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Pulmonary hypertension and ascites syndrome, resulting from rapid growth and high
metabolic demand, are major pathophysiological challenges in poultry. This study
aimed to evaluate the effects of different levels of a-tocopherol on electrocardiogram
(ECG) changes and cardiac hypertrophy indices in Pekin ducks under experimentally
induced ascites. One hundred and twentyone-day-old Pekin ducklings were divided into
4 groups (control and those receiving 100, 200, and 400 1U/kg of alpha-tocopherol).
To induce ascites, triiodothyronine (T3; 1.5 mg/kg) was added to the diet from day 7 to
45. On days 15 and 45, ECG variables (limb and unipolar leads) were recorded, and
on day 45, cardiac weight indices (RV/TV and TV/BW%) were measured and analyzed
using Two-way Repeated Measures ANOVA. The RV/TV index on day 45 significantly
decreased in all Vitamin E-treated groups compared to the control group (P<0.05),
while the TV/BW% index and the electrical axis of the heart showed no significant
changes. In the ECG, the amplitude of S and R waves in inferior leads, as well as the
amplitude of the T wave, significantly decreased in the treated groups (P<0.05). The
ORS and RR intervals on day 45 significantly increased in the a-tocopherol groups
(P<0.05), whereas the QT and ST intervals showed no statistically significant
differences. Dietary supplementation with a-tocopherol, particularly at 200 and 400 1U
doses, shows high potential in preventing cardiac complications induced by pulmonary
hypertension in ducks by inhibiting right ventricular hypertrophy and modulating
electrophysiological changes caused by oxidative stress and cardiac workload.
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Extended Abstract

Introduction: Pulmonary hypertension (PH) stands as a significant, multifaceted challenge in the commercial poultry
industry, representing a pathological condition characterized by elevated blood pressure within the pulmonary vasculature.
This condition is frequently linked to severe clinical outcomes, including right ventricular failure, restricted exercise tolerance,
and the development of ascites, which involves the accumulation of fluid within the abdominal cavity. In fast-growing species
such as the Pekin duck, the metabolic requirements often outpace the oxygen-carrying capacity of the cardiovascular and
respiratory systems, creating a physiological bottleneck. This imbalance triggers chronic hypoxia, leading to pulmonary
vasoconstriction, increased resistance, and subsequent strain on the right heart. Given the economic and welfare implications
of these metabolic disorders, researchers have sought nutritional interventions to alleviate the strain, with Vitamin E emerging
as a prime candidate due to its robust antioxidant properties. This study aimed to systematically evaluate the impact of dietary
Alpha-tocopherol (Vitamin E) supplementation on pulmonary hypertension and cardiovascular health in Pekin ducks exposed
to induced metabolic stress.

Methods: The methodology for this investigation involved 120 day-old Pekin ducklings, which were partitioned into four
experimental groups, each consisting of 30 birds. The study utilized a controlled dietary design where the groups were
administered a basal diet supplemented with varying concentrations of Alpha-tocopherol: 0 IU (Control), 100 IU, 200 IU, and
400 U per kilogram. To accelerate the onset of metabolic stress and simulate the conditions conducive to PH, all groups were
subjected to the administration of the thyroid hormone Triiodothyronine (T3) at a dosage of 1.5 mg/kg from day 7 through day
45. The birds were reared under standardized conditions, ensuring ad libitum access to water and feed. Diagnostic assessment
of cardiovascular function was performed at 15 and 45 days of age using electrocardiography (ECG), with a Fukuda
Cardiomax-FX2111 electrocardiograph recording both standard bipolar and augmented unipolar leads. The parameters
analyzed included the amplitude of R, S, and T waves, as well as the duration of QRS, QT, RR, and ST intervals. Post-mortem
examinations were conducted at day 60, where the right ventricle was isolated from the left ventricle and septum to calculate
the Right Ventricular to Total Ventricular weight ratio (RV/TV), with a threshold of 0.28 being the established marker for
pulmonary hypertension.

Results: The results of the study provided compelling evidence of the cardioprotective effects of Vitamin E. A key metric, the
RV/TV ratio, which serves as a definitive indicator of right ventricular hypertrophy—a classic sign of pulmonary
hypertension—demonstrated a statistically significant decrease in all Vitamin E supplemented groups compared to the control
group at 45 days of age (p<0.05). This reduction indicates that dietary supplementation successfully mitigated the severity of
cardiac remodeling typically induced by metabolic stress. While the percentage of total ventricular weight relative to body
weight did not show significant variation across the groups, the clear reduction in the RV/TV ratio underscores the therapeutic
potential of Vitamin E in maintaining pulmonary arterial pressure within manageable limits. The electrocardiographic
findings further corroborated the physiological benefits observed in the post-mortem analysis. Data from the ECG recordings
revealed distinct changes in the electrical activity of the heart in birds receiving Vitamin E. Specifically, there was a significant
reduction in the amplitude of the S-wave in treatment groups at 45 days of age across leads I1, 111, and aVF (p<0.05), a change
typically associated with a decreased workload on the right ventricle. Similar trends were observed in the amplitudes of the
T-wave and R-wave, particularly in groups supplemented with 200 and 400 1U of Vitamin E. These reductions in wave
amplitude suggest improved myocardial efficiency and a less stressed cardiac state. Furthermore, the duration of the QRS
complex was found to be significantly increased in leads Il and aVF for all treatment groups at 45 days of age, and the RR
interval, which represents the time between consecutive heartbeats, was notably prolonged. This prolongation of the RR
interval indicates a favorable reduction in the resting heart rate, reflecting a decrease in the overall metabolic strain on the
birds. No significant changes were noted in the Mean Electrical Axis or the ST interval, suggesting that while the
supplementation significantly influenced cardiac workload and efficiency, it did not cause fundamental shifts in the primary
vector of cardiac depolarization.

Conclusion: this study demonstrates that dietary supplementation with Vitamin E at doses ranging from 100 to 400 U exerts
a significant cardioprotective effect in Pekin ducks. By effectively mitigating the indicators of pulmonary hypertension and
right ventricular hypertrophy, Vitamin E acts as a crucial nutritional intervention for the modern poultry sector. Given the
high metabolic demands inherent in the rapid growth profiles of Pekin ducks and the subsequent risk of heart failure and
ascites, the regular inclusion of these levels of Alpha-tocopherol is highly recommended. These findings provide a robust
scientific basis for enhancing overall flock health, minimizing mortality rates, and improving production efficiency within the
commercial duck farming industry, ultimately supporting a more sustainable and welfare-conscious approach to poultry
management.
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b oLl V Jgdo (plrerd S 5 L (3 (el o b ) (sl oolial 5)90 (glie 035 LISAIE S e

1. Wilson et al.
2. Goldberg et al.



159 s g gwgall/ ... 0 Mo uidy Sl 30 K5 (slo T, 40 955555 LI 31 oy p (it g 3o~ o0de)

o3l 3)90 ch)j 0 p> ‘_fl:.o.:.m wf):—\ Js-\e'

Table 1- The chemical components of experimental diets

Amount lsse Nutrient size oslo

2020 (£ 2 SIS Jos 5 590 53]
Metabolizable energy (Kcal/kg)

22.0 Crude protein (%) pls nSgy
4.0 Ether extract (£) & oy
4.0 Crude Fiber (%) pls ,.8
1.0 Calcium (%) pumds
0.40 Available Phosphorous (/) (o yw JoB ,ausd
0.14 Sodium (%) wdw
1.16 Lysine (%) cusd
0.76 Met+Cys  (£)  (ysliomo + Opigaie
0.94 Argenine (%) 05,1

ze s BNy p1,5 5309, s o i plail sl slazsl 1, T 9 S R Q P shage sl aub pl,55509,:S
39..»@ odsd OL.\...S‘ » &S d”]a.ilo.a: P Ty ] La:dl.a...wl )I u..a;u Nobypg ol.'iﬁf R T ;{, d‘)b Y?"M 9 TSP L;Ua
oo 0000 sdad i 0y Yey (asuid LB zee bl o balay (Slal pb oS 5 ajdad dlac a0,V e [Sbled
050,¥9:0 Sblad T zge .l il Jotuoms g9y Code oS disud oyl aliae 0 033,90 Kblai S g R (slagge 29
(Wuetal., 2016; Yogeshpriya et al., 2018) sl o laylay 0

Slizlae 5l gy 45 g0 s 203)5 g )23, 9581 )l 09,5y 53 drge addad A slass 11 (S39, ¥0 510 (s 5
3 ookl b olos as pl)] 51 bl 51 s g 03,8 Juog an 9> slab 9 )b & |, (Cardiomax-FX2111 Fukuda
dw Cd 4 pl8l (o Jue V0 ) Cg e V Cumlus 9 adl e Lo 50 ply Al S s co p b o« Slogs] i olSKiwd
syls (Cinar et al., 1996) 15,5 aVR gaVL @VF _x odds Coois (odad SO slanil aw o H o 1o 5kl slaws]
S eolaiwl 3y50 8 (S Sl jgme o ST RR QT QRS Jolgd o TS R usllioS slinl eyl (S0l (gly o s
d)¢§°}]v\3‘ LSI)f 9 Lo AR D T9e » lamy Sd908 )919 A ol u“” LB slaas G‘?‘" &l.m)‘ LS)'.S o}],\j] LS‘)% w;
ST AT zg0 sl 'S zgo sl jl 35 s <[+ dxe )0 dlold o o a8l job &y il o BB s Juolsd
Cudy R zge 93 0 dlols 9 QRS dole 1) S 750 (slotl U+ zge il 51 QT dlols ) T zge slol U+ 290 szl
A5 RR Aol |y o o

2 903905 delona [y g 11 3lidl 93 )5S 9 R slagge el sy gor (o 500 ooy sl B (S 581 jgme (yess
oo 51 A1 10 51 s -idlad oo (635 CooMle Loy o eloysmms ;o NI g 11 (clgdlizil 4y Lgy o 5,llil cliatseo yyove
O )l dayd Slae joe dy dog b a4 03,5 o BT (B oy bad 93 (I Jore g poSe Alold iS00 dg0e b

(Cinar etal., 1996) 1,5,5

sl (2Ll 5l 9 @)1 Al i Sl 8 (LS BT WM gy g Gl g3 Sl e e ] )3 3B a3 (e
Conly Olar (19 A8 S poiw 5 oo Olay I Canly lay G 03,5 B Bajlas ) e alar (g5l dom ) oo Sl balay
Cunly oy (g S JSB 4 ez g 51 G pp 4 bgnpe B (S5 (a3l Ll g el e g (lay 93 £g0xe
olgie & drgr ol a9 /YA Sl ity Cond (al & pgo > 285 )15 drslone 350 (RVIRT) oy 93 52 ggemme (g &
O3 «Canly olay g bl b pomes L(LUCY & Karthiayini, 2022) 15,5 0 Gowe (593, 93 ,lid 4 Mie a g
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G ) 4292 o sl (TVIBWZ) (s (3 @0 Gy 93 g90ome (1] 20> bl (65503 a3 Ls odiy g 9 Ot 5 500
W05 dewlxe (Sig, Y0 9 V0

b odly @9 39 Joy a1 (Mean = SEM) 1Sike 3yliilinl (slas £ 1Sk @jgo 4 odelcandas (slaodly
J5 4 e (g Camd 9 Bl ol e dullio gl 33,5 (o) 2 (ShaPIFO-WIilk test) SUygmg,lis (yge5l 51 o2li
b adbogs uilly T sesl 51 (0 510 55)) (Gloj oo 93 )3 (B celizg 35 a5 w0ls) cilises (slaog)S o o
1S leie & Koy g9 (Jdo pl o b oolatwl (Two-way Repeated Measures ANOVA) S (sla s 3ol
WA 48 S e s (Within-subject factor) 29,5 550 51 leis 4 «jloj» o (Between-subject factor) 2,5 .
il (Sl jgome 5 81,5 920,189 iUl sla el ol dulde

b Sloyd slrog)S 10 (559) Y0 5 V0 (i 10 S zge Al 1Kl a8 a3 o LS ¥ Jodo 2ol S zge dish ol dunlis
15 S50 0 e > EnlS ol &8 Cuslodd azlS’ 1als 09,5 4 Can AVF o NI o 11 gla5lizsl 15 E opoliyg o3 dus o
09,5 L duolis > aVF slawsl jo Sloyd 09)5 dw yo j0 o H slazsl jo ¥ee Sloyd 09,3 ¢ 1 5laizil ) Sloyd 0g)5 aw y»
(P</+0) amd o Gl |y (g5 sine B3] (g ol Lk 5] mls

Oloyd g 20L5 09,5 9 o (1565 (slacSy)] dngn Cilisie i )3 g b 3lEnsl P R zge ately (puSils j1 3 kil olbas + 1 Silio duglin =Y Jgoa
Table 2- Comparison of mean + standard error of the mean (SEM) of R-wave amplitude across leads and different ages of broiler ducks
between control and treatment groups

avF avL avR i I o U)o
treatment Age (Days)

0.18 +0.02 0.09 + 0.04 0.14 +0.03 0.13+0.05 0174007  Controlisls

0.14 £ 0.02 0.06 + 0.02 0.12 0.0 0.05 +0.01 0.08 + 0.04 100PPM 5
0.17 +0.04 0.11+0.02 0.11+0.02 0.08 + 0.04 0.09 +0.03 200PPM

0.11+0.04 0.08+0.03 0.09 +0.02 0.10+0.03 0.09 +0.03 400PPM

0.43% + 0.04 0.212+0.02 0.45¢ +0.03 0.38% £ 0.05 051°+005  Controlusls

0.07°+0.21 0.11°+0.02 0.17% +0.09 0.23" +0.07 0.25" +0.08 100PPM 45
0.04 £ 0.15 0.10% + 0.04 0.04> £ 0.15 0.17+ 0.06 0.16° £ 0.04 200PPM

0.33% £ 0.03 0.11b £ 0.02 0.04" +0.21 032%+003  027%+006 400PPM

(P <o/-0) I3 sine BT 0dind (L5 (s yp b 3uSle g9y Soliio g > 2P
ab Different letter on each Column shows a significant difference among mean

oy 09)5 I Glasl > S50y ¥O cyw )3 T zge ey 1 Nlo ialS ¥ Jgus 4 a5 b iT 2o diey i auglis
M3 olol Lo 5l sals 09,5 b auwslie ;> Sloyd 09,5 dw ya AV lazil 3 g Yoo Sloys 09,5 o NI slasl ;o -

il ol b e ML slog)S Aty > (P<+/+0) dad o ol 1) (o)l gime
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Table 3- Comparison of mean + standard error of the mean (SEM) of S-wave amplitude across leads and different ages of broiler ducks
between control and treatment groups

aVvF i Il treatment ,lo.s (595) cy
Age (Days)
0.15+0.05 0.23+£0.03 0.23+0.04 Control.wls
0.14 +0.04 0.13+0.02 0.18 £0.04 100PPM
15
0.11+0.03 0.13+0.03 0.15+0.05 200PPM
0.17 £0.04 0.21+0.03 0.23+0.03 400PPM
0.36°+0.03 0.272+0.04 0.312+0.03 Control.wls
0.15°+0.03 0.20% +0.03 0.16°+0.03 100PPM
45
0.19°+0.03 0.13+0.03 0.13°+0.02 200PPM
0.16° +0.02 0.15°+0.02 0.16°+0.03 400PPM

(P < /-0) sl o sine OS] 013 (Lt 550 o (clagyeSilio (g, Coglite gy 0

ab Different letter on each Column shows a significant difference among mean

oy 09,5 0 I Blawsl > (550, YO o 0 T zgo aihy 1,k JidlS ¥ Jodo 4 dogi LR zge diold ol duwlds
S 2ald 0g)5 b duglie o Sloyd 09,5 dw ya > AVR Glacil )0 g ¥ o Voo Sy 09,5 0 AVE Glawil )0 Fer V-

Asb e o gize BB Lenng S Ay (> (P<+/+0) sy o olis |y (o)l gxe BMB] (g)lo] i
Sloyd g 08l5 09,5 5 o (oS SlaSy) dngn Ciliste Cpiw 4 g a3l DT zge ately (1 Kike I 3 luikl (sl F Sk anolio € Joda

Table 4- Comparison of mean + standard error of the mean (SEM) of T-wave amplitude across leads and different ages of broiler ducks
between control and treatment groups

avF avL avR i I o ) o
Treatment Age (Days)

012 +0.02 0.09 £ 0.02 0.08+0.01 0.08 +0.01 0.09 £ 0.00 Control sals

0.10+0.04 0.06 £0.01 0.06 +£0.01 0.06 £0.01 0.10+0.01 100PPM Sisl5
0.08 +£0.04 0.08 +0.02 0.07 £0.02 0.04 £ 0.00 0.10+0.01 200PPM
0.11a+0.03 0.09+0.01 0.06 +£0.01 0.06 £0.00 0.17 £0.05 400PPM
0.01°+0.12 0.08 +0.01 0.13%+0.00 0.132+0.01 0.15%+0.01 Control 1l

0.072+£0.00 0.07 £0.00 0.112+0.01 0.092+£0.01 0.13*+£0.03 100PPM SisA5
0.05% +0.00 0.08 +0.01 0.122+0.02 0.05° + 0.00 0.092 £ 0.01 200PPM
0.05% +0.00 0.08 £ 0.00 0.04° +0.15 0.172+0.06 0.01° +0.06 400PPM

(P <o/-0) a3 sine BT oaind (L5 (ysiw yp b uSlhe g5y Soliio g > 2P
ab Different letter on each Column shows a significant difference among mean

PavE 5 HE Al gl slasl ) oy sleeg,S 0 QRS aold 1Sl & Jodo 4 4595 b QRS dlold ol duslio
aen > AVF o I Glasl ) (350, YO cpw jo s ol38l cpl a8 amd oo LS 1y (iol38] aald 09,5 4y s lidee ypino
(P<e/+0) ams o lis (gylel Jlas 511 (gyld sime MBS snlid 09,5 b duslie 3 Sloys (slaog,S
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Table 5- Comparison of mean + standard error of the mean (SEM) of ST segment elevation across leads and different ages of broiler ducks

between control and treatment groups

avF n n o (592) C
Treatment Age (Days)

0.05+0.03 0.06 +0.02 0.04 +0.00 Controlaals 559,15
0.04 £0.00 0.04 £0.00 0.04 £0.00 100PPM 539,15
0.04 £0.00 0.03£0.00 0.05+0.00 200PPM 559,15
0.04 £ 0.00 0.05+0.00 0.05+0.00 400PPM 559,15
0.04 £ 0.00 0.04 £ 0.00 0.05+0.00 Controlaals 59,45
0.05 £ 0.00 0.04 £0.00 0.05+0.00 100PPM 559,45
0.05+0.00 0.05+0.00 0.05+0.00 200PPM 59,45
0.04 £0.00 0.04 £0.00 0.04 £0.00 400PPM 59,45

S xe BT 2l 09,5 b duslio jd  Sloyd (slaog)S ;0 QT dlold 1Sk & Jodo 4 an g5 L :QT aliold zuls duglis

Oloyd 9 38L5 09,5 95 ym (oS SbSs )| dogr ciliske i 40 g rglizdl PQRS ol 1 SKike ;I 35kl (ol £ (1 Kile dwglio =5 Joi>
Table 6- Comparison of mean + standard error of the mean (SEM) of QRS duration across leads and different ages of broiler ducks between

control and treatment groups

avF i I et (i3s) o
Treatment Age (Days)
0.01 +0.00 0.03+0.01 0.02 +£0.00 Controlusls
0.02 +£0.00 0.02 +£0.00 0.02 +£0.00 100PPM 15
0.02 +£0.00 0.03 +£0.00 0.02 +£0.00 200PPM
0.02 +£0.03 0.02 +£0.00 0.03 +£0.00 400PPM
0.02 +£0.00 0.02 +£0.00 0.01 +0.00 Control sl
0.03 +£0.00 0.02 +£0.00 0.02 +£0.00 100PPM
45
0.05+0.03 0.02 +£0.00 0.02 +£0.00 200PPM
0.04 +£0.00 0.02 +£0.00 0.03 +£0.00 400PPM

o355 & Copn il s 3 Sl (5lao,5 3 RR alols (5o I3V Jpis & €25 b RR Aol ol sl
2 iS50y YO cyw yd g ¥oo Sloyd 09,5 0 @VF o I Glansl )0 (550530 oy jd ial38l pl a8 590 o 00l i 1) sl
2 Sl slrog )T den paVL g HI slazsl jo g ¥ev g Ver Jloyd 09,5 o @VR lansl jo Ve Sloyd 09,5 o I 5lazisl
(P<+/+0) s o olis 1y (o)l gme M) (gylo] Lo 51 aalis 05,5 b duunlie
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Table 7- Comparison of mean + standard error of the mean (SEM) of QT interval across leads and different ages of broiler ducks between
control and treatment groups

avF avL avR m I treatment ,lo.s Age (Days) (jg,) o

0.09 + 0.02 0.09 + 0.00 0.10 + 0.00 0.09 +0.01 0.09 + 0.00 Controluals

0.11+0.01 0.10 + 0.02 0.09 +0.01 0.09 + 0.00 0.10 + 0.00 100PPM 555,15
J29)

0.10 + 0.00 0.10 + 0.01 0.10 £ 0.00 0.10 + 0.00 0.10 £ 0.00 200PPM

0.10 + 0.01 0.09 + 0.00 0.10 + 0.02 0.10 + 0.02 0.10 + 0.00 400PPM

0.10 + 0.01 0.09b + 0.01 0.10 + 0.00 0.10% +0.01 0.10 +0.02 Controluals

0.11 + 0.00 0.11ab +0.00 0.11 £ 0.00 0.09°  0.00 0.11 £0.01 100PPM S35
29)

0.13 + 0.00 0.11ab +0.00 0.11 £ 0.00 0.112+0.00 0.11 £0.01 200PPM

0.10 + 0.02 0.13a + 0.00 0.10 + 0.00 0.11+0.01 0.10 +0.02 400PPM

(P <e/+0) ol s sime BT 0dind (i gty e Sls g5y Solise gy 2P
ab Different letter on each Column shows a significant difference among mean

E oypoliyg oaiS el cloog)S o wali 0,5 5 b cloasls gl auylis
$sog)S 5> (RVITV) [adlis 13S0k o8 a0 (L A Jga2 @l (RVITV) Glas 93 ggaome 4 cansly plar (59 s aunlie
slopd (slaog)S den 13 (Sjg) ¥O ()3 (Al cpl & Canl 03,5 lag (falS dald 09,5 b dunlie 3 (o 93 2 53 Sl

(P<+10) a0 L5 (gylel Jlas 511 (ls sme BB amls 09,5 b duslie
$WogS o 5P ime SUBTA Joio ls 4 425 LA(TVIBWY) o Gjg @ Ol 5 9050 30> gl auylie
W3,50 s lie 3als 09,3 b dwslds o by
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Table 8- Comparison of mean + standard error of the mean (SEM) of RR interval across leads and different ages of broiler ducks between
control and treatment groups

avF avL avR 1 I Tre;l::;em Aé)'e”()D«;‘;s)
0.11%0.00 0.11+0.00 011+ 0.00 0.10 % 0.00 0.10%0.00 Controluals 15
0.1240.00 0.10 % 0.00 0.1240.00 0.1140.00 0.1140.00 100PPM
*0.13 + 0.00 0.1140.00 0.1140.00 *0.13 £ 0.00 0.120.00 200PPM
0.1140.00 0.1140.00 0.1240.00 0.1140.00 01240.01 400PPM
0.1240.02 0.06° + 0.00 0.11°+0.01 0.12b +0.01 0.12°+0.01 Controluals 45
0.1140.01 0.112+0.01 0.10° +0.02 0.15a +0.01 0.167+0.01 100PPM
0.10 4 0.00 0.10°+0.01 0.15%+0.01 0.16a +0.01 0.14° +0.02 200PPM
0.1140.02 0.122+0.02 0.15%+0.01 0.15a +0.01 0.15% + 0.00 400PPM

(P <+/-0) I3 sine B3] 0dind (L5 (s yp b uSlhe g9y Coliio g > 2P
ab Different letter on each Column shows a significant difference among mean
S sime BT 1l 09,5 b dunlio ;3 Sloyd (sbaog,S )0 ST dlold ke A Jou 4 dngi L ST alold pols duglis
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Table 9- Comparison of mean + standard error of the mean (SEM) of mean electrical axis (MEA) and cardiac indices across different ages of
broiler ducks between control and treatment groups

TV/BW (%) RVITV MEA Sedd (392) o
Treatment Age (Days)

0.43+0.01 0.19+0.01 157.28 + 46.02 Controlaals
0.38£0.02 0.18 £ 0.00 2545 + 25.37 100PPM

15
0.42 +0.00 0.19+0.01 118.37 £ 37.80 200PPM
0.42 +0.03 0.18 £ 0.00 201 + 36.49 400PPM
0.35+0.02 0.312+0.02 173.62 + 25.99 Controlaals
0.32+0.01 0.24°+0.01 185.5+33.9 100PPM

45
0.34£0.03 0.25°+0.00 204.25 + 43.66 200PPM
0.32+0.01 0.25°+0.00 141.62 +35.46 400PPM

(P < 1-8) Canl s sine V] odin L5 gt s (sl (eSlee 55y ogliza gy 0 2P

ab Different letter on each Column shows a significant difference among mean

oS 3 35 Pl eyl o 0l s 4 e 38) 25 b B8 3 o] lie ol 5 (PHS) oy g)lidyy s
295 b as)le ol oy Wl .(Decuypere, 2008 & Baghbanzadeh) cul 8 (oYL o390 g 4y Spge
3] e SN o g oS 0 Sl 5 ol eplin 5 (538 (3] LS 31 S & g piss 5
—a] 90 calises ISl dablne Sl cpsls img3 > (Karthiayini, 2022 & Lucy) ¢, e sles & (Bgye— b 5,518
oSyl 3 o] So5elg g iUl by 5 B gyl (gilosly 2 55503 b ol gl s Sl 81 G lsie 40 Jg 9585
BB gy )90 SN

o3 53 ¥0 33 13 (RVITV) Loy gg0ms Sl s (355 o o sine ilS caallas ol (65 4L (3 ptes
S92y 3955 Jbom oRIB! S5 Csly plar SoFPdEl (Bg i pnle oamaplis YA/l VL palie 5 09 o0 ablid Houbo
oeals LS ) TVIBW% aslis )b ixe s pae (Karthiayini, 2022 & Wideman Jr et al., 1998; Lucy) cul
Ly (yjeeS] 3131 o IS0, (SuiS e oled & aisd 1 ol S g5ke canl 003 53l 55 (bl als o 4y (5 34,9
(NO) 1L 6 25 M55 Jlaee oy B9y poabignil y> JMS (Sl b (ROS) (50mST Jlab (sladiS 0235 o0 Jg,865 35-lall
Bottje et al., 1995; Cawthon ) uus' o bl ) baaosly i 0)lg0d (g )lid b (g5lwsl 5 (Boye (oLl V=il yiuljél
ol ob)f J)Asu

S S3o 5 (5555 3130 S (BN 5 dgr SLESAI Clanlio b guned 35 yils adllas 81,5538 g 1Sl claaidly
4,54l baos Oomoliy¥e0d 5o da ey 3) g0 Cuolbus (o 55550 (sladidy aas Do > 4 )l (65,84 pasio
@VF 5 T dl asle) sbos gla3lansl ) Guos S zlgel Cud a4y oo a5 WS o (6 S Cs B 0uslb Cuows 4 4 3,1
& i Culy ey g9y o)lid HL ljel wals 09,5y (Cenesiz, 2018 & Vassall-Adams, 1982; Kaya) g oo
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