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Abstract

This study was conducted to evaluation the effects of dietary soybean meal (SBM) and
fermented soybean meal (FSBM) on the growth performance of Korean native cattle
as Hanwoo calves (Bos taurus coreanae) and Holstein cows. In total, 16 calves three to
four months old (Control group, SBM: 5 males and 3 females, average weight 105.7 kg;
Experimental group, FSBM: 5 males and 3 females, average weight 103.7 kg) were fed 5% of
the feed amount for 53 days. In terms of growth performance outcomes, the average gain
body weight was significantly higher in the FSBM group than in the SBM group in the final
fattening period. The average daily gain in body weight (ADGBW) for the FSBM group was
higher than that of the SBM group in the final fattening period. The average gain body weight
in four months for FSBM was higher than that at three months in the final fattening period.
Diarrhea incidence for FSBM was significantly decreased compared to that in the SBM group
in the six-week period after weaning. These results indicate that dietary FSBM can improve
the growth rate and health condition during the calving period. Holstein cows fed fermented
soybean meal had higher milk urea nitrogen levels and decreased somatic cell counts
compared to those fed SBM. These results may be closely related with the increased average
daily gain body weight associated with dietary FSBM.

Key words: daily gain body weight, diarrhea incidence, fermented soybean meal,
gain body weight
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ER7)E AL o] Fof| TES YU 37 AAF7H Aol BT S vk FokA| 9] o]f= o7k &
Ega F 7P 2 Y0 R o]f o] 9] Fofx] 717 Y Aol S H A= 29102 Y 7159 eksk(Blecha
etal,, 1984; Sevi etal.,, 2001)2} o] Q= A 0 2 AR 1 A Tl 371 AR A H Ta, 47 Foll(Shan et al,
2007) 52| @/gol Lrebdth

o4 (soybean meal, SBM)& 7F50l| 7| 71 o] AMEE= Tl 33U 0= 243t amino acide ¥H-R-5H1L
10} 7} ALR 2 2| Z o] W (Min et al., 2009), A 24 Tl A2 B Z5lo] 75

7| & 4J o] Zth Awawdeh et al., 2007; Mjoun et al., 2010). L2{L} o] 7F=of|A] thaFot T YA 291 (anti nutrition
factor)©] Q1oJA] Ak ol 2-&5F=t| $HA|7} A THLi et al., 1990; Jiang et al., 2000; Yoo et al., 2009). 3-8
+2hg 5= Hh(fermented soybean meal, FSBM)2 & YRS THAAFA A2 45H8 T J T4

21-S A7 CHFeng et al., 2007; Fujiwara et al., 2008). Uo7 &g #1142 S35 HlEpRI o} -2 W4 YA T A
= CHLee, 1998). O] F SAER] SobA| o] W Aefaha] gl AE A yhe] wlj7sH 4=of] o3t E of
ol 2117}l o, chdtoll ZHE AH7] =R o] AR Y R T & ZHAAJZITHK ers et al., 2003; Feng et al., 2007).
2hA] FSBME A= Wl oz ] A% 4% 582 FIAI7]AL o] 2B A vhgol J3FE n|%Ith FSBM
o] Hlefo| &= 7}52] Y Z 2 E T (Wang et al,, 2003; Feng et al., 2007), S-0FA|ol|l A @ Tz o] Z715 Bt H
o vk /o] B & ThWolfswinkel, 2009; Kim et al., 2010). THEZA QI AEHA & 2291 Cortisol> AE |
20| §hgoto] w2 £F0 2 FH|E= A0 R S 4 AER| AL tARY AER|A HSkel Hedo] gt o R4t
2 2hF-2-ol| = 71 g2 o] 85 whil A el o] HHE9] 26/ Tl (rumen degradable protein) 2 ZA] 4 TH
o2 #2435l opn| it T2 u T} cellulose@t pectin®] 52 A5HE-S 7HA] 2L AthKwon et al,, 2011; Imran et al.,
2018). A= 2 AH, 7 A Sk SAER] 240 Hx AR tigh £ASE Fo| = 9 Tl
S 5712 9135l SBM E&0] H 25} Th(Rego et al., 2008). 1L} SBML -2 £530] HESQ] Bl thafdl o
methionine Tf lysine2] H|& 2 o 2] &G YIA} Z2H(©]: trypsin inhibitor, hemagglutinin, raffinose 2 stachyose) (Yoo
etal., 2009; Zhang et al., 2013; Imran et al., 2018) 5] T2 7}A] 1L Qlt}. o]2]dt HHE-L n| Y& thA} = 0| A)
2 84 Z/J(Chatterjee et al., 2018)2 -2 UG E 53l SBMO] T2 S P EN a0 = o] & = £ Q)
o} 2 A= i 7ERE fANFS] EAJS- 71 Bacillus coagulans NRR12072} Kefir starterS- ©]-8510] FSBM=- A&
S, o]f & 3he- Sofx|of|A| Fofote] SAlE} AL S42 ZAFsto] B alsh=Hlo|tt.

rol

X oox o
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Materials and Methods

LRCFE =

AAHE A 2= Ra 5(2021)2] WHol| wtth S 10% SR =50l Al o] AEE] 3%E HFsto] e Azl Al
o] 223} Bacillus coagulans NRR1207 AEFE] 3% 5 &oto] WaAIZ] tiFehs 2% 2 2:30 8 S3bsto] A2
sttt Almlo] A2 27°CollA 2, thFEE E = 40°CollA] 3Y Bt Biste] 40°Ce] A5 2702 X &

AF-2 ksl
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St SOIR| AL Al

A T S0k 165+(ZE0HA] 85, 45014] 85F)= 4T 37HEH 8%, T 71 E g 8= /35t of
ZHSBM)2H AlEHFSBM)E 212t 8F2 /85Tt AFR Fol= 5FALE, RAFS(E|RA], ggat F8), o)y
Z E5S Foloiiitt 7| Ardte] Tl et I E A et Gr|ALEE o) Fobx] AR Foie] 5-30%
ofatqltt. 2= of ™ FobA] Alg + TiFH} 5% Fof, A= o] g0l AR + Hha i Fd} 5% FoE 5t
A AFFAIY 7]7HS 53U A AT

olf T2 AT AIE T& F AT, A AT, LL SH AF, AAH o7& S5

2Q90| gk 413

2H3-9-0) AP 52 A7 9423 5782 A E5HA L Holstein-Friesian Z3AH-5 T2+ 255, Al 25
=2 14510 302 B9k Foistginh thR LR Fof )t AldRta T EEl Fol)= 1Y £ 300 ¢ ALE O]
d7Vstol Foloigich. 7o) A1 (%), DA (%), T2 TG E(%), milk urea nitrogen (MUN, mg-dL"), A ES =
MilkoScan™ FT+ (FOSS, Hilleroed, Denmark) 2.2 =735} T},

Anhe g + BEEAR BASIL AY Ate] fol4.2 W57 9I5to] student's testE o1&

A2 SAS program (Ver. 9.40, SAS Institue Inc., Cary, NC, USA)=- o]-&5}0] 2] 2|5}t

oft ook

Results and Discussion

uLlFae| Wt =Y

HI

Kefir starter2} Bacillus coagulans NRR1207 starters ©]-8-5F0] AJ4+3t FSBMO] H|AE 3L+ Ra 5(2021)0] E1L
St HEe} T} = Lactic acid bacteriat= 1.5 X 10" CFU-g", Bacillus coagulans NRR1207+= 1.3 X 10° CFU-g", Yeast=
1.1 X 10° CFU-g'o] Atk o] = g th =8 starter= AHE-SF Bacillus coagulans NRR 12072} Kefir (lactic acid bacteria +
yeast)= CHFHEo| A /2] 0 2 /251922 S=5tch SBMIt FSBM S| 2422 Ra 5(2021)0] EalghHie}l 7t
< SBM1} FSBM2| A& Zfol= 2, 53] §7|4tat dadt/d 7o) xpo]7F Ekth AJA|E0] tiztol] H] 5] citric
acid= 2F 3, lactic acid= 2F 548l acetic acid= 2F 78] A &= 9F 2. M trypsin inhibitor= 1/10, 7}&-2] AL} B&5&
F4Feh= oligosaccharide?] raffinoser= 50%, stachyose+= 35% &= 7HAE ict w2bA §-80]A &S o|-835F SBM
o] W g = 2ot o] Fo % 1 FSBM2 SBMel| H]3l| 7}5:20] AR 7Hx|7F =ol Rl 22 & 4= AT
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CHS8bat oot S0 K2 HIE Het

Table 1> A% 3 - 471 H 3He Lolx|o] Al 7HAlet T8 & AT A4 FAE vebd Zlo|tt sBMt
FSBM A% ] 4 /A A Z2 ZF2} 105.75 kgt 103.70 kgo] 1L, 28 & A Z2 7F7} 159.55 kgt 163.70 kgo] ATt
w2fA FSBM= A # gk &0kA]7F SBM gof 7ol HsH Aol S7He 212 & 4= AT =3k SBME} FSBM2] &
7Vl B E2 242} 53.8 keh 60.0 kgolth. E3H 1Y T Z7HH W AFS 242 1.02 ket 113 kg O-2 FSBM
< AFe SotA7F SBM Fol 7ol Hlal 1Y £ B A Fol 7 AS & 4 Uit o)/de] Auts B
FSBM< 38 &0tz 9] SAllol 317} QL= 2 & 4= 3t} $HH Kim 5120122y 75 H| A& gH-0]] 25, 35%
TS = FooHA] g2 ol H]sl Fof ol o]EA 0 & AFo] TV AT 1Y SAFE Fof gl o &
Ao g 271 708 Bustrh Park 5(2001)2 ¢ k k- A 9-2] S/ A B
oA mie g ALE Fo| 7t A1E STk 1Y

Table 1. Effects of dietary fermented soybean meal on initial body weight, final body weight, total gain

body weight, daily gain body weight in HANWOO calves. (Unit kg)
Number Sex  Months Starting body weight ~Finishing body weight Increasing body weight  Increasing body weight-day”
SBM
1 M 4 115.0 165.8 50.8 0.96
2 M 3 99.0 155.8 56.8 1.07
3 M 4 110.0 161.0 51.0 0.96
4 M 3 100.0 156.6 56.6 1.07
5 M 4 110.0 160.,0 50.0 0.94
6 F 4 113.0 165.0 52.0 0.98
7 F 3 101.0 158.6 57.6 1.09
8 F 3 98.0 153.6 55.6 1.09
Average 105.75+6.92a 159.55+4.31b 53.8+3.14b 1.02+0.07b
FSBM
1 M 3 91.0 155.0 64.0 121
2 M 3 9.0 154.0 62.0 1.17
3 M 4 111.0 167.0 56.0 1.06
4 M 3 112.0 167.0 55.0 1.04
5 M 4 1230 181.0 58.0 1.09
6 F 4 95.0 160.0 65.0 123
7 F 4 93.0 157.0 64.0 121
8 F 3 113.0 169.0 56.0 1.06
Average 103.7+12.36a 163.7+9.08a 60+4.17a 1.13+£0.08a

SBM, soybean meal; FSBM, fermented soybean meal.
a, b: Values with different letters within the same column differ significantly (p < 0.05).

SBM2 FSBM 206{0]| IHE FH[E

Table 2= FSBM= A 33t 3H9- &o12] 9] 2|5 Z712] H3tE UeRd Zlojoh. SBM go]-2] 4| FA1= 538 &
3.14 kg, FSBM &0]719] 24| FA1+= 60.00 + 4.172 SBM o] 7ol| H|3l FSBM 20177} -8-2] A4l o] UA] 6.2 kO]
SAE Ao 2 yehgt SA&2 B SBM Fofol] H|3l FSBM G177} 11.5% SA1E 2 o 2 velsit ulet
A FSBM 2017} &H¢- S0z o] ZAof ul-e- E3k4Q1 7S & 4= U1t
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Table 2. Effects of dietary fermented soybean meal on average body weight in HANWOO calves.

Item Average initial body weight (kg) Average final body weight (kg)  Average daily gain body weight (kg)
SBM (A) 105.75+6.92a 159.55+431a 53.80+3.14b

FSBM (B) 103.7+12.36a 163.75+£9.08a 60.00+4.17a

C=B-A 2.0 42 6.2

D=C/A %100 (%) -19 2.6 11.5

SBM, soybean meal; FSBM, fermented soybean meal.
a, b: Values with different letters within the same column differ significantly (p < 0.05).

SBMz} FSBM 20{0]| 2 X[ X|SH |2t 2|0 SH|

Table 32 SBMZ} FSBMS A1 %3t 3H¢- &obx] 9] 24 A5} 2|31 2| F2] Z7} Hshs Uehd Zio|th sBM &
o] 9] 2] A ZAl| FA1= 50 kgl 2L FSBM F0{ 9] 2|7 F:Al| FA1= 55 kg Q2 5 kg4 ko) 7} QAAIT, 3L 5
A FA= 242 57.6 kgt 65.0 kg2 & 7.4 kg 2to]7F UEFTE SBMI}F FSBMe A H S ghe- Sofx] o] SA|&
2 B 23 SAES 10.00%2 HEHG L, 23 A& 12.84% = YEFRTE & oP SBM2 A3t HY- SofA]
o] Z|x|et 21 ZAIEL 152%2 LRI, FSBMe AF 8 8- Sobx) 9] 2| #e}k 2|11 ZA&-2 18.18%= Ut
EFL} FSBM2 A 33 99 Fobx| o] 2o} 2|11 S| &-2 H5 SBMS A et 2ol v]al =4ttt o|2|st Ak
FSBM 4337} eh¢- $obx] o] 2|4 2] 1 FA| 8ol G940 &2 3P} 9128 WalFrt.

Table 3. Effects of dietary fermented soybean meal on minimum and maximum body weight in HANWOO calves.

Item Minimum increasing body (kg) Maximum increasing body (kg)
SBM (A) 50.00 57.60
FSBM (B) 55.00 65.00
C=B-A 5.00 740
D=C/Ax 100 (%) 10.00 12.84

SBM, soybean meal; FSBM, fermented soybean meal.

SBMz} FSBM =0{0f| 2 1Y SIS

Table 4= SBMT} FSBM= 32t oh¢- &otx] 9] 19 7 SA&5 UEhd Zojoh. seM AH 7Y 19 74 5
A= 1.02 % 0.07 kgC] 3L, FSBM A1F 1= 1.13 =+ 0.08 kg 2 FSBM A1Z| 717} SMB A% 7Loj] v} 0.11 kg B &
A= A S &2 10.78 % T E34TE wEbA FSBM A3 77 19 SA1&0l & 92 nX 2 & 4 AUk
Jeong 51(2016) total mixed ration (TMR) AtE0l] 9h= AubAdg] Z248kS 10% 235te] Foih $he AM7F &
o SHA] o2 22| 7Lt 15% =i 7ol vIsl 71 =7 S = etal B a5kl

SBM2} FSBM 20{0]| IHE HE SHI2

Table 5= SBM} FSBM& A |8t &H9- &ol#] 9] 19 FF é% SHEE UERd 2ol 2 Folx] 2] SMB A

#T=0.56 + 0.06 kg 2.2 LF FSBM A1Z| 7= 1.17 & 0.09 kg O = 108.92% 24| 8-S Lrehd HHH oFA Lol 9]
SMB A1 3= 1.00 £ 0.06 kgO] 13 FSBM A3 7= 1.11 £ 0.09 kg2 & 11.00%2] Z4-&0f =3It} 0|25t 2
= 7o) Yo vlah S| &0l Rl Mo R =i Zi% U 4= ATt o= AL Y 02 ZZ o] AA] ]
o] A7} dFof] vl &1l -3/ T E E(testosterone)°] T-EAYA ol =22 Fo] A7 Lol vlsl A5 w
2ot
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Table 4. Comparison of average gain daily body weight (ADGBW) on feeding HANWOO calves by SBM and FSBM.
Item SBM (A) FSBM (B) C=B-A D =C/Ax 100 (%)
ADGBW kg 1.02+0.07b 1.13+0.08a 0.11 10.78

SBM, soybean meal; FSBM, fermented soybean meal.

a, b: Values with different letters within the same column differ significantly (p < 0.05).

Table 5. Sexual comparison of average gain body weight (AGBW) on feeding HANWOO calves by SBM and FSBM.

Ttem Female (kg) Male (kg)
SBM (A) 0.56%0.06b 1.00 = 0.06b
FSBM (B) 1.17+0.09 1.11+0.09
C=B-A 061 0.11
D=C/Ax 100 (%) 108.92 11.00

SBM, soybean meal; FSBM, fermented soybean meal.
a, b: Values with different letters within the same column differ significantly (p < 0.05).

SBMz FSBM 20{0]| IHE W= 7|2HE SAlIE

N

Table 6= SBM} FSBM= A H & ¢ &obx] 9] 1Y £ 24Y7|7tol w2 FAl&2 vehd Zolch 24 £33
7N at 47 E A Q] SolAl S v ueh A e g2 37§ H FoFA| 2] SBM AFH = 1.08 + 0.01 kg@] 21 24 FSBM A4
H7E= 112 £ 0.08 kg 2 3.7%2] T8-S b v, 47§12 £okx] 2] SMB A F 7= 0.96 £ 0.02 kePl A2
U FSBM AF = 1.15 £ 0.09 kg2 & 19.79%2] SAl&= E ol w2t SBM A3 ol Hls fod oz =32 <
4 A3tk & 7HEE SolA= 371 e E SolA Eet FSBM A FH 9] A £=7} vl whEths 2E S A
ojt}. o)/del Aatg TSI 2k Sobxl 2] SAlell vlR|= Bak= FSBM AAFH 77 SBM A3 3 7ell BlsH 7214
O & =rh=AS g 4 AU

SBMzt FSBM S06{0]| IHE LAIS Y

SBM#} FSBM &0]0]| wh2 $h-¢ £opx] o] AL S Table 701 LR HEQL 2Tt o] 152U & SMB Ho+
= AARSS0] 1.33 £ 0.228], 0|7 35 & SMB 307 4.33 £ 0.163], 0] 65 & SMB 27+ 191 £ 0.215]
B o] F 337HA| AL 4ol 343] S7IstH7t ol 717te] Ao Hof| whet A} ZH sl Hhoej o] F- 1
9 5 FSMB Fo] 7= AAFZ410] 1,00 £ 0.238], 0]-8- 35 T FSMB &0 7= 0.33 + 0.113], |8 65 & FSMB
FoI7E= 035 £ 0.103] 2 o]-f F 155E] AARS/do] SBM Foitol| H]sl 324 3] Z44s3ich. ufebA FSBM &
07} o] f & FotA] AAS/dE WA sk=t] A 2ol 2 & 4= AUt $HH Holstein 4:0F2] o] SBMZ} FSBM
S Z7F Foldh T AL 3E 650l B TR, SBM ol 334 £35] AAREAto] 2381%2 9=
Al Uebst=d] B]5 FSBM 201 7= 2.38%2 ¢ WA UERGTHK m et al.,, 2010). ©]= FSBM 507} AlA] <o}
2)9] datelol] 2 Eg-S E 5 U2 FASIATE E3F Ding 520200 0| F A=) BRn| 250 o]
2= o E ti2H i FEholl vls) Wa o] FH: 5017} Lactobacillus %52 57 FSFA AL E. coli ZHASHATHAL B
A5keH: o] = Ha o R G047t fo+2 SV follet2 daAlA 7H5Y] 14 S0 2] 714

zeic

N
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Table 6. Age comparison of average gain daily body weight on feeding HANWOO calves by SBM and FSBM.

Item 3 months (kg) 4 months (kg)
SBM (A) 1.08+0.0la 0.96+0.02a
FSBM (B) 1.12+0.08a 1.15+0.09b
C=B-A 0.04 0.19
D=C/A %100 (%) 3.70 19.79

SBM, soybean meal; FSBM, fermented soybean meal.
a, b: Values with different letters within the same column differ significantly (p < 0.05).

Table 7. Diarrhea incidence on feeding after weaned HANWOO calves by SBM and FSBM.

Age SBM (times) FSBM (times)
1 week after weaned 1.33+£0.22a 1.00£0.23a
3 week after weaned 433+0.16a 033+0.11b
6 week after weaned 191+0.21a 0.35+0.10b

SBM, soybean meal; FSBM, fermented soybean meal.
a, b: Values with different letters within the same column differ significantly (p <0.05).

2990 Mgt 413!

Table 82 ZH-7-0fl th2teF AT A3 Ak A3 2 A Aol wh -7-2] AJakel2] sstoloh ALt
Fke), A (%), TR (%), F-A] 118 2(%), milk urea nitrogen (MUN, mg-dL "), A M Z4>(10"-mL™)el] el =AFSH
Zato|th AT 2] {ike), A (%), A (%), FAI LG (%)l A ezl Blsl 23 S7F61IAL, &
5] MUN2 A& A3 2 oH A3 Sl oF 4.5 mg-dL'o] F7FstRiT ol o] Tl ghgat Sfgofl Heio]
U= FROZ FEES Fold 2 IS VA DR Yevto] AAF o2 He g T 2 0R et
g 4 [Ee A el B AR L]'E}L]' Hao] [Frfo] A7dsiths S7101aL i LS Aol ol 4 212
B2 GAH R Ys7tol 2 =da F= 222 LERTE 3HH Kim 5(2012b)2 O] $(45-%) Holstein 5-0F4]
o Mo AJejetA gl AER A UH7H 45 YotH 7] 9J5) SBM FSBMe F-24] 0 & thAsto] =35t At
FSBMZ A 3|3 $obA] 152 SBME A 3|3 SobA] D53} Bl w3 S wh A|F, Ak AdH T, -/ A3 Fol 57t
'5}91"4'. —L‘jr:‘ﬁ"]i Ao Wk 147 A4 =3tk =35 o]-f- 3 194 proinflammatory cytokine, tumor necrosis factor-

4 L6 4~F0] 24| S7FIAL, FSBM A 50FAl+= E% amyloid A2] 5 &=2} haptoglobin ©|

—f Z} SBM AdH &0l Ert ol Rt} AE | A-f A H cortisol S+ FSBM A1F &1
50| o]+ 3Y ¥ SBM LEHTH-Fo|sHA| Wektt wakA FSBM AH = ol A 7IRF 59t 4 £, AR A F]
9 A E e ofy et AEA HEE-S eElele 202 BT o] 23t f/g2 o f & EAERR] Al
M AEA S 2R R, AT F cytokine Bl H7/57] TR o) 2ol oJ9h 21 A AIRFTEAL EAISHITE Kwon
“5(2011)2 FSBMP] cortisol =2]0f| B]X|= Fo2 71517 flsl] st 23t Hals H FSBM AF o7t
LPS-E0]4] 1gGet W= EHofl A LPS-E0] IgA”} B &R} haptoglobin} cortisol ‘5= SBM A1 T1&HECt 4

35l Woktt. Wk FSBM A F = ol AEH|AS e9lshal o] f otz o] Y e E EAI7I= Hl Fofe

s AT 4 A= YA webA FSBM AFH = ol & &0t 9] AER|A /| eF 7 /d-9-9f 247
S {57 SIS Fole 2 JFS A Aoz AARHT:
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Table 8. Biochemical composition of milk on feeding Holstein cow’s by fermented soybean meal.

Item SBM FSBM

Milk yield/daily (kg) 3647+1.02a 36.53+1.37a
Fat (%) 432+0.12a 4.34+0.09a
Protein (%) 341+0.08a 344+0.09a
Non-fat solid (%) 8.96 +0.06a 9.00+0.06a
MUN (mg-dL™") 11.17+047b 15.67+0.68a
Somatic cell count (10*mL") 3320+ 12.56a 29.90+5.00a

SBM, soybean meal; FSBM, fermented soybean meal; MUN, milk urea nitrogen.
a, b: Means in a row by different superscripts are significantly different at the p < 0.05 by t-test.

Conclusion

Bacillus coagulans NRR12072} Kefir starterS 7 5-0F0] A| 235 R O F8EE SHe-Eobx] e AAo) Fof T AQF
£ et Aojo) o FHR t et vfof 2okl 22 H-2 F7HE] AL trypsin inhibitor= 7HAE] AT
2hg T 582 B. coagulans NRR12072 i%POJ [AHES7E8.63 X 107 CFU-g', &%= 1.1 X 10° CFU-g'o]1ch. &
AR AFHFE R SobR| o] FRAFE tiFHE AFHE ARG =01, ddSAlT HaFat A3+

13 kg2 &2 tzto] Hlsf 1.1 kg =3kt “*} /3 iR Foi47t fojd o g sl dadiF
kS AdF e A Aol MUNS tz ol H]sl 9] 4 0 & =9ttt wibA] B. coagulans NRR12075 ©]-8-3H et F
1} Kefire o]-8-5to] A2t ad)Ful Fol= Sopr| ek AA4o] Algel & EZo] d Ao Al Hrt
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