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Extended Abstract

Introduction: Every year, a significant amount of saffron petals remains 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
CO) 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 ina 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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Table 1. Feed ingredients, chemical composition (% DM) and metabolizable energy (Mcal.kg™ DM) of basal diet.
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Feed ingredients Chemical composition
S aziy, 35 P oo 14.15
Alfalfa hay Crude protein
radf oS 5 LS"“’ 03y gl 4O Jslzal.: ).,.._9 28.15
Wheat straw Neutral detergent fiber
bxd sl 26 &Ml °"x“9"" ° J}l?u:l; )’""9 16.73
Barley grain Acid detergent fiber
Oy8 asls o5 FeuS > 557
Corn grain Ash
L\'}..: s 8 LS)"I o)La.c 256
Soybean meal Ether extract
S 05 LS)"-‘-Q)—*-"' GL“Q‘)‘-\:?—"’B'.‘JS 49.60
NaCl Non-fiber carbohydrates
ellagFone Sy 05 shegigu BB (5551 267

Metabolizable energy
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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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Table 2. Effect of different saffron petals levels in diet on in vitro ruminal protozoa (x10%.mL™?), bacteria
(Logio.mL™) and microbial biomass production (g.kg™? DM)

Ol S plS wo o l93992 JS Sedglebw 5 5L SelgNigp s S (519540 0585
Saffron petals (%) Total protozoa  Cellulolytic bacteria  Proteolytic bacteria Microbial biomass
24 h

0 6.75% 8.283¢ 8.1892 129¢

1 5.75P 8.328° 8.1622 132¢

2 5.10¢ 8.402° 8.1522 1520

3 5.00° 8.4762 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¢ 8.1302 120¢

1 3.55P 8.286° 8.1192 129b

2 2.85° 8.371° 8.1112 1362

3 2.75° 8.4242 8.103? 1392
SEM 0.061 0.011 0.014 2.39
P-value <0.001 <0.001 0.112 0.001

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

O PSRN SN{ RGOV | P ] JCH IR VL g
SIS e Sl lee oSles 9o
(Radzikowski, 2017)

Sl o058l b SedsSsn slas St Conex
ol ghlo gre e smalS Wy, o>y like;
S5 o)l sols Sl sl calas (¥
bl (lllas Lo o Ll 55 sezs olyae;
$an colld oS 4 e (Ssmsnd) (ol
o gt ohga ( Jladlun; SLuS 5 0529 4 45 ind
Duval et al., 2007; Abdillah et ) coul o9 bogoye
(@l., 2024

Sl Gl 4 e laey SHIE Y Jgue Gillae
0,0 YU Sloeesgs b aS (P<e/+0) wis 29,500 0055
AOllA aezsh gl sl Rl
Gb) &ly )3 9 Cowl i LB (laneSt slaog S
Slpes by i 45 BB s (F Joon
B Jgaz Gub iz ea (McDonald et al., 2022)

superscripts indicate significant differences among the

gl ol GbLE Sl easlcws
(Ldgsdls 3 26 o (s o)L w5) Jlabns

(Ramos-Morales et al., 2015) 54 gupen
Sl Sk Comexr Rl el ol ie; SIS B pas
ol azels VY 5 YF olosmnlisSl o Setdglsls
Sl @ bgs e dlaws oy jlin a5 (5y9b 4 (P</+0)
Sl egaz 0 Sldlbl og Jog38l doys ¥ g5l
slocunax » olie; sleesyls Ko b S8
YUY | EST- N PRGN LU SR R FUON. Vv JPETAN WO
JUdiu; Sl 5 4 pol> gy ) lasSidglsle
J9uz) b lgse59 (rals el a5 Cunl Las po oS
L bSedgloho ofga bog 2L IS0 azes )0 o (Y
ol Comez g Al Se 4 e g ools alS
s ol e (Dehority, 2003) ol oais Lags 155
Seidglshe slas Sl Corex Sgmn ol iales]
0033 5 odalie (LS plu 0550 olge Bpae Sl j0
sdds b )55 iz e (Ku-Vera et al., 2020) ol
e ol 4 Wiy e el G038l S A ]
SeS 155 ows 3 (29,5 lacerer (S
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el gl el a5 WS Jes 5T olKiws
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(Kiczorowska, 2021; Sheida et al., 2023
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Ku-Vera et ) Sligel o ob; oles b slas xSL
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(Duval etal., 2007; Abdillah et al., 2024) (. 31
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ol (Ognik et al., 2016) oS o oyl gilosns]
Pl gy bl (59,5 0l 8 b Yol g550
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Table 3. Effect of different saffron petals levels in diet on in vitro activity of some ruminal
hydrolytic enzymes.

Pans o ALl (Soiisy jui -
A yie 6ol Moko Jetousarys 27 - ol FEP
Olre; S plS oo MG | Avicelase (umol Shlo Amvi | Prot
Saffron petals (%) ase S“mo glucose.mL? FPD (umol mylase (“_TO rotease (Tg
glucose.mL™ per h) Hmc glucose.mL™ h)  protein.mL™" h)
per h) glucose.mL™ h)
24 h
0 4.46° 2.62° 2.80° 13.04°¢ 0.7382
1 4,58° 2.74° 2.86%® 14.50° 0.7322
2 4.61% 2.928 2.95% 15.88? 0.725%
3 4.67° 2.992 3.002 16.45? 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? 3.93° 11.01° 0.5562
2 4.242 3.03? 3.96° 12.19% 0.5332
3 4.28° 3.128 4.217 12.85% 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) el Loy )losz_m gl odums ylis Dglite By > g o )0 Lasu,.i‘L..a o laitind glas 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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(Rahmy et al., 2019) 54 a1 ,»
Ao aiebo V¥ (analisSl 50 (62085 pazlo
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odiwolid Wil i j3Sde Laslis ax e il
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YY ol e Ll (Vercoe et al., 2010) el oo
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Table 4. Effect of different saffron petals levels in diet on in vitro ruminal gas production and fermentation

parameters
o )lf "\"JS" &5” oolo ad )L““B"""S’“ Jalﬁ 63)"‘ ‘5|).~w49.w oa;’l.w
Olyae) S ylS woyo Gas production . Metabolisable e 62y S
Saffron petals (%) (mL.200 mg™ DM) ggﬁ?ﬁ%?&% energy (MJ kg™ Sl oy o PF (g
g DM) TDS (%) TDS.mL ™ GP)
24 h
0 45,15° 64.7¢ 9.08° 62.24 2.77°
1 47.4b 66.7° 9.38° 65.3¢ 2.76°
2 48.25P 67.4° 9.50° 68.2° 2.832
3 49.82 68.82 9.718 70.62 2.848
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¢ 2.628
1 60.15° - - 79.1° 2.632
2 62.01° - - 81.8° 2.642
3 64.73% - - 85.12 2.632
SEM 0.621 - - 0.664 0.008
P-value 0.002 - - <0.001 0.478

(P<0.05) coul b Lo Ol e Dglas enias oyl gldie By ¢y ;o 40 WSl o laibiud glas 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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Table 5. Effect of different saffron petals levels in diet on in vitro ruminal methane release, total antioxidant
capacity (TAC), pH and ammonia

Olyhe S i oy ol SISl I s Szl 5395
Saffron petals (%) Methane (% of GP) ~ TAC (umol Fe**.L™) Ammonia-N (mg.dL™)
24 h

0 25.452 457¢ 6.432 15.702

1 21.76° 516° 6.412 15.03°

2 21.46° 532° 6.402 14.63°

3 18.84° 5802 6.392 14.18¢
SEM 0.36 13.76 0.020 0.141
P-value 0.003 0.001 0.202 0.008

72 h

0 26.382 460¢ 6.522 18.572

1 24.20° 510° 6.512 17.79°

2 22.45° 561° 6.502 16.83°

3 22.10¢ 6212 6.50? 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 b jless o lo gime gl saums lid Sglite Bg i oygiw 12 10 Lo Sk o lasliul 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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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 bl b : .
olrhe) Sl ey (s A b IR Olie  Shdpenl oy ol b
Saffron petals (%) T) f I?/)F’A c(ia;te rop(:;))n ate Butyrate Isobutyrate  Valrate Isovalrate
ota

24 h

0 61.80° 63.70% 22.354 11.80% 1.50% 0.173° 0.1732 2.85%
1 62.76° 62.63° 24.18°¢ 11.14°¢ 1.43° 0.499° 0.130° 2.59°
2 63.27° 61.25° 25.09° 11.51° 1.50% 0.5202 0.136° 2.44°
3 65.962 59.49¢ 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
72h

0 71.57¢ 64.912 21.08° 11.62% 1.51° 0.6792 0.2012 3.08?
1 74.16° 63.11° 22.66° 11.70% 1.672 0.676% 0.179° 2.79°
2 75.99° 62.81° 22.89° 11.76% 1.68% 0.680% 0.179° 2.75°¢
3 76.46% 62.74° 22.98° 11.75% 1.68% 0.679% 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 0334 <0001 0993 0016

(P<0.05) el Lo oy )lasz_m Solas onio ylis glaie B9, ¢yt 2 50 o pSiko o sl 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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