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ABSTRACT: This study was conducted to know the optimal supplementary level of spent mushroom substrates (Flammulina
velutipes) as an energy source and fermentation period in manufacturing of rye silage. Whole crop rye was harvested at full
bloom stage and ensiled with spent mushroom substrates of 20%(S-20), 40%(S-40) and 60%(S-60) as fresh matter basis.
Each silage was prepared in plastic buckets included with vinyl bag by three replications and fermented for 3, 6 and 9
weeks, respectively. Moisture contents of whole crop rye at full bloom stage and spent mushroom substrates were 62.3%
and 54.3%, respectively, and those of silages was ranged from 58% to 64%. Ether extracts content of silages was
significantly (P<0.05) increased in 6 weeks of fermentation period. The pH of silages ranged from 4.46 to 5.05, and
fluctuated in the changes by fermentation period beside of decreased with elapsing the period in the S-60. The organic
acid content of silages was higher in the order of lactic acid, butyric acid, acetic acid and propionic acid. Lactic acid
content was higher when fermented for 6 weeks compared to the other fermentation period. Flieg's score for estimation of
silage quality ranged from 63 to 80, and was relatively high level in the S-20 and the S-40 fermented for 6 weeks, and was
high level in S-20, and was relatively low level in the silages fermented for 3 week. Hence, we suggest that
supplementation of 20% spent mushroom substrates in fresh matter basis and fermentation for 6 weeks are resonable for a
good quality of rye silage.
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TFEFH|A] ol o] FNE Fo|HAl FITHIA] =
% W AL A3 Fie] shrEo] A &) o
ol F58 AlEAEeR &835r)d folsitt. eyt
HolwAl FeFujA|oll= w7te] FHrEo] AL i F
o] Eobx Fujrt LolstrR oAl FIFujAE
AFEAR O R o]857] flEiA = HAH A S =Y
T A= 7H A7t ettt oAl A A H
o7} gol gk AFEAR ] P A7 5—3_ %"é T A
= 7FAEEele A=, 374E, ¥
o] JIAT A SHE Aefgthd Hl-go] Bol
== AXHETE 38H 2L HYs &8 5 e
637 g rlo] 71 A gt WHoltH(Moon ef al., 2012).
A7PEEH FoAE Al EA] Al Alde A5 E
]'e’ioﬂ’q ot o WA= e 3715 g by
AN & Pgste] AFshs WHORE HolHAa Foe
iR o] P A S A F e P A et
Wolth, AMdEA] AxAA Fad AL WA F
AP ET7E dojuba] fallte] S48 JAIE e =
AL Do} FE AC (Song ef al, 2009) FHe] A1
YA E W=7 fEliM = A T (65-70%)] AFL A
A5}t BaVAES A FLaEA AU Tl 2
23t) A EA] Foll A FA|AFL 2]A] (whole crop silage)
WFU S5 58 doro] 9 Ot E o] 8o =
*7}*§}°kl‘i—(Total digestible nutrients: TDN) &0 =
S AR E AFst sFAE A 7] AL
S AT = BPH O 7 Q3o Srgfo] Bo LS A}
AR Y E g FUL Tl -rxﬂ I §
FFo] A2 WF{es 7HA vrsE s 5 F‘H Folof &
871 Aok TAXL YA 98 F IEL TARYRG
g 2 ol oyR] e offF v 9
e 24 AS27]0] AEEErT et JdAlsEE
o]§ 7Fs3HAIT 7P niEA st A2 E5710 AFdEA]
2 A Z8= Aolth(Kim et al, 2001) Qin et al.(2010)
FEAIZA TMR B8t S2Ad2]#] TMRE] &
A o]-&Eo] %o FA AIRZES] T 7)ol o}
£ o]gAd gk A7} 2 FH Tk 33T Moon ef al.
(2012)= oAl FEFuiR] = T T=FH(SF 54%) 7t
4 FALE T 20%, 9E71F)0] Eof HoAlm
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Setto A oF 10 cmEE H-95 ‘Iﬂ—ﬂf& T 23 cmZ Al
Ak o ARSSIRAL oAl A= FE 5%,
HmAE 0.2%9F E9FsE the ARSS }91‘:}. At A= Al
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Apd x| o] AuAIE-S AOAC(1995)H0l F=ale] #-4
3193 NDF9} ADFgFaF2 Goering and Van Soest(1970)
HhHo g B9 o TDN 3 Moon ef al.(2012)
©] TDN=4.898+89.796x(0.7936—0.00344x ADF%)2] &2]&
o]-g-3te] Falsitt.

WolwAl FEujR| o] slekE AL FE TRl
543%RoH E7|Fo 7 ZehiE shek 4.96%, ZAW
SheF 2.50%, 20 T 12.07%, Z3)% EF 5.84%,
7HA FAEAE $320.34%, NDF 3% 25.17%, ADF
T 15.86% ATh. TAALEA ] YEZA AA7] i
FE o] 623%Aoem AE|Fo R ZphA
13.2%, A Sk 4.4%, 245 T=F 28.1%, =
st 8.9%, 7H-A FAAE ¥ 45.4%, NDF &
& 72.5%, ADF 33 42.4%3t}. 523153 (2012)9] g
FRFAIEARE R sl o] U T FFol
wat st AE7|Zo 2 2old ek 87 - 15.1%,
NDF ¢} 55.8-64.5%, ADF 3% 33.3-36.9%0]t}. &2 A]
ol AFEE o ekl FRkRe 13.2%2A =R
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Table 1. Chemical composition and pH of whole crop rye silage by fermentation period and supplementation level of spent

mushroom substrates

Chemical compositionz), %DM

Period” Treatment pH
DM CP EE Ash NDF ADF TDN

S-20 40.02 4.44 4.94b 5.54 65.59 42.94 62.89 451

0 S-40 40.53 5.43 6.30" 7.20 63.99 38.02 64.42 4.80
S-60 41.73 6.99 3.93b 8.32 66.83 38.10 64.39 5.13

S-20 37.29 6.07 3.40° 6.78 71.00 47.78 61.40 4.96

3 S-40 40.26 7.99 3.06° 7.85 66.11 38.71 64.20 495
S-60 41.29 7.56 435" 9.99 61.82 35.57 65.17 5.05

S-20 38.96 7.49 8.96" 6.25 64.84 46.54 61.78 4.89

6 S-40 38.29 6.94 10.05° 7.54 63.37 43,71 62.66 451
S-60 42.28 8.10 10.05° 9.27 58.28 37.20 64.67 4.67

S-20 35.53 7.03 3.25° 5.72 63.50 43.90 62.60 4.70

9 S-40 40.87 8.31 4.76° 7.65 60.52 36.53 64.88 4.60
S-60 40.57 9.30 423 8.90 59.55 35.06 65.33 4.46

DFermentation period of silage: 0, 0 day; 3, 3 week; 6, 6 week; 9, 9 week.
2)DM, dry matter ; CP, crude protein; EE, ether extracts; NDF, neutral detergent fiber; ADF, acid detergent fiber; TDN, total digestible nutri-

ents=4.898+89.796x(0.7936-0.00344xADF%).

" Means with different superscript in the same column are significantly differ(P<0.05).

o™ TDN &3 H]|S=31 o}
B Aol Ald R e = ARES AA7] a9 4
B S 62%, oAl a1 E TR 54%
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H o] 7y glel ZF A=l i S 58-60%
2 st AR A& A xS
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Table 194 R ule} 2, whad Aldgx|e] =17 ¢t
F 57.7 - 64.5%93L A FHEFS 6.1-9.3%, A
W R 3.1-10.1%, 2317 32 5.72-10.0%, NDF
ke 583-71.0%, ADF 32 35.1-47.8%, TDN<S
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ZAM} kRS 33 Fol waA7l AR R|oM FolF
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Alde]x]¢] ADF &8 S-607-ol4 74 woktl. ADFE
8 HARAaEA dubdo g GeE AL o] 849
Z71sh7] Wil ADF 32 Algo] 43}&-°]uy TDN 3
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9.76%, NDF 32 66.5%J T B8l om 2 A
A AzxE sEAREIR] O vle] el ghero] ok =
o thE AR S B Alg el Ao} v|s=siait).

rl

ox Hf

(]

AlEIX|S| pH X 74+ 3}
ARIEIA S pHSE 714 B AL A% ARE 5



Z85u=) Ayt 38 AldElR|e]

i

w

]

~
i

520

5-40

|

| ms-60

Lactic acid (2% DM basis)
A
&

]

o

3week 6week week

w

et
in

l

5-20

sS40

-

m5-60

Acetic acid (% DM basis)
-
in

o
in

Il m -

6week

o

3week Yweek

5-20

540

uS-60

"1 li
0

3week

Propionic acid (% DM basis)

B

9week

6week

w

r
in

~

5-20

540
I l b

3week

[
- in

Butyric acid (% DM basis)
o
n

o

6week Sweek

Fig. 1. Organic acid concentrations of the rye silage by fermentation period and supplementation level of spent mushroom

substrates.
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E3telal WALoA 2447 B FIHoE W
473 9] gauzeZ AHE Tt 34| (Whatman No.
o Fste] 50°Col| WE R AsHA AR-sI T ALY
2]#]2] pHE pH meter (Mettler Toledo, MP230)Z =7
3L F712F sFkS HPLC (Perkinelmer, Series 200,
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2 Ao AxE SUAILE A Y] pHE 4.46-5.059]
2 Fdo] AFAEIR] 29 4.20]8}] 5ol w|H]
2] ZatFom Hg7|7ke] AjdE S-60-1llA pH7T
she AE el oy thE Al FolA = 194
H3lE YeEpAl= 29T (Table 1). ©]&ist Ao
ol olal upd e wart dojuA] Batal Utk
oJujglt}t, Kempton et al(1984)2] Hiro| <]shH
AMEA] HEe STHAE vUEH EE 3uA (Zarzk
14-259)= & J7VFEE frlike]l §43] A sk(pH
4.2018h) =] PHE HEIR KA EL A o] FHE=
x70] & 75 HAEIE fAEY AdUAES 5
waze] vuA =H fak A Astel it
o2 AdERe] FZo] HoHTkal 3F3ith. Moon
et al.(2012) WAFETHAE A7k FrAIL A 9
A3 Ao wrg 3eHA (HE 717 219)2] pHE 4.24-
44293 4HA (TE7)7) 429)0]1F5 2] pHE 4.26-4372
Hs=obA FA = ATk BArstdh, weba] B A4
AzE SEANEA 9] pH7F #3L L& 7|7k WE pH
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& A7 Ao 2o (Kim ef al.; 1996, KIm et al;
2006, Song et al; 2009), ¢ F53 Hf-oll= F312
ool golakA] ol ot art dojur] Ha1 o]
Hp A folle AFLE A pH 4502 AR 9] &
A 7159 7|34E TAAaAA AHFS Hojdr,
A AMLEA] A 5L] o] WS A follE BEEA] 7he
2] & 3} (Nash, 1985), Atk ZolE g oz ¢
A7) FFE Fo] A ERart folsEE
sh= Ao Fastth. pHoll 9§k Atde]A] 49| A7)
F& pH 4.20]8= F2, 42-455 5F, 450142 =4
o] Y 7oz gdath(Zimmer, 1971). o123 AHE
ZF WE A s e FrdE 20 Hojg
Zlo] FE A Axe] #Hdolgk= AE on
ATH B Aol e aUrrdexe] 28 A
Ao g oAl FEgu)z|el 7fnatk 0.2%F G2
0.5%% X2ttt 7m ik Ald el R 2] pHE V&0
A Gakds e Hofjte] S5 JAE 4 A g
< fAEE 9% duA FEdel € 4+ AUtk(Han
and Yun, 1978). o]’de] AAES FIENEA oAl
TR 7 HrbE A7) 39 AMdERe] 27] EE
2715 FEsH FAANT7] HeiM= i AE Al
vk A2 PEES 02%E0 =4 & oUt IS po=
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WolmAl o)z o] 7| &t Bar|ite] & A
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(lactic acid)®] 2.49%(1.91-3.02%), F4H(butyric acid)
1.01%(0.80-1.45%), ZAF(acetic acid)S 0.92%(0.41-2.28%),
322 3] 22} (propionic acid)e 0.61%(0.55-0.64%) <=1
(A= 7). HATSSuA] Hrgel met f714F
T ZAke] S=F Wyt P 34 UER AL 22324k
S HsrF 7S AA vERsth, @718Ee] FeXES
Zoke WAl g 2] Hrp) g mE BAA foxe
AN 657 Bt was AR AoA =A YERSTE.
715k AtdER o] FHS AA s T23 8910 2A
Ak ¥ &2 =3 P ¥ WS E ARIER Y] 4
o] ettt ik HlwA ek ko ® fakhtg st X
= pH7E SolxE whd Yike ofxto g Yikite]
Z2ol ofsl] gEYolrt AAFE7] wiie] SabdErt 9
ojupd pHE =oFIti(Jang et al, 1995). Moon et al.
(20122 oAl SRS H7EsE FFArd E|A 9]
A5t Aol AFLE A S] {714 FRE R4k, 24 =
222, P Fo 2 =A Yehen ks Alejsiar
= a7k e FgeHshs gk Rarsisint. o
mH o2 b ghefo] @ow ofFe] AlRdEA| 7t EA| gk
Hrpe Aeele AT 8 93 718 F doH
F ARdEA Y] B e AETIEeR 1.5-2.5%°]
ARE AT AR EA W 318 HI7HAE o] &gk A9 o]
Heell &3lA] e A7 Aok ArdE A Ak Fe

e wge] 7|Eo®Z 0.1%015ks 7, 0.1-02%
U3, 03-04%% BT, 0.4%01d-> B oz
gt} D782 71 sEAtdE Aol B Jang er al.
(1995)2] Aol 9Jshd fAke L7|&e] H7m|&o] &
7V S 0.38-6.127H] {2208 FTletgl ot Hake
U7 HH7FRAE 0.22%9ou D718 H7RllA
= A HEHA ATt

Me e rlo o

MLZ|X|2| Flieg's score

AR o] FHLE ZF {714k Fake] g & HE
(%)= FH Flieg's scoreE 3l B7FelAdth. f714+<]
AHREZHE AR F24H7E 7152 Flieg's scores
2HEs] B Fig. 2014 B upe} 2tk B2 AJgolA] A
2 TUARL A Y] Ht Flieg's score= 702921, 6
T & FaA S-2079F S-407-2] Flieg's score”} 80
o2 7P Ut dar)7t HEE 6 9 ZEAzl
2] 7-9] Flieg's score’} B 76.72 7P =% 35+ &
oF WAl A 2]72] Flieg's scorex= B+ 63.7= 7H4
worth WAl A H7HH)Eo TE Flieg's score™
S-207, S-407, S-600l4 Z+2}F <t 72.7, 71.0, 67.02
2 S-607-2] Flieg's score’} ST},

Flieg's score= At A7} T =AM A== /714
(BAY, 24F, b S FA4k] tigh mole HIE = AFHEsto]
1 mole H&dl wE} G A4S FAtste] 81-1008
S 95, 61-8082 4T, 41-608-> BF, 21-408-2 v

Flieg's score
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Fig. 2. Flieg’s score of the rye silage by fermentation period
and supplementation level of spent mushroom substrates.
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