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0.33 0.31 0.33 0.14 0.20 0.14 0.60

l .
d)}:"‘w; <0.0001 <0.0001 <0.0001 0.01 0.88 <0.0001 <0.0001
-value

DM (% of fresh weight): Dry matter; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; CP: Crude protein; EE: Ether extract;
NFC: Non-fiber carbohydrates; SWBE: Saffron wastes before ensiling; SWAE: Saffron wastes after ensiling;
96.88%SWAE+3.12%WB: 96.88% Saffron wastes after ensiling+3.12% wheat bran; 93.75%SWAE+6.25%WB: 93.75% Saffron
wastes after ensiling+6.25% wheat bran; 87.5%SWAE+12.5%WB: 87.5% Saffron wastes after ensiling+12.5% wheat bran;
75%SWAE+25%WB: 75% Saffron wastes after ensiling+25% wheat bran; 50%SWAE+50%WB: 50% Saffron wastes after

ensiling+50% wheat bran. Saffron wastes and wheat bran were mixed according to fresh weight; SEM: Standard error of the means.
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Table 2- Fermentation characteristics of saffron wastes silages

o B aww! B
o &S] Sl ]SS sl " d‘ N # SWigel (1595
Treatment pH AA LA )2 NH;-N
TVFA
A gl 5'8*\;;2“5 bl 4.55° 0.12° 0.80° 1.28¢ 11.42°
PS5 g PNV plide s Sl ZRFIM 433 0.19° 1.32° 1.93¢ 9.77°
96.88%SWAE~+3.12%WB
1S g 1IN0 i 5 s 7
PAS g PO gl 5 Sl 1YV 434 0.19° 1.44° 1.95¢ 9.03"
93.75%SWAE+6.25%WB
Ry YA e s Olauls A
PAS g IO gl 5 el ZAVID 436" 0.21° 1.41° 2.00% 8.93"
87.5%SWAE+12.5%WB
S g JVOH i gt 7
PAS g PO i Sl 2V 418 0.23% 1.92° 2.20° 8.80°
75%SWAE+25%WB
PAS g B e Sl 70 4.10¢ 0.28° 2.43° 3.11° 7.37¢
50%SWAE+50%WB
“@VS’QR‘;‘”' ol 0.03 0.02 0.06 0.40 0.32
d)l:w"’; gl <0.0001 0.002 <0.0001 <0.0001 <0.0001
-value

NH;-N (% of total nitrogen): Ammonia Nitrogen; TVFA (% of DM): Total Volatile Fatty Acids; AA (% of DM): Acid Acetic; LA
(% of DM): Lactic Acid; SWAE: Saffron wastes after ensiling; 96.88%SWAE+3.12%WB: 96.88% Saffron wastes after
ensiling+3.12% wheat bran; 93.75%SWAE+6.25%WB: 93.75% Saffron wastes after ensiling+6.25% wheat bran;
87.5%SWAE+12.5%WB: 87.5% Saffron wastes after ensiling+12.5% wheat bran; 75%SWAE+25%WB: 75% Saffron wastes after
ensiling+25% wheat bran; 50%SWAE+50%WB: 50% Saffron wastes after ensiling+50% wheat bran; Saffron wastes and wheat bran

were mixed according to fresh weight; SEM: Standard error of the means.
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Table 3- Gas production parameters of saffron wastes after incubation in a laboratory culture medium

- - - 3 My gt
Celw 1Y ;6 Celw L35 celw A5 colw VY 55 s Jawoly .
. . . . e B)
slosd Qg Nt Oglis] S kel » Constant rate
Treatment Gas 12h Gas 24h Gas 48h Gas 72h Potential gas of gas
incubation incubation incubation incubation production production
(ml) (ml) (ml) (ml) (ml) oLh)
o gl I U8 olies ol 34.57" 4423 54.35° 58.13° 58.21° 0.071¢
SWBE
PR il lyae s Oluls
oA sl Sl 2 ol ol 26.27° 33.37° 41.75¢ 46.52¢ 45714 0.075°
SWAE
TXINY+ o yae 5 Slols Za8TAA
PAS g 23.83¢ 29.17¢ 37.32°¢ 41.50° 39.19" 0.089°
96.88%SWAE+3.12%WB
TSIV O+ o) yae 5 Sluls 7ZAY/VD
pAS gaes 24.17 29.63 37.75¢ 42.00° 39.63" 0.090°
93.75%SWAE+6.25%WB
LY [0+ o) yae 5 Sluls ZAV/D
PAS ogeus 27.63¢ 32.77¢ 39.92% 44.67 42.98° 0.098°
87.5%SWAE+12.5%WB
P ZY&HQI,&;} olyls 7V
s 34.60° 39.67° 45.82° 51.28° 49.26° 0.108°
75%SWAE+25%WB
g Dt e j Slols 70
s 38.13° 44.90° 50.62° 55.80° 54.13 0.110°
50%SWAE+50%WB
LoSilen 2l sl 0.65 0.72 0.87 0.73 0.69 0.003
SEM
S 2isine <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
P-value

Gas 12, 24, 48, and 72h incubation: cumulative gas production after 12, 24, 48 and 72 h incubation. SWBE: Saffron wastes before
ensiling; SWAE: Saffron wastes after ensiling; 96.88%SWAE+3.12%WB: 96.88% Saffron wastes after ensiling+3.12% wheat bran;
93.75%SWAE+6.25%WB: 93.75% Saffron wastes after ensiling+6.25% wheat bran; 87.5%SWAE+12.5%WB: 87.5% Saffron
wastes after ensiling+12.5% wheat bran; 75%SWAE+25%WB: 75% Saffron wastes after ensiling+25% wheat bran;
50%SWAE+50%WB: 50% Saffron wastes after ensiling+50% wheat bran. Saffron wastes and wheat bran were mixed according to

fresh weight; SEM: Standard error of the means.
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Table 4- Microbial parameters, digestibility and total volatile fatty acids measured from saffron wastes before and after
ensiling in a culture medium

e e il pdd Cobl oAl L0395 MWoi o33l
Jlow P l).é“u): ok i ok Huds 6 323 S 295590 &0y
- J P a8 1 3
Treatment TVFA Swis el PF S 9w
(mmol.L'") TDMD TOMD (mg TOMD.ml MMY EMMY
(%) (%) gas™ at 24h) (mg) (%)
O shes )‘si\f l;’é’“ jells 25.04° 79.95° 83.33° 4.08 82.91° 46.00°
8 sk 5'54\;:;;”5 oluls 19.21° 76.30° 78.01° 521° 100.23° 57.72°
YTyA VAL SR S RCMIEYA VIV
v 25.61° 78.32%¢ 83.45° 6.02° 111.41° 63.45°
96.88%SWAE+3.12%WB
g LEIYOF lyae 5 Clapls ZAY/VD
s 2271° 78.80°¢ 82.01% 5.89° 109.29% 62.64°
93.75%SWAE+6.25%WB
g LAY+ jhe 5 Slals ZAVID
S 18.88° 79.12° 81.30" 5.42° 105.66" 59.44°
87.5%SWAE+12.5%WB
P “7’”;/“’5/\; ‘:E‘:;’;\;; v 17.149 76.85% 80.73% 456° 93.62¢ 51.75¢
0 0
P “5’:;/“’5/;:, ;E‘:;‘(;;\;: - 16.88¢ 73.33¢ 74.86¢ 4.09¢ 84.74° 46.18°
0 0
““xlﬁ‘;é;t“" ol 0.40 0.79 1.35 0.17 1.58 0.87
l .
“‘)PV"; g <0.0001 0.0007 0.005 <0.0001 <0.0001 <0.0001
-value

TVFA: total volatile fatty acids; TDMD: true dry matter digestibility; TOMD: true organic matter digestibility; PF: partitioning
factor; MMY : microbial mass yield; EMMY: efficiency of microbial mass yield; SWBE: Saffron wastes before ensiling; SWAE:
Saffron wastes after ensiling; 96.88%SWAE+3.12%WB: 96.88% Saffron wastes after ensiling+3.12% wheat bran;
93.75%SWAE+6.25%WB: 93.75% Saffron wastes after ensiling+6.25% wheat bran; 87.5%SWAE+12.5%WB: 87.5% Saffron
wastes after ensiling+12.5% wheat bran; 75%SWAE+25%WB: 75% Saffron wastes after ensiling+25% wheat bran;
50%SWAE+50%WB: 50% Saffron wastes after ensiling+50% wheat bran. Saffron wastes and wheat bran were mixed according to

fresh weight; SEM: Standard error of the means.
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Abstract

This study aimed to determine the chemical composition, silage characteristics, digestibility,
and in vitro gas production parameters of saffron waste (including petals and stamen) before and
after ensiling. Experimental treatments (4 replicates) contained: 1) Saffron wastes before ensiling:
SWBE; 2) Saffron wastes after ensiling: SWAE; 3) 96.88% Saffron wastes after ensiling+3.12%
wheat bran: 96.88%SWAE+3.12%WB (fresh weight); 4) 93.75% Saffron wastes after
ensiling+6.25% wheat bran: 93.75%SWAE+6.25%WB (fresh weight); 5) 87.5% Saffron wastes
after ensiling+12.5% wheat bran: 87.5%SWAE+12.5%WB (fresh weight); 6) 75% Saffron wastes
after ensiling+25% wheat bran: 75%SWAE+25%WB (fresh weight); 7) 50% Saffron wastes after
ensiling+50% wheat bran: 509SWAE+50%WB (fresh weight). Statistical analysis of the data was
performed in a completely randomized design. Treatment 2 did not have good quality and odor due
to high moldy and adhesion characteristics, but the addition of wheat bran, especially at higher
levels (treatment 4, 5, 6) led to an increase in the silage quality. Chemical composition of the
experimental treatments (dry matter 10.40-54.37% of fresh weight, neutral detergent fiber 12.83-
27.35%, acid detergent fiber 7.23.11.45%, crude protein 14.88-15.67%, ether extract 5.43-5.77%,
and ash was 5.89-11.12% of dry weight) was different. Among the experimental treatments, the
highest neutral and acid detergent fibers were observed (27.35% and 11.45%, respectively) in
treatment 7. The lowest pH as well as the highest concentrations of lactic and acetic acids, gas
production at 12 and 24 h incubation, and constant rate of gas production were observed in
treatment 7. True dry matter digestibility differed from 76.30% for treatment 2 to 79.95% for
treatment 1. Overall, saffron waste had good nutritional value before being ensilaged, and ensiling
without additives reduced its quality. However, it was possible to ensilage saffron wastes with
wheat bran as a moisture-absorbing material without adverse effects on some nutritional
parameters. In terms of appearance quality, odor, non-molding, and fermentation characteristics of
the silage environment, the best conditions were observed in treatment 7.

Keywords: Chemical composition, In vitro fermentation, Petals and stamen of saffron, Silage,
Wheat bran.
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