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Abstract

This study was conducted to determine the fermentative characteristics of wheat bran inoculated
with a starter culture of direct-fed microbes as a microbial wheat bran (DMWB) feed additive.
Wheat bran was prepared with 1% (w/w, 0.5% Lactobacillus plantarum and 0.5% of Saccharomyces
cerevisiae) starter culture treatment (TW) or without starter culture as a control (CW). Those
were fermented under anaerobic conditions at 30°C incubation for 3 days. Samples were taken
at0, 1, 2, and 3 days to analyze chemical composition, microbial growth, pH, and organic acid
content. Chemical composition was not significantly different between CW and TW (p > 0.05).
In TW, the number of lactic acid bacteria and yeast increased during the 3 days of
fermentation (p < 0.05) and the population of lactic acid bacteria was significantly higher than
in CW (p < 0.05). After 3 days, the number of yeast in TW was 7.50 £ 0.07 log CFU/g,
however, no yeast was detected in CW (p < 0.05). The pH values of both wheat bran samples
decreased during the 3 days of fermentation (p < 0.05), and TW showed significantly lower pH
than CW after 3 days of fermentation (p < 0.05). Contents of lactic acid and acetic acid
increased significantly at 3rd day of fermentation in TW. However, no organic acids were
generated in CW during testing period. These results suggest that 3 days of fermentation at
37°C incubation after the inoculation wheat bran with starter culture makes it possible to
produce a direct-feed with a high population of lactic acid bacteria at more than 10" CFU/g.

Keywords: direct-fed microbe, fermentation, microbial population, organic acids,
wheat bran
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AIAA 0 = H] 2] & 524 0] A O] A& FAIHAF -2 Uet e 2011'd 7978 Atm W] A9 AME-S AW &
A|sFTt.

FAAE dAsH] Q18 5 skl A Al = 7Holl dolSle R E S Folt e 24 AU #3-5 7HAA
1 &30 0] 22 FFES U= EXAFR 2 (Fuller, 1989), EHiz]of Qlo] A& AR &8 B0l /i =& g
Tk B 153 QIok(Kim et al., 2001; Min et al., 2002). T9]7150] Qlo] A= 2o)= Q1 u| P51 4t
(Lactic acid bacteria)2 54 @714 0| AZ2A] ZAHS AAESTo] A5 pH 4.0 W22 A SHAA f-aflu] = 2] 54
= AR o]t it wEol whet 24t 0] 9] 9] of 2] PAEH-ES AAFSH | & Fth(Min et al., 2002). 7L 2]of]
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FuEES Al 71888 S0, 2A4ES A, 8714 A F2A AFAE o] §otEE Y
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Materials and Methods

SAM=

H AP AMS-H o= Lactobacillus plantarum M10 (KCTC9148 1P)2} Saccharomyces cerevisiae= ==}
SH FARHARFEAE o A Bofdtol ARSI L. plantarum-2 MRS /38l Z] (Lactobacilli MRS broth, BD
Difco, Detroit, USA)®f| &3 % 37°C 8i%F7](MIR-253, Sanyo, Japan)ol| 4] 24 A]7F @ 7|8l YF5to] ARS8, w5
O] HEL2 1% (wiv) glycerines 3718k MRS W/dujz]o] 455 Este] —20Col 525t Hystgint. s.
cerevisiae®] 73-5- YM AN Z](YM broth, BD Difco, USA)O] HE3510d 37°C vl 7ol A 36417 S7]8 st & A
S5 A L, F52] HEL 1% (w/v) glycerine2 7FE YM brotholl & FE3te] —20Cofl 525t HosI3ATt.
D71& HF A L. plantarum} S. cerevisiae®] B/3-& %0171 9151 MRS Al 2] 2F YM Hgafj =] of] 22t 34}
o] 37°7C g7l A 24A13F vt 5 ARB-SFGITH

LA A A2E ARt W& SATE 20N FYste] ARG E+to] HFol e HaEA-S TAIS
7] Ysted W71 100 gl 5575 35 mLE 715t & WS L. plantarum M102} S, cerevisiae BIFH-2 Z+2F 500 1L
# Broto] oA 2315k polyestylene 8711 150 ¥ W-gsto] 24oEH 01, 30°C BTl A E7]uigs
M HiSF0, 1,2, 342t B4 245 913t Al m & AMESHIT
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g 9] 7]-8-0] Qb EEA.0 AOAC (1990)3 o]l Z=51 0] Sraat o). Tl AL Kjedahl ¥, 22|92 Soxhlet
¥, 22122 5]3h 0 & Z451%{th Neutral detergent fiber (NDF), Acid detergent fiber (ADF) 3] -9 Goering
and Van SoestH(1970)2.2 EA4513t.

n]

Dot Q4HEE 34 N(KH.PO4) 9 mLof| HEU7|S 1 g ¥al AR & 10334 o2 AAufg= 5]451%
o}, S| A& 1 mLE Fsto] 98] (Nutrient agar, BD Difco, Detroit, USA), BCPH] Z|(BCP agar, Eiken, Japan),
YMEHZ|(YM agar, BD Difco, Detroit, USA), MacConkeyHl| 2](MacConkey agar, BD Difco, Detroit, USA)o]| ZtZ+ B
F51e] 37°C wiF71ol 4] 36 - 48417 vl et & kS Alg=shdrt.

3) pH 2%
drg U720 pHE A& 5 gofl H74 45 mLE 7I5ke] 1E7F #2435 digital pH meter (Seven Multi™, Metler
Toledo, USA)YE AH&5to] 2451t

4) 77| 24

g U7)e W 714t e 3 2ekE e w)(HPLC, Shisedo 5200, Shisedo, Japan) S 018510 F-4 5} ct.
A& 2 goll 108 F7-5 7Fshal 3042 B2t 2ol A wit oF 5, 452 315101 0.45 membrane filter& o] 5%
ot o9& HPLCE ©]-8-5t9] 2451312, o] mff 2452702 Table 10 LEHA Hieh Lot

Table 1. Operating Conditions of HPLC for the analysis of organic acid.

ltems Condition
Column Unison UK-C18 (250 x 4.6 mm, 3 um)
Instrument Shisedo 5200
Detector PDA 214 nm
Column Temp. 40°C
Flow rate 800 4 L/min
Mobile phase 0.2 m KH2PO4, pH 2.4
Injection volume 10 «L
S724
e ARE A4 339 HHEA Y & RSkl A A o] digh SAlE4-2 SAS program for Windows V9.2 (Sas

Institute, Cary, NC, USA)E ©]|-&ote| ELHEX(General linear model)2 AA|oF$11, B3t X0+ Duncan’s
multiple range test]] 2]5to] 5% -2 =0l A] HA ottt
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Ta-g TS o] 2 U7 EHCW)L HEET AZ-HTW)S] B 39 T U= FHF2 Table 2

H : D7) TagdA o 2 A(CP)YF ZAH(EE), £3]F(CA)2] H2 T ag

T A AR A GO] -2 A Q1 Aol 7 FERAA] O H(p > 0.05), T HE A 2]l A FSAMAE-8434

fH(neutral detergent fiber, NDF)2] H]-&-0] Z7Fol= 742 B 04 o] JA] 5222l xfo|= YeptA] S thp >

0.05). o= B AFL 2 2] A A L. plantarum-e 3350101 4547 RAIX] Ak v F o} HE2] 2o
¥} 4G4 o] GAFSHATE= Choi et al. (2015)2] B 119} A 2|51t}

+
My
fv)
s
kol
(O8]
ne
o
.

Table 2. Chemical composition of wheat bran at 3 days after fermentation.

Treatment CP' EE" CA" NDF" ADF*
(DM%) (DM%) (DM%) (DM%) (DM%)
cw 1094 + 034 513 £ 2.09 355 + 043 2560 + 069 882 + 045
W 10.80 + 034 545 + 2.66 382 + 041 2657 + 067  9.26 + 045

Values are Mean z standard deviation.

'CP: crude protein, "EE: ether extracts, 'CA: crude ash, "NDF: neutral detergent fiber,

“ADF: acid detergent fiber, YCW: control wheat bran, *TW: fermented wheat bran inoculated with L. plantarum
M10 and S. cerevisiae.

t
Z U= - HSh= Table 30 LreRH HEel 2ok, 4kt 0 739 279} 2 2]
=g 393tof 2] 77} 11.81+0.18 log CFU/g . 2 T 22 5.20
+0.96 log CFU/g HTF 59124 0 & £3811(p < 0.05), &1 =L A 2| Fo| A Rzt ag o weh fojd oz Z7t
St oL, t 20 739 ARt AEE A STt o] W&ol fAT T AR E HE F FTI2A 24417

HjF5F2 wf ZH2F 2 x 10° CFU/g, 8 x 107 CFU/g2] At<+5 LEFH I tH= Savolainen et al. (2014)2] H 119}, AR

Table 3. Changes of microbial population of wheat bran during fermentation period (log CFU/g).

Days
ltem Treat.
1 2 3

Lactic acid cw 1.00 £ 1.15¢cB 4.45 + 0.00bB 573 + 0.35aB 520 + 0.96aB
bacteria TW? 5.83 + 0.06dA 8.30 *+ 0.18cA 10.60 £ 0.35bA 11.81 £ 0.18aA
Yeast Cw Not detectedB Not detectedB Not detectedB Not detectedB

W 452 £ 0.04cA 6.70 £ 0.17bA 6.79 = 0.24bA 7.50 + 0.072A
Aerobic Cw 3.98 £+ 0.19¢B 749 % 0.11a 6.48 + 0.36bA 6.19 £+ 0.3%b
bacteria W 6.43 + 0.18abA 7.36 + 0.09a 5.26 + 0.45bcB 480 + 1.60c
Mold Cw 3.27 + 0.10bA 3.00 £ 0.21bA 416 £ 1.01aA 3.35 + 0.26abA

W 1.00 £ 1.73B NDB NDB NDB

Values are Mean + standard deviation.

a-d: Means in the same row with different letters are significantly different (p < 0.05).

A, B: Means in the same column with different letters are significantly different (p < 0.05).

YCW: Control wheat bran, “TW: fermented wheat bran inoculated with L. plantarum M10 and S. cerevisiae.
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2ol HHAE HEst] A7TEE tHS of Ia 79271 fA4tE 2 817 10° CFU/g o= HEfH oAtk
Ahn et al. (2015)9] H.119} A 2|59t

A 7o 22 oA 192kl A Uebgehr et 1ad o] wet astgl o, A2+
£4.80 £ 1.60 log CFU/g 2.2 th272] 6.19 + 0.39 log CFU/g R tF §-2] 4 0 2 UH7) Yebtthp <0.05). 5501 2] 7
© 2T a7 5 3.00 - 4.16 log CFU/g] #4-5 4AISHA, A2 7-9] 749 0¥l A7 AZE ) 1
AzEE] Al ZBA A7 AEE A %9kt Choi et al. (2015)001 4] 2zkat Al 2] 2] A% A] L. plantarumS A%
g A9 Fo] 47} skl the Autel 9264910 ™, Sung et al. (2010)2 2 214 AFY 2] 2] pH7L WAl @7

rr

o
ol ok n AR AR HTE R tof| Hlol A 2|4t - T O = L plantarum} S. cerevisiae's E S
22X -G-8 AR GAMERO G T o] FTt 242 Eha 3UAk] 11.81+0.18 log CFU/g, 7.50 £ 0.07 log CFU/g&
U, ol 2ot Fgol7b g a 192 HEEA] g2 27E Sooto] & ol o1& e Az Al &

O
& S ol TATI T G TR 7199 = qle A o= AtsEH.

2 WGP A 2 T E 7|75 pHHASH= Table 49 2o} D& 7} Xy Hof| whef of 27} A 2]+ BFoA &
2 pH FA7F Dot il(p < 0.05), &G T2 FET A 279] pH7t o] WA Aokt AE T84
3Aatoll= 29 A 2] ZH2E 6.22 +0.02, 5.14 + 0.022 4] A 2]7L9] pH7} tf 2Lo] v o] oz
LEGTE ©]+= Savolainen et al. (2014)2] Ao A D7 |-&of fAF T ERE HFot] A7 E= 07288
S o v A0 At e sto] pH WSk} itk B 119k Ahn et al. (2015)2] A H 2o A4S HE5HA
ol H5j pH Aok e 7F Biiths et Y x]sh= difolot.

r

o
=)
)
BN

Table 4. Changes of pH of wheat bran during fermentation period.

Days
Treatment
1 2 3
cwY 6.28 + 0.01a 6.28 + 0.01aA 6.18 + 0.03cA 6.22 + 0.02bA
TW? 6.27 + 0.02a 6.23 + 0.03bB 528 + 0.03cB 514 + 0.02dB

Means + standard deviation.

a-d: Means in the same row with different letters are significantly different (p < 0.05).

A, B: Means in the same column with different letters are significantly different (p < 0.05).

YCW: Control wheat bran, *TW: fermented wheat bran inoculated with L. plantarum M10 and S. cerevisiae.

USI7t S YIS EEEAA 2 /7|4 S Bt

A7)& A AFA o AR x7] 714 HSk= Fig. 10]] Wrebd vhe 2k, 24k (Lactic acid) 9] 74-¢ 2 TH(CW)=
g7 Jg =l o) Zibat 24k FFRS} Gl o, Tk HEHTW) ] ¢ art X ol uhef kol &
o] 0 g Z7}510(p < 0.05), T& 382k CW2FTW 2+ 0.00 £ 0.00 mg/kg, 25,175.80 + 2,451.01 mg/kg © 2 TW
7k 02 E U THp < 0.05). ZAk(Acetic acid) 9] 7¢I TWOlA a7} X3 of] whet ghgro] o4 o2 27t

S (p < 0.05), CW2] 749 sz qlgl 1, #a 3¢ate] cwek TW ZHF 0.00 + 0.00 mg/kg, 19,622.98 +
7,336.07 mg/kg 22 TW7F 522 0 2 =9 TH(p < 0.05). Savolainen et al. (2014)2 D7]-&of §AIT L E HE
St 79 I E 24407 Tl 7P =2 gk UER e o] = fatto] At Aok Alrtal B skqiTt.
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T3t Choi et al. (2015)2] @ ntof| L. plantarums 53& SR
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Fig. 1. Changes of organic acid concentration of wheat bran during fermentation period (mg/kg).

A: concentration of lactic acid, B: concentration of acetic acid.

YCW: Control wheat bran, *TW: fermented wheat bran inoculated with L. plantarum M10 and S. cerevisiae.
a, b: Means in the same broken line with different letters are significantly different (p < 0.05).

Conclusion

2 Ao s B2 o] ot HRAATA Al Al F-80=E1Q L plantarum M103} S, cerevisiae's 75t
EA ke Attt oo Ha vy F et 229 238, NDF 9 ADF9)

g2 2o} vl otqit. R st 2ol whet -8 =2 e Aol A B 2ol vl fAt
R(p <0.05), HFol= 192} o] F 2 =] 7] ghghey. Tt 'Iart xls) s of whef &

AT BF pHAATF ojfout f-8 8 ES &1 A2l77t B3-S ol Hlol pH Aot 7t whe 2o
2 UERHTHp <0.05). E3F, 24t 244H0] A9 F-8 0= 5T A2l A 242 25,175.80 £ 2451.01 mg/kg,
19,622.98 + 7336.07 mg/kg O & 504 0 2 oA THp < 0.05). 0|4t ATHE Egtoto] 2 uf|, Wr]-of 9814
B &5l 30CollA] 387 HaA A 5¢ fARES] 4271 10" CFU/g o2 & FAl5kal thake] §7]4ke i
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