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ABSTRACT

The objectives of this research project were to analyze chemical composition of
cultivated Water meal (Wolffia globosa (L) Wimm.), to study on factors affecting growth rate of
Water meal and to determine the optimal levels of utilization of Water meal as crude protein
(CP) replacement for CP from soybean meal (SBM) in poultry diets. The findings revealed
that cultivated Water meal contained 29.61 gCP/100 gDM and animo acid profiles of Water
meal and SBM were not much different. Mineral content of Water meal cultivated in winter
was lower (P<0.05) than that of Water meal cultivated in summer and rainy season. Factors
affecting growth rate of Water meal were fertilizer concentration, water pH and light intensity.
Water meal grew rapidly when subjected to 400 mg N-P-K fertilizer/L, pH 5 of water and
8,000-15,000 lux of light intensity. The study on utilization of Water meal as CP replacement
for CP from SBM in poultry diets demonstrated that CP from Water meal could replace CP
from SBM at 75, less than 25 and 50 % in the diets of laying hen, broiler and quail,

respectively. Furthermore, Water meal was a good source of natural pigment for poultry.

Keywords: Water meal, Protein replacement, Laying hen, Broiler, Quail
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Figure 2.1 Characteristics of Water meal species
a,b (Wolffia angusta) c,d (Wolffia arrhiza) e,f (Wolffia globosa)
g,h (Wolffia microscopica) i,j (Wolffia neglecta) k,| (Wolffia hyaline)
Source: Cook (1996)
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1 A =< 6 ~ ] o” (3 a
nsnaaaddagi 1.1 nsAnwasadsznaunisiadizasldinlunisunia
1 g; a ¥
Tadsdenisan
ad
ASmnaaas
1 \hudasnd lshanwhsuwzass liingsnd e.on9eana fﬂ.mw'ﬁuﬁj nn
3 aw uszozion 1 U lasudadutiengion (nuanius-wauniaw) naru @guwiou-
MUEHW) ULAZOIRUT (@AAN-UNTIAN)
2 i lshaeldanuaadwia 1-2 uanursaiin e lasihukerinnsidu
Tihlugawaad@n uazguiivdmadliiiluariuazunssuwa 1 Jadiwas
3 Aaredesddsznauniuaiilasis Proximate analysis laur Taguiis Tusdu
Wale ladu wazitnewdtuas AOAC (1990) ALATZWANWRITIN (gross energy) LA
Jiaernsaaziilulaslsiadas Amino Acid Analyzer
a 6 v v 1 =) =) =3 =) a A
4 Aenzienudyiuzensng de ueaidoy wnan lunaBo wunilidos
= =} Q = d‘ . . . .
wusmite  lofen  wasR9Ne®  lawia3ad  Atomic  absorption/flame  emission
spectrophotometer 3LATITHANVTNTUVBINBILAT TALloy waatluuuwazazna lasiaTad
Inductively coupled plasma-mass spectrometer (ICP-MS) wazitanzinaanatalasiadas
Spectrophotometer
5 Wisuifisuasddszneumaed  ewasnun  awasnulsdssloodle
(metabolizable energy) waznsaasdluwad Uiy 284N nDnaes
6 ‘3mﬁ:ﬁmmLuJiaJim*’uaoﬁagammLﬁuﬁumawjmqimzﬁ%‘ Analysis of
Variance (ANOVA) LLa:Liﬁﬂmﬁmm'wLc'oo?imJaaamwL°1Tw°ﬁwnam‘imgmiaz%ﬁmiquma
Jou ngHu uazngwud las3T Duncan's New Multiple Range Test (DMRT) laslysunsu
AauNILaaTETagL Statistical Analysis System (SAS, 1996)

HanN1InNaaay

TaiiindTds6n 29.61 nIudia 100 ASVIRLNWAY waznsaaziluladn ey
wn'lnladiv winnu 5.00 waz 1.45 nsuda 100 NYUlUTAK AINEIOU Ve ANINDIRRBIN
> 1 Qs :‘ Q v ‘é 1 ] :/ { >
1136 44 nINeia 100 NIUUIRINLAI smgamﬂﬂﬁulu"[mm WatdSounaununin
< A ' VO A o a A ~ P A aa 6a A o '
DARaINLN Tiindszaulisdn nsaazdluladu lalafidu Tanaw wazansanun @1nqn
\ A A v a [ , [ o o [ A A \
faunaeziiludug lnalAueni muwmmulmﬂnlwﬂmaamnmmaawmgamwao
s (Table 3.1)
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Table 3.1 Chemical composition and amino acid profile of cultivated Water meal

Chemical composition (g/100g DM) Water meal Soybean meal1
Dry matter 4.74 88.20
Crude protein 29.61 44.00
Ether extract 4.00 0.80
Crude fiber 8.76 7.00
Ash 16.01 -
Gross energy (kcal/kg) 3870.22 4,197.002
Metabolizable energy (kcal/kg) 1047.803 2,230.00

Amino acid (g/100g CP)

Lysine 5.00 6.11
Methionine 1.45 1.41
Cystine 1.15 1.50
Methionine+Cysteine 2.60 -

Threonine 3.65 3.91
Valine 5.47 4.70
Isoleucine 3.75 4.45
Leucine 7.16 7.70
Phenylalanine 4.56 4.91
Histidine 1.89 2.66
Arginine 5.57 7.14

Sources: 'NRC (1994), 2Longo et al. (2004), 3Pooponpan et al. (2009)

n9MalBniwa (P<0.05) daszduuinguadliin wamIFnswodn il

[ ~ o a [ AA A = [ .
n@IuLAANBUIzAULANITIN WasWeIs DRLLON NaIUeY uaalleN  uasasm i
LANEN9Nw (P>0.05) LL@i"L“ﬂﬁﬂquﬁauLLa:qgﬂuﬁm’m@;m&hﬁg\m’h (P<0.05) "L*’ﬂﬁ'flqu]
A 8 A Y A A a < [ a = !

R mm:w"lmmlquNummmmﬂumw lodoy LAAN FINSH WAZUNINUFFINTT

(P<0.05) "Lﬂiﬁ'flqu%faml,azqgmma (Table 3.2)
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Table 3.2 The mineral profile of cultivated Water mea in different seasons

Minerals Seasons

Summer Rainy Winter Average+SE
Ca 3694.14° 3972.87° 1130.65° 2032.55+454 .17
P 198.56" 210.49° 172.18" 193.74+6.07
Mg 3840.89" 4972.30° 1364.81° 3392.67+532.65
K 1446.82° 1384.20° 1075.18° 1302.06+57.58
Na 467.80" 548.51° 317.73° 444.68+33.85
Cu 281° 2.32° 1.38" 2.17+0.23
Fe 644.82° 981.97° 55.73° 560.84+135.39
Zn 55.50" 62.57" 2.08° 40.08+9.57
Mn 165.59" 361.96° 37.47° 188.34+47.29
Se 7.40° 757 473" 6.56+0.46
Cd 0.135° 0.13° 0.02° 0.09+0.01
Pb 0.01 0.01 0.01 0.01+0.0006
%‘il'liﬂiﬂaﬂ'ﬁ“{lﬂai]d

izé‘uiﬂsﬁumaavlﬂiifwaaﬂﬁmamfﬁﬂﬁlﬁUdﬁﬂixﬁﬂiﬂiﬁﬂﬂiﬁﬁﬁgﬂﬁzmu
a/lug249 29.9-31.25 niuda 100 n3usiwiinusts (Chowdhury et al., 2000, Huque et al.,
1996) Undudrszevlusduvaslainduiuiasonmolszmslasianzanuduiuues
ITastawluin (Skilicorn et al., 1993, Leng, 1999) Rusoff et al. (1980) T1a9wzeru 115
maa"him{']ﬁLﬁumﬂu’aﬁwﬁ'@ﬁ%'ﬁ?ﬁﬁnﬂgahﬁ 36.5 nsuda 100 N3y vaedilUsirannunassia
FITNTIA Fbnaazineanidsanitarasdsnalnelysdu windy 204 nSuda 100 N3
(Chareontesprasit and Jiwyam, 2001) wiiszaulusduvaslasinvsdandnadnnuiuus
LL@i"lTaQaLﬁa\‘iﬁuua@ﬂﬁﬁu’i’ﬂﬁﬁ’]flIll‘iauﬂ'ElWlT’NgG

luﬁaqﬁuﬁ‘*ﬁagaﬂmazﬁiumaaiﬂmfﬂﬁauiﬁaﬁﬁammn Rusoff et al. (1980)
wulaisinfinsaasilwladuwuaziumnlnlofin windu 3.37 uaz 0.87 niuse 100 nsulysan
ANAGL izéﬁJﬂmazﬁiuiu"[a%uua:wavlwiaﬁumaavlﬂjm{ﬂumimaaaf‘tﬁ@hgaﬂdwao
Rusoff et al. (1980) u@lnatfsdnuszaunsaazdlululadn (5.00-5.93 nsuda 100 N3
1Us6u) waztunlnlafin (1.38-1.40 n3uda 100 nsulUséu) veswnwda Lemna minor
(Dewanji, 1993, Hanczakowski el al., 1995) gsinldRasdummdaduunaslsauln
amIaad  asildRadlasuniaeziiludinlrngasudin  anriunsaesiluaninladiv
wonanitgaanaransaazdlulaleddudis (Hanczakowski el al, 1995) LHul@sdny
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Rusoff et al. (1980) funziinAsiidunmdaiduwnasvaintaeziluladund wdana
nsaazdluwninlafin WallSuuisuny FAO reference pattern (FAO, 1973) ashinn bt
Tt wunaslisfunlunainisin MRz 9N TNanIaazl Llan nladhis
V¥ A [y A A A A A A ad ea A o |
laiindszauldsdn niaezdluladu lolafidu Fafan waza13anw @ndn
mMnnunRed eauntaaziludug lnalfuans (Table 3.1) Skillicorn et al. (1993) 184 WIN
1196w LLa:m@a:ﬁiu"la%uLLazLuvaﬂIaﬁumaaﬁ"maﬁl,mw,ﬂ@gaﬂiwaoLLﬂdaIﬂsﬁuaﬂnﬁm
1R0d% 8e9lsAaN Leng (1999) i:qdﬁﬁmaﬁl,mmﬂ@LﬂuLma'qm@azﬁiuﬁﬁ‘mﬂumo
A A = a o ' a o &4l v ’~ A o & v
sha  WaSpufsunuunadllsanluanisgainlmduwlndlunsnaesgad  szeuvad
a & J et R 1 Z’ 13 1 g’
nynasiluyaINT AT aAwIUTzaULaz AR b laTianluin  autdunie-ansaadiin
uazlauan (Goopy and Murray, 2003) TIUNITEAUNEY  ribose bisphosphate
carboxylase Al (Leng, 1999)
= 1 2{’. Aa a 1 Q 1 ] ? 1 Z/
WA IANHLITIngNaiiEnTwa (P<0.05) msmmnmqlﬂmm Tag'lasinlu
qg%m’sﬁszﬁuLLs'm@J@‘hﬂ’jﬁ"lﬁjﬁﬂqu%ammzqgcJu ﬁoﬁtﬁaammnqmﬁgﬁlumm@ﬂma
Tiwmunzandomaasydvlaveslain suifluszazwnaa (turion stage) 1091930 (Fuijita et
al, 1999) asnunsgaduuszmiliszlomivesuingluliiddniigamadu anns
Fanavasiduazreunugnaa liiwud  wandavasldihlungrunazdngaluseud
a v a & A a & ~ o [ A | , ¥
LazHARRAUALNNI W9 N TFIU% TIgaAARDINU Landolt (1986) A9 M
wigdulasanddiogunnianss  wazliihazwnganiaaigidvla Wegunniidinir 14
IFLTRLTLR
d ¥ v ¥ e & LT
NaNIANEA I INaaaIhLRa lWARIY st lmdununallsan
LLasza'aLLiﬁﬁ@;ﬁﬁéﬁ%%‘uﬁmf
a;ﬂ
1 :/ =1 QI r=| a =} a r=| r=| ad 6eAa A c; {
laiindvzauldsdn nyaaziluladu lalafidw Fanaw Laza15anu ¢1ndn
< A \ A A v A o < A
MADKaed FIunIaeziludug lnalfgsnunnnllnaes
qugma%u’nwﬁ’]ﬁﬁzﬁuLLiﬁﬂ@;@‘hﬂdm@%”amLa:quu
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masludiaas

ﬂﬁaaﬁ;ammﬁ
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Table 3.3 Hoagland’s E-medium
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Reagents Stock solution (g/100 ml) Volume (mi/l)
1. MgS0,*7H,0 24.6 1.0
2. Ca(NOs3),*4H,0 23.6 23
3. KH,PO, 13.6 0.5
4. KNO; 10.1 2.5
5. Micronutrients Micronutrient Solution (§13135) 0.5
6. Fe*EDTA Fe*EDTA Solution (mﬁiﬁaﬁ 6) 20.0

lasUn@La2181%13 Hoagland’s E-medium %#43:6a9¥nn135 Autoclave 1iasiniaa e

Wasnnlukasdfuamsnldlumaiwizs mm"l@mﬁ_lqummﬂumsﬂaa@ma Tunineaas

a%‘d 1 Y o [l d? e 1
gl levinmIsinaluairiIadnann

Table 3.4 Composition of Micronutrient Solution

Reagents Stock Solution (g/l)
1. H;BO; 2.86
2. MnCl,'4H,0 1.82
3. ZnS0O,47H,0 0.22
4. Na,MoQO,-2H,0 0.09
5. CuS0O,-5H,0 0.09
Table 3.5 Composition of FesEDTA Solution
Reagents Stock Solution (g/250 ml)
1. FeCl;-6H,0 0.121
2. EDTA 0.375
A5msdnm
'3%'miﬁﬂHﬂﬂ%ﬁlﬁmuﬂﬁmaaaLLuUE;imlaa@ (Completely  Randomized

. Aa A a o N ‘é 1 ca' a g’
Design; CRD) 1u4@an3IWaLUUNIAKa (Fixed Effect Model) TILARERINARNDIN 3 D

a A g e
MILASuuM T LTl TNz R e laivin

1. MTUEN T INNIINIZLR IR TR WAFANUUIA 750 HaRAAT Laznyzilad

NAFANVUIALAN

2. HNNTAAUII ORIV AIVIANARAN LLﬁaﬁwmsq@ﬁamﬁuﬁﬁﬁu%nmm

Youna lalwarvsinasanainiia e

3. i ldsinradiouaanagas 70% a9atinnan wa1n9 b lwiws
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Figure 3.1 Increasing of number of fronds of Water meal cultivated on Hoagland’E-

Medium for 15 days
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Figure 3.2 Fresh and dry weights of Water meal cultivated on Hoagland’E-medium

for 15 days
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Figure 3.3 Increasing of number of fronds of Water meal cultivated on different pH

Hoagland’E-Medium for 15 days

Table 3.6 Increasing of number of fronds of Water meal cultivated on different pH

Hoagland’E-Medium for 15 days

Cultivation pH of Hoagland’E-Medium
period (day) 3.0 4.0 5.0 6.0 7.0 8.0 9.0
0 5.00£0.00 5.00£0.00  5.00+0.00 5.00£0.00 5.00£0.00 5.00£0.00 5.00£0.00
3 5.00£0.00 7.33+1.15  9.3310.58 8.00£0.00 7.3310.58 7.00£1.00 8.00+1.00
6 0.00 10.67+1.53 12.00+2.00 12.67+1.15 10.00+1.00  10.00+0.00 8.67+0.58
9 0.00 11.3321.53  16.00+2.00 15.67+2.52 13.33+4.04  12.33+1.53  11.33+1.53
12 0.00 13.33+1.53 28.33+9.29 20.67+1.15 19.67+2.08 14.33+3.21  14.00+1.00
15 0.00 16.67+2.31 41.00+12.49 28.00+1.73 26.67+5.51 17.67+3.79  18.33+2.31

Experimental condition: room temperature 28-30 C, light intensity 3,000-4,0000 lux at 12:12 h.
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977 Figure 3.3 W&z Table 3.6 WU WIUNTaUGa Y AwzassluaIns
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pH4 pHS pH B pH 7 pH & pHY9
pH level

Figure 3.4 Fresh and dry weights of Water meal cultivated on different pH
Hoagland’E-medium for 15 days
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Table 3.7 Fresh and dry weights (g£SD) of Water meal cultivated on different pH

Hoagland’E-medium for 15 days

pH of Hoagland’E-medium Fresh weight Dry weight

3 0.0000.00° 0.0000+0.00°
4 2.518+0.04"° 0.0533+0.01"
5 2.854+0.10° 0.0936+0.02°
6 2.700£0.05" 0.0752+0.00"°
7 2.635+0.08" 0.07110.01°
8 2.511+0.03"° 0.055620.00"
9 2.479+0.10" 0.0649+0.00"

abcde

Means on the same column with different superscripts are significantly different (P<0.05).

9N Table 3.7 wuin s aimnziaesluemns HoaglandE-medium 3]
aanutdunsa-anavinny 5 ﬁﬁmﬁﬂammmﬁdgdﬁq@ (P<0.05) WYiNNU 2.854+0.10 a2
0.0936£0.02 N3N  AWEGL  earuszauanuiuna-aarnty 5 SmancaNde
mim‘%tyLauimaﬂ"zjm{wmﬂﬁq@ WONINNHINNMIFINATZRINININGRES WU 997
I lumsaaslainidaenudunse-a1s 9 aedanwmeduwiionan sanalwloindiee131
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1 9/1:? 1 g’ o ] :/ dq‘ . n:lld a +
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Figure 3.5 Increasing of number of fronds cultivated on Hoagland’E-medium containing

different concentrations of N-P-K fertilizer (15-15-15) for 15 days

Table 3.8 Increasing of number of fronds cultivated on Hoagland’E-medium containing

different concentrations of N-P-K fertilizer (15-15-15) for 10 days

Cultivation Concentrations of N-P-K fertilizer (mg/L)
period (day) 50 100 200 400 800 1,600
0 5.00£0.00 5.00£0.00 5.00+0.00 5.00£0.00 5.00£0.00 5.00£0.00
3 6.67+0.58 6.67+0.58 6.33+1.15 7.3310.58 5.67+0.58 5.67+0.58
6 8.67+0.58 9.67+1.53 9.00+1.73 10.67+0.58 9.33+3.21 8.33+2.31
9 15.33t4.51  21.336.51 17.67£1.53  27.00+8.54 22.00+14.00 15.33%3.21
12 18.67+5.51  28.00+9.64 24.67+5.77 35.00+14.00 31.67+23.86 19.67+7.23
15 22.6746.66 33.33+10.41  28.33+6.43 51.00+24.56 49.00+42.51 22.67+8.14

Experimental condition: pH = 5, room temperature 28-30 C, light 3,000-4,0000 lux at 12:12 h.
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970 Figure 3.5 uaz Table 3.8 ugaafininlasinfiassluems HoaglandE-
medium ﬁﬁmuauﬂﬂ N-P-K §a3 15-15-15 fiszduanuITuTI 400-800 JaansusdadaT 3
a‘hmquauﬁLﬁw%ﬂunﬂmo 3 T agluszaulndifesin Ay 51.00£24.56 uaz
49.0042.51 Wyaus wasanMTwzasalnagn 15 3% Aszauanududu 50 was
1600 fadnsudedas  lindsunuwnsenddininluszaumaneaasan  Seurindu
22674666 Wiaug  @sdanuuandsanliindidseiRsauanududuan  lasisu

UnnganuuandsliiduasudIun 9 2a9mande

NN FIALRZLAY
nNMInaaadwziasd 1ithlua1ms Hoagland’E-medium Niimadnils N-P-
K ga3 15-15-15 luszauszduanuiduduednsg uam 10 1w wod dmdnaauazuds
] ? n:l' c:lp qu:l' s L% v + a A s 1A A dl =) ‘ﬂ' s
Toihnasslinszauanududuasils 400 HadnTudefnslidginiga sasasunfenszau
AMULTNTH 800 UARNTUADRGAT UAzNIZTAUANNITNTY 50 UaANTUADRAT ntnsauas

wisilendfiga (Figure 3.6)

‘—.- wel weight (g) = dry weight (g)

wet weight (g) dry weight (g)
350 - - 0.14
3.00 L 012
250 - 0.10
200 - L 0.08
150 A r 0.06
100 4 L 0.04
0.50 -~ - 0.02
0.00 T T 0.00

50 100 200 400 800 1,600

Concentrations of N-P-K fertilizer (mg/l)

Figure 3.6 Fresh and dry weights of Water meal cultivated on Hoagland’E-medium

containing different concentrations of N-P-K fertilizer for 10 days
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Table 3.9 Fresh and dry weights (g£SD) of Water meal cultivated on Hoagland’E-medium

containing different concentrations of N-P-K fertilizer for 10 days

Concentrations of fertilizer =~ Fresh weight Dry weight
(mg/L)
50 1.454+0.23 0.0538+0.01"
100 2.167+0.09" 0.0781% 0.00™
200 2.6830.19" 0.08800.01"°
400 2.797:0.21° 0.11300.00"
800 2.739+0.23" 0.0946+0.01"
1,600 1.954£0.50" 0.0726+0.02"

abed Means on the same column with different superscripts are significantly different (P<0.05).

N Table 3.9 waslmAnindarinmamwiziasslasinlue s Hoagland’E-
medium NiMI@EnTs N-P-K §a3 15-15-15 luszduszauanudududisg iunan 10 u
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a a Y o 9 ' R & A o v o A +
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Figure 3.7 Increasing of number of frond of Water meal cultivated on Hoagland’E-medium

with different light intensity for 15 days

Table 3.10 Increasing of number of frond of Water meal cultivated on Hoagland’E-medium

with different light intensity for 15 days

Cultivation concentrations of light (lux)
period
(day) 2,000 4,000 8,000 12,000 15,000
0 5.00£0.00  5.00+0.00 5.00+0.00 5.00£0.00 5.00+0.00
3 6.00£0.00  6.00+0.00 7.67+0.58 9.33+0.58 9.00+0.00
6 9.67+0.58 11.67£2.08  20.00+3.46 24.3313.06 22.33+£3.06
9 12.33+0.58 18.67+0.58  29.00+9.64 36.00+7.94 31.33+2.52
12 16.33+0.58 23.67+0.58 56.33+18.61 69.67+13.80  78.3317.64
15 25.33+2.52 48.00+2.65 119.67+28.01 161.33+15.82 177.33+9.50

Experimental condition: pH = 5, room temperature 28-30°C at 12:12 h.
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97N Figure 3.7 uaz Table 3.10 uaadliiAnidwaunsaud livihgeniganazey
anudNugs 15,000 and uazdigafanuduuas 2,000 and  lasfduadsriny
177.33£9.50 WAz 25.33+15.82 WIaud @NE10L wanNRGINLINNANUTULES 12,000
@ 6 Ao |?f v a o A % o g e & P s %
and Awiunsaune i lnaldsanunaNuduLRd 15,000 aNG AIBUWNATZAUANUTULES
fmunzandemaaiydvlaldiaglugag 12,000-15,000 dned

TRUNFAALAZLAS
kg R . Aa o
MInaaaaniztasd lvinlua1mns  HoaglandE-medium  N&AMNNLEI b
320UA199 1Juan 10 % wud hunsnaauazuisvas i NszauaNuduLgs 15,000
anes dengafiga Ta9avanfeaNTzdUANNTULES 12,000 aNT Wway 8,000 and ANEIAL
(Figure 3.8 waz Table 3.11)

=i weot weight e dry weight

wet weight (g) dry weight (g)
16 - - 0.40
14 4 - 035
12 L 0.30
10 4 - 0.25
8 - - 0.20
5 - - 015
4 4 - 0.10
2 - 0.05
0 : . r 0.00

2,000 4,000 8,000 12,000 15,000

light intensity (lux)

Figure 3.8 Fresh and dry weights of Water meal cultivated on Hoagland’E-medium with

different light intensity for 10 days
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Table 3.11 Fresh and dry weights (g+SD) of Water meal cultivated on
Hoagland’E-medium with different light intensity for 10 days

Concentrations of light Fresh weight Dry weight
(lux)

2,000 2.9110.33° 0.094+0.01°
4,000 4.355+0.12" 0.145£0.01"
8,000 6.612£2.01° 0.22440.05
12,000 7.901£2.35 " 0.249+0.06
15,000 10.667£3.00° 0.309+0.06

al

. Means on the same column with different superscripts are significantly different (P<0.05).

U dll Q v é/ a a 1 g’
910 Table 3.11 wudulaszauanuduuasanndu maasyidulavaslainee
AI J U dl Q v Q 6 a dl : Qo v dl 1
IANAUEIE 1AUNIZAUAMITULES 15,000 SNt fdafuvasinrunaaLazuiIgINge L
PRINRALAZLFIV9 I NN R U IWT19ANNIT LS 12,000-15,000 &N hailanend
1% (P<0.05)

Namsﬁnwﬂm%aqmmwnﬁwmmiau

[ o = v a wa 2 =< Y o =< v p.l'd 1
menasanimsfineluiasdjidniuss  39lavinsdnenilassndnade
maesydulavesliihludnsuzsasgemnninsmatanzamsimizidesliih lasns

d‘v Qs 1 % o v v o d‘y & [-%

wziaes lunzazismalng wsvhanlinaeuss laavmawnziasaduna 10 1%
namsAnwzauanuiunia-dnsnimanzaudansasydulavaslainlug
9AFMNITY  (Figure 3.9 uaz Table 3.12) lasvh ldthaniwzidsslunzaziinduindszih
PINTUSUAeNUTUNTA-GN9 6 J:AU Aa 4, 5, 6, 7, 8 WAY 9 IINNTNARAI WU
iminaauazuisvatliihfiszduanudunsa-dng 5 Hdgefiga (P<0.05) lasdidady
YAIMAINRALRZLAIYINAL  69.4956+2.33 WAy 3.1288+0.23 NIN NSO TILWHA

wwdganumMInaassluiasdjuans
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‘ =il Fresh weight ey weight

Fresh weight (g) Dry weight (g)
80 -~ -~ 4.00
70 4 - 3.50
60 A - 3.00
50 - 2.50
a0 4 - 2.00
30 A - 1.50
o0 4 ~ 1.00
10+ ~ 0.50

0 [ ] . 0.00

pH 4 pH 5 pH B pH 7 pH 8 pH9
pH levels

Figure 3.9 Fresh and dry weights of Water meal cultivated on water pipe containing 400

mg/L of N-P-K fertilizer (15-15-15) with different pH for 10 days

977 Figure 3.9 uaAIlALARIN AszauaNNTunIa-anavinny 5-6 Fninga
WNAga (P<0.05) uazfiszauanuidunsa-aravinny 5 ﬁmﬁfﬂLLﬁamaavhjﬁﬁgoﬂ’hmjuﬁu

by @ o =y { [ & . A X
(P<0.05) LLﬂzu’]Viuﬂﬁ@LLﬂzLL%GTaGVL"Uu']a@aGLﬁﬂiz@ﬂﬂflqul,ﬂuﬂi@]-@']ﬂLWNT%

Table 3.12 Fresh and dry weights (g£SD) of Water meal cultivated on water pipe
containing 400 mg/L of N-P-K fertilizer (15-15-15) with different pH for 10 days

pH of water Fresh weight Dry weight

4 43.6782+1.22° 1.618240.06"
5 69.4956+2.33" 3.1288+0.23°
6 66.2456+1.80" 2.70600.17"
7 58.1275+9.26° 2.2123+0.46°
8 42.9554+0.93° 1.5551£0.05
9 22.6424+1.90° 1.15680.09"

abed Means on the same column with different superscripts are significantly different (P<0.05).
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27N Table 3.12 URAIALHARIN ArzauaNNTwNIA-A19WNAL 5 Halafsuas

:/ = { ‘é 1 1 5 { Q [~ 1 1 =

m%uﬂa@mﬂﬁq@ TINANYINND 69.4956+2.33 5098INNANTEAUANNTUNTA-AN9LVINAL

6 lasiiaafurinnue6.2456+1.80 uwa biAANULANAINWNIEDE (P>0.05) lagszau
I 1 1 Qs a o I =1 dl a J o 1 :‘ e s I3 1 o v

AU unIa-a9winny 9 Nanwatdwlanauinean mlﬂmmwnmﬂuﬂqu M lwms

Sdulaaans

wamsﬁﬂwﬁzé‘ummLﬁuiumaaﬂsJ N-P-K g3 15-15-15 Tuszauanuduty
@199 IuL%oqmmmﬁmmmiau WU shnnnsauazutives i fisssuanudutuves
ilo N-P-K ga3 15-15-15 1¥inu 400 Hadniusadas ﬁﬂ'ﬂmnﬁq@ JosnaNNAeNaNTNTY
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e=fll= freshweight e Dryweight
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Concentrations of N-P-K fertilizer (mg/L)

Figure 3.10 Fresh and dry weights of Water meal cultivated on water pipe containing

different concentrations of N-P-K fertilizer for 10 days

971 Figure 3.10 waz Table 3.13 ugasliduinlminfivnmaasslwings=ini
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Table 3.13 Fresh and dry weights (g£SD) of Water meal cultivated on water pipe

containing different concentrations of N-P-K fertilizer (mg/L) for 10 days

concentrations of Fresh weight Dry weight
N-P-K fertilizer
50 46.5323+6.90" 1.6617+0.19°
100 49.1388+3.13° 1.7243+0.08°
200 48.0585+1.35" 1.6912+0.03
400 67.0605+2.83" 2.8893+0.31°
800 61.0787+7.71° 2.36900.51"
1,600 47.9487+2.45" 1.6927+0.06

abc

Means on the same column with different superscripts are significantly different (P<0.05).

970 Table 3.13 LL&@NlﬁLﬁu’j’lﬁizﬁUﬂ’nﬂJLﬁwﬁuﬂladﬂﬂ N-P-K ga3 15-15-15
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fraaan Wuiwwastrolddranuidunsa-anensn wazlnunadon (K) 3r8tAN8aTINNT
wigdvlavaslii 3@3ai uazgw, 2546)

a v dl 1 a a ] g’ 1 1
szquanuduusIinanzandanisaIyidulavesliinagszning 8,000-
> & v Qs { 1 1 :’ a v
15,000 and T9aAANaINU Landolt (1986) Nwudnlishaunsaiasalaluanuiduuss
32WIN9 4,000-15,000 ane uazNauituuas 2,500 ans lanaziaigidulalaiies
~ =) ~a ~a g o Qg

dazunm 50 wesiduduasmaasyidulalnd wananiannisnasasuedaudana (2542)
wudn lsinAiaeslaslasunss 100 wWefidud IAnandadwiminaauinnin i niaes
lagl@suuasiinegs 50 iwasidud

HamIdnsMIwIzdes i luiesl §iens uazlwdgamnnssuzwaton
saandaInunIszauaIANuLlunIa-a1e uazanududusesily N-PK gas 15-15-15 9

' a a 1 :’ ‘ﬂl = = a a 1 3’ dl t:‘la‘
manzaudansesadulavaslai Walssuiisumsasydulavasldiiinstoale
wesljuansuszinzines i lwdgaannssuswatan wudmswzass i lugs
gammnInwadan nuaiydulaannnilukes jidns esanliilduusiuas
a dl 1 1 a dl o dy 1 :’ a & a n‘ 1
TutSinanunnit udvinafivhmawziassldhlwdgamnnim ammduuinails
o A, , ¥ Y ' < & o o 3 o A A LY "y

uda iinarh il ldsuussnaaatnenafe uazdesaruquazauinldasin tvalals lavi

& ] :‘ v v
LNNEONNVAUNITUSEI M vz i s e

agﬂ
m'ml,ﬂ”&limaaﬂﬂ N-P-K §a3 15-15-15 WINL 400 NaANITNGARAT ANNL®
AA-GNILYINNY 5 UarAINNITULRITIS 8,000-15,000 ANG AANULRINZRNGANTLNIZLALN

Yaisin
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uni 4
{ 1 & @ 1 < M
mi‘nmamﬁ 2 mi‘li’ﬂwmLﬂmmaa‘[ﬂsﬁwnﬂLmumnmmﬁaﬂummﬂnlw

VNI

asdaidailudununmsniadailszanm 60 wafidudniauinnin (Teguia
and Fon Fru, 2007) uazmazasiagunsslusduluamsdad ou mndawmaes udu 3
IR HasnnnsrnodmiaTegiavesdsanaiu  uaztszmeluunuiaie
aziuaaniiiedld (Robinson and Singh, 2001) é’afunwﬁnmmﬂﬁhqLmdﬂﬂﬁﬁu 29
JwSasisniu Lﬁaﬁmﬂﬁﬂmm&iﬂﬂsﬁumdL§EmLLazﬁn"Lﬂgjmia@ﬁunummﬁmiavl,ﬂ
vL"lhi’l (Wolffia spp.) Lﬂuﬁ"ﬁ"f?uqx‘i (macrophytes) 1UL§U&L€]I£J’J (monocotyledons) (Landolf,
1986) wwIAlEn (0.5-1.5 Nadwas) Anwvlwunaninnaluuaueion Tﬁﬁﬁaglmaﬁ
Lemnaceae %dﬂizﬂauﬁwﬁ"ﬁ 5 TS Ao Landoltia, Lemna, Spirodela, Wolffia and
Wolffiella (Les et al., 2002) ﬂﬂaﬁsﬂﬁﬂumjuﬁdmmmﬂ@ (duckweed) Alwaadiiiifes
"Lﬂiifﬂﬁgﬂﬁwwwu%IﬂﬂluLLﬂuLmawﬁuIﬁu (Bhanthumnavin and Mcgarry, 1971) An13@nmn
wumMswzaesuwwia Lemna, Spirodela, and Wolffia Tuiszinasisnanne snansalst
HAHRATATUAY 1AL 13-38 dusalananidall Fadunandafivinninnandesdszano 6-
10 wih (Skillicom et al, 1993) lihfmziassludatinarindsmemsinsasiilséiu
(29.9-45 nJuGia 100 NIN) qaﬂdﬂ"ﬂﬁwmﬂLmam{w'ﬁﬁuma (Rusoff et al., 1980; Skillicorn
et al, 1993; Huque et al., 1996) waztSumlusanuaznineziluvaslailndidasiuves
MnBamass (Skillicomn et al, 1993, Rusoff et al., 1980) aviwlavingsvinazaaunsaldiin
uraslUsunluornssadle Fouwdduwuinisdunwla (Lemna gibba and Lemna
minor) s Taltiduunaslysauluenssaitnle (#1395, 2542; Jhori and Sharma,
1979; Islam et al., 1997; Men et al., 2001; Men et al., 2002) UGNLNE Haustein et al.
(1990) 5891w m3lElain 15 wWasidudluamns lidsnadiaudaaussnmnmsuan
T uarnlwdliuasindn (P<0.05) ﬁa;&amﬂﬂm{ﬂummﬂﬁwﬁaﬁﬁamJ"m I
‘n@maaﬁ%aﬁquﬂs:mﬁlﬁaﬁﬂmwamimLquIﬂsﬁumﬂmﬂﬁamﬁaaﬁaﬂIﬂiauﬁnﬂ"Lﬂiﬁ’]
(Wolffia globosa (L) Wimm.) @aaussnnwuasnsuas bilwln
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qﬂnsmuamﬁms‘nmaaa
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i lasihsa ldannaaidwian 1-2 wanuiarin tia liviuwevinmsaulaivin

I%QGWQ’Iﬁaﬂ LN al%a%m%umwaummwmaa
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2. mnmmﬂsdLsauua:qﬂmmmimmammaaa
AianurzaaNwaannIn1elulazn18wana9l39Ta LA inANNRZa1AN I
o & ey o & M \ 4 A & a
A numqﬂmmwimamﬂﬂh [T T98I%T LAz lssiTaunaaadtiulsaSanyeuy
szmoanuiudslah (evaporative cooling system) qm%gﬁmﬂuwﬁﬁu 24 83

L RIGHEG

3. MILGILNAIWIITNARDY

gmmmsmaaaﬁﬁy’mm 5 §a3 I@ﬂgmmmsﬁinwzwaLﬁm@iamm
dasnmvadbi kil auduuziiwas NRC (1994) ﬁv'af'rﬁhuﬂsznawaagmmmma@ﬂu
Table 4.1

' ~
NRUMINANEIN 1 FATOIMIIAILAY (T1)
ﬂﬁj&lmsmaaaﬁ 2 gmmmsmuqmﬁlﬂﬂsaumﬂ%ﬁm@Lmuiﬂ‘sﬁumnmﬂﬁ";mﬁaa 25
Wasidud (T2)
nguN1INaRaf 3 gmmmsmuQu‘ﬁlﬁﬂiaumﬂ%ﬁm@Lmuiﬂiaumﬂmﬂﬁ'amﬁaa 50
\asidua (T3)
NEUMINARDIN 4 gmmmsmuQuﬁlﬁﬂsﬁumﬂ%ﬁm@Lmuiﬂsaumﬂmﬂﬁ"amﬁaa 75
Wasibud (T4)
' ~ A A s A < A
NRUNINAREIN 5 gmmmsmuquwiﬁﬂmumn%mmLmuiﬂwmmrm’mmmaaa
100 1Wasigud (T5)

4. MIAITLUFAINARD
o [ =} 1 [ L > 6 o s q'/ 3’ %
mmiﬂmaaﬂ"lnvlmwuﬂmu 211 71 FUanik $man 180 Tagmatinnibnuas
guidnsdy nwaz 3 6 Tag'lnla lasuamisuazsinagnadun leanmimiuas 2 a9 fa
1981 07.00 ez 17.00 % aiuvlrivlﬂaami’lu 5 ﬂa\jwmsw@aao mjumiw@aaaaz 4 1 18 9 AN
laglfununanasuuuguauysnl (Completely Randomized Design, CRD) m1inaaadld

& [ &
FUZIANIRNA 8 RUAR



Table 4.1 Feed ingredient (kg/100kg) and chemical composition (g/100g DM) of dietary
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treatments
Ingredients Dietary treatments1
T1 T2 T3 T4 T5

Corn 53.00 53.00 53.00 53.00 53.00
Rice bran 14.20 11.46 8.70 5.80 2.73
Full fat soybean 9.30 10.20 11.13 12.10 13.13
Soybean meal 8.00 6.00 4.00 2.00 0.00
(44%CP)
Water meal 0.00 3.04 6.07 9.10 12.14
Fish meal 4.00 4.00 4.00 4.00 4.00
DL-Methionine 0.10 0.10 0.10 0.10 0.10
Dicalcium phosphate 1.00 1.00 1.00 1.00 1.00
Oyster shell meal 7.90 7.90 7.90 7.90 7.90
Soybean oil 2.00 2.80 3.60 4.50 5.50
Salt 0.25 0.25 0.25 0.25 0.25
Premix’ 0.25 0.25 0.25 0.25 0.25
Chemical composition

Dry matter 96.05 96.46 96.80 96.41 97.47

Crude protein 15.98 16.03 15.91 16.84 16.75

Ether extract 6.01 6.00 6.03 7.26 7.43

Crude fiber 245 2.46 2.53 2.74 2.78

Ash 11.84 10.84 13.28 12.75 12.80

ME’ (kcal/kg) 2,913.34 2,908.11 2,908.15  2,901.64 2,903.50

1T1 = control; T2, T3, T4 and T5 = 25, 50, 75 and 100 % CP from SBM were replaced by CP from

Water meal, respectively.

2Vitamin—mineral premix provide (per kg diet): 10,000 IU vitamin A, 2,000 IU vitamin D5, 11 mg vitamin

E, 1.5 mg vitamin Kj;, 1.5 mg thiamin, 4 mg riboflavin, 10 mg pantothenic acid, 0.4 folic acid, 4 mg

pyridoxine, 22 mg niacin, 0.4 mg colabamin, 0.1 mg biotin, 60 mg Fe, 70 mg Mn, 50 mg Zn, 8 mg Cu,

0.5 mg Co, 0.7 mg |, 0.1 mg Se. *Calculated value.
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5. MyiaKaLszMITuindaya

5.1 fiLmﬂ:ﬁaaﬁﬂi:ﬂaumamﬁmaa"lﬂﬁma:gmmmsmaao 1at3% Proximate
analysis @Mu35289 AOAC (1990)

5.2 d3uNmn1INUa1%17 (feed intake)

5.3 UszAnsawnsltenwisdala 1 Alaniu (feed conversion ratio / kg of eggs)

5.4 WaWdala (hen-day production)

5.5 Qmmw"lfn' (egg quality)

msguiiylannadansd Lﬁ‘aﬁmﬁmﬁzﬁqmmw% I@ﬂmsa;imwia:ﬁgw 9 8z 2
Wad ududiwin g Wasdangumanasay LLazﬁﬂmsi'mqmmw"hi Gt

5.5.1 iwiinldiadsdewas (average eggs weight)

5.5.2 N 11217 (Haugh units)

5.5.3 anunwuddanly (egg shell thickness) lagldlulasiiaas

5.4 NN NVBIR MILA9 (colour of yolk) lEWaLiauFvaILSEnlsy

(Roche yolk colour fan)

n3azidoya

%Lﬂi’]:‘,ﬁﬂ’nuLLﬂiﬂi’J%%@dfﬂHﬁI@ﬂ%% Analysis of Variance (ANOVA) Uay
L‘lﬁsmﬁmm'wm’éz‘mzwjm‘mﬁjwmimaaﬂmlﬁ% Duncan’s New Multiple Range Test
(DMRT) lagldsunsunanfiaiaaianiagy Statistical Analysis System (SAS, 1996)

NANISNARDY

mMyaedesdlsznoumaed wuin ssdlszmaeiivesemisnasasninue
Hanlnalfosnu uazifisanwadaninudasnsvadin by (NRC, 1994)

YSunamsiuems  wazdSunamsiulevasnasnulsdselomildvasba b
aAR9 (P<0.05) Li‘iaiﬂsﬁm']ﬂmﬂﬁ"smﬁaognmmmmﬁUiﬂsaumﬂ"lfm{’] a9 AT
naunwldsinanmnaawiasdeolusauen i lifinanssny (P>0.05) demshnldvas
Tsan uazszansawmsldomnsdels 1 Alansy shwmsindanasuwuasaslalad
IesuanmsinaunulUsauannmnaamassdelisdiwenlaind o, 25, 50, 75 uaz 100
wafifud 1vinnu -0.09, -0.04, - 0.03, -0.03 LAz -0.19 AlANTN MNIIAU (Table 4.2)

mynaunulysdvanmnauniesdisldsduanlaih 100 wWefifud &na

N3ENU IHANAA [ianad  (P<0.05) agdlsnanumImawnulsduainmaniwiasee

lds@uann i ldsswanseny (P>0.05) datininla Haugh units wazaunmwaadlfan
=)

. & A o ' | A £ o a
VL°.U Vlﬂuﬂ’]?ﬂ@ﬂaﬂUGWU?'\&TQGVLTLLQGLWNT‘% (P<0.05) @nlﬁz@]l}ﬂqiﬂ(ﬂLLﬂuIﬂi@]u'ﬂqﬂﬂ’]ﬂ

Dwndasneldsduannluii (Table 4.3)
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Table 4.2 Feed intake, CP intake, ME intake and feed conversion rate of laying hens fed

diets containing different levels of protein replacement from Water meal

Parameters Dietary treatments1 SEM
T1 T2 T3 T4 T5

Feed Intake, g/d 97.61° 95.76°  88.03"  8821"  80.38° 2.02

CP intake, g/d 15.60 1535  14.01 14.86 13.46  0.30

ME intake, kcalld ~ 284.35"  278.99" 256.45" 257.00°  234.18"  5.88
Feed conversion 217 2.10 1.96 1.96 2.01 0.03
rate/kg egg

Body weight -0.09 -0.04  -003  -0.03 -0.19 -

changes, kg

*® Means on the same row with different superscripts are significantly different (P<0.05).
1T1 = control; T2, T3, T4 and T5 = 25, 50, 75 and 100 % CP from SBM were replaced by CP from

Water meal, respectively.

Table 4.3 Egg production and egg quality of laying hens fed diets containing different

levels of protein replacement from Water meal

Parameters Dietary treatments1 SEM
T1 T2 T3 T4 T5

Egg production, % 71.83° 72.87° 7098° 7407 6176 2.24

Egg weight, g 6447 6397 6512 6659 66.12 0.50

Haugh units, % 7700 78.00 7594 79.88  79.38 0.79

Eggshell thickness, mm 0.335 0.345 0.340 0.328  0.323 0.003

Egg yolk colour 578° 7.24° 863 972" 1040° 0.39

*® Means on the same row with different superscripts are significantly different (P<0.05).
1T1 = control; T2, T3, T4 and T5 = 25, 50, 75 and 100 % CP from SBM were replaced by CP from

Water meal, respectively.
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mybsnrsdunu ol uunaldsdnluamsgaitn  Insawiavlulinszne
(fN39T8, 2542, Haustein et al., 1992, Islam et al., 1997) Al (Haustein et al., 1990,
Nolan et al., 1997) o (Men et al., 2001, Men et al., 2002, Khandaker et al., 2007) L}
WANTE (fN3998, 2542) wdsemaniildunwila Lemna minor, Lemna gibba, Lemna
perpusilla Uas Spirodela punctata \Hwunaslisin vaeAmslFlainduunasldsainle
ownslAlafiifss Haustein et al. (1990) wintiwfispawinmslelasin 15 wWedidudlu
2113 WinanTznudatsunmnsiwla nslinandala muﬁy'a@]‘mmw"l‘*ﬂ (P>0.05) @9
Faudanuunaassifinuimmaunwlldsiinanmnawaasdslisauanlasinanue
viamsltlain 12 wafidudluems TwarnlvUsinmnmsinlduasenmsuaswasnwls
Uszloaile uaznandaldiaaad (P<0.05) fewdindSunansiulevasldsfuazliuandns
M (P>0.05) luudazgasanms warSunmmsinldvoslusanwlwlilaflasuommaunn
Tusauannmndawnaesdslusduanlilinmuadinit (14-15 n3u) duusrinaas NRC
(1994) Vsmnamsanldvasnwasauldis=lomilalulilalunmasasiidiniinnudosns
yoslilaflduanaald 60-70 wWasifud (202-305 Alauaans3) Nuusiinlag NRC (1994)
wananiinmsndvasinleflésuammaunwldsiinanmnswaasdslsauanld
lvanunaaas (019 Alansy) wnnililefilésuawsnaseddn (0.03 A9 -0.09
Alaniv) é’aﬁ?uﬁoawLﬂumm@;ﬁﬁﬂﬁwamﬁmmﬂﬁ)’bﬁama P<0.05) lulrlufilesuonms
naunulsananninaamassdalsiuaniilivanun  wanImassssIndnFaandas
AU Haustein et al. (1990) finpwinTzaufimanzavdgnsumyldunulla Lemna gibba
omslilafe 15 Wesidud uszfinuinmaldunuiafiszau 40 wWafifudluamislud
HanIznudaqmn Il

msindwasFliuediodmmaunuldsivanmnsnaasdslisauan
Tsinlumsnasasit seandasivnudsusuiildunmie Lemna gibba (Haustein et al.,
1990) wazwnuiia Spirodela punctata (Nolan et al., 1997) lua sl wazuwrwmda
Lemna perpusilla 1%61%15Lﬂ@1ﬂﬁ%ﬁj Jinding (Khandaker et al., 2007) NrsAunuad
8138 (pigments) laglannziudualsfin (120-627.2 Aadnsudanlaniy) wasuowlniia
(261-1000088nTudan lansy) AoulN9g9 (Haustein et al., 1990, Dewanji, 1993, Skillicorn
et al., 1993, Hanczakowski el al., 1995) Gyonaflunaanlasaisuazmsisasinvasly
@ia%amaﬁgwaoﬁmaﬁmmﬂ@ (Hanczakowski el al., 1995) HaMINAaedLsain lidn

' a AadA o o M
LARIRIIRDITUTIANARIATU bA 1
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9
mnaunulusdivanmnauniesdisldsduanliiinemue  Snarilidsunmns
a U L v v a 1 [ QI J
Aulavasomisuazwasnulduszlomile uaznandaliaaad (P<0.05) Fuadlduadiindn
uTzAUMINaunwllsannnmnauniessislsduanlasih (P<0.05) asnuIIzNnT

naunwldsduanmnnimtasarslusduainliinluwaivisialadle 75 wWasidue
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4. MIAITLUFAINARD
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"l,ﬂm:mmedwu'gmswail,amai 211 10 1 91uan 384 61 Nilanuaiaue
uazdia lif ldauysntean lnldiuamnimasasuazihainadun (Ad libitum) lasliainis
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10-42 % f,iuvlﬁvl,ﬂaamflu 4 NFUMINARRY NYNMINARDIAE 6 T T8z 16 @ TaglTunn
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Table 5.1 Feed ingredient and nutrient composition of broiler diets in starter period

Dietary treatments1

Ingredients (%)

T1 T2 T3 T4
Corn 49.00 43.80 38.55 33.00
Rice bran 4.00 4.00 4.00 4.30
Full fat soybean 15.70 16.85 18.10 19.30
Soybean meal (44%CP) 17.00 12.75 8.50 4.25
Water meal (29.6%CP) 0.00 6.35 12.65 18.95
Fish meal 7.50 7.50 7.50 7.50
Soybean oil 4.20 6.15 8.10 10.10
Dicalcium phosphate 0.75 0.80 0.90 1.00
Oyster shell 1.25 1.20 1.10 1.00
DL-methionine 0.10 0.10 0.10 0.10
Sodium chloride 0.25 0.25 0.25 0.25
Premix” 0.25 0.25 0.25 0.25
Total 100 100 100 100
Nutrient composition (%)
Crude protein 22.96 23.26 23.74 22.41
Ash 7.82 7.87 8.49 9.49
Metabolizable energy3 (kcal/kg) 3202.94 3201.61 3201.39 3202.59
Ether extract 8.15 10.54 12.22 15.28
Crude fiber 3.58 4.09 4.08 4.49
Lysine 1.34 1.35 1.35 1.35
Methionine 0.53 0.53 0.53 0.53
Methionine + Cystine 0.88 0.87 0.86 0.85

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

*Vitamin-mineral premix provide (per kg diet): 10,000 IU vitamin A, 2,000 IU vitamin D5, 11 mg vitamin
E, 1.5 mg vitamin K;, 1.5 mg thiamin, 4 mg riboflavin, 10 mg pantothenic acid, 0.4 folic acid, 4 mg
pyridoxine, 22 mg niacin, 0.4 mg colabamin, 0.1 mg biotin, 60 mg Fe, 70 mg Mn, 50 mg Zn, 8 mg Cu,
0.5 mg Co, 0.7 mg |, 0.1 mg Se. 3Calculated value.
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Table 5.2 Feed ingredient and nutrient composition of broiler diets in grower period

Ingredients (%)

Dietary treatments1

T T2 T3 T4
Corn 56.95 53.27 49.10 45.00
Rice bran 5.40 5.00 5.10 5.30
Full fat soy 14.00 15.00 16.00 16.80
Soybean meal (44%CP) 13.00 9.75 6.50 3.25
Wolffia meal (29.6%CP) 0.00 4.85 9.65 14.50
Fish meal 5.50 5.50 5.50 5.50
Soybean oil 2.85 4.35 5.85 7.35
Dicalcium phosphate 0.45 0.48 0.55 0.60
Oyster shell 1.35 1.30 1.25 1.20
Salt 0.25 0.25 0.25 0.25
Premix’ 0.25 0.25 0.25 0.25
Total 100 100 100 100
Nutrient composition (%)
Crude protein 20.46 20.39 19.07 19.40
Ash 6.11 6.81 7.45 8.52
Metabolizable energy3 (kcal/kg) 3201.09 3202.74 3202.36 3201.22
Crude protein 20.01 20.02 20.04 20.02
Ether extract 8.44 10.10 11.83 13.03
Crude fiber 3.03 3.63 3.65 3.77
Lysine 1.12 1.13 1.13 1.13
Methionine 0.38 0.38 0.38 0.38
Methionine + Cystine (%) 0.69 0.69 0.68 0.67

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,

respectively.

*Vitamin-mineral premix provide (per kg diet): 10,000 IU vitamin A, 2,000 IU vitamin D5, 11 mg vitamin

E, 1.5 mg vitamin K;, 1.5 mg thiamin, 4 mg riboflavin, 10 mg pantothenic acid, 0.4 folic acid, 4 mg

pyridoxine, 22 mg niacin, 0.4 mg colabamin, 0.1 mg biotin, 60 mg Fe, 70 mg Mn, 50 mg Zn, 8 mg Cu,

0.5 mg Co, 0.7 mg |, 0.1 mg Se. 3Calculated value.
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5. MyiaKaLszMITuindaya

5.1 Awnedasddiznaumaiigasanniinaaas lag3t Proximate analysis 11435
289 AOAC (1990)

5.2 Y30NmN13INHa191T (feed intake)

5.3 Tufinnsiasuuasinneingd I@ﬂms%"u{mﬁfﬂvlrimzmﬁmq 21 U8z 42 %
Wadwudanmuadaivla

5.4 Uszansanwmaddsuenmsidwimin (feed conversion ratio)

5.5 dnwIwlsz@NTAIWNILE U6 (protein efficiency ratio)

5.6 JufiNaaINN1Iae (mortality rate)

5.7 ATANWDN

Lfiaéuqmmsmaadﬁﬁmiﬁjuvl,rimzmmmjumaaaaz 18 1 91N 6 B 98 3

FAvNINTTMIEN 8N neuaw wazRnenn WewefiEudann

5.8 JaFAdanuazFutslasltnaioudvasuSEnlss (Roche yolk color fan
1993 - HMB 50515 Printed in Switzerland (2/1296 : 10.0))

n3azidoya

ﬁﬁ“ﬁaga‘ﬁvlﬁwﬁLmﬁ:ﬁmwuﬂiﬂmu (Analysis of Variance; ANOVA) ¢
LLNumiﬂﬂaa\‘iLLUUqwm}Hifﬁ (Completely Randomized Design ; CRD) uazitIaunay
d1asslayds Duncan's New Multiple Range Test (DMRT) laglglusunsuduiagd sAs
(SAS, 1998)

HAaNIINAADY
a [ 3 | v A £ A v
MnMIBeTMzRemIanes wuhiaguis lsduney ludu als uh uae
wasnultdslomila (Table 5.1 uaz 5.2) lnflAssnuaNNdaInNIsVaIlAnT=Ng (NRC, 1994)
UTnmmsfiuanmisasiiniznetiseny 10-21 u nduildiuammauns
lihs@uanmnaawdesdislusdivanlathsay 25 wesidud gind (P<0.05) nduaILaw
waznguitldsuamsnaunulisduanninaamiesdisldsduanluiszay 75 wediidud
FIBLIUNMINUaIMIITIEN  22-42 MW UAZ10-42 1n maavl,ﬁm:mnﬁjumuqugandw
(P<0.05) linsznanguinldiuammaunulisdunanmanundssdialdsinainlavimn
326U (Table 5.3)
a a a dl 1 s a Aa dl I :‘ o
sanmasyaulamisdein  uazdaRninwmadfsuevnadusihnin
mad"l,ﬁﬂﬁjwmuqunﬂ‘*ﬁmmqﬂﬁmaaagaﬂdw (P<0.05) Vl,rim:mmjwﬁ"lﬁi*ua’]mimLmu

lihs@uanmnaawdesdislusdiuanlithnnizdy (Table 5.3)
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ﬂizaﬂ%mwmﬂﬁﬂiﬁumamq 10-21 % Uaz10-42 % maﬂﬁmzmnq’u

AIUANEINIT  (P<0.05)

] \ AN e a < A @
vLﬂﬂizﬂdﬂQl]ﬂvl@]su mW]S‘Y](ﬂLLV]%IUS@]W%’mﬂ’mﬂ’JmﬂEN@’J |

Iﬂs@umnvb’ﬂﬁmmzﬁu muﬂizﬁw%mwmﬂﬂﬂsﬁwﬁaamﬂq 22-42 'S'umaavl,fimzmﬂ@;w

aquliduandraiy  (P>0.05) linwzningunlduanmsnaunuldsiuannnamias

doldsduanliisedy 25 uaz 50 Wasifud (Table 5.3) 8aTIANIANBVaI bANTZN Al

LANEN9N (P>0.05) lunnnéumaaa (Table 5.3)

Table 5.3 Effect of replacing protein from soybean meal with protein from Water meal

on productive performance in broilers

. 1
Dietary treatments

ltem SEM
T T2 T3 T4

Feed intake, g/d

10to21d 62.04™ 64.16° 63.00°" 60.64° 0.36

22 to 42 d 178.40° 166.56" 153.17° 145.63" 2.83

10 to 42 d 120.22° 115.36" 108.08° 103.14° 1.48

Average daily gain, g/d)

10 to 21 d 48.50° 41.32° 38.76° 36.59° 0.98

22 t0 42 d 82.69° 76.02° 67.06° 61.23" 1.84

10 to 42 d 65.59° 58.67" 52.91° 48.91° 1.36

Feed conversion ratio

10 to 21 d 1.28° 156" 1.63" 1.66° 0.03

22 t0 42 d 2.16° 2.19° 2.29" 2.39° 0.02

10 to 42 d 1.72° 1.87° 1.96" 2.02° 0.03

Protein efficiency ratio

10 to 21 d 3.41° 277 2.59° 270" 0.07

22 t0 42 d 2.27° 2.24% 2.30° 217 0.02

10 to 42 d 2.59° 2.40° 2.40° 2.34" 0.02

Mortality rate, %

10 to 42 d 0.00 1.04 1.04 1.04 0.43

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,

respectively.

% Means in the same row with different superscripts are significantly different (P<0.05).
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TRUNATIN TRBNTINARIDD UYL LLazLiJaﬁ%uﬁsmﬂﬁ@Lwiwad"l,rimzmmju
aQugInd1  (P<0.05) nguflaTuenminaunuldsiuannnauniesdiolysduain
] :, et 6 = 6 1 = 2 dw [ % é £ 1 %
"me“qmmu Wasiduauasriuazlun n nauiantiian wala Au wazladwlutasrias
padlinznimnngunInaasdlduandrain (P>0.05) lusnziinsnaunudasldsfuan
R e . . Y
oA ml%ﬂmuuﬁm%mmnmaﬂLLazﬁmeaa"Lﬂmzmgjwu (P<0.05) (Table 5.4)

Table 5.4 Effect of replacing protein from soybean meal with protein from Water meal

on carcass characteristics and skin colour in broilers

Dietary treatments1

ltem SEM
T1 T2 T3 T4

Body live weight (g) 2494.45° 2270.00°  2172.22%° 2020.00° 43.40
BW after plucking (g) 2328.89° 2097.22°  1993.33" 1870.56°  41.62
BW after plucking (% BW) 93.35"  92.40" 91.80°  92.60°  0.22
Carcass dressing (% BW) 80.31°  77.90° 7740° 77.77° 041
Legs (% carcass weight) 26.33 27.58 26.93 27.08 0.27
Wings (% carcass weight) 9.80 10.04 10.12 10.27 0.09
Breast (% carcass weight) 20.51 20.24 20.49 20.63 0.26
Liver (% BW) 1.76° 1.96° 1.93° 2.01° 0.03
Heart (% BW) 0.61 0.61 0.64 0.68 0.01
Gizzard (% BW) 1.32 1.49 1.45 1.42 0.04
Abdominal fat (% BW) 2.60 2.21 2.25 2.35 0.08
Breast skin colour 1.28° 2.39" 261" 400" 023
Shank skin colour 256" 3.50° 4.39" 528° 025

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

% Means in the same row with different superscripts are significantly different (P<0.05).
'“aminifwamsﬂmaaa

YSanmwnsinemsveslinszniaaad (P<0.05) ialasuavInaunulysdn
nnmMnonasmelysiuanlaiivesnInesesit keansadny Haustein et al. (1992)
891w MInaunwunaslUsiunannnauntesalrsunuiia (Lemna gibba) lua1wns

1 et d' &/ o v oAa a 1 v &
Iinvensluszaungedn ilddsanmnsfinenisanas wanisldunwia (Lemna  spp.)
duwndalisdunaununmnauniasluamislinsznefiszay 30 wesidud (a1y 0-21 )

>

uaz 60 Wasidud (a1y 21-42  u) ldUSanmmsiunernisvaslinizniliuanedns
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(P>0.05) AUN§uAILAY (§139T8, 2542) uaznslfunwia (Lemna gibba) lugasanmsln
A3znINTzay 15 Wasidud vlrdSunanmsivemsvedlinsznalaiuandrs (P>0.05) nu
NYUAIUAN (Haustein et al., 1994)
a a a ai 1 r a a d' & g’ a
aamaesyLavlaadodsdin uaslsz@nTaiwnindfsuormisiduinnin
pa1linsznanguaiuquinit (P<0.05) nguildiuamimaunuldsiuanmnaamies
o a , ¥ [ A A a A o '
droldsduainlavimnazdu asandszansaiwmisldlsdusesiinguaiuquginds
(P<0.05) Ndud% 9 (Table 5.3) #¥aANABINU Haustein et al. (1992) MBNWIN MINAUNYK
. < N , . “ 4 X
uwnsaldsdnanmnauntesdiounmia (Lemna gibba) luamislinsznsluszauigedu
lddszanianmadfsuanmisiuwinnndasas uanslsunwla (Lemna gibba) N
szau 15 Wedidud lugasemislinzng vlduszaninwnsidasuamsdusinn
284 lAnsznsliuandns (P>0.05) ﬁ‘unq’umuqu (Haustein et al, 1994) WLAzANINALN
lhs@uanmnaundesdisldsdvanunwdaluaimisiiniznifiiszdy 10 wWeiidud (any
0-21 Ju) uaz 20 wWasifFud (a1y 21-42 Fu) MilidsEniawnadouemaduimen

% ' °

lduandns (P>0.05) NUNENAILAY (fN39T8. (2542)

WRINATIN UARNTINRAIDOUTY maa"lﬁﬂ‘szmmjumuqugaﬂiﬂ (P<0.05)
ngufldsuammaunuldsduannmnaamassdioldsivanlaimnizey (Table  5.4)
& | a a a 1 1 1 1 1 d' v
Fadunanniszaninmnsldldsduvesiinguaruquginitlinguildsuammauny
nm:ﬁu (Table 5.3) ﬁﬂﬁinmmlm"l,riﬂéiumuquﬁﬂﬁa:awﬂﬁmLﬁamaainmygaﬂdw
! ¢ = € o ' . ' ' \ AN we
srundaidudanaaudsvatlinizninguaiuquganda (P<0.05) ngufilaTuammauny
lihs@uannmnawiasdelisduwanlaimnizay asaniwindfiavaslinsznenga
AuQugINIINguan 9 udihninieiasluvesiinizniudezngunimasesiidnlndidoanu
(aglug29 243.20-267.47  niwdedd) IsdmalhidesiBudonaaudizasiinszninga
AUANFININENDY 9
LRt q
9 a iy o A A X o o Aa e a
manawnualsldsduan v lussauninndn vldazuuuaiiniiusiiman

v 1 J { I a
wazAutsveslinsznagedu ihasnnfizasznawnmdaiiusulniags (Leng et al, 1995)

v & 1 1 g’ [ 1 =) v o A wa 1 & 1 =
waaslfiAuinliiuenaniduunadsldsduudy dillqmand@lunizasnmaduundsansd
a8
a9

A [ A o a Vo o o Aa
mMInauwnwllsduanmnainiaseialusduan kv MlAFNITaUcINGS
¢ = & . \ Aa A o a X Y

wWafifudonuazvadlinszniaaad (P<0.05) LAAZUBUFIAILASRUTIANIUANTZALNT
naunuldsduannmnanniasalrsldsduainlan (P<0.05) asnudsznunsanaunulysin
nmnnindasmelusiunan e luemsiansenalddinii 25 wWasidud
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UNN 6
{ ] o" @) 1 <
ﬂ'li'i’lﬂaﬁ]\‘iﬁ 4 ﬂ']islﬁ‘?.l%']Lﬂ%tlﬁa\‘i‘[ﬂia%ﬂﬂLLVI%ﬂ'lﬂﬂ')Lﬁaaﬂi%a'lﬁ'li%ﬂﬂigﬂ']

LN

fiuinndasaitndesslnanmnoiinavasdszng unnszmagdudu
goilasegnadnsianisiinsasnsiovinvnisadumsdr  Wasanliuaniansdseinn
d%‘ [l d' 1 a a g; v =3 9/4%’ d' J 1 o
douazld  wnneemgiuisemanfasulinanauunudy  uazlfiunlunmaifosdad
% o o a e A 1 % s Aa 1 a 1 [
wor Jaatuiagfvemnidaiinmedeudiigs lasamziagduundslusdu wu dadu

< A | % = o I v s a 1 a d' d' I A o s
manundes  Wudu  Asdududesmniagfvundelusduiu  adlumaiandmiu
INBAINT
" . & L a a ] & o

VL”UW]E]%JJIWN?I Lemnaceae TihgulIgnIunnLia (duckweed) Usznauaiy 5
RUTR fe Landoltia, Lemna, Spirodela, Wolffia and Wolffiella (Les et al., 2002) Ryzau
Tis@u 40-50 wadidud  (axlu, 2542) netdfanaldsuvaslihuandwiuaungma
uazUna (Landolt, 1986) Amisdunuidadifindualsfiuuazumulnilags (Skilicom et

té YV & U Q v £ v 1

al,1993) Tamansalfiduunasasdluamnsdaidnle nmsdududeyanuifnenu
mMIAnsMTENT9dwAwmla fa Lemna gibba, Lemna perpusilla, Spirodela punctata
and Lemna minor Wuunadlds@uluarvsaainaisdszan a9 la (Hugue et al., 1996;
Wwe (Reid, 2004) unz (Damry et al., 2001) §n3 (Leng et al., 1995; Gutierrez et al., 2001;
'@ (Men et al., 2001; Men et al., 2002, Khandaker et al., 2007) lAn3eng (f3978, 2542;
Islam et al., 1997; Haustein et al., 1992; Haustein et al., 1994) Ald (Haustein et al.,
1990) WATUNNITM (FN39T8, 2542) fnsunsls i luemssa sl esnaawle
017N [iNtW (Haustein et al, 1990) aasununanasiidsiiiaglizasdiNadnsiug
mMInawnwldsauanmnanassdalusavan i (Wolffia globosa (L) Wimm.) @
suITnuzmMuigdula quawon uazmslinanialyluunnszm
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6 ad
qﬂnsmuamﬁms‘nmaaa

1. Myt Tod b
i linaa ldanuaatuian 1-2 TuaniEdahn tla Mivinuiavinnisiay lasin

I%QGWﬂﬁﬁaﬂ LN ai%t%m%’ummaummimaaa

2. mim’%wiiaL%auu,azqﬂmzﬁmngmﬁmfmaaa

venuazananuaanameluiazmouenaaslsoden uasinaugzenansa
uﬂm:mtﬁﬂu 19x19x19 #in muﬁz\aqﬂﬂitﬁﬁ‘lﬁgmuﬂns:m i 19813 wasi i
ffiummanaslulssdeunansniulssdouszuuszvoanuiudelein  (evaporative
cooling system) lasdFugannimuluiiiy 32 asewaiBos lugdaiuin uazdas 9
Uuangmngiiinie 25 asrmLoaldos Tw3ufl 30 vasmInanas

3. MILAILUBINITNARDY

Iasasdinivue 4 gn3 lagasemsiilnsuswaiisadannusdains
YgIUNNITMITBE 1-3 UMK (starter period) Te81z 4-6 §UAH (grower period) wazszee 12
(laying period) anafuuesinvas NRC (1994) duiiznauvadannnimaaadigadly Table
6.1, 6.2 LA 6.3 MUKIAU

ﬂq'umsmaaaﬁ 1 §A381WIAILAN (T1)

ﬂﬁjumsmaaaﬁ 2 gmmmsmuQuﬁlﬁﬂiﬁumnﬂ:ﬂﬁ’m@Lmuiﬂsaumﬂmﬂﬁ"’amﬁaa 25
\asiaua (T2)

ﬂﬁjumsmaaa‘ﬁ' 3 gmmmsmuQuﬁlﬁﬂiaumﬂ%ﬁm@LmuIiJiauﬁ]’mﬂ’mﬁ"amﬁaa 50
wWasidud (T3)

ﬂﬁjumsmaaaﬁ 4 gmmmsmuQuﬁlﬁﬂsﬁumﬂ%ﬁm@Lmuiﬂsaumﬂmﬂﬁ"’amﬁaa 75

Wasibud (T4)



54

Table 6.1 Feed ingredient and nutrient composition of quail diets in starter period

Dietary treatments1

Ingredients (%) T T2 T3 T4

Corn 44.07 44.07 44.07 43.24
Rice bran 8.73 5.71 2.66 0.00
Full fat soybean 14.00 14.00 14.00 14.00
Soybean meal (44%CP) 24.00 18.00 12.00 6.00
Water meal (29.6%CP) 0.00 8.92 17.84 26.76
Fish meal 6.00 6.00 6.00 6.00
DL-methionine 0.07 0.07 0.07 0.07
Soybean oil 1.40 1.50 1.66 2.20
Dicalcium phosphate 0.00 0.10 0.16 0.30
Oyster shell 1.23 1.13 1.04 0.93
Sodium chloride 0.25 0.25 0.25 0.25
Premix’ 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00

Nutrient composition (%)

Dry matter 93.61 94.16 94.36 94.66
Crude protein 24.08 24.08 24.08 24.01
Ether extract 5.81 4.92 5.03 6.03
Crude fiber 2.71 2.89 3.41 4.27
Ash 6.51 7.50 8.37 9.63
Metabolizable energy3 (kcal/kg) 2,906.45 2,900.90 2,900.38  2,903.85

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

*Vitamin-mineral premix provide (per kg diet): 10,000 IU vitamin A, 2,000 IU vitamin D5, 11 mg vitamin
E, 1.5 mg vitamin K;, 1.5 mg thiamin, 4 mg riboflavin, 10 mg pantothenic acid, 0.4 folic acid, 4 mg
pyridoxine, 22 mg niacin, 0.4 mg colabamin, 0.1 mg biotin, 60 mg Fe, 70 mg Mn, 50 mg Zn, 8 mg Cu,
0.5 mg Co, 0.7 mg I, 0.1 mg Se. 3Calculated value.
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Table 6.2 Feed ingredient and nutrient composition of quail diets in grower period

Dietary treatments1

Ingredients (%) T1 T2 T3 T4
Corn 51.20 48.19 44.30 38.52
Rice bran 8.00 4.04 1.00 0.00
Full fat soybean 11.36 13.45 15.4 17.08
Soybean meal (44%CP) 24.00 18.00 12.00 6.00
Water meal (29.6%CP) 0.00 8.92 17.84 26.76
Fish meal 3.00 3.00 3.00 3.00
DL-methionine 0.13 0.13 0.13 0.13
Soybean oil 0.00 1.96 4.00 6.18
Dicalcium phosphate 0.50 0.60 0.72 0.83
Oyster shell 1.23 1.13 1.03 0.92
Sodium chloride 0.25 0.25 0.25 0.25
Premix’ 0.25 0.25 0.25 0.25
L-Lysine 0.08 0.08 0.08 0.08
Total 100.00 100.00 100.00 100.00

Nutrient composition (%)

Dry matter 93.39 93.84 94.46 94.78
Crude protein 22.45 22.23 21.52 21.53
Ether extract 5.21 6.13 8.94 9.1
Crude fiber 2.91 3.55 4.58 4.92
Ash 6.57 7.38 8.64 9.42

Metabolizable energy3 (kcal/kg) 2,941.08 2,941.34 2,941.62 2,942.18

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

*Vitamin-mineral premix provide (per kg diet): 10,000 IU vitamin A, 2,000 IU vitamin D5, 11 mg vitamin
E, 1.5 mg vitamin K;, 1.5 mg thiamin, 4 mg riboflavin, 10 mg pantothenic acid, 0.4 folic acid, 4 mg
pyridoxine, 22 mg niacin, 0.4 mg colabamin, 0.1 mg biotin, 60 mg Fe, 70 mg Mn, 50 mg Zn, 8 mg Cu,
0.5 mg Co, 0.7 mg |, 0.1 mg Se. *Calculated value.
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Table 6.3 Feed ingredient and nutrient composition of laying quail diets

Dietary treatments1

Ingredients (%) T T2 T3 T4

Corn 51.10 46.34 41.57 37.29
Rice bran 5.00 3.50 2.00 0.00
Full fat soybean 11.45 13.08 14.70 16.40
Soybean meal (44%CP) 22.00 16.50 11.00 5.50
Wolffia meal (29.6%CP) 0.00 8.18 16.36 24.53
Fish meal 1.70 1.70 1.70 1.70
Soybean oil 1.56 3.51 5.47 7.38
Dicalciumphosphate 0.96 1.06 1.16 1.27
Oyster shell meal 5.60 5.50 5.41 5.30
DL-methionine 0.13 0.13 0.13 0.13
Salt 0.25 0.25 0.25 0.25
Premix’ 0.25 0.25 0.25 0.25
Total 100.00 100.00 100.00 100.00

Nutrient composition (%)

Crude protein 20.01 20.02 20.02 20.02
Ether extract 7.22 9.35 11.49 13.55
Crude fiber 3.88 4.03 417 4.27
Metabolizable energy3 2903.73 2903.87 2904.17 2904.31
(kcal/kg)

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

2 Vitamin-mineral premix (per kg diet): 10,000 IU vitamin A, 2,000 IU vitamin D5, 11 mg vitamin E,
1.50 mg vitamin K;, 1.50 mg thiamin, 4.00 mg riboflavin, 4.00 mg pyridoxine, 0.40 mg colabamin,
10.00 mg pantothenic acid, 22.00 mg niacin, 0.40 mg folic acid, 0.10 mg biotin, 0.10 mg Se, 60.00 mg
Fe, 70.00 mg Mn, 50.00 mg Zn, 8.00 mg Cu, 0.50 mg Co, 0.70 mg . 3Calculated value.



57

4. MIATVURAINARDI

YnmIAalRanunnIzmeaasneeny 7 4 91mis 280 @ I@m%’&ﬁmﬁmmz@u
unnizmanniidu 4 nguMIManedg az 6 61?’16] az 12 @ laglfununanasuuuguauy ot
(Completely Randomized Design, CRD) #nnszm basuindulsafiiaai@a (Newcastle
disease) Lazl3ANRBARNBNLEL (infectious bronchitis) Li‘iamq"l,éf 7 uaz 14 % ausau

Lﬁauﬂﬂs:mmq"lé’ 6 dUa YinmsAalwe guunnizm 24 dadangunanad
(4 é'h@ia%ﬂ@ﬂLa‘fluumwmjuauwmﬁﬂaamaz 2 M) Lﬁ'ai'@@)‘mmwsmﬂ WEINITINS
guunnizmewizaulodiwam 15 @dhnganeses laoudazngunansudaiu 3 19
82 5 61 Lﬁamé’mwmsvlfﬂLLazqmmwvhiL‘flunm 8 glanw

5. m‘:i’@wmmzmsﬁuﬁﬂ%ga
5.1 Ainnzinidiznaumaialivedgasanmisnanad lae3s Proximate analysis
ANV AOAC (1990)
5.2 JufnysumnInua1ms (feed intake)
5.3 BN TInN (weight gain)
5.4 U5zaNTANN3ILTa111T (feed conversion ratio) 3282 1-6 §UaNA
5.5 8ATINIANLVDIBNNTEN
5.6 Jufinqunwsn wasifudenn (dressing percentage)
Tufininmeniidaa, dhminey, siwiniale, swsinfs, shwinlasusesrias,
imsniin, sihmsnnanuitoan inwsinen wazERienasunnIEI
5.7 fwIwlszAnsAwmIElUsEW (protein efficiency ratio: PER)
5.8 MIWHANA® 11 (egg production)
5.9 U5z@NTAMWM3ILTa11368 M 1 nn (feed conversion ratio per kg of egg)

5.10 fﬂqmmw"hi (egg quality)

v
)

o = ' [ ¢ A o a & | \ '
rmguiiulinnadend iiekhandenziquanly lasnsgauudacdn 9 az
2 Was Muduswan 8 Wassiangumanaaey LLazﬁﬁmﬁmmmkaﬂ A9t
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n3AaziTaYa
lFanzdanuudsdiuaastayalasis Analysis of Variance (ANOVA) uaz
WisuifipudnadszniningummeseslasldiT Duncan's New Multiple Range Test

(DMRT) lagldsunsunaufiaiaaidniagy Statistical Analysis System (SAS, 1996)

HANISNARDY

DNMINARDINITZZ 1-3 FUAW (Table 6.1) 5282 4-6 §1ansk (Table 6.2) waz
seuzla (Table 6.3) lunnngunaass fasdsznaumaailndifosiu waziioanasdanina
FoamInnnizmiiunsiinlag NRC (1994)

U5 N3 A%NNTIBIUNNIZNAASS (P<0.05) Hanaunullsiiunarnmnga
waasdelusiiuanlavh sannaasaule Ussansmamsldems dssansawms
181136 uazdammiasvasunnizn liuanedeiu (P>0.05) luudazngunasas (Table
6.4)

Table 6.4 Effect of replacing protein from soybean meal with protein from Water meal

on feed intake, growth performance and feed efficiency in quails

Parameters Dietary treatments1

T1 T2 T3 T4 SEM
Feed intake, g/d 12.08° 1217° 11.72% 1141 0.11
Average daily gain, g/d 3.32 3.32 3.24 3.08 0.04
Feed conversion ratio, feed/gain 3.64 3.67 3.62 3.7 0.03
Protein efficiency ratio 1.21 1.21 1.22 1.19 0.01
Mortality rate, % 2.78 2.78 2.78 4.17 0.84

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

* Means in the same row with different superscripts are significantly different (P<0.05).

mynaunullsauanmnannasssallsiuanlainlismadoay  (P>0.05)
@olUasiTUATIN ANBMSTIN UASRARIUTINYSIUNNTENT WANNTNARBINLINFRILSIIH
ONUBIWNNTENIT DY (P<0.05) iladminaunulusauanmnaawasssisllsanan
T uenvnsiiadn (Table 6.5)
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Table 6.5 Effects of replacement of protein from soybean meal with protein from Water
meal on carcass dressing, carcass characteristics, organ proportions and breast

skin colour in quails

Dietary treatments1

Parameters 1 2 3 4 SEM

Carcass dressing (% BW) 79.17 74.49 76.99 76.45 1.06
Carcass characteristics

(% carcass weight)

- Wings 7.00 6.56 6.94 6.80 0.08
- Legs 18.35 17.27 16.97 17.39 0.20
- Breast 21.99 20.63 20.42 20.23 0.28
- Abdominal fat 0.43 0.48 0.47 0.53 0.05

Organ proportions (% BW)

- Liver 2.07 215 234 201 0.07
- Heart 0.79 0.82 107 079 0.05
- Gizzard 181" 1.60° 215"  1.85" 007
Breast skin colour 2.12° 2.54° 3717 462" 0.21

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

*° Means in the same row with different superscripts are significantly different (P<0.05).

USanmmsiuenmsluwnnszmszeslianss (P<0.05) ienaunulusanain
mndunassdasldsauanlain  uaznmslinandalivesunniznanss  (P<0.05) il
Iﬂsaumnmnﬁ'ﬁmﬁaagﬂﬂmmuﬁ’;ﬂIﬂiﬁuaﬁﬂ"LﬂﬁWLﬁuﬂ’j’l 50 wWasitud @
Useansmwnsldanmsealy 1 nn vihmeinla amn iz wazanunwidfenlyll
LANGNNNK (P>0.05) IuLL@iazmjumaao Anazunnivasliuasiudn (P<0.05) @nus1au
dafimsmaunulusiiuanmndamissdslusauanlainluenmsiinds (Table 6.6)
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Table 6.6 Effect of replacing protein from soybean meal with protein from Water meal on

performance, egg production and egg quality in laying quails

Dietary treatments1

Parameters SEM
1 2 3 4

Feed intake, g/d 23.62°  22.56" 21.95"  20.94° 0.40
Feed conversion rate 2.74 2.98 2.63 2.74 0.07
/kg egg

Egg production, % 80.25°  79.33 80.90° 78.40" 1.15
Egg weight, g 1129  11.81 11.09 11.43 0.13
Haugh unit, % 8296 8253 82.51 82.39 0.12
Egg shell thickness, mm 0.190 0.186 0.187 0.187 0.002
Egg yolk color 4.63° 7.33° 757 840" 043

1T1 = control; T2, T3 and T4 = 25, 50 and 75 % CP from SBM were replaced by CP from Water meal,
respectively.

® Means in the same row with different superscripts are significantly different (P<0.05).

FIIUNANIINARDI

mnaaaskildsauanlaimeunullsduwainninaivraadlua1nisunnizm
= U v Q 1 a w = = U I I
’i]’mﬂ’]iﬁllﬂu‘llEI%JEIEJGVL&JWUT]UG’]WJQU Sunssnonwnsitunwda (Lemna spp.) Tu
wasslUsaunaunulisduanmnnoimaadluwaimiswnniemNzdy 0 10 20 uaz 30
wadidud (a1y 0-21 ) uaz 0 20 40 uaz 60 Wasidud (a1 21-42 Fu) Huarhlwaan
mim‘%zyLaaﬂmaduﬂmzmnﬂﬂﬁjumimaaﬂajLL@m@mﬁ'u (P>0.05) USaunmormInin
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