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Kanokporn Saengkudrua 2015: Utilization of Cassava Mash as a Molt Diet for Induced
Molting in Laying Hens. Master of Science (Animal Science), Major Field: Animal Science,
Department of Animal Science. Thesis Advisor: Associate Professor Nirat Gongruttananun,

Ph.D. 68 pages.

Study of utilization of cassava mash as a molt diet for molting in laying hens. An experiment
was conducted using 260 H&N commercial hybrid hens (aged 95 wk) that were randomly assigned to one
of five treatment groups: group 1 (control group) was provided with a layer ration and exposured to light
16 hours a day throughout the experimental period, whereas groups 2, 3, 4 and 5 were induced to molt in
a windowless house by providing with cassava meal for 2 wk and exposed to an 8L:16D photoperiod.
Thereafter, group 2 was returned to receive the layer diet and the lighting program of 16 hours per day.
While groups 3, 4 and 5 had a recovery period in the windowless house for 1, 2 and 3 wk, respectively,
and received a pullet developer diet before returning to the layer diet and exposure to light 16 hours a
day. At the end of the molting program, the hematocrit value of group 3 was significantly less than those
of groups 2, 4 and 5 (P <0.05). Not significant differences in the ratio of heterophil to lymphocyte
numbers and thyroxine or cortisol concentrations were found among the molted bird groups (P> 0.05).
The molting program did not affect the weight of the thymus gland, adrenal gland, Bursa gland, thyroid
gland, liver and spleen (P>0.05). There were no significant differences among the treatment groups for
the ovary weight, oviduct weight and length and number ovarian follicles. Femur and tibia weights of
groups 3, 4 and 5 were less than those of group 2 (P <0.05). The length of those bones of group 4 were
significantly less than those of group 5 (P <0.05). No significant difference was observed among the 4
molted treatment groups for breaking strength of the tibia bone. During wk 4-16 of the postmolt period,
feed intake, egg production, egg weight and feed conversion ratio were similar among the experimental
bird groups (P> 0.05). Neither the yolk color nor shell quality of hens in all groups were influenced by
the molting program. However, at the end of the experiment, the albumen weight of group 5 was
significantly greater than that of the other groups (P <0.05). Throughout the experimental period, the
mortality rate of the 4 molted groups was significantly less than that of the control group (P <0.05). It was
concluded that the molting program was an effective method for molting laying hens, except for
improving shell quality. The results suggested that providing with a high-protein diet during the 3-week

recovery period could improve albumen quality and livability.

Student’s signature Thesis Advisor’s signature
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%2901 (F1lat)

Tnasus 0-6 6-14 14-20 3 1o Tnaz 1n
g
nau (0 launassi/n lansy) 2,800 2,800 2,850 2,900
Tusau (%) 18-19 15-16 12-13 14.5-16
915914 (%) 1.0 0.83 0.67 0.68
Tnadu + 931 (%) 0.70 0.58 0.47 0.50
FARAU (%) 0.26 0.22 0.17 0.16
loTosadu (%) 0.60 0.50 0.40 0.50
AIBU (%) 1.00 0.83 0.64 0.73
ladu (%) 0.85 0.60 0.45 0.64
wn'lsTotiu + Taau (%) 0.60 0.50 0.40 0.55
wn'lsTotiu (%) 0.30 0.25 0.20 0.32
miaezafiu+InTsdu (%) 1.00 0.83 0.67 0.80
mHaoza 1y (%) 0.54 0.45 0.36 0.40
N3 loHU (%) 0.63 0.57 0.37 0.45
N3 Ty (%) 0.17 0.14 0.11 0.14
1IAU (%) 0.62 0.52 0.41 0.55
e (%) 0.80 0.70 0.60 3.40
oavoda (%) 0.40 0.35 0.30 0.32
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dy [ 9 d’
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M1319N 2 waaumszﬂmmmsmﬂuumﬂwamaizﬂu"lcnﬂ1”luﬂ1umumu

S1uuSufian sea Tosen Tud (W)
0 111.83
1 111.96
2 110.96
3 109.96
4 90.72
5 52.22
6 22.97

1a: Khajarernet al.(1982)
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laaiu() 0.75
idale(%) 3.70
ladu (%) 0.09
wn'lsTotiu + Taau (%) 0.06
wn 15 oty (%) 0.03
N3 Loty (%) 0.07
1Y (%) 0.09
loTosaa@u (%) 0.07
915IUU (%) 0.12
3 Taunlu (%) 0.02
uAAIFEY (%) 0.12
oawoia(%) 0.05
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laTis1aie (Hypothalamus) +—————q0lszaman  ———— HE N

l l

] Y 1 9y
M3nuvesnen ldauesaIunii (Anterior Pituitary Gland) WiNUW  1ADUBIWNTINTY

l

< 4 aa a a A 49!
wmaaﬂnuﬂaaamaamgmm (FSH) tWyau

l

Y
n3znhz 1 (follicle) 3 yWaINAY

l

a v A 2
NANAN AU

mui 1 nalnmsnszduuesudsdinaomsnunanan 1a
4

Nan: g (2542)

MIHAAUY

ausssuradaitnezadavunng Tilleimsnldsuulasvesaninuiaden
Tagimm1zog1989n15anasvesrrana1suilesaindaiininuneudanginsui
FunaiiulfedeFanulugieszezndavuie nsfiuenisanas hmindanas MI1QATN
ﬁuawuuazﬁmsm‘%mﬂmawwyﬂimj%umgmuﬁ T2V FVRUFHEANIUFIATIY (Mrosovsky
and Sherry, 1980; Sherry ef al., 1980; Johnson, 1986; Berry, 2003) usinszia’ln lueneriug

9 ~ dy 4 o a o ax a [ 9 a
QﬂNi"fll‘VINﬂ"li?’nVILEIEN@]”IZJ‘I/\I"I??JZJﬂi]ZLﬂ@ﬂ”ISWaﬂﬂlﬂiﬂﬂ?‘ﬁ‘ﬁiiﬂ%WlﬁaﬁmﬂiﬂNaﬂﬁﬂﬂiﬂ 1

=2}
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Y (Y . . A A 1 v W o .
NINTEAUNITNAAVU (induced molting) HIBDNLTININITUIAVNAAVU (forced molting)
3 ax A a Vo 2 oA 9 Yy o o Ay
Llll!')‘ﬁﬂ']ﬁlafJuLL‘]J‘UiJ'I%'Iﬂ‘ﬁﬁﬁiJGIfWI ﬁ')uclﬁﬂluf{j.mﬂ\illﬂulﬂllﬁﬂﬂizﬂualﬁllﬂWaﬂ‘llu“l’ia\iﬂWﬂVIllﬂ

9

Y a 1 ~ [ ~ ] (D] Y o 3 2 9 1 1 o Y a
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[] 1 =\ 9y a ] A ax 9 [ d’a 9
lulusonlvilaeliszognis Iiwanaa lidszuim 6-8 oudsnmsnszqunisnaavuiteoulds
AUDEIUINTHAWADNITOABINITOE19ABILDIAAADNUUIU 10 JU (Christmas ef al., 1985) 130
%’ 1 Y] 4 I 1Y 1 1] )
9191n139A11390A28 2 U 11T ud2199 (North and Bell, 1990) WauanunITaniIuIu
\J Y 1 & U
¥ T3aude (Hembree er al., 1980) vaa1niulviusilnliszoeWuda (recovery period) 80
@ A 4 @ [ [ @ Aa
Usgunm 3-7 dlanineunag lasuemns In luvaz 185umsnszquuaamilow@n (Lee, 1982)
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% d‘d \J Z \ v U
wamaam'a'wamjumJﬂaumunmuazmsv]ammia‘h

"4 [} (Y 9

Y @ ' ] Aax =\ ) Y o o
ﬂTiﬂi%ﬁ]uﬂ”l'iNaﬂﬂluﬂlu"lﬂuleﬂﬂEJTﬁﬂﬁ@ﬂ’m‘l/ﬂillNﬁﬂTiﬁuTﬁuﬂﬁ’JﬁﬂﬁﬂWiﬂN‘] ny
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o v @

1 Y] 1 [ o (Y] [ a 1 (] S A 1 1A A
mseveaselvuazneirly salvzinamsdesdruaunluuilnniiiimindlanas sz
S 4 ] Y Y w 1 o ] 1
25-30 1lodigua Turieszozmnszqulinanuu (Berry, 2003) lusiszoznanuuumilneg
1 d’ = ] a a 4 . a a a a
a9 199 1nlin1snasga luFeeos 1wy (Luteinizing hormone) 1oz Woadfadayaaa
(Follicle stimulating hormone) aaad¥i11#5 4 luazneii lvinan15dedd (Mrosovsky and
1 % o (=} o Y [ 14
Sherry, 1980) M3Hadveesalutinailnszavens Tuuwealnsiau (estrogen) aAAINITAAAY
4 = 9y YA [ = a 1A da! A
Y9805 INU estrogen WHANTEAUIRNNIHAAVULAZINTDIYVOIVUYA THUMAYUTDIDIN
o o g‘/ a
897 1uU estrogen ?J“]J‘mJ11/]51,um‘iﬂﬂﬂdﬂﬁﬁ]‘iilﬁl’éldellu (Herremans, 1986; Berry, 2003) Etches
Y] [ 4
et al.  (1984) FUNANUNITAAAIVOITZAVEDT IUY  estrogen LA INsLaino 15U
(progesterone) lug9aAsINURUMIHoue 159 lunasniuilngneaenis nsanasves
4 gi a [ 1 = I 4 A A I (=1 o Y o 1 a 1
g3 luunsaeavtanananduiluees Inunwaniniely Inariildnesirluinanisde
-4

(Himeno and Tanabe, 1957) Landers et al.(2008) finuimsnszqunisnaavululnlyaeusg

< d an a 1w [ 3 v o ' ' 1 oA
QNI UTUI Iﬂﬂ?‘ﬁﬂﬂ@]ﬁ]iu"lu@]ﬂ@]@ﬂu 9 U ‘W‘]J’JTUTﬁUﬂinléU“U@QLL?J]lﬂﬂQNVIﬂﬂi‘)ﬂ

Y
v

S 9 Y Y aa <K

psiiaieenitveud lnnguaruaui lildnszdquildndavusdreiiiodagneada &

a

9 [}

AOANABINUNANITNARDINIAYF18911 1A NIV1A18NIY (Park ef al., 2004; Donalsone? al.,

2005)
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[ d'd ' ay
WHAYIINTINAAVUNNAD IS VUNN ﬂﬂJ ‘I—!Tiﬂ

a A

Y 9 o an 1 3 axda a Y v ]
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v

1 [ o a 4 v IAa
FUNTIGOUTHANTZNUADNITTINIUUDITZUVYNANNY (Sandhuer al., 2007) 199 1ndATNA
= = o Y a d' 1 d 1 = 1 1
anuasoadsi Iiinamsdasunlaswe s N emons Ua LOIARN1ISIAT IATINAADTZ Y

= a g}/ dy 1 " Aa a A 4 I 4

nyunou lananatsilszns natimadirulngnauaineninavesses luung Innoianooa
: <, < 2 o

(glucocorticoid hormone) F40ONNTADILVUNTA31015IAIAOA (hemopoietics system) FI91
{ <3 a a 4 < 1 <

winnaadiadeavviial au 1 led (B-lymphocyte) iiatdeauasuazainilsznonluia

A (] a a . I 9 9 <3 A [ A A Y ]
LaDALYU ?JTIJIﬂﬁ‘]J‘L! (hemoglobin) WHAY HENMINTZUUMSAT AR 0382 NNEIVINY

o

<3 a a 4 1 ] o 1 ]

Haeavviiain auInlad (T-lymphocyte) Taun 5y deu 15 nazaswuossdaldsy
Y

wansznuguiy Tasnuiuile 1n185uees Tuung Tanesanesdiinarlfetorsia 3 dau

aanannanIsie (Puvadolpirod and Thaxton, 2000)

1 T W 1

@ { 1 =
Abo Elouun (2009) ARNINANTLNUVYDINITHAAVUNTABAIFATIUTLHINUGAA LA

o\ v A o 1 [l A (%
oA 1enne 15¥a (heterophil) Auan T'laa (lymphocyte) wua s Inhgnnszquldndaau
A v o U =] 1% J 1 ] v o W aa 1 dy
wiimdadivveusaalafoav11aina1ngeiuesesiivediayneada Uardeanie
~ o P [ { v Aa 1
ANUIATIATBITAIFITDAAAINUHANMINAABINALT 189U TATnIFINITHANIU (Alodan
and Mashaly, 1999; Onbasilar and Erol, 2007; Khajaliet al., 2008) UPNINNITOABDINITILINE
1 J I A Y o A o Y @ Yy 9 J Ja
aotsaaiaiaeavndlfelinaildsedunnududuvesens luunosalamae Isu

(corticosterone) (Onbasilar and Erol, 2007) ttazaa$ 1y 1nsendu (thyroxine) lunsziaidond

=

] 4
ANNNGIVUDNA0 (Brake ef al., 1979)

= an = v ad ga A <
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I o = @ [ ~ AR
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= an Y [ =y 1 [ = [
Lﬂ?fmmEnnﬁmiﬂss@3uwammiﬂﬂmsmimgsmcﬂmﬂmiummmunmsaﬂmmmaz
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lnnaaeuiodugalisunsundauu

NAUNAADY
NHAULNANEN Tl T2 T3 T4 T5 P-value
Tminga la’ 34.147.5 6.5+6.8 42+0.8 1524135  2.9+0.4 0.15

miinneihla 40.5+4.5 15.127.9  16.9+5.1  20.4+14.5  53+1.2 0.14
anuenoi 1y’ 763+59  [49.0£11.0 532485  582+20.1  36.4+72 0.15

aszinhelv (M)

Tnigy* 7.240.9 1.242.5 17415 3.2432 02+0.5 031
na’ 22.0£102 | 27.5422.5 407482  30.2+154  29.5£7.5  0.59
ian’ 246.7+103.11432.2110.2 299.2+71.0 328.7+103.2 378.5£57.9  0.21

1 1 1 4 1 § %’
Lmazmﬁammaa + mgﬁmmummgmmm 4 %

ANuuana e lidiedngnieana (p>0.05)

]
=1

9
nfFeuifisuanuuanalananamnIzszHINNguUNAanIng 4 nguignnszquldndaynly
FINNGUAIVAN

1 1 @ @ @ o @ a ! [ o o
'T1 = nguatuaun (hildgnnszduldndaun); T2 = Idsuiiudnlevaiuadadenu 2 diad;
=

[ v o [ a 1w o 4 [ g’/ & @ @ 4 [
T3 = I#5usiudlzndiuadaneny 2 dlam vdsnmiulszezludddn 1 dlant; T4 = 1851

P
v ) U

Y] a 1 [} @ 4 [ g’/ = A = [} 4 Yo [y}
Hudlzvdauadnanenu 2 dla naaniniuiiszezludion 2 dlai: 15 = 1d5viu
o [ a 1 [ [ J [ g’/ =1 % v A [ 4
Flzvidauananeny 2 dlai vaanmiuiszezNudaidn 3 dla

Y
A5u/n TanSuveativiing?
Y I UAIN T
4 1 1 9 1 o 1 Aa Aa
nszihe lvvinalug edurugudnaiannni 8 Tadwas)
5 ' Y 1 o [ Aa a
nazihe lvvuanars (durugudnaieszying 2-8 dadwas)

1 < ] o 1 Aa A
“nszihe luvnadn (durugudnalasiosni 2 Taamas)
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' ; : »
ms1eh 12 wavesllsunsunszqumsnaavuniineguannszqnued lnnaasuiloduga

Tsunsumaavry
NYUNAADY’
AnyaznAny Tl 4%) T3 T4 T5  P-value
ﬂ’izﬂﬂHumerus
Pnin’ 2.05+0.16 | 3.37+0.74  2.76+0.58 2.49+035 2.57+0.19 0.12

AW 7.1740.12 | 7.30£0.24"  7.02+£0.05"" 6.80£0.24" 7.35+0.23" 0.01
NIEAN Femur
¥hmin 548+0.73 | 7.84+1.93" 5.78+0.76' 5.46£0.34" 6.06+£0.76" 0.04
AW 7.50£0.16 | 7.80£0.35  7.7240.32  7.30£0.24 7.90+0.24  0.06
N32AN Tibia
hin 6.47+0.68 | 9.69+2.24"  6.99+0.98" 6.54+0.55" 7.41£0.74" 0.02
ANUNI(FN.) 11424043 [11.2240.33™ 11.3740.29" 10.75+0.28" 11.55+0.42" 0.03

AL (HIAY) 26.47+25.26 24.17+14.60 22.75+10.56 22.75+4.59 23.82+5.39  0.99

1 1 1 d‘ d‘ %}
umxmﬁemmaﬂ = AUVIUVUNIATITIUUDN 4 1

v @ v 1 o v a

ny ! A Aa o v A ' o T A o Aa
AURAYLUUIUDUNUAIDNHININUANAUUANUUANA NAUDYINUUHITIAUNWTDN (P<0.05)

3

'
= [

Y
MIfFeuisUANUIANANN NADAMNIZTZUINNGUNAADING 4 nquignnszqulinaauu
lisawnquanunu
1 1 [ Y] Y] o [ a ] 1Y [ J

'T1 = nguatuau (hildgnnszduldndaun); T2 = Idsuiiudnlevdiuadadenu 2 diland;

Yo o o [ a 1 [ 1Y 4 [ g’/ = dy v A 1Y 4 Yo
T3 = Ia5uiudnlenaauananeny 2 dJa1y nasnmiviiszesludidn 1 da1si: T4 = 1850
@ ) [ a 1 [ [ 4 [ g}/ =\ &’ v A [ 4 Yo o
Hudlzvduafanony 2 da nasnmiviiszezludidn 2 ddani; 15 = 1d5v3u
o [ a [ Y] [ 4 @ ?1// =\ ﬁ v A [ 4
anlzvaauananeny 2 da waenntiulsesiuaien 3 dlav

a v %}‘ 5 o
2ﬂ§1|/ﬂ1§1ﬂ511“1|@\11!”|ﬁ1!ﬂ@n



M5199 13 AunasdSinaesinu (nSw/adTu) ved lnnaasslurieszezaie vaansnaavu

[ (% @ J
izﬂxﬁmwamu(ﬁﬂmw)

NgUNAADI 0-2

2-4 4-6 6-8 8-10 10-12 12-14 14-16
Tl 118.2+15.2 112.3+6.1"" 1162+72  118.8+42  121.6+42 123.4+6.1 118.7+4.3 119.5+4.6
T2 130.5+3.2 119.6+8.1™ 1152446  115.646.1 117.3£2.9 117.5+7.9 108.0+10.1 107.5+6.4
T3 121.6+6.5 125.146.7" 120.7+3.1 121.246.1  122.9+10.4 124.5+15.2 114.3+12.8 111.5+8.7
T4 NA® 110.0£7.3™" 116.1+7.4 113.349.4 115.346.2 110.1%17.1 108.7+8.1 107.5+10.3
TS5 NA 105.1+3.7" 1162+44  114.7+44  116.7£5.9 116.0£4.5 110.5+8.8 104.5+11.3

P-value 0.23 0.005 0.66 0.42 0.43 0.41 0.47 0.17

1 1 1 d‘ A d‘ %}
Lmazmﬁ@mmaa = AUVIUVUNIATITIUUDN 4 1

nvn ' d' ?A’/d’dww o w 1 v A 1 [ % | A v o W an
AURAYLUUINNUAIDNHININUANNUNANUUANA NN UBY WU UITIAYN TN (P<0.05)

1 1 o o Y o Aa 1 o o 4 o o o @ a 1 @ o 4 o
'11 = nguatuau (lildgnnszquldndaan); T2 = lasuiudnlzvdsnedadenu 2 dila; T3 = lasuiudzndsnadaaeni 2 da1v vaen

y a dal v A o J Yo v o [ a ' o o 4 [ ¥ o dy v A o J Yo v o @ a T W
HUNszezWUAIDN 1 ﬁﬂﬂ’n’i; T4 = Ulﬂiﬂuua’]ﬂgﬁﬂa\iﬂﬂ@ﬂ@@ﬂu 2 aﬂ@’lﬁ HasINUUNszezua9n 2 ﬁﬂﬂ’n’i; T5= Ulﬂiﬂﬂuﬁ’lﬂ%ﬂaﬂﬂﬂ@ﬂ@@ﬂu

(Y] 4 [Y] gJJ = & Y= [} 4
2 Fat vdamiuilszezNuddn 3 d1lanw

NA = Ti'ldsedium

143



M13197 14 ANRdeNanan 19 (% hen-day production) ¥4 Innaasslurieszesa1eg vasmswanuy

[ (% @ J
izﬂxﬁmwamu(ﬁﬂmw)

NAUNARDY’ 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16
Tl 60.9+11.1" 59.248.9" 62.7+10.0 64.3£11.8 65.743.8 68.1£7.5 67.6£5.6 60.2+8.9
T2 19.849.2" 65.8+18.3" 66.1£19.2 73.7£16.9 69.8+16.9 65.0+17.3 61.0421.3 56.8421.9
T3 18.5+6.0" 66.0+£7.2" 77.0+4.7 82.749.5 81.8+2.8 80.4+3.4 75.4+5.0 68.248.6
T4 NA’ 37.649.8" 66.2+16.2 67.6£18.0 67.5+18.5 67.0£16.8 67.7+12.3 63.2+16.2
T5 NA 25.6£1.9" 56.1+7.8 76.9+11.6 78.2+10.0 77.247.2 78.9+6.2 71.5+9.0
P-value 0.0001 0.0002 0.2826 0.3934 0.3121 0.3100 0.2725 0.5953

1 1 1 d' 1 d' %}
uAALANDANRNAY + ANTIUVULIATTIUVDN 4 551
ny ! ~ Y Ao o o w 1 v A 1 @ 1T A v o W Aaa
AmagLuIAInliasnyIMnuAnuliaNuuana NN Ueg T d YN 19EDa (P<0.05)
1 1 o o v o o Aa 1 o o 4 o o ) @ a 1 @ o 4 o
'T1 = nguatuaw (lildgnnszquldndaan); T2 = lasuiudnlzudsnedadonu 2 dila; T3 = lasuiudznasuadaaeni 2 dav vaeon
g’/ =1 dal = [ 4 Yo o o 1Y a 1 [ % 4 [ g’.} = dy v A 1Y 4 Yo o o [ a [ ]
Hulszezuadn 1 dlant; T4 = Tasuiiudilendiuadaneny 2 a1 ndanmiviiszesiuddn 2 da1d; 75 = lasuaiudnlzndauanaaeiu
% 4 [ g’/ = & = [ 4
2 d1laf ndanmiuiszezludion 3 d1las

NA = li'ld)sediuan

93
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==3%=T1
——T2
—&— T3
——T4

—e— 15

=L )
pananly (%% hen-day production)

T T T T T T T T T

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

s <l
szgzna (alan)

H a 1 o o 1 @ o
ﬂTINﬁ 3 Nﬁﬂaﬂlléllﬂﬂ“] dUaH lur9szes HaInsHanvY

T1 = nguaruau (ldldgnnszdulinaaun)

@ 9 ﬂ (2 a 1 [ (3

Yo J
T2 = nlﬂi‘]JlJ‘Llfﬁ nasuafanenY 2 dilav

4 o ‘]J (2 a 1 [ (3

T3 = Tasuiud

v A

v A

J v d a dy @ 4
nasuafanenU 2 dla1v nasnnuulszeziualon 1 ddea

Yo @ o [ a 1 [ [ 4 1Y g’/ = dy 1Y 4
T4 = ldsuiudnlendiuafanenu 2 dila1r naanmiutszeziudidn 2 dlas

v A

[

Yo @ o [ a 1 [ 1Y 4 1Y 2’, = dy 4
T5 = ldsuaiudinlendiuananenu 2 da1r ndanmiutszeziudidn 3 dlas
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] 1 4 [ { I~ " oA [ a [ ] 1
M3en 15 aundssasimalasuevingduly @lansueianlansu'la) vodlnnaaos

Tur95282a199 HaanIsNaATY

[ @ [ Lé
3$ﬂ$ﬁaﬂwaﬂﬂlu(ﬁﬂﬂ1ﬁ)

ﬂij:iJ‘l/lﬂaﬂil 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16

Tl 2.9+£0.3 2.840.4" 2.840.6 2.840.7 2.6+0.3 2.7+0.4 2.6+0.1 3.0+0.5
T2 3024363  2.8+0.6" 2.7+0.7 2304 2.5+0.6 2.7+0.7 2.8+0.8 3.0+0.9

T3 11.5+£3.8 2.940.4" 2.3+0.1 22402 22+0.0 2.3+0.1 22+0.1 2.4+0.3

T4 NA’ 50+1.5" 27405 2.5£0.5 2.60.6 2.5+0.4 24+03 2.5+0.4
TS NA 6.240.7" 3.2+0.5 22403 2.1£0.2 2.1+0.1 2.00.1 2.1+0.1
P-value 0.22 <.001 0.33 0.35 0.29 0.28 0.11 0.15

1 ] 1 H [ H %’
HABZAINDALUNAY + ANLOILULIATTIU VO 4 4
ny ! d' 2’, Ad v o w 1 v A 1 2 ' S o o v an
AURDOUUIAINTAIONHIMAVA NN UNANUUANANNUDE NN BT IAYNNTDA (P<0.05)
1 1 [ @ @ o [ a 1 1Y [ 4
'T1 = ngquaruau (lildgnnszduldndaun); T2 = Idsuiiudnlzvduadaaonu 2 dian;
Yo o o [ a 1 [ [ 4 [ g’/ = dy v A LY 4 Yo
T3 = Ia5uiudnlenaauananeny 2 dJa1r nasnmiviiszesludidn 1 da1si: T4 = 1850
o o [ a 1 [ [ 4 [ g’/ = ds’ v A 1Y 4 Yo v
Hudlznduafanony 2 da nasnniuiiszezludidn 2 dlani; 15 = 1d5viu
o [ a 1 (% [ r'd [ g}/ = % Y= [ 4
Flzvdauananeny 2 dlai vasnmiuiszezNuaidn 3 e

*NA = '@ semium
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] [ $ ’é @ [l 1] 1 1 1 [ [
35199 16 Aunasiminly (n5y) vedlnnaassluzieszezaieg nasmsnaavu

[ (% @ .
izﬂwmwamu(ﬁﬂmw)

ﬂij:iJ‘l/lﬂa’éNl 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16
T1 67.242.7" 67.942.5 66.0+2.9 67.1+3.3 68.3+3.8 67.0+4.7 66.8+3.8 66.9+4.2
T2 66.0+1.5" 68.3+1.2 66.6+2.0 67.9£1.9 68.5+2.1 68.3+1.9 66.4+2.9 67.4+1.6
T3 62.0+1.5" 66.4+2.1 66.7£1.0 66.7£1.0 67.3+1.4 66.9+1.5 66.2+1.1 66.6+1.1
T4 NA’ 66.4+0.4 67.3+0.7 68.2+1.3 68.6£0.9 68.6+1.3 67.7+0.8 68.2+1.0
T5 NA 66.7+£1.0 67.5+1.5 68.9+1.2 70.2£1.5 69.842.1 68.7+2.2 69.3+2.1
P-value 0.01 0.37 0.79 0.55 0.51 0.54 0.59 0.52

1 1 1 { 1 § %’
Lmazmﬁammaa + mtﬁﬂamummgm V93 4 9

v

ny ! d' g).l ci'd v o o w 1 v A 1 2 1 =) o v aa
AURDOUUIAINTAIONBIMAVANNUNANULUANANNUDE NN BT IAYNNFDA (P<0.05)
] 1 [ [ Ly} o (% a ] Y [} J
'T1 = nquauau (li'ldgnnszduldndaun); T2 = lTasuiudnlzndsuadaaenu 2 dan;
[ o o [ a 1 [ @ 4 I g’/ =1 1 = 1Y 4 [
T3 = d5usiudlzndinadaneny 2 a1 ndanmiutiszezluaddn 1 dlant; 74 = 1851
o o [ a 1 [ [ 4 [ g}/ = & v A [ 4 Yo v
Fudlzvdauananenu 2 dain wasaniuliszesludidn 2 dded: 15 = 1d5vu
o [ a 1 (% [ Jd [ g}/ = % Y= [ 4
Flzvidruananeny 2 dlat vaanmiuiiszezNuaidn 3 dlan

*NA = Tu'lddsemium
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H 1 { %’ Y] 1 a I %’ o ] 31.: 1
M319N 17 aunasivin luuas @adludesazvearimiinlananes) veelanaaseluszey

AN HAINITHAAYY

[ @ [ J
3$ﬂ$ﬁaﬂwaﬂﬂlu(ﬁﬂﬂﬁ’i)

ngunAaes’ 2 4 6 8 10 12 14 16

Tl 26.0£0.7 25.4+0.3 24.9+1.2 25.3+0.526.2+0.4" 27.6+1.1" 26.7+1.0" 26.1+0.5"
T2 269406 242+1.1 24.7+12 24.8+0.9 24.6£1.3" 26.6+0.1" 25.120.9"" 25.3+0.5"
T3  26.5+0.6 25.6+0.3 25.7+0.7 25.3+0.4 25.3+0.5"26.8+0.5"" 26.1+1.1" 26.0+1.0"
T4 NA®  25.6+1.0 24.840.8 24.8+1.0 24.840.6' 26.240.5" 26.1£0.5" 25.2+0.8"
TS NA  24.1+1.1 24.5+0.5 23.8+0.5 24.4+0.5" 24.940.4" 24.6+0.6" 23.6+0.2"

P-value 0.21 0.07 0.52 0.06 0.03 0.0004 0.02 0.001

1 ] 1 H [ H %’
HABZAINDAUNAY = ANDOILULIATTIUVO 4 4
nya ! d' alld'dww o w 1 v A 1 U | S o o g an
ANRDIUUIAINTAIONHIMNVANNUNANULANA NN UOI N IAYNNEDA (P<0.05)
1 1 [ @ @ o [ a 1 1Y [ 4
'T1 = ngquaruau (lildgnnszduldndaun); T2 = Idsuiiudnlzvduadaaonu 2 dian;
Yo o o [ a 1 [ [ 4 [ g’/ = dy v A LY 4 Yo
T3 = Ia5uiudnlenaauananeny 2 dJa1r nasnmiviiszesludidn 1 da1si: T4 = 1850
o o [ a 1 [ [ 4 [ g’/ = ds’ v A [ 4 Yo v
Hudlzvdauadnnenu 2 dla naaniniuiiszezluaion 2 dla: 15 = 1d5viu
o [ a 1 (% [ r'd [ g}/ = % Y= [ 4
Flzvdauananeny 2 dlai vasnmiuiszezNuaidn 3 e

*NA = '@ semium
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M5199 18 Aunaed liuasved lnnaassluszezaiee naamsnanvy

@ @ @ J.
ﬁgﬂgﬁﬁqwaﬂﬂlu(ﬁﬂﬂqﬂ)

ngunaaey’ 2 4 6 8 10 12 14 16

T1 12.0+0.4 11.4+0.5 11.740.2 11.2+0.2 10.8+0.3 11.3+0.0 11.3+£0.2 11.6+0.0
T2 12.6+0.4 11.7+#0.1 11.74#0.2 11.0+0.0 10.8+0.3 11.4+0.2 11.2+0.4 11.3+0.4

T3 12.4+0.3 11.8+0.1 11.1+0.5 10.9+0.3 10.8+0.4 11.1+0.2 11.0+£0.2 11.0+0.4

2

T4 NA 11.8+0.3 11.6+0.2 11.0+0.1 10.9+0.2 11.2+0.4 11.0£0.2 11.2+0.3
TS NA 11.9+0.2 11.5+0.3 11.2+0.3 10.9+0.1 11.1+0.2 10.9+0.1 11.1+0.3
P-value 0.15 0.25 0.19 0.19 0.92 0.60 0.36 0.16

1 ] 1 H [ H %’
HABZAINBAUNAY £ ANLOULULIATTIUVOI 4 F
anuuanae bifidodagnisana (P>0.05)
] 1 [ [ Y o [ a 1 Y [} 4
'T1 = nquauau (li'ldgnnszduldndaun); T2 = lTasuiudnlzndsuadaaenu 2 dan;
[ o o [ a 1 [ [ 4 [ g’/ =\ 1 = 1Y 4 [
T3 = d5usiudlzndinadaneny 2 a1 ndanmiutiszezluaddn 1 dlant; 74 = 1851
o o [ a 1 [ [ 4 [ g}/ = & v A [ 4 Yo v
Wudilendauananony 2 dad vaanniuliszezluaion 2 ddasi; 15 = lasuiu
o [ a 1 [ [ 4 @ g}/ = & v A LY 4
filzraauafaneny 2 dav naenniuliszezlualdn 3 dlan

*NA = Tu'lddsemium
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~ 9 Y] A~ Y o ' a & v ¥ Y]
M9 19 wavedTdsunsunszqumnaavuntaeiminlivi Aallusesazyeariniin

Y
lusiarlea) vea lnnaassluszezareg naamsmanuy

[ @ [ .
3$ﬂ$ﬁaﬂwaﬂﬂlu(ﬁﬂﬂﬁ’i)

NgUNAADI 2 4 6 8 10 12 14 16

Tl 63.5£1.7 65.040.8 65513 65.040.4 64.5+0.6 62.4+1.4" 64.0£1.7 64.5£0.9"
T2 64.4+0.5 66.1+£1.5 65.6+1.1 65.6£1.0 65.8+1.4 64.4+1.7" 65.4+1.3 65.7£0.5"

T3 64.120.6  64.7+03 64.240.6 65.0+0.4 65.2+0.5 63.3+0.4" 64.5£0.9 64.6+0.8"

T4 NA®  64.8+1.1 65.6£1.2 65.7+1.4 65.7+1.0 63.9+0.6 " 64.6+0.6 65.5+0.8"
TS NA  663+1.1 65.7£0.6 66.6£0.5 66.4+0.5 65.4+0.6" 66.1£0.7 67.1+0.3"
P-value 0.53 0.15 0.28 0.11  0.09 0.01 0.15  0.001

1 ' ' { 1 { 5
Lmazmﬁammﬁﬂ + mzﬁmmummgmmm 4 %1

[ o w 1 [ v o o a

nua ! A Y da o = ' o = a
AundenuIAInlaIenysMnuaenuianuuananueglisd 1Ay neana (P<0.05)
1 1 @ @ @ o [ a ! [ o 4
'T1 = nguatuau (hildgnnszduldndaun); T2 = Idsuiudnlevdiuadadenu 2 dilar;

[ Y] ) [} a 1 4 [ g’/ 1 @ @ r'd I}
T3 = I§5uiudlzndiuadaneny 2 dlam vdsnniutszezludidn 1 dlant; T4 = 1851
o o [ a 1 @ [ 4 [ g’/ = ds’ v A 1Y 4 Yo ]
Hudlzvduafanony 2 da nasnniuiiszezludidn 2 dlani; 15 = 1d5viu
o [ a 1 (% [ J [ g}/ =1 % Y= [ 4
Flzvdiuananeny 2 dlat vasnmiuiszezNuaidn 3 e

*NA = '@ sedium
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M3190 20 waveslsunsunszqumskanvuNTinoa1 Haugh unit v lnnaassluszezaian

NAINMITHAAVU
1% o o o
3$ﬂ$wawaﬂmu(aﬂmw)
NgUNAADI 2 4 6 8 10 12 14 16
Tl 83.6+2.8" 73.7+5.8 76.0+9.9 80.0+6.0 81.6+7.9 78.1+2.9 81.5+8.4 79.5+7.3

T2 88.743.5" 83.0+4.8 85.1+4.2 86.8+3.4 86.31.1 87.9+3.6 85.3+5.4 81.6+3.8

T3 91.3+2.1" 82.1+2.5 85.942.4 90.1+2.7 88.3+4.0 87.8+4.7 89.3+2.4 86.6+4.5

T4 NA®  83.6+5.9 83.9+8.1 90.0+3.0 86.0+5.4 86.8+8.2 87.146.3 87.5+5.0

T5 NA  76.6£8.3 79.7£7.6 86.4£6.9 86.1+£5.6 87.5+2.9 87.2+2.8 84.7+4.9
P-value 0.01 0.11 0.28 0.054 0.51 0.054 0.39 0.22

1 1 1 { 1 § %’
Lmﬁ$ﬂ1ﬁ@ﬂ1lﬂaﬂ + mxﬁmmummgmmm 4 %

v D]

M AURABUUIAINUAIONHIMALANAUNANULANA NN U NHBTIAYNIEDA (P<0.05)
1 1 @ [ Y ) [ a 1 v @ o

'T1 = nquatuau (hildganszduldndaun); T2 = Idsuiiudnlenduadadonu 2 dilan;

& ¢

[ v o [ a 1w o 4 [ g’/ @ @ [
T3 = I§5uiudlzndiuadaneny 2 dlam vasnmiutszezludddn 1 dlant; T4 = 1851

o o [ a [ [ [ 4 [ g}/ = & v A [ 4 Yo ]
Tudlzvdauananenu 2 dlain wasaniuliszesludidn 2 dded; 15 = 1d5vu
o [ a 1 (% [ J [ g}/ = % v A [ 4
Flzvidiuananenu 2 dlai vasnmiuiiszezNuaidn 3 dlan

*NA = Tu'ld)semium
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d‘ 9 2 A ¥ o A 1A <3| 9
M1319N 21 Na“]]'ﬁ]ﬂjﬂjL!ﬂillﬂjgﬂuﬂ1iwaﬂﬂluﬂll¢]9u1ﬂuﬂlﬂaﬂﬂvl€u (ﬂﬂlﬂuﬁﬂﬂagﬂl@\i

4 1 gl,l 1 1 QU U
1rin lunarles) vedlnneaesluszezaey nasmsnanvy

(% (Y] [ 4
FreTNAINAAUU(Ta1H)

nguNAADI’ 2 4 6 8 10 12 14 16
Tl 9.6:02" 9.4£0.4 95402 9.6£0.6 9.2:0.4 9.9+03 9.3+0.6 9.3+0.4
T2 8.6+0.4" 9.5:03 9.5+0.1 9.5+0.1 9.5£0.3 9.7+0.3 9.3x0.3 9.0:0.2
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P-value 001 099 085 090 08 059 092 04l

1 1 1 { 1 § %’
Lmﬁ$ﬂ1ﬁ@ﬂ1lﬂaﬂ + mgﬁmmummgmmm 4 %
v v o 1 (= o v

1 { [ J [} H o 1 [ 1 o
" aundenieluaeduilineInUNNAI0NHIMNUANAULANULANA NN U N ITBd 1N
a0 (P<0.05)
1 1 [ Ly @ o [ a 1 1Y [ 4
'T1 = ngquaruau (lildgnnszduldndaun); T2 = Iasuiiudnlznduadaaonu 2 dian;
[ o o [ a 1 [ I 4 [ g’/ = 1 = 1Y 4 [
T3 = ld5usiudlendinadaneny 2 a1 ndanmiuliszezludddn 1 dlant; 4 = 1851
o o [ a 1 Y] ] 4 o g’/ = dy = [ 4 Yo )
udnlenduaaaneny 2 dlav nadsanmiulszeziuddn 2 ddani; 15 = 1d5uiu
o [ a 1 @ [ 4 [ g’; = & = 1Y 4
Flzrdauaaaneny 2 a1 naanmiuiiszezluaidn 3 dlani

"NA = hi'lda)szdiuan



d‘ 9 [ d’d J A 1 a a 1 1 1Y [
M1319N 22 wamaﬂﬂmﬂmmzqumswaﬂmummemmwuuﬂaaﬂ% (Vaawuag) sumhlﬂmaaﬂuszﬂzmm NAINITHAAVU

(% [ [ 4
srazHaINanvL(da1n)

NguNAABI’ 2 4 6 8 10 12 14 16
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P-value 0.003
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