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Effect of Feed Fermentation on the Nutrient Composition
and in vitro Ruminal Fermentation
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52 Azxd dre|glot 288 (Bacillus subtilis, Enterococcus fzecium Saccharomyces cerevisiae)Z} 3+9-& Hj
AR E olgsto] HRAIRE ARSI, Bt in vitro Wi AldS B9l 39 °ColA 24417t HiFstaitt. 3kt A
£ 2o Ayl HaAR 9] crude protein (CP)2 2.6%p 5715k, non- f1ber carbohydrate (NFC)= 5.1%p 45}

At} In vitro Wi A RAMR ) R BAgle] TEAE AYFY AE Aol foHoR F (
0.01), & volatile fatty acids (VFA)Q} FEUole] A4 sHFe [oF 07 4sdoH(p € 0.01) 4318 A& G
gt Aol Zraol= HFS EATHp = 0.07). Wt HEARE 9ol o4 Al CP7F S31=o] FHA S

oA =otal, B9 el FUt6te] 75 dT4a ol8dE vY Aow dddnh

Abstract Fermented feed refers to feed fermented by microorganisms through an artificial manufacturing
process and is excellent in nutrients, digestibility, palatability, and safety. Since the efficacy of the feed
varies and depends on manufacturing conditions and the feeding environment, this study was undertaken
to verify the superiority of fermented feed by evaluating the changes in nutrient composition and
ruminal degradability. Changes in the nutrient composition and in vitro ruminal degradability were
evaluated using a 2 (non-fermented; fermented) x 2 (concentrate 100%; concentrate 50%, forage 50%)
factor design. Fermented feed was prepared using a mixture of freeze-dried bacteria (Bacillus subtilis,
Enterococcus faecium, Saccharomyces cerevisiae) and mixed feed for Korean cattle, and subjected to in
vitro ruminal incubation culture for 24 hours at 39°C. The chemical composition analysis revealed that
the crude protein (CP) of fermented feed increased by 2.6%p and non-fiber carbohydrate (NFC)
decreased by 5.1%p. In vitro incubation resulted in the fermented feed showing relatively high dry matter
digestibility (p ¢ 0.01), and low total volatile fatty acids (VFA) and ammonia nitrogen content (p < 0.01).
Moreover, the amount of methane generated per digested dry matter (p = 0.07) showed a decreasing
tendency. In conclusion, we believe that fermented feed is advantageous in nutrition and rumen
digestibility, which could increase the nutrient availability for Hanwoo cattle.
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1. M2
7F&ol Fojol= AR aedS FXtke A2 Am
YY wopolA FH A, o] F UBE FoIE &
¢ HEEE AR Be SL FES] APl gt
FAEE AT 2 24 sPolA A, B ATH

oz vigd vER dad MRS Qusiy, o] 3
oM Ak O] FUh, 2918, 7124, FgAdo] HetE o

S8t 7152 ZHAIEH,
ol 53] HAERAES olgsto] wghatwol

nES FEokL Tas
ad Almes AdA

ol TR #EE AU

7l= Wiio] ol &=L T2l
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ARFZHE Eol ol8¥= WIBEREE Bacillus
subtilis, Saccharomyces cerevisiae, Lactobacillus
acidophilus, L. plantarum, Aspergillus oryzae 5°|
ATH7]. mAEo] W9 HE o) v = Tl o
o) Hig Hio| M2H A oryzaes ZREXOLY] £&
£0o] WerS 50%7HA] MBIl S cerevisiae= in
vitro /oA HEE 10%71g Acks Aog IHA
UTHS,91. BHA= B 5o thAMES 23t
FAE ATote] w9 wEgory dAE 116k,
& Sk A0 & EuEQTHI0l. aRe AU v
= S STHI7IAL Sl o EA e EX5ko]
gk &S Fole Ao HuEoH11,12]. J=v
Al BEAC 3% AL AR Ax 2 E ol&
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Ao B BEAE ol&sto] Axg TRALRETF AL
7 37} o 7o) wt get &} ek §EES] in vitro
Ta EA4T Hie 8Tl vX= g3l disi B7ist
aot. 52 Axd dHEot EE(Bacillus subtilis,
Enterococcus faecium, Saccharomyces cerevisiae)
& olgsio] B9-8 WIS YRARE AL o]
& B gig Au

=
=2 T

of e 399 W59l o184
o o AEe st

===

167

=1
=

2. jg ¥ g
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£ 7= YRS AR 7} ofFo] w3
9] IE ST dg Pl nXe JFE Bt
Stuzt Y=L 2 A2 2(8E f5) x 2(RAE
A7 )9l 8RIEAE B9l AAISIITh A AlEe
he- H|S9-& viRAtES} HRALE, AX(EHATF 7
H7IEE12A 3)F ol8stgion, 3-8 HigAtE S
¥ &3t wigt]= 27 Table 13+ Table 200 AA|
stolct. HastEE TAE7|(BEO-1500, EO  tech,
Korea)ol ¥igAl= 400 kg, & 187 kg, AA#A| 1.5 kg
£ 5 & wHlsto] 37 °C 2A00A 72413 5 o
A zatdck AAFAI(Bio 5050, Nonghyup, Korea)=
524 Ax9 23 AA(Bacillus subtilis 2.0 x 10°
CFU/g), Enterococcus taecium (2.0 x 10° CFU/g),
Saccharomyces cerevisiae (1.0 x 10° CFU/g)Z ©]
&3tqich

A ARE 60 °C AR B0 72 h AXS ¥, A
o]ZE 9 (cyclotec 1093, Foss, Hiller@d, Denmark)of]
EJoto] o]g}st B A3t jn virro W59 HRE 9
ko] ZH2F 1 mm, 2 mm 239S S35t A2E &8
SHATE 3tedE-2 AOAC (2013)°]l wet A&, CP, ether
extract (BE), ash £4& AA6IHA, amylase-treated
neutral detergent fiber (aNDF)@} acid detergent

Table 1. Chemical composition of feeds used in in
vitro experiment (g'kg™ dry matter, unless
otherwise stated)

Fermented

Item' Concentrate concentrate Forage
DM, g- kg as fed 909 626 913
CP 170 196 59
NDICP 35 31 34
ADICP 10 10 17
NFC 525 474 102
aNDF 257 267 793
ADF 93 106 505
EE 40 36 6
Ash 44 58 74
GE, Kcal/g 4.4 4.4 4.4

'DM, dry matter; CP, crude protein; NDICP, neutral detergent
insoluble crude protein; ADICP, acid detergent insoluble crude
protein; NFC, non-fiber carbohydrate; aNDF, amylase-treated
neutral detergent fiber: ADF, acid detergent fiber: EE, ether
extract; GE, gross energy.
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fiber (ADF)2] &5 Georing and Van Soest (1970)
9] - 3-8oto] B4 cH13]. neutral detergent
insoluble crude protein (NDICP)Z} acid detergent
insoluble crude protein (ADICP) Licitra et al.

(1996)9] o=z ZAstrH14].

Table 2. Ingredients of the concentrate mix used in
in vitro experiment (as fed, %)

Ingredient Composition
Corn flake 35.7
Wheat bran 19.6
Corn gluten feed 12.5
Wheat 8.8
Soybean meal 7.8
Palm meal 6.3
Soybean hull 3.7
Lupin flake 3.7
Limestone 0.9
Salt 0.4
Sodium bicarbonate 0.4
Mineral block' 0.1

12,650,000 IU vitamin (vit) A, 530,000 IU vit D3, 1,050 IU vit E,
10 g Nicotinic acid, 4.4 g Manganases sulfate, 4.4 g Zinc
sulfate, 13.2 g Ferrous sulfate and Ferric oxide, 2.2 g Cupric
sulfate, 0.44 g Calcium iodate, 0.44 g Cobaltous carbonate per
1 kg.
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A 3 g WMol ozste] 107 31470l wet 54
St & GAk(lactic acid bacteria, LAB)} MRS agar,

<

N2 Bacillus)2 LB agar, X4 (Yeast)}> Potato
Dextrose agar?] HJA|E o]&sto], F4FS 39 TR
oflA] vjF7]ol 48417t Bt B7] Adefol A vigetar, 1
o 9 BEFL 35 CRANA g7l 48417 Bt
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Table 3. Microbial count of feeds used in in vitro
experiment (log CFU/g)

Fermented

Item Concentrate Forage
concentrate
LAB' 4.60 9.23 5.97
Bacillus 4.50 4.89 ND?
Yeast 4.03 8.69 7.79

"LAB, Lactic acid bacteria.
ND, not detected
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2.3 In vitro Y5 B

£ A7 TESAEEE 5 EAY |Y9Ys 5
< Hho} SYEAUTHSANS NIAS 2021-501). AIE
o= Medrt FFE HE 7] e AAE- 25FA
736 £ 15.5 kg, 6171€9=)7} ol &=tk AAS= ¥
£ 71E0% 199 AR 2 kg(BHAT 1.4 kg + 7E
71851 0.6 kgt 5FAMR 8 keE o150 & W
(09:00 % 16:00) Wrol Foistgla, AR 9T
JE-2 Table 13 Zth §FEAL2 @ HALR Fo A
BTAEC2RE AfHot 489 cheese clothZ oj7}st
of AIRYPAE AATIL, FA] CO; gas?t F21E Ho
gol AFA=z 2Htetolt

Goering and Van Soest 5'#o] we} vi39ji3} F
o3 bufferg 1 : 4 ¥&2 ST F 39 € 2 714
aytstEA A7) A FAE flste] CO: gasE A&4
o7 FsltH12]. Al¥ALEE cyclotec 1093 meal
(FOSS, Hillergd, Denmark)E ©183t 1 mm 37|12
EaJ5to] o] &35ttt (Table 1). 125 mL serum bottle
o 714 0.5 g& B2 T YN 50 mLE £5519] 39
T Bg71o0A 24A17F5<%F 120 rpmlE vt
A3 = 7 serum bottle °] 0™, 2] T 33 ¥t
2oz L3siqirth

o

ofN Ay

2.4 In vitro &g &

2417 vieF & tAd AJAA(TPI645, TPL, Korea)
o EFAYAIE o]8ote] v R Aol di7 gt
LR EE 7IAE 23t APgstqint. 2HE 7tae
A5 A= serum tube (BD Vacutainer 367953,
BD, USA)° &AA GC (gas chromatograph; NL/450
GC, Bruker, USA)Z B4t} 7FA - & serum
bottles 7H&sta L A4kt Qi ole]
AZ 9ol wigHE AL 15 mL tubeol] =5
31, pH meter (pinnacle pH meter M540, Corning,
NY, USA)E ol-8sto] A=g Z7gotqint. A A%
At FEYole] A4 BAZ floto] mE Z5 FA
E£20 & metaphosphoric acid (Wako, Japan) &%
T HE 1:10 H[ER 3|45t} A 2717 -80 Col
Y BEotyct.

g AT AAAFS Erwin et al. (1961)9] B9
S-85t0] E8olTt. MEL B4 A 4 TolA shsdt
. 0|FAAEE]7] (Cyclo1730MR, Labogene, Korea)
o]l 14,000 x g, 4 ColA 1087+ A4 £est
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At 1 mLE &85} 2-ethyl butyrate 100
mLE 7St & GC (gas chromatograph; 6890N,
Agilent Technologies, USA) 248 G2Ho] &4 &
235199} Sk AMAF BEENML volatile fatty acid
standard solution (Catalog number. 46975-U;
Sigma-Aldrich, St. Louis, USA)S ©]-83}3t}.

A2 Yote] A4 E4L2 Chaney and Marbach
(1962)9] L S-8sto] A8statt. ¥ Bt 4
E5 A2oA FE3] &5iAIXl F 14,000 x g, 4 T
Al 5EZF Y4l BEjote] d2 A4SAE B0 &85t
o} AE ASdT) ol ®EEH (25, 50, 100,
200, 400 ppm)it F745 Z429] 370 Al 20 w
& B33, phenol color reagent (Phenol 50 g/L
9} 0.25 g/D%
alkali-hypochlorite reagent (sodium hydroxied 25
g/12} 4-6 % sodium hypochlorite 16.8 mL/L)& Z+
7t 1 mL 7kste] E36i3ieh. 37 € d5xoM &
AAE 1587 F55] WG T, FF 8 mLE 7t
3}al UV spectrophotometer (Catalog number.
168-1150; Bio-Rad Laboratories, Inc, California,
USA)E ©]85t9 630 nmollA S3LE S35kt A
Z | gEYol dA g2 dmuUor #E89] 4
FHAE 71202 o] ALlgt gk &8sttt

sodium  nitroferricyanide

H A

2.5 8AEN

2 A7l A2 BE A= SASY PROC GLM
(SAS Institute, 2014)E o] 850] HAEAS AA|5}9]
tH15]. Aol 9Jgt H7F ¥l Tukey's range test
£ o] & BA5IE 82 p(0.05 0=, 4
FAL 0.05 < p € 0.12 HAapct

3. Zl ¥
3.1 kg 2
TaARS] CPe AE 7% 19.6 %E, HidA=E

(17.0%)Ect 2.6 %p & @S YePHtHTable 1). &&
At&2] NDICPSF ADICPE= 242} 3.1 %2} 1.0 %=, Hf
AR 3.5 %, 1.0%)T AR H|Sgt 44
£ 29tk @aAlRe aNDFeF ADF= 242 26.7 %,
10.6 %=, WFALRS] =2](25.7 %, 9.3 %)t 2 Aol
£ Holx| g9t ¥hd IHALRS] NFCE AE 7%
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47.4 %=, WEARE(G2.5 %ET 5.1 %p H2> 3 7t
et

Shimelis et al.¥} Shi et al.9] dtof] W=w
B HEE 7S 39 A 9489 dFHE
ATH16,17]. IAEFA IR HBEY 5o 9
2 W 1EREZo] £a=o] 7159 Alm
AXNZIAY, Al W FIFIPE 540 gl &4
v 4= 917] wiEoltH].

=0 A3 AFolA HRARS] CP7L Skt A
o] BEQE=d], gl ARE UHESHs IFElA
F71E& anlsto] id o] s art AYstal, R
FE BBl o8-S Bl nFEA dHdo] F7tst
7] W&olt}H18-20]. ol& LHRRAMREOIA CP7F S7Fst
2 A7 Arets JA3ie

Liao et al.+= Aspergillus niger, Trichoderma,
yeastE corn straw©l] F&sto] 647 TE A] CPEF
o] 10W) Z7}stal, crude fiber &&Fo] 36.2 %OlA
18.47 %2 APkl HuFPcH21). & AtolA= CP
9] g2 S7FRAINE 4%l NDF, ADF9Q] gHegol| Al
= & AolE HolA gkt A% AtolMe ik
3HFol &2 corn straws AHSSFRA|TE, B Aol A
= AfA o] B2 IE AR AFE uidE wiEAt
55 o]-83t Alo|ol A tha AFolet At =EH

TAAF

S0 O
E

=
=2 O

hu

AE OIS dFFE HslolA "ok olgA AEE &
e LoHlo|gA 9l ZFHo|QEAR A-g5}o]
HBEY 4ol %S 3= & AL o9t 22
o] E A Ay TEARS] NFC7F siEAE
oy 32 =25 UEid A2 AR a8 oA vy
9 = sl 71AEA o 8= thiEeE weErt
LEARS AR dee AN, SRaollA 242t
9.23, 8.69 log CFU/gOo & uigtAL=E(4.60, 4.03 log
CFU/gkth H| 13 &2 FX& BEA=|qt

3.2 B 712 ASE, T 7tA 3 HE U

In vitro W 24A17F & IR AR A FCE A
E Agkgo] w2 Ao| Y AOE UEHHp =
0.08, Table 4). FCx 4%t AE o Wgt 7tA wiE&TF
o] W2 Aol A(p = 0.07), Y=o H4 gefo]
FoHog A Yepgtip < 0.01).
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ZAMR RS W] vta AT BEE A H| 99
S uHEd, #AE7F 23" X9l NC-CF,
FC-CF Hg]3= NC-C, FC-C A 2]7o] H]sf 82180
2 AE 4880l Ril(p < 0.01), pHF =2H(p <
0.01), & 7tA LAl Hai(p € 0.01), gt EA=go]
H1(p € 0.01), YUl A4 FheFo] @A Uehutth
(p € 0.01).

B A% AuloA FaskE Aol FCE: HiRAbE
A2l NC tiH] AZ 484&0] &0l FFe HY
=0, ol A A7) Axe} DAkt Kim et al. o]
Aol TEARE AHNER in vitro W59 iUt
A3, 3, 6, 9, 12417 B Al HEALRS] AE 45H80]
HAAE R HRAET IO R =9koL, 244
7b il A= X E=qko; BA1Z fol4o] Qigle
o 48AIZF vl Alofls AR Hgt X5 B
o}, wEba] BEARS] 99| Eole2 24417 olvie]
v A Z2 AZolAE 2 A5 Btk wekEd.

A% Askg, gmyote] i, kA WA 59 A

SHAQl wise] Wi Bl AEEC| Avelr] HAlEst
o1 el

F+E NC-CF, FC-CF A#49] a7t td Zeg
=4, ole AR Fl IE 3 9] wa
o #RE Ay 79 ATet AXFTH22-24]. o=
AR WHEE9olA fA EaliEl= NFC o] &,
v 22 4357} §d NDF o] &7] mj&Eo|tH25]. &
3lEl A% o wgvks SAFE NC-CF, FC-CF A
TFollA RA Ui, ole AR el ©E in
vitro W8 A A7}t Xsh= ZAE RATH22.
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Table 4. Effects of feed fermentation and forage
composition on in vwvitro pH, gas
production and ammonia nitrogen
production after 24 hour incubation

Treatments Contrast”
Item' NC FC  SEM T
< a0 ¢ o F1 F2 FIxF2
DMD, % 60.1 47.4 64.3 48.3 2.28 0.08 <0.01 0.24
pH 61 63 61 63003 029 <0.01 048

63.7 50.2 62.8 46.6 2.55 0.43 <0.01 0.63
CHs, % 6.7 66 69 6.00.14 045 0.07 0.12
CHs, mL 43 33 43 280.22 042 <0.01 0.29
CH4/DMD, ml/g 14.2 13.9 13.5 11.5 0.45 0.07 0.18 0.30
NHs-N, mg/dL  33.7 29.6 31.7 28.5 0.61 <0.01 <0.01 0.14

'DMD, dry matter digestibility; DDM, digested dry matter.
2NC, non-fermented concentrate; FC, fermented concentrate; C,
concentarate 100%; CF, concentrate 50%, forage 50%.

SEM, standard error of means.

“F1, effect of fermentation; F2, effect of forage inclusion.

Total gas, mL

3.3 BIEY| 2[Rt

HaAlE A9t AR SRS B VEAY} acetate,
propionate 3ol §-941 JFE 7= ALE
ERtHp < 0.01).

FaAtE A FCAlA £ VFAF acetate,
propionated] ¥¥o] fH 0= FA Yo (p <
0.01), A/P BlE-& &2 S HHp = 0.02).
At&7b 3 NC-CF, FC-CF Ao A= VFAZ}:
acetate, propionate, butyrate, valerate & A/P H]
£ ol BE FEo] WA vegti(p < 0.01).

LEAEE A EHEC)NA B2 VFASH =y oled
&, ¥ AE 43kgo] Uit A2 A= Ua 77
A BAEY F4lo& Qlsf 7] SR #slofA 7]
QIsk Ao g woE) WaAIRS CP o] Wigitz
tiH] 2.6 %p ool Eotal HE9lolA vl
437} =& NDICPE 0.4 %p #43t3Ed], o]9h o]
7|1&0 = W9 EoE&o] ROk FY =] AR
Ua oA mlg] EofjEo] daAlRS] w2 & &
P& EEF A0 AlETh Y AtolA Ha It
oA AR JFaTt T8Ol 48t 56 fEE 3
B2 HPETty 519l=tl, °o] A7 A E =2
9] EolgE B dRAIET T WEolA T 3§
PRl FHoR {3t AE-Z o= ZoE woEd
[16,17].

=)

Table 5. Effects of feed fermentation and forage
composition on in vitro volatile fatty acid
production after 24 hour incubation

2
Treatments Contrast”

Item' NC FC SEM?

F1 F2 FIxF2
C CF C CF

Total VFAs, mM 120.7 97.0 111.4 84.5 4.28 <0.01 <0.01 0.51
66.4 57.3 60.9 51.0 1.78 <0.01 <0.01 0.76
33.1 224 29.6 19.1 1.69 €0.01 <0.01 0.89
13.6* 10.6" 13.7% 8.6° 0.67 0.04 <0.01 0.02
Valerate, % 27 23 26 2.1 0.09 0.05 <0.01 0.26
A/P ratio 20 26 21 27 0.09 0.02 <0.01 0.29

'VFA, volatile fatty acids; A/P ratio, acetate-to-propionate ratio.
NC, non-fermented concentrate; FC, fermented concentrate; C,
concentarate 100%; CF, concentrate 50%, forage 50%.

3SEM, standard error of means.

“F1, effect of fermentation; F2, effect of forage inclusion.
““Means within a row with different superscripts differ
significantly at p < 0.05.

Acetate, %
Propionate, %

Butyrate, %
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