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Extended Abstract

Introduction : Every year, a significamumberof saffron petalss left asa by-product
after harvestingnd separating thareadlike parts of the flower (stigmas]hesaffron
stigmaconstitutes 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 previoustudies, has useful effects on rumen
fermentation digeston and diet efficiencyHowever, there is no specific information
about the effect of this bgroduct orruminalmicrobial populationsenzynatic activity,
antioxidant healthas well as the mechanisrvheffectivenesdn the present study, it was
hypothesized that the uselofv levels of saffron petals in the diet (as a natural additive)
could improve microrganismpopulations hydrolytic enzyme and antioxidant health

of the rumenTherefore this research was carriedit to investigae the mechanism of
the positive effec of saffron petalson the energy and nitrogemetabolism and
antioxidanthealth ofthe sheeprumen usinghein vitro method.

Materials and Methods Experimental treatments includedliet without saffron petals
(control) and diets containing 1, &1d 3% of saffron petals (based on dry matter). The
24 and 7zh gas production tests were performed in 2 seriesj(iinndifferent weeKs
and 3 replicags in each rur(i.e., 6 observatios per treatmenat each incubation tinje
The s productionfrom the samples incubated in the 40Q glass syringesvas
recorded. Thenhe protozogusing a lemocytometer and light microscopegllulolytic

and proteolytidoacteria(using liquid medium an#élungate tubeshydrolytic enzymes
(via chemical methods and photometmthane (by injecting NaOH solution to absorb
C(O,) and antioxidant capacity via ferric reducing antioxidant power asyayere
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measuredTruly degraded substrateas determined by boiling fermentation residues in
theneutral detergent solution and weighing, ammésiay phenolhypochlorite method
and the volatile fatty acids (VFA) using gas chromatograpiyicrobial biomass
production,digestibility, metabolizable energsnd partitioning factorwere estimated
using the equation®ata were analyzagsing theProcGLM of SAS 9.1in a completely
randomized desig(® observations per treatment)

Results and DiscussionThe inclusion of different levels of saffron petals in the diet
decreased thén vitro ruminal protozoa populatiofP<0.05) due to its bioactive
components, whicldamage the structure and function of {h®tozoamembrange
deactivate protozoanzymes odeprive protozoaf the substrate and metal ions needed
for their metabolism Moreover, saffron petals increased the cellulolytic bacteria
numbersand microbial biomass producti¢gR<0.05) This was due to the reduction of
protozoa, which leads to the retioa of the bacteria predation and thus impsote
growth and population dhe cellulolytics. The ruminal fibrolyticenzymes and amylase
activity decreased with the use of saffron petals in the diet (P<0.05), because of the higher
cellulolytic bacteria and microbial biomasge., higher bacteria activity.These
improvements resulted in more (P<0.05) diggestibility, metabolizable energyotal

VFA andtruly degraded substrate the saffron petalsontainng groups.The inclusion

of saffron petals in the diet resulted in decr@gs$n vitro ruminal methaneelease,
ammoniaN productionand acetat¢o-propionate ratio (P<0.05Jhese changes were
due to the decreased protozoa numbers leading to less hydrogen supply for methanogens
and higherhydrogen shift tavard propionate, as well as less deamination process and
ruminal nitrogenrecycling. Another reasonasthe increase of cellulolytic bacteria that
consume ammonias their maimitrogensource Antioxidant capacityncreased with

the use of saffron petals the diet(P<0.05) due to the bioactive compounds and
antioxidants (such as flavonoids) present his tplantresidue The naximum truly
degraded substrateas observed ithediet containing 3% of saffron petals. The lowest
methane, protozoa and ammonia wereliets containing 2 and 3% of saffron petals.
Moreover, d@ding 2 and 3% of saffron petals cadshe highest antioxidant power.

Conclusiont Theresults showed that thpositive effect of saffron petals on the ruminal
metabolism and antioxidative heatthsheepin vitro, wasdue tothe beneficial changes

that occurredn microbial populationgincrease of cellulolytic bacteria and decrease of
protozoa) hydrolytic enzymegfibrolytic enzymes and amylasanhdits antioxidants.
Therefore, low levels (up to 3% of diet) of saffron petals can be used as a natural
phytobiotic additive toimprove rumen fermentation and reduoss of energy and
nitrogen resources, although it is better to confirm the reiswiso.
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2. stigma(threadlike parts of the flower) 1. saffron petals
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Table 1. Feed ingredientschemical composition(% DM) and metabolizable energy (Mcalkg™ DM) of basaldiet.
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The basal diet was free of saffron petals. In ofteatments, the levels of 1, 2 and 3% of saffron pésalDM basis)
replaced a portion of the total diet, respectively.
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5. Truly degraded substraf@DS) 3. Most probable number (MPN)
4. Ferric Reducing Antioxidant PowéFRAP)
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7. Partitioning facto(PF) 6. Microbial biomass productiofMBP)
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Table 2. Effect of different saffron petals leveldn diet on in vitro ruminal protozoa (x10°.mL "), bacteria
(Logio.mL 1) and microbial biomass production @.kg* DM)

Ov %eeYy %% Yi¢AEY3 1 CoCOAG. i CaCoAuE Czy %l Cu
Saffron petals (%) Total protozoa  Cellulolytic bacteria  Proteolytic bacteria  Microbial biomass
24 h
0 6.73 8.283 8.18% 129
1 5.79 8.328 8.162 13Z
2 5.1C¢ 8.402 8.152 152
3 5.00 8.476 8.152 159
SEM 0.061 0.013 0.016 2.20
P-value <0.001 <0.001 0.105 <0.001
72 h
0 4.9 8.21H 8.13C 12¢
1 3.59 8.286 8.11% 129
2 2.8% 8.37F 8.11F 136
3 2.7% 8.424 8.103 13¢
SEM 0.061 0.011 0.014 2.39
P-value <0.001 <0.001 0.112 0.001

YP#0.05 $ WEAAAWUHARED| Uy Gz AV EF © h § Ween O UAH Hdw Clud GBMY © Hav oAy )
SEM, standard error of the means. In each column, different superscripts indicate sigtiffiessrices among the
treatments (P<0.0p)

i Y%{ Ot VB8 CO MiBEF AL P EWEHAZzwad ¢ywi e Awawih
CEWRpETa CEaAawWi Qv ¥%aYspraiw i a %wl Yy wuss ¢ 6wba
6 YR YA ¢ 0N \E vz~ @AY °RerflosMorales et al.$ AdA\# WAAY V E &
vi{ 6 Wa@wewz %t Ciw-. jwYEOv )t %vi c¢eéezadu #
CAaw Awb w QAC wliewe y 1 A« EWwdE ive@dYy« EEVAAv ! Ywz {
£ W Ut DYwsk-8A ZE b0 G @bo Ev ° E  2A-n-Yyw AcomAaC A w zi ABof@aA Y4t
woib 2GR z ¢l BB 8L £ 1AL CBNE | Yw i CE£L \AAIPRRA £EBEH-AD Az |
Duval et al., 2007; Abdillah & Av a0 Mzz¥%8 v EAIwAERY v A&cvyiw3
a.,#2024 Wa U « Y%z EWSAERY Jad¥{BdAE T  wi
®E®& Adv Az Yoy °&e WO Vv A &Y D6 EGYVA ¢k VOB,
a¥%hwz Y%l REWD 0 BVITBCTRRA FA 0BG i | A NG 3 % PRy GAA-6 A4 A w
U 0% & $:& ¢w@ o CLOVAORNEEAY AV ° «$ °E j V¢ ADFEBMEAWI
e { BBVAYV IBC/ABEENVICRYAYA  VIVE onGAALO BAwiAw A ABwi E | A-C
Cy wenih 6 avm &.5 Mz Ay © «iév ¢CbhUu« § °E¥% t A{ Az
QAE WCAW Ovaw B &AW [P (E % ¢ dvvb¥orify, 20N £ ¢ Aok Y% Bvzw &

Ol 6V 9 @ o&NicHo#ald et al., 2028 i Co CoaclinA onk WaNiw: ! KA v
L wa @ w YasY GECY Wa{ ¢o{f] v %8 6! %A a° AwEu OGwawCh %
Yila 1ovelw zi A wh @ fEe ELO&° B  @@KuA/dlaetal 20p6 ¢ Av

W 308W Y2 +lvaiwz @AW WOEERE 3 JgAZA zvA g B v Gy L A&V i
Epf CREwD WEWMEA W AVIALLev AR aAlzy S0 D« COv-a%z

U ¥Ognik et al., 2016° pPWEEWEH v @ Wi cECWMECUE AEEVAEGIWP&wz A

VAWP OV Ega v dMOWR AR vCBY YE{ "0 %8v UMAWAQS 7

) Rédzikowski, 2013

o
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CwhAl #0y° «$ dywddeeky i %{ oA 1 CaCowAgs ¢Wdwba
Cey %vC- eapw adnOIFas %oV & RS £w i L § 6 aeY{EDv
EW@EwWb & EveARI v A, EY CEWEAT *IEIEBMARCHaCDoyu3s{ C

BNkows$k iy 1 v @gWEW CAGOldvia A wzEAGHNG\A W€ il ie A - £
)Kitzorowska 2021 Sheida et al., 2023 (i ¢ ¥ BE+®2 A L p BuUAZ Y Wi
0@ E I&-ECU | oyt AlyQ o G\T VAL & ve Walv GOCKED ¢ Yy G 6 WARA 14!

wa¥%yv RCEBWSLENY & B A & 6avwizP¥ys % CERMY BEYBEVR§ e § Ad v
ewCyAluj EawiOwsC®ywheltEy PAv:OwEkyaivee Ca
Coi AyWIEYW O d \avB0EW®@) © « & WA Y | Y%z CHNwWE  IEOBAMEW U IC ¢
Ciw- jwYEOv ) ¢Av U Gusw %~ AEGINZA 8 WYk ERAR T F
%gv Gwéeée 0 wiuv | ! %o CloACH i o A v B b Aba{ VO
Eaved@w YOEL 0 Az A wA vy w{aC ii%En CB8A6 CAL] AR Az M

Ku-Veraety &wCy Auj € &8 A Diacsatdaarit 20034 ZEy wd { Soeca
6 WICES S ; W@ & BLa& avj202¢ #Bad- XwHi@aedyz CyvaBEL yAAQY
Ko GOEI ¥#Y-°a § YAy AQ LGvEP &¢ ESWRAY  0VW2v Al awdo Al
Duval et al., 2007; Abdillah et afs#@ y j )Rudzikowski, 2013 & A&Ew &f Clije Ay j
o) 1 v !pedsrv EERABR | w{ Ci LEACYW ! Buwé & wiCz

G)VA{ GITEr Cd y #e Bv Pyt DadeBi«d WY ¢ 1 %{ 6.0 088 x, 0 =+ A
Table 3. Effect of different saffron petals levelsn diet on in vitro activity of someruminal
hydrolytic enzymes

. o 1. ¢ GAD0 KM G . ) ,ECUj ; £5

uv a/AEEY)('J LZEE ¢ 0 " Avicelase (umo| Cé w ¢ Ul ¢ Wu y
Saffron petals (%) CMCase (umol lucose.ml-: Amylase (umol Protease(mg

P glucose.mitperhy 9 : FPD (umol glucose.mllh)  protein.mL"th)
per h) glucose.ml:! h)

24 h
0 4.40 2.62 2.80 13.04 0.738
1 458 2.74 2.86% 14.50¢ 0.732
2 4.61° 2.92 2.95% 15.88 0.72%8
3 4.6 2.99 3.0¢ 16.45 0.72F
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 3.9 2.4 3.80 10.97 0.553
1 4.10 2.88 3.99 11.0° 0.556
2 424 3.03 3.9¢ 12.19% 0.533
3 4.28 3.12 427 12.85 0.526
SEM 0.077 0.142 0.066 0.66 0.015
P-value 0.000 0.008 0.014 0.039 0.155

YP#0.05 $ WEAAAMWUHARBED| Oy Gz EF © h § Ween 0 UAH FHdw Clud GBMY © Hav oAy )
FPD, filter papeidegrading activitySEM, standard error of the meanselth column, different superscripts indicate
significant differences among the treatments (P<(.05)
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Table 4. Effect of different saffron petals leveldn diet on in vitro ruminal gas production and fermentation

parameters
) o cWR ° 0 api gy cWAK L z we EAD Fwl
v %eYd % Gas production : Metabolisable Cecadeg; C%6 Gt e

Saffron petals (%)  (mL.200 mgtDM) ~ Organic matter energy (MJ.kg™ eCenc:

digestibility (%) TDS (%) PF (mg

DM) TDS.mL1 GP)

24 h
0 45.15% 64.F 9.08 62.2 2,77
1 47 .4 66.7 9.39 65.3 2.76
2 48.2% 67.4 9.50 68.2 2.83
3 49.8 68.8 9.71 70.6 2.84
SEM 0.512 0.455 0.069 0.738 0.007
P-value 0.004 0.004 0.004 <0.001 0.010
72 h
0 57.03 - - 74.7 2.62
1 60.15 - - 79.I 2.63
2 62.0P - - 81.8 2.64
3 64.73 - - 85.1 2.63
SEM 0.621 - - 0.664 0.008
P-value 0.002 - <0.001 0.478

)PH0.05 $ WeaAAWECRED] 0y WZRSVE §° h ¥ Ween U U0 ¥ w Chid GBBKA © M aw ol )
TDS, truly degraded substrate; PF, partitioning facs&iM, standard error of the means. In each column, different
superscripts indicate significant differences among the treatments (P<0.05)
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Table 5. Effect of different saffron petals levelén diet onin vitro ruminal methane release, total antioxidant
capacity (TAC), pH and ammonia

0v %Yy vty awa i Cy VOGEIC\C ¢ Ny CiwCy AU

Saffron petals (%) Methane (% of GP)  TAC (umol Fe?*)L"%) P Ammonia-N (mg.dL™)
24 h

0 25.43 457 6.43 15.7¢

1 21.76¢ 516° 6.4 15.0%

2 21.46 532 6.40¢ 14.63

3 18.84 580 6.39 14.18

SEM 0.36 13.76 0.020 0.141
P-value 0.003 0.001 0.202 0.008

72 h

0 26.38 4601 6.52 18.57

1 24.20 51¢ 6.5 17.79

2 22.45 561° 6.5C¢ 16.83F

3 22.10 6212 6.5C¢ 16.43

SEM 0.150 8.529 0.017 0.084
P-value 0.001 <0.001 0.382 0.003

YPE0.0%  vA WawadREP Oy WARAVEFC h Fweeo 0 8 Ty wCwi GEMev %ii wiAv ) w
SEM, standard error of the means. In each colutifferent superscripts indicate significant differences among the treatments
(P<0.05) )

¢ wil ¢ @A {yEY# %o Co C WS %bd A ITIOWNO3EY ¢ 1 %{ 6h 0§08, 0 +AO0
A{ UG EA Y Yasv Y484 X Y~

Table 6. Effect of different saffron petals levelsn diet onin vitro ruminal total concentration
(mmol. LY and proportion (%) of volatile fatty acids (VFA).

° T
0V %eeYyl V4! C'f\v i we / i wy A i VHUC j VHUCE V¥l | Vv¥IOE
Saffron petals (%) 72V Yaa Acetate  Propionate Butyrate Isobutyrate  Valrate Isovalrate AP
Total VFA (A) (P)

24 h

0 61.80 63.7¢ 22.35 11.8G 1.5¢ 0.173 0.173 2.85%
1 62.76¢ 62.6F 24.18 11.14 1.43 0.499 0.130 2.59
2 63.27 61.25 25.09 11.5% 1.5¢ 0.52¢ 0.13¢ 2.4%
3 65.96 59.49 26.97 11.4% 1.48 0.519 0.13¢ 2.2
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 64.9F 21.08 11.62 1.5 0.679% 0.20F 3.08
1 74.16 63.1P 22.66 11.7¢ 1.67 0.676 0.179 2.79
2 75.99 62.8TF 22.89 11.76 1.68 0.68¢ 0.179 279
3 76.46 62.74 22.98 11.75 1.68 0.679 0.178 273
SEM 0.302 0.162 0.17 0.07 0.004 0.016 0.002 0.027
P-value 0001 <0001 <0001 0334 <0001 0993 0016 %

)P0.05 $ WeaAAWAECRED| 0y R SVE §° h ¥ Ween 0 U ¥ w Chik GBBKA © Haw oy )
SEM, standard error of the means. In each column, different supersedigtste significant differences among the
treatments (P<0.0p)
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