arabica coffec as affected by
seasons were carried out on five coffee cultivars: Catimor LC 1662, Red Catuai,
Mundo Novo, Icatu and Red Caturra. The plants were grown at Chang Kian
Experimental Station, Chiang Mai; 1,200 m a.s.l.. Variation of air temperature,
light intensity and air humidity in each season would change the leaf to air
water vapour deficit, which consequently influenced the stomatal behaviour.

The leaf to air water vapour deficit was higher in summer than in
winter and in rainy season respectively. To minimize water loss from leaves,
plants control stomatal aperture in such a way that the stomatal conductance was

lowest in summer. The widest stomatal opening was measured in rainy season.
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Figure 3.Diurnal change of air humidity in summer, rainy season and winter.
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