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Abstract

This study aimed to estimate the effects of replacing Mushroom By-Product (MBP) with Tofu By-Product (TBP) on the chemical
composition, microbes, and rumen fermentation indicesof Fermented Diets (FDs). The basal diet wasformulated using MBP, TBP, rice
bran, molasses, and inoculants. The MBP in the basal diet was replaced with TBP at 0, 5, and 10% on Dry Matter (DM) basis for the
experimental diets. The experimental diets were fermented at 39°C for 144 h. Chemical composition, pH, microbes, and rumen
fermentation indices of the FDswere analyzed. With increasing TBP replacement, crude protein content of FDsincreased (L, P< 0.001),
whereas crude ash content decreased (L, P = 0.002). Lactic acid bacteria and Bacillus subtilis contents in the TBP-replaced FDs were
higher than those in the control (P < 0.05), whereas pH level and mold count were lower (P < 0.05). With increasing TBP replacement,
invitro rumen digestibility of DM (L, P = 0.053) and neutral detergent fiber (L, P = 0.024) increased, wheres rumen pH changed (P =
0.026) quadratically. Rumentotal volatilefatty acid (L, P=0.001) and iso-butyrate contents (Q, P= 0.003) increased with increasing TBP
replacement. In conclusion, this study indicates that the replacement of MBP with TBP could improve the quality of FD.
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H w3 gJciBarton, 2000). o]|Z 213 G-HoA=
2006 AE, =ujoflAl= 2011 e ALR7HE- o
AAS] ARgol Ao R FA = gcHLevy, 2002,
Roe and Pillai, 2003; Kim et a., 2007).

upeba] A AAA ez 7ol ek &8 Al
WS gl A7k eaks) s a glom, f-40)
AES o83 AP} 1 A3 SjolchFuller,
1989; Dunne, 2011). 7=l A Goldh= S-20|E
& A ol AAjslo] Yopael B4 B Tsﬂw
S AN, ] WdE SRAA =
7}&0] " AAZIt Mohan et al., 1995) 0]
23t O ES o 85to] A3 BAAE 7Sl =
of Al, of2] S, LEA, A5 5 AHoll thste
WolE s, fafletsol ot A E+de 4
AZISL AR SR AU A, SR R
=29 m-%l*éi Olfl tol HaAZ Aow, Bt
Ale) 71%5-& EEEIL 9IS Wk ohje} 7k5e) Ak
A A AR A et QlE Foeg By
tHFuller and Gibson, 1997; Wilfart et al., 2007,
Minocha, 2009; Dunne, 2011).

S, AFEg 2572) 95% o)Ak £=elo] ejEat
= =Y oA 715Hst Al A, = Al
7k 2] 29lel gt FR5 vlg HEgo] e &
o, o]t 21 = FAbs7He] HY =
Asfste Z8 Qolos 2gaty k. o] s}

7] $19l, 24184 A9 NS 918 Ak
ArEe] B&AQl ARh Wk BALS: 913k TRt e
Ho| Zs) Fo|t(Chang et a., 2013; Kim et al.,
2015). 71 5 wAEiAl= B S v 271,
BN 58 FUARE Shu, HAS AR 2ol
K] GOFELO] OF 20%E 4H|5}L 80%= M4l HujA]
o i3] ot oM AR 71217} S8 Sl A
o7 BHuEdciWilliam et d., 2001; Kim et al.,
2008; Kwak et d., 2008; Kim et al., 2013). =3 7+
BRI TR RRE A GRS ARE e Bk
24, T AE7LE BAIE vl AR R wo
ch S gh-star QlcBaurre et ., 1976). 1E L,
w4l w29} FRBA O] o AHRA FHR|oE 2
FHTL QIZh viE T A ool w718 A
oMt oA e SR FHFOR Qs WA} R

Z . oAl - A .

A3 - ke

7} =)7) wieelH, o5 iAdsk] ARt 71s 7]
A8 84M=aL k.

whebd 2 AT AL BATFEEARES] WAL o
HjZ|of FRu|xo] S8 uBES HEsh] WA

2 A Z5F9S 0 gt e, n|AE A E HERY
W SrE Sl o)Al RS FHTORA e
It 73978 Aol 7] ofstarat s=Yst it

2. Mz H Y

2.1, YSAIE HZb AlRAHF

Aol ol 88 AmAREe) WAL HHhx|(FolH
A), FRHA], v 9 gEE S A st
gow, WEAR Az A AHE fEuAEe
Lactobacillus acidophilus(1.2 x 10 cfu/g), Bacillus
subtilis(2.1x 10" cfu/g) 2 Sacaromyces cerevisiae
(23x10° cfulg) S F-a3t &3t #52 AMgsi3ith
AREA O 2 REE7RSof|A| Folstal Sl AR
ZEP Ggo] 11-14%21 e mestol, 7| 2AR
L oA T, R, m), e e 32,
27,375, 2.0 2 1.5%2] B]&2 E3alsldc) 227
HAL =] 9] O(th =), 5 % 10%S FFHH| A=
Agk 37119] A2 dAstlti(Table 1). A2]--4d
B2 T3 Alee 248 AR kg)E AFE 5
#-§7]of 10 kg¥ 4utEo =z Yy Wysh & 39T
incubatorol| 4] 144A171 wfjoFal Atk WA siA] 21#(0
AIZN I} 0] 6, 12, 24, 48 9 144A)7Yof| ZH2} Al &=(1
kg)E AFste] pHOl mAE Wale BAsiglom,
azfAl A-7 Ea Al 3 48417 o] A F S A=
= Y e EAEITE Bt Y A s
A S LS 91 ARl 48412 vl

J

. g EE
1 F 2] AT WFE B 4847 o) RS AR B

o =437 Y8 5 g9 ARE 1056C Az 1

(OF-22GW, JEIO TECH, Korea) o]l ] 24471591 71

Z31ct. =3 A2 500 g& 60TColA] 48A17HEST

AzAIZ1 % Cutting mill £4§7](Shinmyung Electric

Co,, Ltd, Korea) & o-§-5}o] #-25FaL 1 mm screen-S-
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Table 1. Ingredients and chemical compositions of the experimental diets (%, DM)

Repl acement level®

0 5 10
Ingredients
Mushroom by-product 320 27.0 22.0
Tofu by-product 27.0 320 37.0
Ricebran 375 375 375
Molasses 20 20 20
Microbial 15 15 15
Total 100 100 100
Chemical compositions
Dry matter 56.6 55.4 55.9
Crude protein 135 13.7 14.2
Extract ether 137 137 14.6
Crude ash 11.0 10.2 10.1
Neutral detergent fiber 36.4 325 304
Acid detergent fiber 224 195 17.7

1Replaoement levels represent the substitutions of mushroom by-product with tofu by-product a 0, 5, and 10% on DM

basis, respectively

Sakgh A RS P T B4 olgatgct zut
Wzl skere Kjddahl¥(B-324, 412, 435 and
719Titrino, BUCHI, Germany), =A% 3reke
Soxhlet¥(OB-25E, JeioTech, Korea)2 ©]-83}¢]
AOAC(1990)¢] a0l B35t} 238 ek
3|32 (Muffle furance) = ©]-8-5}F0] 550°Cof|A] 4417t
et 71gslo] B354tk Neutral Detergent Fiber
(NDF) 2} Acid Detergent Fiber (ADF) 32 Ankom
200 fiber analyzer (Ankom Technology, Macedon,
NY, USA)E ©|-&5tof Van Soest(1991)Hof| =5}
3tect.

2.3. pHe} O/4=

wlg AR A 27]17H0, 6, 12, 24, 48 L 1444719
W25 A7 20 g;Jr 4200 mL-& A7)0l Y1
30x7F 3FEtn ARE AYE T pH meter
(SevenEasy, Mettler Toledo, Switzerland) 2 pHE &
Ajatoiek. uAES e SEALR 1 g3t EaE 514
9(0.85% NaCl) 2.2 10%] 54 o| ule} 5]4& 5
5 ZAL 91510] 2 3)4 whA|e)] Bjjele Abgat

ek SAHLAB, Lactic Acid Bacteria)-2 Lactobacilli
MRS agar media (MRS, Difco, Detroit, MI, USA)]|
3|49 100 pts =wsto] 39T oA 24417t vljeF &
T 5 =43}k a1z (Baciilus subtilis)-2 Luria
Bertani Agar (LB Agar, Difco Laboratories, M1, USA)
£ 0]835}9 a1, F%o]e} 8 H = Potato Dextrose Agar
(PDA, Difco, Detrait, MI, USA)E o]g-3le] B8}
Ack K& 5742 33 HHEsto] 36191 0™ colony
o] Witghe A gho = ey gick

2.4, HEEQ| L LSEMut 71A ghdgt

eI 2A57] Slato] gas
production system (Adesogan et d., 2005)2 0|83
o] A2l 5ukE 0 2 AJgS Saatgleh whgly
o ZANRO} HFARE 820 &2 FoIdt T5-0] ¥t
FHolA ol Abmgo] Z|Ho| AFfshe] cheese
cloth2 A& % Van Soest medium} 1:2 v &2 &5}
sl @719 Aelg §A817] S8l CO, 7hAg F4
aholch Az Bajsh WaALR(484]7h 05 g1t &3
91H 40 mL-& vk el Wit 3709 blanket

HgEAS

- o=
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Table 2. Effect of replacing mushroom by-product with tofu by-product on chemical compositions of the fermented diets (%,

DM)
Replacement level : Contrast
Items SEM
0 5 10 L Q

Dry matter 53.8 51.9 52.2 0512 0.002 0.013
Crude protein 129° 135 138 0.114 <0.001 0.053
Ether extract 159 16.0 16.4 0.271 0.056 0.596
Crude ash 11.4° 11.2° 10.9° 0.176 0.002 0.598
Neutral detergent fiber 36.0 356 35.9 0.607 0.797 0.467
Acid detergent fiber 24.8 25.1 25.3 0.616 0.359 0912

'Replacement levels represent the substitutions of mushroom by-product with tofu by-product at 0, 5, and 10% on

DM basis, respectively

SEM, Standard Error of Means; L, Linear effect; Q, Quadratic effect
¥ Means in the same row with different superscripts differ significantly (P < 0.05)

317 39°C CO; incubatorof| A 48A17FE2t vjos}$
T}, 7} BRSO HOF 3.0, 1, 2, 4, 6, 8, 16, 24 2 48
Al7to] digita manometer (Traceable manometer,
TX, USA)E o]-gsto] SAsIoIth i 5 S A=
-2 Filter paper (No. 2)& Z2iA 433} 5k52 &
2J5hoich 2l S-S 60To|A 48A17F A A
in vitro Dry Matter Digestibility (IVDMD)ZE A4t
3l thA] NDFEEFS B A31e] in vitro NDF
Digetibility (IVNDFD)Z 5tqit) Halg a2
pH meterE ©]-83}o] pHE =33} 12,000 rpmo]|
A PR 3 A5 ©l-&3ke] rumen ammonia
-N} Volatile Fatty Acid (VFA) 3laF2 BA435190th
Rumen ammoniaN &FS Chaney and Marbach
(1962)9] A S o] g3lo] HAlstd o, VFA o
k2 auto sampler (L-2200, Hitachi), UV detector
(L-2400, Hitachi) = column (MetaCarb 87 H,
Varian)e] Ax]¥E HPLCE o]|&3}lo] Muck and
Dickerson (1988) 2] ®l{ o &2 ELA5Ith

2.5, SAXz2|

2 AlFoA dojzl Aak= GLM SAS program
(SAS, 2002) o]-g3to] EAHEA(ANOVA)S A
shgom, A2k 594 H35-2 Tukey tedt & ©]
g3te] EASIGCHP < 0.05). %3 Polynomia
contrastsE- ©]-8-5te] FHH|A| A g2o] WaALR

o) oJopas ) 9] ) WS4l 1A A7)
(linear and quadratic)& —F_Mja}gir,},

3. Zut

4

ik

p s}

3.1, UEARS| FAUA B

H A A S R 2 A Sho] 48A17H R RA|
70 AO] o gk Table 29} ek, Fiu 4] of
A 4z0] Z7Fto] Wt ek A Linear, P < O. 001)
I} ZAHK(Linear, P = 0.056) 32 27151910
AE(Quadratic, P = 0.013)1} =3]%(Linear, P =
0.002) Sheo 7‘5\_0}@1‘4‘ O]E o]OH 48/\]7]' Eleke)y
Al o] oAl 224} ke =Hn|x|E zkzh
10%9} ofj 2Lof| A 13.8%2} 11.4% = 7174 =4 UE}
THP < 0.05). o] 2fat AIhs Fu] 2|7} A )
Aol wla bz FH(AT.L vs 148%) S £ 1t
M, 238 sFeR5.2 vs. 10.3%)2 Wet7] wlEel Ao
2 AL S QR Sulold FREA g
2RE F84 BYS 223 Jejol At o] o
YT BB S TGS Qi S5 ARALe
2 Bz QltBaure et al., 1976; Lee et al., 1992).
N A SRl SRR ot Rzt 4 &
Si7F Al HA] e A el 2 ler B
ZItHKwak et d., 2008; Moon €t al., 2012; Kim et
al., 2013).
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Fig. 1. The variation in pH of the fermented diets during
144 h of ensiling periods. The symbols represent the
replacement levels of mushroom by-product with
tofu by-product at 0 (4), 5 (), and 10% (A),
respectively. * Means a the same time with

different superscripts differ significantly (P < 0.05).
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Fig. 3. The variation in Bacillus subtilis counts of the
fermented diets during 144 h of ensiling periods.
The symbols represent the replacement levels of
mushroom by-product with tofu by-product at 0
(@), 5 (M), and 10% (A), respectively. ** Means

a the same time with different superscripts differ
significantly (P < 0.05).
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The variation in mold counts of the fermented diets
during 144 h of ensiling periods. The symbols represent
the replacement levels of mushroom by-product
with tofu by-product at O (), 5 (ll), and 10% (A,
respectively. % Means at the same time with
different superscripts differ significantly (P < 0.05).

Fig. 5.
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Fig. 2. The variation in lactic acid bacteria of the fermented
diets during 144 h of ensiling periods. The symbols
represent the replacement levels of mushroom
by-product with tofu by-product at O (4), 5 (Ill), and
10% (), respectively. * Means at the same time with

different superscripts differ significantly (P < 0.05).
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Fig. 4. The variation in yeast counts of the fermented diets
during 144 h of ensiling periods. The symbols
represent the replacement levels of mushroom
by-product with tofu by-product a 0 (4), 5 (),
and 10% (A), respectively. ** Means at the same
time with different superscripts differ significantly
(P<0.05).
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Fig. 6. The change in gas volume of the fermented diets
incubeted with rumen fluid mixture for 48 h. The symbols
represent  the replacement levels of mushroom
by-product with tofu by-product at O (¢), 5 (Il), and
10% (A), respectively. 2 Means a the same time with
different superscripts differ significantly (P< 0.05).
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3.2. YEAE2| pHe OIS Hat

HA HEiR|E FHBIA = thAsto] 1444 7F vl ok
3RS wl WaARES pH, lactic acid bacteria,
Bacillus subtilis, yeast 2 mold ¥H3}5 2415 A=
Fig. 1, 2, 3, 4 9 59} gk WraAlR ] pHe 2 A
2| ol 4] Wk Al F 2447071 FASHA| 2a5)
Aot 48X17F o) Folis FARIA ST AFS
Uebfolek. B3] FRuAS dFle BE Helt
o z=Lo]| H]a| LENA] T 6(4.97 vs. 5.19), 48(4.37
vs. 4.48) U 144(4.32 vs. 4.38) A|7tof WA YERiTH
(P < 0.05). E3l Hrartas 144417 v of
LAB, Bacillus subtilis, yeast @ mold= HjjoFz7]
(0-24A170olk= # 7} SAEAY S7ietsle
1 o) ol sk AFS Lk 9ick 55, LAB
1= fof 124 7boll i 4] 4] 2 5%} 10% thA|Et A
2]5L7K7.69 & 7.85 vs. 7.50 logl0 cfu/g), 2447}
5% T A3k 2 2] L7K7.72 vs. 7.38 10g10 cfu/g), 48
AZtoll= 10% A8t * 2] £7K7.67 vs. 7.32 logl0
cfulg) izl Hlal E=A UERGTHP < 0.05).
Bacillus subtilist= #joF 3= 6|7kl FHH|XS
10% thA|et #8]+7K7.82 vs. 7.28 logl0 cfu/g), 12
A7bolls 5% thAlEt A 2]57K8.13 vs. 7.79 loglo
cfu/g), 48A]7tolli= 5%2} 10% thAIRE A 2]7-7K7.56
& 7.53vs. 7.29 10910 cfu/g) Tzt B3l =4 UEr
WEHP < 0.05). Yeasti= HiF £ 6A[7te] FHH] |
10% T} A 7-7H7.84 vs. 7.42 & 7.45 logl0 cfu/g) T =
T2} 5% ThA| ol vl =L LHP < 0.05), thE Hj
FAZINA = Azt Zpel7E JAEHP > 0.05).
Mold= Hats wjef A7]7tollA] FHuE[X]E oA
g = APzt gzl Bl WA UERHTHP <
0.05).

dukd o g Wraikm AR Al uES dEAlR
of ehrE T8/ B waliste] 159 el 2a
gk oUAE satron, oj#et Eafjutgols] A

= 714kl Sfsl AR S| pH7} ZHastHA| ok
(Muck, 1993). wjeha] = AlFolA] vjoFA|Zke] it
ool wheh Ea AR O] pH7F 7hagt A2 v =9 4
ol whE 714k bl o3t o ® AlRELE &
5| FHHEAE tiAIRE Zgtel A pH7F 22 RHH,
LAB, Bacillus subtilis @ yeast7} =& #-& FHH| %]

SOl - AP - A

= dARte R Qs YrAtme] 484 T el &
7FSFRAL, o] =2 Qla n|AEe] AgHto] st o] F
ojF7] wEel Aoz AlR¥Eth Mikkesen and
Jenson(1997)- 4w ) 7S o] oto] uh
BARR AR Al fARETH BRE S718I9I pHE
35-4.2 o ® Uegltha & Aot fARE Aat
£ Hu3lgc) Kim et a.(2013) = HAl Hufx|of 1]
RAELS HE3I9S o, wha 24470 uf Akt 5=
7} ) el B e} fAle ATkg mael
%t} Geo et a.(2008)> ikt o]8ste] 714
204 TaAtE Az Al daFdo] 7l E o] A
ggo] FYEUS Wat ohfet 7] 549t Yo
F SAole Ego] Hrka Buskeich ARH7NE
ATA|Z o)== v E F bacillus -2 ZAE A
ZANA BofRt 2ol A e AEe] 7Hs3hH, surfaction,
fengycin, iturin, mycosubtilin 53} -2 +523S
AR 7h5o] A Aol fofdt Ao B
D= Schallmey et a., 2004). ¥HH mold= wa
AR A2 Al B mycotoxing sk Rl o
oz A ojA waAksE Az A AES A8
of oFzl o] W ALRE AT 4 ItHSantin, 2005).
wpebs] EA O] AR S A %517 $18iAl= mold
o ofet ARALR] 09 ZhaAly]E g, Wt
3 Foll frofato] A4E ZANA $He ohi
Fz7)0f pHE 450|512 w27 WEo 24 mold2)
RS oJA|EH= Zlo] ErHMuck, 1993). Straastma
and Samson(1993)-2 HAl HuljA|ofl= oF 30952
T2 mold7}h thgro & FhEo] QlolA b4l o)
#9] ghego] We4E mold7} Z7}eketal 1 sie)
t}. =3 Weinberg et a.(2008)-2 -E}2] HAIFAME
© Fhast alARA sk ol stof 44
o gheo] & FulS Wyl Ak mue) A
ol =g Frol daFde] /MAdEH L Harskgl
ok w2 oA FREAE diRgh mE A
Lol A mold7} ZHasgh 22 Wha A A A=A ¥
A oA 7S A O R QI3 moldis 7t
g v, 84§ FEe Skl f8nidE
(LAB, Bacillus subtilis ¥ yeast) 2] A#}o] X%
7] el Ao b
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Table 3. Effects of replacing mushroom by-product with tofu by-product on nutrient digestibility and fermentation
characteristics of fermented diets incubated with rumen fluid mixture for 48 h

Replacement level ' Contrast
Item SEM
0 5 10 L Q
IVDMD, % DM 63.3° 64.2° 66.9" 1.902 0.053 0.487
IVNDFD, % DM 3L0° 3.2 39.2° 3832 0.024 0.965
pH 6.25 6.37 6.29 0075 0.440 0.026
Ammonia-N, mg N/dL 375 36.3 357 2,021 0.180 0.757
Total VFA, mmol/L 90.2" 93.4° 122.0° 5.149 0.001 0.048
Acetate, % of mol 59.6 59.2 59.4 1.166 0.216 0.697
Propionate, % of mol 29.6 292 295 0.807 0.940 0.238
Iso-butyrate, % of mol 069 092" 081" 0.071 0.040 0.003
Butyrate, % of mol 6.76 7.49 6.96 0571 0.695 0.080
Iso-valerate, % of mol 1.87 1.79 1.85 0.501 0.691 0.656
Valerate, % of mol 148 1.40 1.48 0.161 0.901 0.220
Acetate:propionate 2.05 201 201 0.058 0.436 0.564

'Replacement levels represent the substitutions of mushroom by-product with tofu by-product at 0, 5, and 10% on DM

basis, respectively

SEM, Standard Error of Means; L, Linear effect; Q, Quadratic effect; IVDMD, in vitro Dry Matter Digestibility; IVNDFD,

in vitro Neutral Detergent Fiber Digestibility

#® Means in the same row with different superscripts differ significantly (P < 0.05)

3.3, B9 L) WEEMnt 7jA drdEt

48A|7E Ft vl eFsto] A3t AR S REE9
N} A8ATE vl B SE wf W9 W A S w7
2 HARES AR A
H AL sl A]of] thgt TR A 9] thA] o] ST
of w} ¢ W IVDMD(Linear, P = 0.053),
IVNDFD(Linear, P = 0.024) 2 pH(Quadratic, P =
0.026)+= =735 2™, IVDMDL} IVNDFD= &5
H| X5 10% thAIRE & 2]tolA] 22t 66.9%2} 39.2%
2 7 =4 YEPdtP<0.05). Totd VFA &=
(Linear, P = 0.001)7} total VFA©] T3t iso-butyrate
(Quadratic, P = 0.003) H|-&-2 FEH|Z] tjx] ~50]
7l et F7lskelon, totd VFAE FHH|A]
10% thA74(122 mmol/L) 7}, iso-butyrate’= 5% cjjA|
=40.92 % molar) 7} 714 2=QktHP < 0.05).

Moon et &l.(2015)2 == AP 2| #]of] Fo Al 4=
3t & iR A7kl W e A%k 20-30%
TEOE B84 A ool =& vl HuiA]
7} Hl&0] 3525 IVDMD o] WA Uebgttha

ol

RSt ol & Aol fAke 2ukE
BRIk W] U total VFAL AHO] §7]20] vt
9] W) ulgEe) we] ofs) AYEE AR
R, QU o A8 Bl Aeh ATRgo] Z7hS
2 ¥19] ) VFA @eke S5 Demeyer, 1981).
whebd 2 AApolq FRulA] oA Smo] Sk
2 Qs 284 494 guro] gstol IVDMDS}
IVNDFD7} 278t o, o]& <13) total VFA &=
o] Z7}at o Ak

b, AZE WAALRE VEglol} 4817} HjoF
shu] 712 HPAYRE WSHE ZARILS W) W 16X17E
A BE A7k FAsA S0, 1 ol
Srolis A3 E7FoHe AR Urehglch B3] %
& 27191 24174 44)7olls gl A 71 %7
LpeRdeHP < 0.05). 19191 o] 84k in vitro A%
ol 71 MRS Ao Beleg B 4 gl
ARl AER el glon], FU Aol B
o] BeaE Tl waEe STk, B

(a1 724 BBl o B|a) AR BEHE) 9
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B3 A 7ha ubgel e ZoR muEgr)
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