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Extended Abstract

Introduction: Every year, a significant amount of saffron petals is left as a by-product
after harvesting and separating the thread-like parts of the flower (stigmas). The saffron
stigma constitutes only 7.4% of the flower's weight and the remaining 92.6% is unused.
This plant residue (petals) is a valuable source of plant bioactive compounds
(phytobiotics), which based on previous studies, has useful effects on rumen
fermentation, digestion and diet efficiency. However, there is no specific information
about the effect of this by-product on ruminal microbial populations, enzymatic activity,
antioxidant health, as well as the mechanism of effectiveness. In the present study, it was
hypothesized that the use of low levels of saffron petals in the diet (as a natural additive)
could improve microorganism populations, hydrolytic enzymes and antioxidant health
of the rumen. Therefore, this research was carried out to investigate the mechanism of
the positive effects of saffron petals on the energy and nitrogen metabolism and
antioxidant health of the sheep rumen using the in vitro method.

Materials and Methods: Experimental treatments included a diet without saffron petals
(control) and diets containing 1, 2, and 3% of saffron petals (based on dry matter). The
24 and 72-h gas production tests were performed in 2 series (runs; in different weeks)
and 3 replicates in each run (i.e., 6 observations per treatment at each incubation time).
The gas production from the samples incubated in the 100-mL glass syringes was
recorded. Then, the protozoa (using a hemocytometer and light microscope), cellulolytic
and proteolytic bacteria (using liquid medium and Hungate tubes), hydrolytic enzymes
(via chemical methods and photometry), methane (by injecting NaOH solution to absorb
CO2) and antioxidant capacity (via ferric reducing antioxidant power assay) were
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measured. Truly degraded substrate was determined by boiling fermentation residues in
the neutral detergent solution and weighing, ammonia-N by phenol-hypochlorite method,
and the volatile fatty acids (VFA) using gas chromatography. Microbial biomass
production, digestibility, metabolizable energy and partitioning factor were estimated
using the equations. Data were analyzed using the Proc GLM of SAS 9.1 in a completely
randomized design (6 observations per treatment).

Results and Discussion: The inclusion of different levels of saffron petals in the diet
decreased the in vitro ruminal protozoa population (P<0.05), due to its bioactive
components, which damage the structure and function of the protozoa membrane,
deactivate protozoa enzymes or deprive protozoa of the substrate and metal ions needed
for their metabolism. Moreover, saffron petals increased the cellulolytic bacteria
numbers and microbial biomass production (P<0.05). This was due to the reduction of
protozoa, which leads to the reduction of the bacteria predation and thus improves the
growth and population of the cellulolytics. The ruminal fibrolytic enzymes and amylase
activity decreased with the use of saffron petals in the diet (P<0.05), because of the higher
cellulolytic bacteria and microbial biomass, i.e., higher bacteria activity. These
improvements resulted in more (P<0.05) diet digestibility, metabolizable energy, total
VFA and truly degraded substrate in the saffron petals-containing groups. The inclusion
of saffron petals in the diet resulted in decreasing in vitro ruminal methane release,
ammonia-N production and acetate-to-propionate ratio (P<0.05). These changes were
due to the decreased protozoa numbers leading to less hydrogen supply for methanogens
and higher hydrogen shift toward propionate, as well as less deamination process and
ruminal nitrogen recycling. Another reason was the increase of cellulolytic bacteria that
consume ammonia as their main nitrogen source. Antioxidant capacity increased with
the use of saffron petals in the diet (P<0.05), due to the bioactive compounds and
antioxidants (such as flavonoids) present in this plant residue. The maximum truly
degraded substrate was observed in the diet containing 3% of saffron petals. The lowest
methane, protozoa and ammonia were in diets containing 2 and 3% of saffron petals.
Moreover, adding 2 and 3% of saffron petals caused the highest antioxidant power.

Conclusion: The results showed that the positive effect of saffron petals on the ruminal
metabolism and antioxidative health of sheep, in vitro, was due to the beneficial changes
that occurred in microbial populations (increase of cellulolytic bacteria and decrease of
protozoa), hydrolytic enzymes (fibrolytic enzymes and amylase) and its antioxidants.
Therefore, low levels (up to 3% of diet) of saffron petals can be used as a natural
phytobiotic additive to improve rumen fermentation and reduce loss of energy and
nitrogen resources, although it is better to confirm the results in vivo.
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2. stigma (thread-like parts of the flower)
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The basal diet was free of saffron petals. In other treatments, the levels of 1, 2 and 3% of saffron petals (on DM basis)

replaced a portion of the total diet, respectively.
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vy ....um}oj,,:g,65;\r4ﬁuﬁol,a3¢?,,tf§::,ﬁ,:gQl;ljtf,;u:ol,&wjdg\

Sl o CBIE 2l 50 0l By (Sl Glyiea)
20,5 95510 (6358 B oy laal IS 5 oz

ol & 32
el YY g ¥ bSOl ley 90 5 Jols sloosls
&olel 4y Bolas Mals b LB o e & g0y
Vo S ¥ gled § Jald (easlgSil oo 0 0
9y slod sl osalin 7 egemme ;o i g 5
J38le s GLM g, 51 eolaiwl b laosls 4y .cusls
ot (B (nl o b el AV ialpg) SAS
Alolsiedr gy g ad b5 i o 2ol Gl st
O dolre S ygods g bl Jaw .00 5 Jaw o)ly Bolas

g
Yij=put TitR(T)ijt+e;j )
AT eoeSleo 1 cosalie jo laie Yik Vb Joe 5o
sl 8ij 5 loss ;5 g ol IRy Gl ol

b otalejl lojlos (Silos daglio el oailorl

20,0 0 mhaws ;3 (LSD) Sls sixe &glas JBlas 5051

95540 03¢5 Mg 9 (2950 SBCaRex
SSOR 9w 098 WS g (29,5 Slaerex
219359y Carex el 0ol BV Joax 10 b jles
ssba oz 4 glhe) S5 ek (o9l L
Corex Jilom (P<-/+0) cél als g,lo coe
sl slos 5o el VY 5 YF 5o g0 (b lalgsg59
lgig9, aals Judo .ol canlie Jog38l doyo ¥
Vercoe et ) oy by Judcaw; SluS 5 se>ga
9 e 4o el S bS5 ol 15 «@l., 2010
iz SS9y ol Lalgigis slie o )Sles
y lisgion clopsl a5 o)ls g2y Jlaixl (ol
scdple (Fp R Gew 3l b JWdpe
3550 S3B Spm 5 Limses 511 Llgigisn oLS
o5 (Zhou et al.,, 2011) oS o pyye 5L

On Ojers Eib Wlgee 2lgigin Cunex
Ay Sgapr g0 g wled ;eS| Tg5059 9 lags 2SL
Dehority, ) 05,5 ;e 2alS § 05,50 0555 035b

4 s b laxsl, (2003; Newbold et al., 2015

7. Partitioning factor (PF)

odigd Jolore 5215 b GgenlioSSl sleml jo S5y
o Culps 5o g ol eailige el SO Cowdy S
5 b Sas oyl 4o Ll s 5 Glo WSy 256
S5SN8 55 Gailiges )T 51 g el ensoy 59
Olee bl 3 s)S Gjes basme 5 wb el
3 owiledl Slge oS b (ad> oady 25 (6l g
ol oty (gemslisSl 51 ey adsl diged (39
023 57 09,500 0058 i (e et jsliteds
g 5 Gadgi 5 polie dadiges ¥ (g 0y S
e pa Cell VY 5 VY lagle) (e odday o
Vercoe et al., ) as ools 18 F 5 ¥ &Volee o

(2010
MBP = TDS — (GP x 2.2) ")
PF=TDS/GP )

£S5 she) (29,50 0355 g MBP (358 ¥olas 5o
004, 325 (gl ngas 5o TDS ((Sis o0le o5 5o
S5 ez GP (Saz oole )5 30 0,5 o) (b
o li PR (Sl oole 0,5 S sl 4 id L) 518
VIV 5 Gidshen 22 Gl @ 0,5 o) s piySisas

ool (6 rageS gl ol g o

N oz ool 9 (Sligal (59 i PH (rmetd
PH (5o el YT 5 YT (slagygelisSS (LG 51 oy
A et Jlzd yePH by S p 2 Sl
Sl e NV L et e O g
5 Shisel rewnd sl g ebogline 000 B0 S ysilses
Ve Gled 5o S Ojgod 8 O slaal
Szl gy alé 0,05 0,55 of Kl 4z 50
9 g ol gam B8 by, bl ladiges
b s (EPOCH Jow) jaujcadig e olSiiws
ol 6 .5e5lail jglaieas (Galyean, 2010)
IV L oado 33 al et 5l 2 eV e LB oz
B VOV PP POIRWARE Z\E G-I CONRVIN RO I 00N
(s o lastanl laeas s s /Y S y0e Sl
o b o0l 18 sy o el ) ok 4y g bl
@9 WSl eyl busi g9) @b ol
UNICAM 4600, SB) il Ssiles,S 55 olKzs
(6 heS) dmge e 4 e (Analytical, UK
oels 515 5 (Agilent J&W HP-FFAP, USA

6. Microbial biomass production (MBP)
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Table 2. Effect of different saffron petals levels in diet on in vitro ruminal protozoa (x10°.mL), bacteria
(Logio.mL1) and microbial biomass production (g.kg* DM)

Ol e S oS ws )0 l9igfan S Seidglolw 5 Seidgign 5L (9540 0395
Saffron petals (%) Total protozoa  Cellulolytic bacteria  Proteolytic bacteria Microbial biomass
24h

0 6.752 8.283¢ 8.1892 129¢

1 5,750 8.328¢ 8.1622 132¢

2 5.10° 8.402° 8.1522 152P

3 5.00° 8.476° 8.1522 1592
SEM 0.061 0.013 0.016 2.20
P-value <0.001 <0.001 0.105 <0.001
72h

0 4.902 8.211¢ 8.130? 120°

1 3.55° 8.286° 8.1192 1290

2 2.85¢ 8.371° 8.1112 1362

3 2.75¢ 8.4242 8.1032 1392
SEM 0.061 0.011 0.014 2.39
P-value <0.001 <0.001 0.112 0.001

(P<0.05) el o oy )lasz_m Sglis o ylid Dglaie By, cygiw ;2 40 o 1 Kiloo o lailinl gl SEM

SEM, standard error of the means. In each column, different
treatments (P<0.05).

SR 09l b Seidesn sles St conex
Sy gl et (2B Ny 0y 0 Gl
Jsoz) azelu VY 5 YF 5l codlad b aS (Y Jgo)
S5 oyl pols wledbl sl callas (Y
Gl puilsl (Oldlas ple jo Ll o)l 0g42g ol ,0e)
Sian Sl fals 4 e (SSgmgid) (2L
doJgid gty (Jadun; SLaS 5 3529 4 45 wind
Duval et al., 2007; Abdillah et ) col 004) Logs o

.@l., 2024
Mg Gl 4 i liie; SISV Joua Billas
5)Ly0 YU Sloeigs L S (P<+/+0) d gg,S0 0355
Al A Aoz laSadglobe slass ol
Gb) &y )3 5 Sl s LB (et (slaog S
Slored by fiier 425 BB Gl (F oo
Coloads Lgeo o 1S Codlad g 0 (sl (6 b
B Jga> b (oo (McDonald et al., 2022)
sal o oley SplS Glaesi il cote ol
3Rl odls (pl s 3 1) Fomlio laneSS Lapone
la Gl (rslaslels 4y b laasgigd 1 5 aecils jbas
G5 el 50 (g i5e (i Dl (0,5 CelS g o]
ol (Ognik et al., 2016) oS o W) gslans]
Frowilin s Lalpd 5 Sl b Ylein] g509s

superscripts indicate significant differences among the

sbodgbe o= Sl Ko 5l eselowws
e ok et olas wil) Jdcew;
Ramos-Morales et al.,) 54 gwpe (Ladsisde
(2015

o Sh Somexr (il cel plyie; S k5 G s
ob aelo YY 5 VF losenlisSOl ,o Setolsls
Slows s by pe Slawd o i a5 55k 4 (P</0)
).s‘ uo}»a} 59 U.:LC)LL:‘ Oy L’;’QSJB‘ oy Y 6517
Glocarer » plhe; slesyglp Ko b 5,08
Ol 5o e s o GlaeSs (09,5
Judcans; SloS 5 4 pol> legh 5o bSdglshe
J5"\>) KW —‘5)545)4 w.%ls g.A.ClJ aS Ceul ‘b.\.:).a °L.5
) sSeidglsha o4 bags STl SIS0 s )3 5 (F
O Camez g A, Sgp 4 e g ool LLalS
s asl s (Dehority, 2003) coul st bas S
Sedelolu slas 5L Cosan D9 ol ‘_},,‘.:Lej
0w )5 salice LS Hlo 0,550 dloe Byan Ll yo
0l i,l58 iz oo (KU-Vera et al., 2020) ..l
S )5 ol 55 (29,50 latunexr (S
SIS o Suie S plg 0Shee n galge
(Radzikowski, 2017)
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smoge 1 GBS sl o,Sles
Dol cudlad o158l gdleas .(Buragohain, 2017)
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Slozee ¢ Jsuz) ol Sl ol> slaoyx
2l oS (o ude S5 Koo Sladsd ol
sl bl g GEasS lesis (5)leS o Slas 5
Bakowski & ) wols olis 1) el alex 51 oo 3]
(Kiczorowska, 2021; Sheida et al., 2023
g Cedlad Dol 5 Seidgyd lop 5l oo
Ll Sl (g2alS Wy 0502 @y Glyhe; S5 o538l L
Sligel (2als b wig, cpl ols las 1)l e
B By, 5l glailas g wdbioe balipa @ Jsu2)
o> SleMbl ol (g 0,58 5 i elS
A ol Ll el vgg (lyae; S8 o)l
Gl e plals s slecddplie 5 Lol
Ku-Vera et ) Slisel adss ob; ol b slags 25
Jlasl JJoay) s, cudld ials 4 @l., 2020
& 5 JeeSsyaen 05,5 aile Jlablewys LS 5
Duval et al., 2007; Abdillah et al., ) (o 3!
isls 1551, (2024

ond las L Cudlad 5 o) g Sl (slaness

|

Sy yiad sl T calad
syl p bl 51 Joo oldbl sb
Collad Pyl Vsbo hta onS52,8) Sl o
Sl gmlisSSl 50 Plel 5 ((Blo A2 Saisay jo
Oy (P<e/00) 09 o sme azels VY 4 V¥
Ao, ¥ oV golo slales o leg 90 o 0 Sodled
sloos 1,3 S pgas jo Sledbl .o says Sog38l
P4 Censd 50 48 oyl elab e
sbmpl el bl oo b Jl
halS) lalgs95g, (hals 4wl | Dl g Sty b
3eb) Satdsloble (slas 1Sl Gl (5,5 S
SLS 5 50 oSiishiol sge Yl 4 (F oo
S 1,5 «Dehority, 2003) cuuils Lo e Jladcu
» el sleogSe (B ek 4 Wlgiee (o9l
collis il cel a5 WS Jes blsS olKius
(Radzikowski, 2017) 54 oo og,S o] seu 3!
Sismsid SleS 5 WS ol g plaime 500

e Sy oy 5T (B 1 (9 Cadlad oy 10 ol yhe) S plS cilise ok F1Y Jguz
Table 3. Effect of different saffron petals levels in diet on in vitro activity of some ruminal
hydrolytic enzymes.

F | AL (Suiisay jxi

S N i Sl -

Olie) 5ol oy )Cﬁc{:;;‘(;;:nzf Avicelase (“mlol o Amyl;s;z (umol Prot)ea: (mg

Saffron petals (%) glucose.mL! per h) glucose.mL- FPD (pmol glucose.mL1h) protein.mL1h)
per h) glucose.mL™! h)

24 h

0 4.46P 2.62° 2.80° 13.04°¢ 0.7382

1 4.58° 2.74° 2.86% 14.50° 0.7322

2 4.61% 2.928 2.952 15.882 0.7252

3 4,672 2.992 3.002 16.452 0.7212

SEM 0.070 0.079 0.064 0.226 0.017

P-value 0.045 0.010 0.066 0.002 0.183

72 h

0 3.94¢ 2.46° 3.80° 10.97° 0.5532

1 4.16° 2.88¢2 3.93b 11.01° 0.5562

2 4,248 3.032 3.96° 12.19% 0.5332

3 4,282 3.12¢8 4218 12.852 0.5262

SEM 0.077 0.142 0.066 0.66 0.015

P-value 0.000 0.008 0.014 0.039 0.155

(P<0.05) coul lo,los o o dime iglis oazmoyLis Siglite By, oyginn 12 48 LorpSile o lailiv slas SEM
FPD, filter paper-degrading activity; SEM, standard error of the means. In each column, different superscripts indicate
significant differences among the treatments (P<0.05).
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a5l G Byae bl wass oo Wl 1) Faslgeis
ail 4l iz 5 ear o die BT Wl e Ll
aiio oplplu (Olagaray & Bradford, 2019)
GRgR 5 9 3gh Culey Wb ol Gras e mhaw
So o o olaey SR S gekae 5l 8 0l
o JoSs 50 (6,500 Gadod jo Ll oolawl  Jog3dl
B dtagezmyol g bl s wsle) (2l (SThe=
oS (Sogr e 9 )L 0z sl sady
S92 g0 (sadgigdd SlS 5 5l (oL a5 wisls (AlEN,

(Rahmy et al., 2019) 54 a1 ,o
A os aele VF 00alioSSl )0 s pdy Ssis oo
el YY Lol (P=2/)) il ml3dl olhey 08
oo o (5 sloisinn g5 geibsSil LT 51 e
sasmoslas il i sSie sasls ax e ol
VErcoe et ) cuul 9,50 0355 5 yosss 003h dgupe
VE GphSE asls bl Jd @l 2010
e olyae s S AE 0938l L oas ol las azels
sl 555 adgi s 51 T (gl g ) 6500
03ls B (29500 eFan WP S 4 18 0z
YY b o Ll (Vercoe et al., 2010) el oo

4575 5l ol gloos j918 05,5 dusy o S5 4y sl

S0 gzl 8 g pad ol S g
s 3l b sd oo oualin ¥ Jsaz s a5 lis
a2 Cobl G adg polie oy )0 olyhe; SIS
Gligm 5 Slegissw BB G5l (JIesls
09,5 b aunlin ;o (aele YY o VF) ads ooday i
aoy ) ¥oopx 0 9 P<+/-0) il aolidl sals
Db 1) d5ete Gl ey e G i & ey SIS
ols oo (LUS P8 Aoz 31 oLS Jladaun dlge 4
Sos S Gl 5 53955 Conezr GhalS b a5
el 5 Sixdgd sl (¥ Jgoz) Sezdglslo
lodds 55‘)9.9- p..a.m 9 )hm O g MC-L) (Y’ Jjb)
ahiss S8 1 s Sl sl cod bl
o 1o guilannST s ralS ases 10 9 (O Jgux)
29 @95 Sallad gl Llyd gnn 0 s e
McDonald et ) ceul ooy S50 Slyss man Colys
Slosls oylas Sldlas quls opl ol o .@l., 2022
Sy, Se Cold Cugli b asil glacudple o
G281y (90 5 5551 @l (6 e 800 de
S5>30) laaSgigMs (Vercoe et al., 2010) wuns o
5 Josels slagisn I g (Oliie; S5 0
Ul 4555 g L L:ou_Js_sL..a u;l REVEIUN-S u.u..w)jf

el ailad (g0l 5 glay Calizes (olo yans (0 | s gas

s gl

O, 8o Sy

o Sl
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Table 4. Effect of different saffron petals levels in diet on in vitro ruminal gas production and fermentation

parameters

35 g 5 . Sl g 8 (5551 I3 N
Olyae) S plS w0 Gas production O‘;| g.?la ,w: Metabolisable " ‘5 )-*::t " S 2y Sasad
Saffron petals (%)  (mL.200 mg™ DM) dlgg:‘t?t')‘flg‘; ((;)r) energy (Md.kg! < ° - =il PF (mg

DM) TDS (%) TDS.mL" GP)

24 h
0 45.15° 64.7¢ 0.08° 62.2¢ 2.77°
1 47 .4° 66.7° 9.38° 65.3¢ 2.76°
2 48.25° 67.4° 9.50° 68.2° 2.832
3 49.8? 68.82 9.718 70.62 2.842
SEM 0.512 0.455 0.069 0.738 0.007
P-value 0.004 0.004 0.004 <0.001 0.010
72h
0 57.03¢ - - 74.7¢ 2.628
1 60.15° - - 79.1°¢ 2.632
2 62.01° - - 81.8b 2.642
3 64.732 - - 85.12 2.63%
SEM 0.621 - - 0.664 0.008
P-value 0.002 - - <0.001 0.478

(P<0.05) sl ol (s o cime glis ooyl Sglitie g o cyginm 50 50 Lo pSiles o Jaslin! slas SEM
TDS, truly degraded substrate; PF, partitioning factor; SEM, standard error of the means. In each column, different
superscripts indicate significant differences among the treatments (P<0.05).
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Sals s o Sege (P<0.05) il jzals celw
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490 DS 5 it il Az o Sliigel clile als
2 osple b (o5 (Jod OlaS 5 asle) LS
SIS 5 e Qe bawsi lsigisn Core
6,500 anlllas o (Newbold et al., 2015) ws 5
Sl il Slhisel clile als s
Loy Llgigisn ialf 5 (LS 1) baassigls
cbl (J e a4 (Yuetal, 2024) o als
ialojl sloos T (olad 15 (B9 (Shisel 5oy
£y e Vo B AD) laouslE lg o ollas aisls jo
culs 1,3 (McDonald et al., 2022 ¢ 2 _ws o
Ay oljed o 5 Sligel talS nlpln
GBS (nl )3 (29,5 039 5 Sddlsle slags S
3 O3ar el plie p olrde; S Cute ST ailas
5,350 Slge 5 b uill o5, %30 Slalllae 45 Canl 4aS
GRS s 3 9 5l p Cullad falS 4 e alS
Duval et al., 2007; ) s Sligel ()59, cdale
(Abdillah et al., 2024

B o ol
op 4 olyie) Sl (098 & Jgua slaatil b
w58 o sleal JS cbile (Bl 4 o
Olime olBl a4 Glegce 1) cde asT (P<-/+0)
Sone Sl 5o (F Joozr ) (i ouday 125 (gl umngms
o5 ool oy (V5 ¥ Jglaz) (el 5 (29,50 cudlad
L)l IR o laseal goas g [fmagms peS (o
51 (McDonald et al., 2022) aib o )18, cuie
2 oley SplE szl 05 K Go
s B Slgmgn woyd Bl el opa
Q0,5 S Gligugy 4 Sliwl cand 13 5 ol Sl
5 2195559, Corex ol 4 slas ol (P<+/-0)
039098 (ol 2lie e )3 (s SBlymil a0
Vercoe et al., ) <ol by Slgngy o 4
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oeolS @ olg e 1) lie adgs el 5l sisu o
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Table 5. Effect of different saffron petals levels in diet on in vitro ruminal methane release, total antioxidant
capacity (TAC), pH and ammonia

G103 5 s ol e TP P
Saffron petals (%) Methane (% of GP) TAC (umol Fe?*.L?) Ammonia-N (mg.dL™?)
24 h

0 25.452 457¢ 6.43? 15.70?

1 21.76° 516° 6.41° 15.03°

2 21.46° 532° 6.40° 14.63¢

3 18.84°¢ 5802 6.39° 14.18¢
SEM 0.36 13.76 0.020 0.141
P-value 0.003 0.001 0.202 0.008
72h

0 26.382 4604 6.522 18.572

1 24.20° 510°¢ 6.518 17.79°

2 22.45° 561° 6.50° 16.83¢

3 22.10¢ 6212 6.502 16.43¢
SEM 0.150 8.529 0.017 0.084
P-value 0.001 <0.001 0.382 0.003

(P<0.05) .l Lo G o s gl oaias lid wolite By o ¢ ygiw 2 10 Lo Silee o luslinl glas SEM
SEM, standard error of the means. In each column, different superscripts indicate significant differences among the treatments
(P<0.05).

Sl (00)0) G 9 (5 5 Jgosheo) JS il o 53 ol yhe ) S plS liso zobaw F1.7 Jgur

AoS (95 ol o
Table 6. Effect of different saffron petals levels in diet on in vitro ruminal total concentration
(mmol. L) and proportion (%) of volatile fatty acids (VFA).

e e Sl J5 At =G . .
olre; S 5 wo)o oy Aut ¢ Pu ’””‘t Olig Ol 929 ol g @l g9 ! AP
Saffron petals (%0) T) f I‘-\’/)I:A CfA? € rop(:g; ate Butyrate Isobutyrate  Valrate Isovalrate
ota

24 h

0 61.80° 63.702 22.35¢ 11.802 1.502 0.173¢ 0.173¢ 2.85%
1 62.76° 62.63° 24.18° 11.14° 1.43° 0.499P 0.130¢ 2.59P
2 63.27° 61.25°¢ 25.09° 11.51° 1.502 0.5202 0.136° 2.44°¢
3 65.962 59.494 26.972 11.41° 1.482 0.5192 0.136° 2.21¢
SEM 0.318 0.154 0.200 0.073 0.008 0.006 0.002 0.022
P-value 0.001 0.001 <0.001 0.007 0.005 0.003 0.001 0.001
72 h

0 71.57¢ 64.912 21.08° 11.622 1.51° 0.6792 0.2012 3.082
1 74.16° 63.11° 22.66° 11.702 1.672 0.6762 0.179° 2.79°
2 75.99° 62.81° 22.892 11.762 1.682 0.68072 0.179° 2.75¢
3 76.462 62.74° 22.982 11.752 1.682 0.6792 0.178° 2.73¢
SEM 0.302 0.162 0.17 0.07 0.004 0.016 0.002 0.027
P-value 0001 <0001 <0001 033 <0001 0993 0016

(P<0.05) sl ol (s o cime glis ooyl Sglitie g o «yginm 5o 50 a1 Silee o Jaslin! slas SEM
SEM, standard error of the means. In each column, different superscripts indicate significant differences among the
treatments (P<0.05).
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