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Table 1. Amino acid composition (%, total amino acids) in loin meat from Hanwoo and

Angus beef cattle, and rumen bacteria

Amino acid Beef q:llality grade ?: Hanwoo o Anugus® Rumer.l
1 1 1 bacteria“
Alanine (Ala) 6.35 6.37 6.37 6.19 6.40
Arginine (Arg) 6.05 6.26 6.61 6.10 4.60
Aspartic acid (Asp) 10.02 10.17 9.74 9.79 11.63
Cystein (Cys) 1.30 1.17 1.22 1.13 1.94
Glutamine (Gln) 17.08 16.93 15.86 16.22 13.02
Glycine (Gly) 4.69 4.64 4.84 4.40 5.37
Histidine (His) 3.86 419 3.61 4.59 1.81
Isoleucine (Ile) 9.31 9.27 10.41 9.22 6.04
Leucine (Leu) 4.03 3.85 4.35 4.26 8.02
Lysine (Lys) 9.02 9.44 9.49 9.65 8.15
Methionine (Met)  2.85 2.57 2.76 2.36 227
Phenylalanine (Phe) 3.80 4.02 3.74 4.82 5.59
Proline (Pro) 4.51 419 4.29 4.26 3.70
Serine (Ser) 4.33 441 4.23 421 4.73
Threonine (Thr) 498 5.08 4.90 4.96 5.47
Tyrosine (Tyr) 3.02 3.13 2.76 3.50 5.26
Valine (Val) 4.80 4.30 4.84 4.35 6.00

Data are from °Cho et al. (2013); "Cho et al. (2011); “Cho et al. (2008); and “Sok et al. (2017).
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Table 2. Amino acid composition (%, total amino acids) in loin meat from Hanwoo beef cattle

Amino acid 1+ 1° - d AVG SD
Ala 6.37 6.35 5.71 5.76 5.54 5.94 0.39
Arg 6.61 6.05 7.98 7.66 8.23 7.31 0.93
Asp 9.74 10.02 9.49 9.42 9.34 9.60 0.28
Cys 1.22 1.30 0.96 0.91 1.11 1.10 0.17
GIn 15.86 17.08 16.16 16.37 15.43 16.18 0.62
Gly 4.84 4.69 4.75 6.89 4.59 5.15 0.98
His 3.61 3.86 5.23 4.85 5.38 458 0.80

Ile 10.40 9.31 9.00 8.92 8.67 8.95 9.26
Leu 435 4.03 5.56 5.76 5.48 5.16 5.03
Lys 9.49 9.02 7.02 6.61 7.12 7.85 1.31
Met 2.76 2.85 213 1.97 2.14 2.37 0.40
Phe 3.74 3.80 4.61 436 3.72 4.04 0.41
Pro 429 451 4.06 3.65 411 412 0.32
Ser 4.23 433 3.85 3.87 3.80 4.01 0.24
Thr 4.90 4.98 4.75 4.78 491 4.86 0.10
Tyr 2.76 3.02 3.71 3.65 4.98 3.63 0.86
Val 4.84 4.80 5.02 4.92 491 4.90 0.08

AVG: average.
SD: standard deviation.

"Cho et al.(2008) °Cho et al. (2013); “Moon et al. (2011); and “Park et al. (2014).
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Table 3. Chemical characteristics of Hanwoo beef meat with different quality grades

Meat Quality Dry matter Crude ash Ether extract Crude protein
ea
grade (%) (%, DM) (%, DM) (%, DM)
1 45.99+4 31" 0.97+0.24 22.98+4.07 16.30£2.04
Loin 1° 43.89+4.13 1.21+0.12 22.27+4 .87 18.18£0.75
1 53.77+4.93 0.76+0.15 31.60+7.45 15.17+1.74
1 34.18+6.04 1.57+0.21 9.71+5.35 19.68+1.66
Tfn.der 1" 40.94+1.73 1.24+0.24 21.19+3.10 18.25+0.91
oin
1 49.82+4.24 0.85+0.12 34.40+7.10 15.31+2.28
1 47.12+5.86 0.89+0.09 26.61+7.56 17.15%2.03
Rib 1° 47.34+3.41 0.92+0.17 26.29+5.581 16.03+1.48
1++ 55.10+5.02 0.70+0.15 39.38+5.22 14.79+2.18
1 37.98+4.45 1.12+0.11 15.20+7.67 18.49+1.04
Brisket 1* 38.55+1.13 1.25+0.09 15.12+3.45 18.73+0.78
1 40.01+3.66 1.22+0.47 18.84+4.80 17.80+1.56
"Meanzstandard deviation.
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(glutamate)oll A z}Fo]7F 71+ 2 Ao = e

Table 4. Amino acid composition (% DM) of loin meat of Hanwoo cattle with different quality

grades
Amino Quality grade
acid
1 1+ 1++ Mean

Cys 0.18+0.010 0.18+0.015 0.15+0.025 0.17+0.024
Met 0.35+0.065 0.37+0.030 0.30+0.051 0.33+0.051
Asp 1.37+0.266 1.43+0.137 1.13+0.182 1.26+0.258
Thr 0.69+0.131 0.72+0.069 0.56+0.090 0.65£0.106
Ser 0.62+0.110 0.63+0.054 0.51+0.078 0.58+0.089
Glu 2.30+0.426 2.35+0.197 1.84+0.312 2.16+0.369
Gly 0.73+0.139 0.73+0.094 0.64+0.224 0.68+0.155
Ala 0.91+0.150 0.94+0.088 0.76£0.135 0.86+0.134
Val 0.71+0.117 0.75+0.075 0.59+0.093 0.68+0.106
Ile 0.65+0.117 0.70+0.075 0.53+0.094 0.62+0.110
Leu 1.30+0.233 1.36£0.134 1.05+0.182 1.23+0.214
Tyr 0.50+0.102 0.51+0.047 0.39£0.075 0.46+0.082
Phe 0.63+0.114 0.65+0.057 0.51+0.085 0.59+0.097
Lys 1.40+0.242 1.46+0.141 1.13+0.182 1.32+0.221
His 0.55+0.111 0.62+0.082 0.45+0.059 0.54+0.102
Arg 0.96+0.165 1.00+0.093 0.79+0.138 0.90+0.146
Pro 0.65+0.090 0.66+0.063 0.57+0.094 0.61+0.080

Total 14.45+2.466 15.05+1.360 11.88+1.930 13.62+2.151

Cys: cystein; Met: methionine; Asp: aspartic acid; Thr: threonine; Ser: serine; Glu: glutamate; Gyl: glycine; Ala:
alanine; Val: valine; Ile: isoleucine; Leu: leucine; Tyr: tyrosine; Phe: phenylalanine; Lys: lysine; His: histidine;

Arg: arginine; Pro: proline; and Tota: total amino acids.
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Table 5. Amino acid composition (% DM) of tender loin meat of Hanwoo cattle with different

quality grades

Ho
=2
>
b
ol

o] DM W obv]iat 24 (%)E Table 59 #AAEAS. DM U 17 532

ohulite] Gt AE obvlmite] Fapo] e

Amino Quality grade
acid
1 1+ 1++ Mean

Cys 0.19+0.020 0.17+0.020 0.17+0.023 0.18+0.021
Met 0.41+0.088 0.36+0.039 0.35+0.045 0.38+0.065
Asp 1.66£0.228 1.36£0.162 1.28+0.167 1.45+0.234
Thr 0.84+0.123 0.68+0.079 0.64+0.084 0.73+0.122
Ser 0.73£0.101 0.60+0.069 0.57+0.071 0.64+0.101
Glu 2.77+0.373 2.23+0.281 2.09+0.274 2.40+0.407
Gly 0.77+0.089 0.68+0.077 0.68+0.103 0.72+0.093
Ala 1.05%0.135 0.89+0.099 0.85+0.101 0.94+0.133
Val 0.83£0.120 0.71+0.081 0.67+0.086 0.75+0.114
lie 0.78+0.111 0.65+0.084 0.61+0.088 0.69+0.113
Leu 1.57£0.220 1.30+0.161 1.20+0.162 1.38+0.229
Tyr 0.60+0.107 0.48+0.069 0.45+0.072 0.52+0.099
Phe 0.75+0.111 0.62+0.079 0.58+0.082 0.66£0.113
Lys 1.66+0.223 1.39+0.157 1.29+0.160 1.47+0.231
His 0.63£0.106 0.54+0.069 0.51+0.077 0.57+0.096
Arg 1.12+0.142 0.94+0.108 0.89+0.105 1.00+0.146
Pro 0.70+0.075 0.64+0.077 0.61+0.093 0.65+0.084
Total 16.99+2.275 14.26+1.667 13.43+1.728 15.08+2.315
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Table 6. Amino acid composition (% DM) of rib meat with of Hanwoo cattle different quality

Lo

Z]S-2] DM W opn| Ak
FAFSHA 2] Soll A=
SAE Hlste ZAsSteE AR YERd.

24 (%)= Table 60 AASIAE. DM W 17 559

Fotu)iate] Pt Y ohuiite] FFol e 5

grades
Amino Quality grade

acid 1 1 1 Mean
Cys 0.15+0.018 0.16+0.017 0.14+0.016 0.15+0.018
Met 0.35+0.103 0.32+0.045 0.28+0.026 0.31+0.069
Asp 1.42+0.333 1.31+0.185 1.10+0.160 1.26+0.269
Thr 0.72+0.187 0.65+0.092 0.55+0.082 0.63+0.145
Ser 0.64+0.158 0.58+0.078 0.50+0.075 0.57+0.123
Glu 2.38+0.539 2.21+0.288 1.84+0.288 2.11+0.446
Gly 0.75+0.130 0.73+0.135 0.62+0.103 0.69+0.131
Ala 0.92+0.179 0.88+0.124 0.73+0.093 0.83+0.156
Val 0.71+£0.133 0.69+0.095 0.57+0.068 0.64+0.117
lie 0.65+0.123 0.64+0.095 0.50+0.073 0.58+0.118
Leu 1.32+0.267 1.27+0.174 1.03+0.148 1.18+0.236
Tyr 0.53+0.153 0.47+0.063 0.39+0.074 0.46+0.119
Phe 0.64+0.145 0.61+0.079 0.50+0.075 0.57+0.120
Lys 1.41+0.290 1.34+0.191 1.11+0.139 1.27+0.245
His 0.58+0.167 0.53+0.098 0.41+0.050 0.50+0.132
Arg 0.96+0.176 0.88+0.199 0.78+0.106 0.87+0.171
Pro 0.65+0.070 0.66+0.069 0.55+0.055 0.61+0.080

Total 14.73+3.003 13.92+1.928 11.57+1.501 13.21+2.556
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Table 7. Amino acid composition (% DM) of brisket meat of Hanwoo cattle with different

quality grades

Amino Quality grade
acid 1 1+ 14+ Mean
Cys 0.17£0.024 0.18%0.015 0.19£0.022 0.18£0.022
Met 0.37+0.057 0.37+0.026 0.40+0.050 0.38+0.049
Asp 1.57+0.281 1.46+0.093 1.51+0.202 1.52+0.209
Thr 0.80+0.148 0.73+0.046 0.75+0.100 0.76+0.109
Ser 0.70£0.134 0.65%0.036 0.67£0.087 0.67£0.096
Glu 2.62+0.477 2.46x0.155 2.50+0.344 2.53+0.354
Gly 0.83+0.160 0.82+0.099 0.82+0.127 0.82+0.128
Ala 1.02+0.163 0.98+0.051 0.99+0.126 1.00£0.123
Val 0.79£0.109 0.77£0.037 0.77£0.093 0.77£0.086
lie 0.73+0.097 0.71+0.044 0.71+0.091 0.72+0.082
Leu 1.46+0.227 1.40%0.075 1.40£0.177 1.42+0.173
Tyr 0.57+£0.113 0.52+0.029 0.53+0.079 0.54+0.083
Phe 0.70+0.126 0.67+0.034 0.67+0.087 0.68+0.091
Lys 1.57+0.236 1.49+0.095 1.51+0.190 1.53+0.185
His 0.64+0.112 0.60%0.036 0.58%0.079 0.61+0.084
Arg 1.08+0.159 1.04+0.067 1.05+0.136 1.06+0.127
Pro 0.71+£0.102 0.72+0.055 0.69+0.095 0.70+0.087
Total 16.28+2.572 15.56+0.863 15.73+1.966 15.87+£1.944
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Table 8. Average amino acid composition (% DM) of loin, tender loin, rib, and brisket meats

with different quality grades of Hanwoo cattle

Amino Quality grade
acid 1 1+ T++ Mean
Cys 0.17+0.023 0.18+0.017 0.16+0.028 0.17£0.024
Met 0.37+0.078 0.36+0.037 0.33+0.064 0.35+0.065
Asp 1.49+0.312 1.42+0.138 1.25+0.239 1.37%0.266
Thr 0.77+0.140 0.71+0.069 0.63+0.118 0.69+0.131
Ser 0.68+0.119 0.62+0.056 0.56+0.101 0.62+0.110
Glu 2.55+0.428 2.36+0.215 2.07+0.401 2.30+0.426
Gly 0.76+0.120 0.74+0.103 0.69+0.163 0.73+0.139
Ala 0.98+0.147 0.94%0.086 0.83£0.151 0.91+0.150
Val 0.77+£0.115 0.74+0.070 0.65+0.115 0.71+£0.117
[ie 0.71+0.109 0.69+0.070 0.59+0.116 0.65£0.117
Leu 1.42+0.228 1.36+0.129 1.17+0.222 1.30+0.233
Tyr 0.56+0.109 0.51£0.046 0.44+0.093 0.50£0.102
Phe 0.69+0.117 0.65+0.058 0.56+0.106 0.63+0.114
Lys 1.52+0.240 1.45%0.141 1.26£0.229 1.40£0.242
His 0.61+0.117 0.58+0.074 0.49+0.092 0.55+0.111
Arg 1.04+0.153 0.98+0.125 0.88+0.163 0.96%0.165
Pro 0.67+0.080 0.67+0.060 0.61+0.097 0.65+0.090
Total 15.68+2.459 14.95+1.389 13.15+2.396 14.45+2.466

O B¢ SA, kAl Zn] 9 okx]s ZF HQ o] Folwm Al
total amino acids)< Table 9, 10, 11 2 12 AA| 5=
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Amino acid composition (% of total amino acids) in the loin meat of Hanwoo beef

cattle with different quality grades

Amino Quality grade
acid 1 1+ 1++ Mean
Cys 1.15+0.055 1.21+0.137 1.26+0.063 1.22+0.097
Met 2.43+0.201 2.46+0.181 2.50+0.179 2.42+0.203
Asp 9.48+0.593 9.51+0.094 9.48+0.114 9.28+1.112
Thr 4.80+0.176 4.75+0.057 4.76+0.121 4.81+0.169
Ser 4.26+0.149 4.19+0.045 4.27+0.070 4.27+0.152
Glu 15.88+0.536 15.64+0.362 15.46+0.378 15.81+0.748
Gly 5.06+0.701 4.83+0.520 5.34+1.422 5.03+1.005
Ala 6.29+0.162 6.25+0.113 6.37+0.290 6.32+0.217
Val 4.93+0.123 4.96+0.089 4.99+0.154 4.98+0.119
lie 4.51+0.169 4.62+0.097 4.48+0.212 4.55+0.176
Leu 9.00+0.264 9.06+0.126 8.80+0.407 9.00+0.370
Tyr 3.41+0.204 3.39+0.055 3.30+0.215 3.40+0.185
Phe 4.33+0.118 4.31+0.066 4.28+0.142 4.33+0.149
Lys 9.66+0.244 9.70+0.134 9.57+0.410 9.69+0.339
His 3.81+0.247 413+0.194 3.82+0.249 3.93+0.254
Arg 6.63+0.263 6.63+0.121 6.63+0.206 6.64%0.148
Pro 4.51+0.434 4.37+0.281 4.82+0.365 4.54+0.383
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Table 10. Amino acid composition (% of total amino acids) in the tender loin meat of

Hanwoo beef cattle with different quality grades

Amino Quality grade
acid 1 1+ 1++ Mean
Cys 1.14+0.069 1.20+0.083 1.24+0.070 1.18+0.083
Met 2.43+0.252 2.53+0.174 2.60+0.167 2.50+0.201
Asp 9.74+0.169 9.56+0.093 9.56+0.114 9.62+0.148
Thr 4.92+0.218 4.78+0.054 4.78+0.066 4.83+0.146
Ser 4.29+0.166 4.21+0.052 4.25+0.071 4.24+0.112
Glu 16.28+0.326 15.63+0.274 15.56£0.257 15.86+0.417
Gly 4.57+0.152 4.76+0.271 5.10+0.676 4.79+0.509
Ala 6.16£0.074 6.25+0.091 6.32+0.180 6.24+0.142
Val 4.90+0.082 5.00+0.089 4.98+0.125 4.96+0.102
lie 4.57+0.074 4.59+0.119 4.52+0.161 4.57+0.124
Leu 9.21+0.230 9.11+0.162 8.95+0.202 9.12+0.231
Tyr 3.51+0.210 3.37+0.133 3.35+0.163 3.42+0.171
Phe 4.43+0.081 4.33+0.081 4.30+0.083 4.36%0.096
Lys 9.79+0.127 9.76+0.174 9.64+0.259 9.74+0.204
His 3.72+0.301 3.81+0.177 3.76+0.185 3.76+0.232
Arg 6.60+0.184 6.63+0.066 6.66+0.154 6.64+0.145
Pro 4.15+0.309 4.48+0.244 4.56+0.245 4.37+0.300

Table 11. Amino acid composition (% of total amino acids) in the

cattle with different quality grades

rib meat of Hanwoo beef

Amino Quality grade
acid 1 1+ 1++ Mean
Cys 1.15+0.069 1.18+0.090 1.27+0.086 1.21+0.095
Met 2.35%0.230 2.32+0.105 2.46+0.228 2.38+0.207
Asp 9.58+0.328 9.40+0.218 9.45+0.217 9.48+0.259
Thr 4.86+0.302 4.67+0.123 4.73+0.140 476£0.211
Ser 4.33+0.202 4.18+0.122 4.32+0.146 4.29+0.167
Glu 16.12+0.453 15.88+0.572 15.85+0.476 15.95+0.488
Gly 5.13+0.803 5.20+0.593 5.33+0.594 5.23+0.647
Ala 6.27+0.154 6.34+0.178 6.34+0.107 6.32+0.141
Val 4.82+0.171 4.94+0.103 4.90+0.127 4.88+0.141
lie 4.44+0.188 4.56+0.130 4.33+0.209 4.42+0.201
Leu 8.94+0.204 9.09+0.117 8.86+0.262 8.94+0.226
Tyr 3.58+0.310 3.38+0.067 3.33+0.245 3.43+0.258
Phe 4.36+0.094 4.35+0.108 4.29+0.125 4.33+0.112
Lys 9.57+0.239 9.63+0.222 9.61+0.255 9.60+0.233
His 3.88+0.362 3.77+0.231 3.56+0.162 3.72+0.287
Arg 6.57+0.195 6.32+0.884 6.70+0.162 6.56+0.464
Pro 4.49+0.657 4.78+0.317 4.82+0.593 4.70+0.561
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Table 12. Amino acid composition (% of total amino acids) in the brisket meat of Hanwoo

beef cattle with different quality grades

Amino Quality grade
acid 1 1+ T++ Mean
Cys 1.13+0.060 1.17+0.048 1.24+0.095 1.19+0.086
Met 2.29+0.112 2.36+0.077 2.57+0.182 2.42+0.188
Asp 9.62+0.299 9.41+0.155 9.60+0.203 9.56+0.238
Thr 4.89+0.229 4.70+0.107 4.78+0.126 4.80+0.174
Ser 4.29+0.221 4.15+0.075 4.24+0.136 4.24+0.163
Glu 16.06+0.645 15.78+0.222 15.86+0.368 15.91+0.451
Gly 5.12+0.499 5.25+0.595 5.19+0.399 5.18+0.467
Ala 6.27+0.126 6.32+0.175 6.30+£0.124 6.30+0.134
Val 4.85+0.122 4.93+0.077 4.88+0.097 4.88+0.103
lie 4.53£0.171 4.53+0.079 4.49+0.131 4.51+0.131
Leu 8.95£0.120 8.99+0.123 8.92+0.206 8.95£0.158
Tyr 3.49+0.215 3.34+0.049 3.39+0.243 3.41+0.204
Phe 4.31+0.133 4.32+0.072 4.28+0.111 4.30+0.108
Lys 9.68+0.153 9.60+0.156 9.60+0.149 9.62+0.150
His 3.90£0.195 3.87£0.107 3.70+0.105 3.81£0.164
Arg 6.65+0.217 6.66+:0.107 6.69+0.099 6.67+0.145
Pro 4.39+0.350 4.62+0.307 4.38+0.490 4.44+0.404
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Table 13. Average amino acid composition (% of total amino acids) in the loin, tender loin,

rib and brisket meats of Hanwoo beef cattle with different quality grades

Quality grade

Amino
acid 1 1+ 1++ Mean
Cys 1.14+0.059 1.18+0.089 1.25+0.077 1.20+0.089
Met 2.34+0.203 2.39+0.127 2.53+0.192 2.43+0.200
Asp 9.45+1.009 9.47+0.152 9.52+0.174 9.48+0.593
Thr 4.90+0.236 4.72+0.093 4.76+0.114 4.80+0.175
Ser 4.31+0.199 4.18+0.075 4.27+0.111 4.26+0.149
Glu 16.21+0.636 15.78+0.364 15.68+0.404 15.88+0.535
Gly 4.91+0.574 4.96+0.543 5.24+0.837 5.06+0.700
Ala 6.25+0.137 6.28+0.141 6.34+0.184 6.29+0.162
Val 4.89+0.134 4.96+0.079 4.94+0.131 4.93+0.123
lie 4.53+0.157 4.59+0.100 4.45+0.189 4.51+0.168
Leu 9.07+0.265 9.10+0.146 8.88+0.277 9.00+0.264
Tyr 3.53+0.218 3.38+0.056 3.34+0.212 3.41+0.204
Phe 4.38+0.128 4.34+0.078 4.29+0.113 4.33+0.118
Lys 9.72+0.237 9.70+0.177 9.60+0.273 9.66+0.244
His 3.85+0.276 3.90+0.231 3.71£0.199 3.81+0.247
Arg 6.62+0.172 6.56+0.444 6.67£0.155 6.6310.263
Pro 4.34+0.418 4.53+0.317 4.64+0.466 4.51+0.434
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Table 14. Amino acid composition (% of crude protein) in the loin meat of Hanwoo beef

cattle with different quality grades

Quality grade

Amino

acid 1 1+ 1++ Mean

Cys 1.02+0.171 0.99+0.084 0.97+0.167 0.99+0.142
Met 2.02+0.391 2.02+0.136 1.95+0.358 2.00+0.306
Asp 7.91+1.503 7.81+0.567 7.37+1.070 7.65+1.280
Thr 4.01+0.759 3.90+0.281 3.70+0.537 3.98+0.575
Ser 3.56+0.670 3.44+0.230 3.32+0.467 3.54+0.495
Glu 13.27+2.455 12.85+0.898 12.01+1.704 13.11+1.987
Gly 4.23+0.992 3.96+0.452 419+1.506 418+1.070
Ala 5.25+0.954 5.13+0.351 4.96+0.831 5.23+0.743
Val 411+0.725 4.07+0.279 3.88+0.579 413+0.566
Tie 3.77+0.673 3.80+0.293 3.48+0.534 3.77+0.552
Leu 7.51+1.341 7.45+0.552 6.84+0.999 7.46+1.102
Tyr 2.86+0.585 2.78+0.189 2.57+0.408 2.82+0.455
Phe 3.62+0.668 3.54+0.236 3.32+0.481 3.59+0.519
Lys 8.06+1.406 7.97+0.570 7.43+1.044 8.03+1.125
His 3.18+0.594 3.40+0.345 2.96+0.425 3.25+0.460
Arg 5.53+0.992 5.44+0.356 5.16+0.811 5.50+0.765
Pro 3.75+0.740 3.58+0.246 3.75+0.675 3.75+0.547

38



Table 15. Amino acid composition (% of crude protein) in the tender loin meat of Hanwoo

beef cattle with different quality grades

Quality grade

Amino

acid 1 1+ 1++ Mean
Cys 0.93+0.101 1.00+0.249 1.03+0.318 0.98+0.221
Met 2.12+0.384 2.10+0.490 2.18+0.593 2.11+.437
Asp 8.49+1.086 7.92+1.830 8.01+2.268 8.13+1.574
Thr 4.30+0.644 3.97+0.923 401+1.142 4.08+0.819
Ser 3.74+0.527 3.49+0.829 3.57+1.028 3.59+0.721
Glu 14.20+1.813 12.95+2.922 13.04+3.618 13.40+2.562
Gly 3.97+0.388 3.95+0.966 4.28+1.320 4.04+0.887
Ala 5.36+0.581 5.19+1.268 5.32+1.579 5.28+1.051
Val 42740525 415+1.001 419+1.241 419+0.835
Tie 3.98+0.479 3.8140.916 3.80+1.135 3.86+0.767
Leu 8.02+0.867 7.56+1.781 7.52+2.210 7.70+1.487
Tyr 3.07+0.515 2.80+0.703 2.82+0.875 2.90+0.632
Phe 3.87+0.503 3.59+0.874 3.61+1.083 3.69+0.747
Lys 8.52+0.951 8.08+1.831 8.08+2.269 8.22+1.538
His 3.25+0.570 3.14+0.670 3.13+0.819 3.17+0.614
Arg 5.74+0.550 5.49+1.257 5.58+1.569 5.60+1.039
Pro 3.61+0.380 3.75+1.070 3.87+1.313 3.70+0.864
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Table 16. Amino acid composition (% of crude protein) in the rib meat of Hanwoo beef

cattle with different quality grades

Quality grade

Amino

acid 1 1+ 1++ Mean

Cys 0.93+0.097 0.99+0.096 0.84+0.349 0.91+0.244
Met 2.06+0.404 1.94+0.160 1.70+0.657 1.88+0.501
Asp 8.37+1.264 7.86+0.593 6.68+2.714 7.54+2.010
Thr 4.25+0.747 3.90+0.282 3.35+1.371 3.79+1.043
Ser 3.80+0.638 3.50+0.296 3.06+1.264 3.42+0.936
Glu 14.09+2.067 13.29+1.039 11.24+4.620 12.70+3.403
Gly 4.47+0.871 4.38+0.848 3.80+1.706 417+1.276
Ala 5.47+0.686 5.32+0.613 4.48+1.814 5.02+1.317
Val 419+0.405 41440412 3.45+1.372 3.87+0.978
Tie 3.86+0.354 3.81+0.286 3.08+1.247 3,520,900
Leu 7.78+0.877 7.61+0.630 6.26+2.508 7.11+1.820
Tyr 3.15+0.628 2.82+0.217 2.39+1.018 2.75+0.804
Phe 3.81+0.534 3.64+0.308 3.05+1.234 3.45+0.910
Lys 8.33+0.963 8.06+0.589 6.75+2.682 7.60+1.931
His 3.40+0.644 3.16+0.267 2.49+0.985 2.96+0.832
Arg 5.7240.664 5.31+0.961 473£1.934 520+1.411
Pro 3.89+0.598 4.02+0.596 3.38+1.380 3.71+1.008
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Table 17. Amino acid composition (% of crude protein) in the brisket meat of Hanwoo beef

cattle with different quality grades

Amino Quality grade
acid 1 1+ T++ Mean
Cys 0.90+0.084 0.99+0.058 1.09+0.092 1.01+0.113
Met 1.97+0.236 1.99+0.076 2.30+0.186 2.11+0.240
Asp 8.31+1.315 7.95+0.381 8.58+0.518 8.33+0.852
Thr 4.23+0.704 3.97+0.173 4.27+0.269 4.18+0.448
Ser 3.71+0.648 3.51+0.170 3.79+0.253 3.69+0.415
Glu 13.87+2.267 13.34+0.690 14.16+0.842 13.86+1.434
Gly 4.41+0.701 4.46+0.773 4.6410.467 4.52+0.613
Ala 5.40+0.709 5.36+0.468 5.63+0.331 5.48+0.509
Val 4.16+0.464 4.17+0.288 4.36+0.209 4.25+0.332
ie 3.88+0.372 3.83+0.199 4.01+£0.192 3.92+0.267
Leu 7.70+0.983 7.60+0.382 7.96+0.344 7.78+0.630
Tyr 3.02+0.509 2.82+0.137 3.03+0.312 2.97+0.359
Phe 3.72+0.586 3.65+0.207 3.82+0.210 3.74+0.368
Lys 8.32+1.029 8.12+0.386 8.57+0.424 8.37+0.678
His 3.36+0.506 3.27+0.147 3.31+0.209 3.32+0.317
Arg 5.71+0.647 5.63+0.362 5.97+0.307 5.80+0.465
Pro 3.76+0.433 3.92+0.504 3.90+0.412 3.86+0.429
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Table 18. Average amino acid composition (% of crude protein) in the loin, tender loin, rib

and brisket meats of Hanwoo beef cattle with different quality grades

Quality grade

Amino
acid 1 1+ 1++ Mean
Cys 0.94+0.119 0.98+0.077 0.99+0.261 0.97+0.189
Met 2.05+0.337 1.98+0.119 2.03+0.522 2.02+0.391
Asp 8.27+1.363 7.87+0.459 7.66+1.931 7.91+1.503
Thr 4.30+0.641 3.92+0.222 3.83+0.970 4.01+0.759
Ser 3.79+0.561 3.47+0.212 3.43+0.868 3.56+0.670
Glu 14.21+1.968 13.11+0.819 12.61+3.166 13.27+2.455
Gly 4.29+0.706 4.14+0.657 423+1.318 4.23+0.992
Ala 5.47+0.654 5.22+0.428 5.10+1.307 5.25+0.954
Val 4.27+0.489 412+0.283 3.97+1.000 411+0.725
Tie 3.96+0.439 3.81+0.228 3.59+0.926 3.77+0.673
Leu 7.94+0.942 7.56+0.457 715+1.807 7.51+1.341
Tyr 3.10+0.510 2.81+0.161 2.70+0.733 2.86+0.585
Phe 3.84+0.520 3.60+0.224 3.45+0.879 3.62+0.668
Lys 8.50+0.993 8.05+0.458 7.71+1.903 8.06+1.406
His 3.38+0.520 3.2440.265 2.97+0.724 3,180,594
Arg 5.78+0.635 5.46+0.531 5.36+1.351 5.53+0.992
Pro 3.78+0.490 3.77+0.443 3.72+1.013 3.75+0.740

42



0 71E AFARG ¥ AT = B FA

H = 2ke] Aol théte] Hlal (Table 19)

Table 19. Comparison of amino acid composition(% of total amino acid) of the loin meat of

Hanwoo cattle between the present and previous studies

Quality grade of Hanwoo

AA 1 1" 1™ Average SD  Anugus®
Present Pervious’ Present Previous® Present Previous®
Ala  6.29 6.35 6.25 6.37 6.37 6.37 6.33  0.051 6.19
Arg  6.63 6.05 6.63 6.26 6.63 6.61 6.47  0.252 6.10
Asp 948 10.02 9.51 10.17 9.48 9.74 9.73  0.300 9.79
Cys 115 1.30 1.21 117 1.26 1.22 122 0.056 1.13
Glu 15.88 17.08 15.64 16.93 1546  15.86 16.14 0.688  16.22
Gly  5.06 4.69 4.83 4.64 5.34 4.84 490 0261 4.40
His  3.81 3.86 413 419 3.82 3.61 390 0218 4.59
Ile 4.51 4.03 4.62 3.85 4.48 4.35 431 0302 4.26
Leu  9.00 9.31 9.06 9.27 8.80 10.41 931 0571 9.22
Lys  9.66 9.02 9.70 9.44 9.57 9.49 9.48  0.246 9.65
Met 243 2.85 2.46 2.57 2.50 2.76 260 0172 2.36
Phe  4.33 3.80 4.31 4.02 4.28 3.74 408  0.266 4.82
Pro 451 4.51 437 419 4.82 4.29 445 0221 4.26
Ser  4.26 433 419 4.41 4.27 4.23 428  0.078 4.21
Thr  4.80 4.98 4.75 5.08 4.76 4.90 488 0133 4.96
Tyr 341 3.02 3.39 313 3.30 2.76 317 0251 3.50
Val 493 4.80 4.96 4.30 4.99 4.84 480 0257 435
Cho et al. (2013); "Cho et al. (2011); “Cho et al. (2008).
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Table 20. Amino acid composition (% of total AA) of rumen bacteria

Amino acid Mean Minimum Maximum SD CcvV
Arg 51 3.8 6.8 0.7 13.2
His 2.0 1.2 3.6 0.4 21.3
Ile 5.7 4.6 6.7 0.4 7.4
Leu 8.1 5.3 9.7 0.8 10.3
Lys 7.9 49 9.5 0.9 119
Met 2.6 1.1 49 0.7 25.6
Phe 51 44 6.3 0.3 6.4
Thr 5.8 5.0 7.8 0.5 8.9
Val 6.2 4.7 7.6 0.6 10.1
Ala 7.5 5.0 8.6 0.6 7.3
Asp 12.2 10.9 13.5 0.6 4.8
Glu 13.1 11.6 14.4 0.7 53
Gly 5.8 5.0 7.6 0.5 8.2
Pro 3.7 24 5.3 0.5 13.2
Ser 4.6 34 54 0.4 8.9
Tyr 49 3.9 7.7 0.6 13.2
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Table 21. Variation in amino acid (AA) composition of rumen bacteria and protozoa (g of

AA/100 g of AA) in cattle'

Fluid-associated bacteria

AA Mean Minimum Maximum Ccv N?
Ala 7.16 5.55 8.03 8.3 22
Arg 4.61 391 5.24 7.3 20
Asp 11.97 11.15 12.66 3.5 21
Cys 1.56 1.20 2.82 34.3 9
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Glu 12.83 11.31 14.60 6.8 22
Gly 5.55 4.88 6.47 6.6 20
His 1.87 1.47 2.49 15.4 19
Ile 5.54 4.85 6.33 6.5 22
Leu 7.62 7.15 8.33 49 21
Lys 7.72 6.05 9.09 10.6 22
Met 2.38 1.76 3.00 16.4 14
Phe 512 440 6.07 74 22
Pro 3.60 2.84 4.24 8.9 22
Ser 4.50 3.73 5.36 9.6 21
Thr 5.62 5.07 6.32 5.8 22
Trp 1.27 1.00 1.63 25.6 3
Tyr 521 4.37 6.57 10.7 22
Val 591 511 6.67 7.9 22
Particle-associated bacteria
AA Mean Minimum Maximum cv N
Ala 6.52 5.40 7.59 11.6 6
Arg 5.01 442 5.79 9.3 6
Asp 11.53 10.89 12.11 4.2 7
Cys 1.50 1.16 2.28 35.2 4
Glu 13.11 12.15 14.30 6.9 7
Gly 5.36 4.57 5.86 8.5 6
His 2.01 1.62 2.28 13.1 7
Ile 5.68 514 6.07 7.0 7
Leu 8.14 7.93 8.32 1.8 7
Lys 7.43 6.45 8.52 12.2 7
Met 2.33 1.98 2.58 11.5 4
Phe 5.60 4.52 6.42 10.5 7
Pro 3.84 3.24 4.21 8.1 7
Ser 4.30 3.58 4.70 9.6 7
Thr 5.40 5.07 5.81 6.3 6
Trp 1.28 1.10 1.47 20.6 2
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Tyr 527 417 6.25 14.1 7

Val 5.83 518 6.44 8.5 7
Protozoa
AA Mean Minimum Maximum Ccv N
Ala 4.29 342 5.20 12.9 8
Arg 4.54 4.09 5.09 6.1 8
Asp 13.18 12.60 14.59 49 7
Cys 1.49 1.19 1.73 15.0 4
Glu 14.36 13.33 15.47 4.6 8
Gly 4.38 3.69 491 8.4 8
His 1.83 1.55 2.10 10.9 8
Ile 6.49 5.88 7.04 6.1 8
Leu 7.80 714 8.23 4.5 7
Lys 10.78 917 11.61 8.7 8
Met 2.16 1.81 240 9.5 7
Phe 5.63 5.14 6.36 8.2 7
Pro 3.55 3.26 3.95 7.5 7
Ser 4.25 4.09 4.47 2.8 7
Thr 4.97 419 5.75 10.3 8
Trp - - - - -
Tyr 4.75 4.20 5.36 9.2 6
Val 5.16 4.62 5.65 6.7 8

Sok et al. (2017)

Number of studies.

O m & Armgde] ofmiqt Ao il 7|EAF e vl #4
o S50 RUPEHL 40.31% DME (Putri 5, 2019), All @& A7713HEF)NA 4
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3}9d2ﬂ4 A1 &‘Eoﬂ?ﬂﬂw A Aol by-pass&S A ©urt
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by-pass&°| 7} 3A F71stE (Klusmeyer 5, 1990).
* DDGS| 7d-%, Klopfenstein & (1985)2 A% S & by-pass == CP9 o] 48.6%°]%
om, B AT by-pass& 41.6% ©IU+.
o FHke] 79, Putri T (2019)2 RUPS <ol 61.01%°INew, & Aol, HHte
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Table 22. Amino acid composition(% of crude protein) of feed sources in the diet of

Hanwoo steers

Amino acid  Corn grain' Corn grain® Corn gluten® Corn gluten® Corn gluten’
Asp 3.83 4.95 5.26 431 4.20
Thr 2.04 2.83 2.98 2.49 243
Ser 3.35 3.77 3.67 3.04 297
Glu 11.98 15.20 12.08 10.39 10.13
Gly 2.28 2.83 3.62 2.96 2.89
Ala 5.15 5.54 5.52 4.70 4.58
Val 2.28 3.30 2.89 245 2.39
Ile 1.32 1.88 1.60 1.34 1.31
Leu 7.31 8.01 6.73 5.49 5.35
Tyr 1.20 1.53 1.98 1.62 1.58
Phe 3.11 3.53 2.59 221 2.16
Lys 1.68 2.36 2.72 213 2.08
His 1.44 1.88 2.46 1.98 1.93
Arg 2.64 2.95 4.36 3.52 3.43
Pro 6.59 7.78 7.77 6.48 6.32
Cys 2.16 1.88 2.59 1.94 1.89
Met 1.56 1.53 1.34 1.19 1.16

Total AA 59.90 71.75 70.16 58.26 56.77

Amino acid Soybez:n Soybejn Soybein DDGS Palm kernel

meal meal meal meal

Asp 8.55 9.07 8.54 4.26 413
Thr 3.00 3.16 3.08 2.48 1.58
Ser 4.07 431 4.03 3.50 2.50
Glu 14.07 14.71 15.41 11.30 10.34
Gly 3.11 3.30 3.14 2.66 2.39
Ala 3.43 3.63 3.37 5.20 2.34
Val 2.28 2.43 2.65 2.31 1.88
Ile 221 2.35 2.55 1.69 1.17
Leu 5.50 5.82 5.66 7.65 3.01
Tyr 2.39 2.48 2.30 2.31 0.61
Phe 3.75 4.02 3.85 3.24 2.04
Lys 4.53 4.70 4.56 2.02 0.97
His 1.87 1.98 1.86 1.58 0.82
Arg 5.55 5.75 5.36 2.83 5.60
Pro 3.89 413 410 5.72 224
Cys 1.20 1.22 1.04 1.55 0.92
Met 1.02 1.05 0.93 1.58 1.22
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Total AA 70.42 74.12 72.44 61.89 43.76

Rapeseed Distillers

Amino acid meal Lupin seeds Rice bran orain Tapioca
Asp 5.22 6.98 7.21 4.39 513
Thr 3.17 2.54 2.99 2.55 2.89
Ser 3.54 3.60 3.67 3.60 3.53
Glu 14.82 14.80 11.09 12.92 9.31
Gly 4.00 2.99 4.08 2.87 2.57
Ala 3.54 2.68 5.03 5.54 3.85
Val 2.47 1.82 3.47 2.69 3.85
Ile 1.94 1.76 224 1.93 1.93
Leu 5.11 4.52 5.10 8.52 4.81
Tyr 1.73 2.07 1.43 249 1.28
Phe 3.31 2.65 3.13 3.54 417
Lys 3.19 3.30 4.08 214 2.25
His 1.94 1.73 1.97 1.73 0.64
Arg 4.90 7.54 5.24 2.99 1.28
Pro 5.06 3.18 4.49 6.15 8.66
Cys 2.29 1.09 211 1.85 1.60
Met 1.55 0.53 1.56 243 0.64

Total AA 67.79 63.80 68.90 68.34 58.40

Feeds are originally from 'South America, “Ukraina, *Korea, *China(9333), °China(4802), "Korea, "USA, °Brazil.
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Table 23. Amino acid composition (% of total amino acids) of feed sources in the diet of

Hanwoo steers

Amino acid  Corn grain' Corn grain®> Corn gluten’ Corn gluten* Corn gluten’
Asp 6.40 6.90 7.50 7.39 7.39
Thr 3.40 3.94 424 427 427
Ser 5.60 5.25 5.23 5.22 5.22
Glu 20.00 21.18 17.22 17.84 17.84
Gly 3.80 3.94 517 5.09 5.09
Ala 8.60 7.72 7.87 8.07 8.07
Val 3.80 4.60 412 421 421
Ile 2.20 2.63 2.28 2.31 231
Leu 12.20 11.17 9.59 9.43 9.43
Tyr 2.00 213 2.83 2.78 2.78
Phe 5.20 493 3.69 3.80 3.80
Lys 2.80 3.28 3.87 3.66 3.66
His 2.40 2.63 3.51 3.39 3.39
Arg 4.40 411 6.21 6.04 6.04
Pro 11.00 10.84 11.07 11.13 11.13
Cys 3.60 2.63 3.69 3.32 3.32
Met 2.60 213 1.91 2.04 2.04

Amino acid Soybein Soybee;n Soybein DDGS Palm kernel

meal meal meal meal
Asp 12.14 12.23 11.79 6.89 9.43
Thr 4.26 4.27 4.26 4.01 3.61
Ser 5.78 5.81 5.57 5.66 5.70
Glu 19.97 19.85 21.28 18.26 23.63
Gly 441 4.45 4.33 4.29 5.47
Ala 4.87 4.90 4.66 8.40 5.36
Val 3.24 3.27 3.65 3.73 431
Ile 3.14 3.17 3.53 2.74 2.68
Leu 7.81 7.86 7.81 12.36 6.87
Tyr 3.40 3.35 3.17 3.73 1.40
Phe 5.32 5.42 5.31 5.24 4.66
Lys 6.44 6.34 6.30 3.26 221
His 2.66 2.67 2.57 2.55 1.86
Arg 7.88 7.75 7.40 4.58 12.81
Pro 5.53 5.58 5.67 9.25 512
Cys 1.70 1.65 1.44 2.50 2.10
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Met 1.44 1.41 1.28 2.55 2.79

Rapeseed Distillers

Amino acid meal Lupin seeds Rice bran orain Tapioca
Asp 7.71 10.95 10.46 6.43 8.79
Thr 4.67 3.98 4.34 3.73 4.95
Ser 5.22 5.65 5.33 5.27 6.04
Glu 21.86 23.20 16.09 18.90 15.93
Gly 5.90 4.68 5.92 420 440
Ala 5.22 4.20 7.31 8.10 6.59
Val 3.65 2.85 5.03 3.94 6.59
Ile 2.86 2.76 3.26 2.83 3.30
Leu 7.54 7.09 7.40 12.47 8.24
Tyr 2.56 3.24 2.07 3.64 2.20
Phe 4.88 416 4.54 5.19 7.14
Lys 4.71 5.17 5.92 3.13 3.85
His 2.86 271 2.86 2.53 1.10
Arg 7.23 11.82 7.60 437 2.20
Pro 7.47 4.99 6.52 9.00 14.84
Cys 3.38 1.71 3.06 2.70 2.75
Met 2.29 0.83 2.27 3.56 1.10

Feeds are originally from 'South America, “Ukraina, *Korea, *China(9333), °China(4802), "Korea, 'USA, °Brazil.

() 2EeuY FYol BRI ofvlit BTFL |ZEF ABURE Aot 4
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Leu ¥ His9 3o

=
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Table 24. Comparison of amino acids composition (% of crude protein) between Hanwoo

loin meat and feed sources for protein supply for Hanwoo cattle

b Palm kernel H

Amino acid Co%"n1 Corn2 Soy ee;n DDGS alm kerne an.w400
grain gluten meal meal loin
Asp 4.39 4.59 9.20 4.26 413 7.65
Thr 2.43 2.63 3.25 2.48 1.58 3.98
Ser 3.56 3.23 4.37 3.50 2.50 3.54
Glu 13.59 10.87 15.54 11.30 10.34 13.11
Gly 2.55 3.16 3.36 2.66 2.39 418
Ala 5.34 4.94 3.67 5.20 2.34 523
Val 2.79 2.58 2.58 2.31 1.88 413
Ile 1.60 1.42 2.50 1.69 1.17 3.77
Leu 7.66 5.86 5.97 7.65 3.01 7.46
Tyr 1.36 1.73 2.53 231 0.61 2.82
Phe 3.32 232 4.09 3.24 2.04 3.59
Lys 2.02 231 4.85 2.02 0.97 8.03
His 1.66 212 2.01 1.58 0.82 3.25
Arg 2.79 3.77 5.86 2.83 5.60 5.50
Pro 7.18 6.85 427 5.72 224 3.75
Cys 2.02 214 1.22 1.55 0.92 0.99
Met 1.54 1.23 1.05 1.58 1.22 2.00
Total AA 65.82 61.73 72.33 61.89 43.76 82.98

R Lupi Distill H

Amino acid apeseed Hpin Rice bran st 'ers Tapioca an'w40 ©
meal seed grain loin
Asp 522 0.98 7.21 4.39 513 7.65
Thr 3.17 2.54 299 2.55 2.89 3.98
Ser 3.54 3.60 3.67 3.60 3.53 3.54
Glu 14.82 14.80 11.09 12.92 9.31 13.11
Gly 4.00 2.99 4.08 2.87 2.57 418
Ala 3.54 2.68 5.03 5.54 3.85 523
Val 2.47 1.82 3.47 2.69 3.85 413
Ile 1.94 1.76 224 1.93 1.93 3.77
Leu 511 4.52 5.10 8.52 481 7.46
Tyr 1.73 2.07 1.43 2.49 1.28 2.82
Phe 3.31 2.65 3.13 3.54 417 3.59
Lys 3.19 3.30 4.08 214 2.25 8.03
His 1.94 1.73 1.97 1.73 0.64 3.25
Arg 4.90 7.54 5.24 2.99 1.28 5.50
Pro 5.06 3.18 4.49 6.15 8.66 3.75
Cys 2.29 1.09 211 1.85 1.60 0.99
Met 1.55 0.53 1.56 2.43 0.64 2.00
Total AA 67.79 63.80 68.90 68.34 58.40 82.98

"The mean value of corn grains; “mean value of corn gluten meals; and mean value of soybean meal in Table
22.

“The mean values from the Hanwoo loin meat in Table 14.
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Table 25. Comparison of amino acids composition (% of total amino acids) between

Hanwoo loin meat and feed sources for protein supply for Hanwoo cattle

Amino acid Corn grain' gil(?czrrlﬁ S(r)r}saelin DDGS Pa111r1nel<aelrnel HT;::) ©
Asp 6.65 7.43 12.05 6.89 9.43 9.28
Thr 3.67 4.26 4.26 4.01 3.61 4.81
Ser 5.43 5.23 5.72 5.66 5.70 4.27
Glu 20.59 17.64 20.37 18.26 23.63 15.81
Gly 3.87 511 4.40 4.29 5.47 5.03
Ala 8.16 8.01 4.81 8.40 5.36 6.32
Val 4.20 418 3.39 3.73 431 498
Ile 241 2.30 3.28 2.74 2.68 4.55
Leu 11.68 9.48 7.82 12.36 6.87 9.00
Tyr 2.07 2.80 3.31 3.73 1.40 3.40
Phe 5.06 3.76 5.35 5.24 4.66 4.33
Lys 3.04 3.73 6.36 3.26 221 9.69
His 251 3.43 2.63 2.55 1.86 3.93
Arg 4.25 6.10 7.68 4.58 12.81 6.64
Pro 10.92 11.11 5.59 9.25 5.12 4.54
Cys 3.11 3.45 1.59 2.50 2.10 1.22
Met 2.37 1.99 1.38 2.55 2.79 242

Amino acid Rapeseed Lupin Rice bran Distil'lers Tapioca Han'wzloo

meal seed grain loin
Asp 7.71 10.95 10.46 6.43 8.79 9.28
Thr 4.67 3.98 4.34 3.73 4.95 481

55



Ser 522 5.65 5.33 527 6.04 4.27

Glu 21.86 23.20 16.09 18.90 15.93 15.81
Gly 5.90 4.68 5.92 4.20 4.40 5.03
Ala 522 4.20 7.31 8.10 6.59 6.32
Val 3.65 2.85 5.03 3.94 6.59 4.98
Ile 2.86 2.76 3.26 2.83 3.30 4.55
Leu 7.54 7.09 7.40 12.47 8.24 9.00
Tyr 2.56 3.24 2.07 3.64 2.20 3.40
Phe 4.88 416 4.54 5.19 7.14 433
Lys 4.71 517 592 3.13 3.85 9.69
His 2.86 271 2.86 2.53 1.10 3.93
Arg 7.23 11.82 7.60 4.37 2.20 6.64
Pro 7.47 4.99 6.52 9.00 14.84 4.54
Cys 3.38 1.71 3.06 2.70 2.75 1.22
Met 2.29 0.83 227 3.56 1.10 242

'The mean value of corn grains; ‘mean value of corn gluten meals; and “mean value of soybean meal in Table
23.

“The mean values from the Hanwoo loin meat in Table 9.
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Table 26. Rumen buffer solution (artificial saliva)'

Ingredient Amount (g/L)
NaHCO; 98 ¢
Na,HPO, 3.69 g
Kdl 057 ¢
Nacl 047 ¢
MgSO,4 012 ¢
CaCl, 016 g

"McDougall (1948).

O In vitro ¥} 3

o B A w9 U vAE FE EAo Ul in vitro Wi F71E serum bottle (1
L)= ©o] &3l 60T dry ovenoll ¢F 243 HA=AIZ F o A }JEL 85 g (1%)5ﬂr
artificial saliva (680 mL)E 712 XA FY3 &
Al (170 mL)E HZE3+A Oxfree CO, gasE ©]-83t head spaceE A% @7]/}}‘5]1%
F+ASAA] rubber stopper®} aluminium cap= ©]&3t YTE BIAE.

e RE HIGF 2L FUIEHE %7‘]3}”‘1/\‘] AAEHRAeH, HFol B & =4 39T
incubatoroll Al ¥l S AAISIA . WS W EE A =AE S8 W0, 3, 6, 9,
12, 24A12 o] v FH-& 10 mLA AFHSH o™, A3 ZA pH meter (SevenCompact
5220, Switzerland)& °]-&3t pHE ZA3om, d4&E (3,000 rpm x 15 min)3}
o d2 FS5HE 0|83+ microbial protein synthesis (MPS), NH5-N, volatile fatty
acid (VFA) 24 & 392

O mAEA gl ofn|iit 4

e M AE ofr|igl E4E fs] Wi F 2440l F2 w g (790 mL) T AFAR
particle 3 protozoa ZAAE 98] HAlEE (1,000 g x 10 min)ste] FSH= A H 3t
A, A AFHE S-S AED (20,000 g x 20 min)3te FF A A ASIL 7F
gheke S8 = (pellet)S T2 xS A& HAE AH}AS. A2 F W= F
Al Aok, 1759 otveit £42 dellA A 83 THobreat BRI 5

T e A8t A
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O A% FEFHE WES U WA wud g ojrlma FFF 4F: wWFe ) 1)
WE B fo ohulmate] 24 W) FEE FEE AE WS ‘e MP W A
ofFldt FU B 2HEA ) fw%t Sy Aol A AN S Or, 4

3 Y

() A743%

O In vitro A3 A3, pHE AF 0AIZtel Evib S5571 7B 9% (p<0.0001)
DDGS7} 7F 9k om (p<0.0001) o wiFAl= A pH 7
ol pHE AFHbol 7bd %k (p<0.0001) =4 ©wuzp sp dgro
(p<0.0001) A FH- HiF 0AZ ol = “
A Havt APHJTT AgE. wF eAtdE ATl s 3
(p<0.0001) =4+ Ty 7} 7bd @E9kS (p<0.0001). #iF 9AIZtol& w4k o Fufo] 7}
A =9kl (p<0.0001) =4+ @iy 7h b Ygkom (p<0.0001), HiYF 12A4)7kol & Ely
27b7F 7M =SkAL (p<0.0001) ¢Zgtoly 7t 7 BgkS (p<0.0001). M %
A Ztell= AFHro] 7H =3kal (p<0.0001) -Fzho]uh4k %4#7} A 3

in vitro "BEANGNA He A3 o] MAHO= HjFATEol

H&rs Tao mE pHYF Ad4skes S UdEeH, wid 240 o = vt

A= A= =4 rﬂ%ﬂ#, DDGS, A4, Eld
- oFkA

O s ol dAF (MPS)2 WG AHRE AR el & AbolZt JU%len, Wik 0
AZERE 24A A =4E @ a) v TP =3ka B et TP Wgke ShARE
A ek 0AZITHRE MPS7F £ ASE xALEo] B

h 3 ol
AEolA o]8d MPS £4H < Tl WA ¢844 D@fde] IFES A=
Aoz webd, Wi tiFuhe 7] MPS7F StAIRE, wjkAIRto] FIFEE MPS
7h o Atge wlE) b ®ol FUbste mAewdd fAel b dFEHe] w2
ZAow ddy. vt BRI AL BE ARTF Wl 0AIHES vl F 244 0T
of HdFel w3k @y A, T Ul AYel mE F Aoyt F Aoz H
& =2

By FAFS BYon, elyeste v xdwd I (3.12%
DM) WEo® dAthy. 53 #h, m7, =49 9 gy ete] B9 MPS7F Wkal ul

Zo] AT AL Table 2804 B NH3-NO| LA gFo] F-Zs}o]
HAAESFol] 2a3 N 58S AhE 22 X3 o= Ay (Table 28; Fig. 6).
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Table 27. Effect of pH on ruminal fermentation in vitro with different feed sources for 24 h

incubation (n=3)

Incubation time (h)

Feed

0 3 6 9 12 24
Corn grain' 7.40°° 6.974 6.798 6.77°'8 6.78" 6.618
Corn grain’ 7.38" 6.94° 6.76%" 6.698 6.74' 6.588
Corn gluten feed’ 7.23¢defs 6.79" 6.73" 6.76' 6.808" 6.72"
Corn gluten feed’ 7.19%f8 6.80" 6.778" 6.79°"  6.85%f8 6.73f
Corn gluten feed’ 7.20¢f8 6.94° 6.9 6.85° 6.89° 6.72"
Soybean meal® 7.28bcde 6.994 6.88" 6.84°4 6,88 6.93%
Soybean meal’ 7.320¢d 7.15% 6.99° 7.34° 7.02° 6.89™
Soybean meal® 7.27°det 7 040 6.87" 6.85 687 6.95°
DDGS 7.18 6.94° 6.95% 7.14° 6.9% 6.76
Palm kernel expeller 7.12"% 7.014 6.9 6.87° 6.88°% 6.81%
Rapeseed meal 7.54° 7.22° 7.15° 6.85°% 6.85° 6.99%
Lupin seed 7.34"4 7.06"¢ 7.1° 6.79°% 6.84°' 6.89"
Rice bran 7.320d 7.15% 6.94% 6.77%' 6.83' 6.89"
Distillers dried grain 7.2d°8 7.06>¢ 7.09° 6.88° 6.9° 6.93%
Tapioca 7.16°8 6.97% 6.98° 7.19° 6.97° 6.85
SEM 0.054 0.037 0.018 0.033 0.017 0.219
p-value 0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

Feeds are originally from 'South America, Ukraina, °Korea, *China(9333), *China(4802), °Korea, 'USA and ®Brazil.
g y
abedetehinfoan with different letter differ significantly between treatments (p < 0.05).

SEM = standard error of the mean.

—8— South American com

—@— Ulkraine com

~%7— South Korea corn gluten feed
—&— China com ghuten feed (1)
—— China comn gluten feed (2)
—B— South Korea soybean meal
—{— American soybean meal
—{— Brazil soybean meal

—d— Dried Distillers' Grains with Solubles (DDGS)
—— Palm kemel expeller

—@— Rapeseed meal

—@— Lupin seed

—8— Rice bran

—@— Distillers dried grain

—— Tapioca

6-0 L L} T T 1

Incubation time (h)
Fig. 5. Change of pH on ruminal fermentation in vifro with different feed sources for 24 h

incubation (n=3).
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Table 28. Effect of microbial protein synthesis(mg/100 mL) on ruminal fermentation in vitro

with different feed sources for 24 h incubation (n=3)

Incubation time (h)

Feed
0 3 6 9 12 24

Corn grain' 87.03" 77.43' 116.62' 98.98! 101.66' 114.61"
Corn grain® 105.12%® 78.43' 103.22' 105.90' 120.42"  134.718"
Corn gluten feed® 358.91° 352.22°  344.40° 310.90° 309.79° 326.53°
Corn gluten feed* 297.50° 308.67° 280.76" 260.66° 266.80° 305.32°
Corn gluten feed’ 178.097  195.89%  181.04¢ 179.6' 183.83¢  211.95¢
Soybean meal® 75.65" 206.93° 227.74° 234197 239214 211.95¢
Soybean meal” 90.73" 186.35" 214.6° 218.95° 23379 215.77¢
Soybean meal® 73.22 136.13"  168.481 187.13" 189.86° 207.941
DDGS 99.118" 142.27" 132.63° 128.02" 146.048  158.11¢
Palm kernel expeller 68.91 70.06' 75.88 75.44 78.02 103.63'
Rapeseed meal 195.9° 278.17° 289.9° 289.9 286.78" 268.01°
Lupin seed 151.72° 236.651 218.5° 232.824 231.17¢ 178.23°
Rice bran 149.22¢ 161428 180.26° 179.01° 172.68' 178.93°
Distillers dried grain 118.01° 136.55" 134.2° 142578 142268 153.44%
Tapioca 47.48" 51.17 58.97" 52.68" 59.3 68.52

SEM. 4.626 4.418 5.156 4.269 5.926 7.338

p-value <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

Feeds are originally from 1South America, *Ukraina, *Korea, 4C1r1ina(9333), 5China(4802), ®Korea, "USA and ®Brazil.
abodelghiik\fean with different letter differ significantly between treatments (p < 0.05).

SEM = standard error of the mean.

—8— South American com

—@— Ukraine com

—— South Korea com gluten feed
—&— China com gluten feed (1)
~—JF | —8— China com gluten feed (2)
—@— South Korea soybean meal
—{— American soybean meal
—{— Brazil soybean meal

—&— Dried Distillers Grains with Solubles (DDGS)
—— Palm kernel expeller

—@— Rapeseed meal

_ | —@— Lupin seed

¥ | —@— Rice bran

—@— Distillers dried grain

—— Tapioca

Microbial protein synthesis (1ng/100 mL)

Incubation times (h)

Fig. 6. Change of microbial protein synthesis on ruminal fermentation in vitro with different

feed sources for 24 h incubation (n=3).
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Table 29. Effect of NHs-N concentration (mg/100 mL) on ruminal fermentation in vifro with

different feed sources for 24 h incubation (n=3)

Incubation time (h)

Feed
0 3 6 9 12 24

Corn grain 7.54¢ 12.40° 4.40° 4.65% 4.16% 6.86"
Corn grain® 8.40™ 12.03° 3.91 3.42' 2251 6.55'
Corn gluten feed’ 8.83° 14.43° 11.47° 17.20° 19.90° 35.53°
Corn gluten feed’ 10.06° 15.53° 14.06° 24.39° 33.68° 48.20°
Corn gluten feed’ 3.07¢ 3.2d* 3.03°%f 4.78% 5.934¢ 12.42°
Soybean meal® 1.12¢ 1.718 3.72%e 5.064 9.48° 38.1
Soybean meal” 2.754 3.5 3.43%% 6.42° 8.97° 37.32"
Soybean meal® 1.12° 1.99' 3.2cdef 4.44% 7.6 39.69°
DDGS 3.51 3.75% 3.41¢¢ 3.73 2,821 6.63"
Palm kernel expeller 1.35° 1.95' 2.12¢ 1.01" 0.21" 0.27"
Rapeseed meal 2.774 3.32%de 2,52 0.32 2.94%8 11.88°
Lupin seed 2,964 4.57° 4.28° 4.479 8.62° 23.691
Rice bran 1.48° 2.86%' 2.35%f 2.0" 1.91%" 4.23"
Distillers dried grain 3.24¢ 3.81¢ 2.31%f 2.48%" 2.56'€" 2.718"
Tapioca 3.07¢ 2.45%¢ 1.69" 1.62" 1.438" 1.398"
SEM 0.409 0.451 0.578 0.408 0.876 1.261
p-value <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

Feeds are originally from South America, *Ukraina, “Korea, 4China(9333), 5China(4802), ®Korea, 'USA and ®Brazil.
abedebehiNean with different letter differ significantly between treatments (p < 0.05).

SEM = standard error of the mean.

—@— South American com

—@— Ukraine com

% | —7— South Korea com gluten feed
§ | —&— China corn ghuen feed (1)
—— China com ghuten feed (2)
—@— South Korea soybean meal
—¢— American soybean meal
—— Bruzil soybean meal

—&— Dried Distillers Grains with Solubles (DDGS)
—— Palm kemel expeller

—@— Rapeseed meal

3 | —@— Lupinseed

—@— Rice bran

—@— Distillers dried grain

8 | —7— Tapioca

NH,-N concentration (mg/100 mL)

Incubation times (h)

Fig. 7. Change of NH3-N concentration (mg/100 mL) on ruminal fermentation in vifro with

different feed sources for 24 h incubation (n=3).
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Table 30. Effect of total VFA concentration (mM) on ruminal fermentation in witro with

different feed sources for 24 h incubation (n=3)

Incubation time (h)

Feed
0 3 6 9 12 24

Corn grain' 30354  37.28" 44.42° 56.38° 62.47°% 91.3°
Corn grain® 42.94° 33.88° 43.57" 55.03° 63.72° 97.92°
Corn gluten feed® 29.91 39.92% 50.16° 64.21° 67.89% 74.99°
Corn gluten feed* 28.51¢ 43.44° 43,22 65.17° 68.28" 70.94"
Corn gluten feed’ 25.73° 28.09' 3517 44,02  53.98% 72.48"
Soybean meal® 12.54" 26.908 38,77 48.52° 58.91°¢ 5849
Soybean meal” 32.7° 34324 37.72% 4712 5515 59025
Soybean meal® 13.238" 305248 36.8° 42.43%  54.11% 64.65™
DDGS 30.76°¢  33.11%% 38954 43274 53.73% 52.88°f
Palm kernel expeller 12141 28.62°f8 32.21° 38.52" 41.98' 64.55%
Rapeseed meal 16' 15.56" 16.768 17.95' 21.86" 41.878
Lupin seed 15.01"8 15.75" 19.698 26.538 38.858 61.274%
Rice bran 14.73"8" 15.48" 21.18 24.678" 34.78 46.3"
Distillers dried grain 15.28'8 15.31" 16.528 19.55" 23.84" 37.87¢
Tapioca 31.3" 3278 3853 41,96 47.52° 58.38%
SEM 0.832 1.722 1.912 1.773 2.886 3.211
p-value <0.0001  <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

Feeds are originally from 1South America, *Ukraina, *Korea, 4Chjna(9333), 5China(4802), ®Korea, "USA and °Brazil.
abedelehiNean with different letter differ significantly between treatments (p < 0.05).

SEM= standard error of the mean.
120

—@— South American com

—@— Ukraine com

—57— South Korea com gluten feed
—&— China com gluten feed (1)
—— China com gluten feed (2)
—— South Korea soybean meal
—{— American soybean meal
—{— Brazil soybean meal

J | —&— Dried Distillers Grams with Solubles (DDGS)
—— Palm kemel expeller

—@— Rapeseed meal

—&— Lupin seed

—8— Rice bran

—@— Distillers dried grain

—— Tapioca

Total VFA (mM)

Incubation times (h)

Fig. 8. Change of total VFA concentration (mM) on ruminal fermentation in vitro with

different feed sources for 24 h incubation (n=3).
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Table 31. Effect of A/P (acetic acid/propionic acid) ratio on ruminal fermentation in vitro

with different feed sources for 24 h incubation (n=3)

Incubation time (h)

Feed
0 3 6 9 12 24

Corn grain' 4.10°° 3.54" 3.29" 2.83¢f8 2.45% 1.82"
Corn grain® 4.17°° 3.59% 3.33f 2.84°f 2.45% 1.85"
Corn gluten feed® 4.38° 3.67" 2.91" 2.32! 2.31% 2.29%
Corn gluten feed* 4.2% 3.61% 2.958" 251" 2.3 2.44
Corn gluten feed’ 3.95% 3.62'% 3.068 2.75' 2.534 2,51
Soybean meal® 3.99% 4.86° 4° 3.31° 2.81° 2.7°
Soybean meal” 3.33¢ 4.07° 3.71¢ 3d° 2.31 2,19
Soybean meal® 4.04° 4.24 4.09° 3.36° 2.76° 2.63
DDGS 4.03" 3.72f" 2.88" 2.34M 28 1.8"
Palm kernel expeller 3.93% 3.874¢ 3.82°¢ 3.94° 3.95 3.92°
Rapeseed meal 3.83 3.934 3.91% 3.7° 3.14° 1.928"
Lupin seed 3.77" 3.81¢ 3.52° 2.76'8 2.25' 2.05%
Rice bran 3.84° 3.77'% 3.57¢ 2.738 1.968 1.59'
Distillers dried grain 3.9% 3.78M 3.51° 3.03¢ 2.36% 1.5'
Tapioca 4.00™ 3.8% 3.52° 2.934f 2,514 2.12¢
SEM 0.17 0.032 0.046 0.065 0.075 0.067
p-value 0.061 <0.0001  <0.0001  <0.0001  <0.0001  <0.0001

Feeds are originally from South America, *Ukraina, “Korea, 4China(9333), 5China(4802), ®Korea, 'USA and ®Brazil.
abedebghiikMean with different letter differ significantly between treatments (p < 0.05).

SEM= standard error of the mean.

—@— South American com

—@— Ukraine com

—— South Korea corn gluten feed
—d— China corn gluten feed (1)
—— China corn ghiten feed (2)
—&— South Korea soybean meal
—O— American soybean meal

g | —O— Brazil soybean meal

W | —A— Dried Distillers’ Grains with Solubles (DDGS)
—— Palm kernel expeller

—@— Rapeseed meal

—&— Lupin seed

—@— Rice bran

—@— Distillers dried grain

—— Tapioca

A/P Ratio

Incubation times (l)
Fig. 9. Change of A/P ratio on ruminal fermentation in vitro with different feed sources for
24 h incubation (n=3).
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Table 32. Amino acid composition(% of DM) of rumen microorganisms after 24 incubation

with different feed sources

Amino acid Corn grain' Corn grain> Corn gluten’® Corn gluten® Corn gluten’
Asp 4.06 4.42 5.50 5.50 542
Thr 1.95 2.08 2.60 2.64 248
Ser 1.61 1.70 2.08 2.08 2.02
Glu 5.02 5.17 6.37 6.56 6.55
Gly 1.76 1.87 2.32 2.33 2.33
Ala 2.52 2.67 3.42 3.45 3.42
Val 1.70 1.82 221 221 1.79
Ile 1.65 1.78 214 2.16 1.78
Leu 2.76 2.88 3.55 3.56 3.30
Tyr 1.66 1.79 2.23 231 2.23
Phe 1.80 1.93 2.35 2.38 2.38
Lys 2.93 3.28 3.99 3.94 3.56
His 0.60 0.63 0.80 0.78 0.78
Arg 1.73 0.71 2.34 1.07 2.29
Pro 1.34 1.39 1.69 0.81 1.66
Cys 0.65 0.64 0.73 0.79 0.62
Met 1.04 1.11 1.41 1.52 1.05
Total AA 34.78 37.02 45.73 46.25 43.66
Amino acid S?%’Eael%n S(I)r}:s;e}n S?I}{Eael%n DDGS Palmmel;elrnel
Asp 5.98 6.45 6.01 5.47 4.70
Thr 2.79 3.01 2.83 2.64 2.25
Ser 2.27 2.45 2.29 2.16 1.76
Glu 7.43 7.74 7.37 6.59 5.93
Gly 2.53 2.75 2.55 2.39 2.09
Ala 3.72 3.96 3.73 3.50 2.80
Val 2.06 2.28 2.17 2.05 1.74
Ile 2.06 2.26 2.18 2.01 1.73
Leu 3.68 3.92 3.77 3.55 2.87
Tyr 2.47 2.58 248 221 1.90
Phe 2.60 2.73 2.60 2.34 2.03
Lys 3.95 433 4.06 3.75 3.04
His 0.85 0.92 0.85 0.81 0.65
Arg 2.65 2.85 2.71 248 213
Pro 1.78 1.83 1.76 1.66 1.46
Cys 0.72 0.78 0.58 0.60 0.94
Met 1.23 1.23 1.23 1.29 1.18
Total AA 48.77 52.07 49.17 45.50 39.20
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Rapeseed Distillers

Amino acid Lupin seeds Rice bran . Tapioca
meal grain
Asp 5.18 5.51 3.50 4.67 -
Thr 2.54 2.62 1.67 2.26 -
Ser 2.01 2.10 1.41 1.95 -
Glu 6.91 6.64 4.04 6.20 -
Gly 2.24 2.33 1.60 2.09 -
Ala 3.38 3.55 2.27 3.15 -
Val 2.02 2.09 1.36 1.96 -
Ile 1.95 2.06 1.27 1.84 -
Leu 3.36 3.49 2.23 3.44 -
Tyr 2.07 222 1.33 1.92 -
Phe 2.19 2.35 1.50 214 -
Lys 3.77 4.01 2.50 1.39 -
His 0.75 0.81 0.54 0.78 -
Arg 2.38 2.56 1.71 231 -
Pro 1.60 1.60 111 1.72 -
Cys 1.13 0.85 0.73 0.87 -
Met 1.57 1.59 1.10 1.38 -
Total AA 45.05 46.38 29.87 41.89 -

Feeds are originally from 'South America, “Ukraina, *Korea, “China(9333), *China(4802), °Korea, "USA and °Brazil.

Table 33. Amino acid composition(% of total amino acids) of rumen microorganisms after

24 incubation with different feed sources

Amino acid Corn grain' Corn grain> Corn gluten’ Corn gluten* Corn gluten’
Asp 11.67 11.94 12.03 11.89 12.41
Thr 5.61 5.62 5.69 5.71 5.68
Ser 4.63 4.59 4.55 4.50 4.63
Glu 14.43 13.97 13.93 14.18 15.00
Gly 5.06 5.05 5.07 5.04 5.34
Ala 7.25 7.21 7.48 7.46 7.83
Val 4.89 4.92 4.83 4.78 4.10
Ile 4.74 4.81 4.68 4.67 4.08
Leu 7.94 7.78 7.76 7.70 7.56
Tyr 4.77 4.84 4.88 4.99 5.11
Phe 5.18 5.21 5.14 5.15 5.45
Lys 8.42 8.86 8.73 8.52 8.15
His 1.73 1.70 1.75 1.69 1.79
Arg 497 1.93 5.12 2.31 5.25
Pro 3.85 3.75 3.70 1.75 3.80
Cys 1.87 1.73 1.60 1.71 1.42
Met 2.99 3.00 3.08 3.29 2.40
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Soybean Soybean Soybean Palm kernel

Amino acid DDGS
meal® meal’ meal® meal

Asp 12.26 12.39 12.22 12.02 11.99
Thr 5.72 5.78 5.76 5.80 5.74
Ser 4.65 471 4.66 4.75 4.49
Glu 15.23 14.86 14.99 14.48 15.13
Gly 519 5.28 519 5.25 5.33
Ala 7.63 7.61 7.59 7.69 7.14
Val 422 4.38 441 451 444
Ile 422 434 443 442 441
Leu 7.55 7.53 7.67 7.80 7.32
Tyr 5.06 4.95 5.04 4.86 4.85
Phe 5.33 5.24 5.29 514 518
Lys 8.10 8.32 8.26 8.24 7.76
His 1.74 1.77 1.73 1.78 1.66
Arg 543 5.47 5.51 5.45 543
Pro 3.65 3.51 3.58 3.65 3.72
Cys 1.48 1.50 1.18 1.32 2.40
Met 2.52 2.36 2.50 2.84 3.01

) ) Rapeseed ) ) Distillers )
Amino acid Lupin seeds Rice bran . Tapioca

meal grain

Asp 11.50 11.88 11.72 11.15 -
Thr 5.64 5.65 5.59 5.40 -
Ser 4.46 453 4.72 4.66 -
Glu 15.34 14.32 13.53 14.80 -
Gly 497 5.02 5.36 499 -
Ala 7.50 7.65 7.60 7.52 -
Val 448 451 4.55 4.68 -
Ile 433 4.44 4.25 4.39 -
Leu 7.46 7.52 747 8.21 -
Tyr 4.59 4.79 4.45 4.58 -
Phe 4.86 5.07 5.02 511 -
Lys 8.37 8.65 8.37 3.31 -
His 1.66 1.75 1.81 1.86 -
Arg 5.28 5.52 5.72 5.51 -
Pro 3.55 3.45 3.72 411 -
Cys 2.51 1.83 244 2.08 -
Met 3.49 343 3.68 3.29 -

Feeds are originally from 'South America, “Ukraina, *Korea, “China(9333), *China(4802), *Korea, "USA and °Brazil.

O Table 34 7]l &3xd thEF Rl w59 vjAE (AtH oo ofrieqt =3 &
AToNA in vitro TELF S Tl BHE F 1409 AEEFE Ao v EA of
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Mgt Bargke vkl Fotrgt 71E AN opm|ike] 2L B AT
ZAE A} 71EY AF2 3, branched-chain amino acid®! Ile¥} Valo] £ A+
AN e 2% =A AR AS ALt & oprghe] AL wl FAREE A
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Table 34. Average amino acid composition (% of total amino acids) of rumen
microorganisms after 24 incubation with different feed sources in the present study
compared with the amino acid composition (% of total amino acids) of rumen bacteria

from previous studies

Present study Previous study’

Amino acid

Mean SD Mean SD
Asp 11.9 0.3 12.2 0.6
Thr 5.7 0.1 5.8 0.5
Ser 4.6 0.1 4.6 0.4
Glu 14.6 0.6 13.1 0.7
Gly 5.2 0.1 5.8 0.5
Ala 7.5 0.2 7.5 0.6
Val 4.5 0.2 6.2 0.6
Ile 4.4 0.2 5.7 0.4
Leu 7.7 0.2 8.1 0.8
Tyr 4.8 0.2 4.9 0.6
Phe 5.2 0.1 51 0.3
Lys 8.0 1.4 7.9 0.9
His 1.7 0.1 2.0 0.4
Arg 4.9 1.2 51 0.7
Pro 3.6 0.5 3.7 0.5
Cys 1.8 0.4 - -
Met 3.0 0.4 2.6 0.7

!Average composition of 441 bacterial samples from animals fed 61 dietary treatments in 35 experiments (Clark
et al. 1992).
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Table 35. Amino acid composition (% of total amino acids) of Hanwoo loin meat and

rumen microorganisms in the present study

Beef quality grade of Hanwoo cattle Rumen
Amino acid . — . )
1 1 1 microorganisms
Asp 9.48 9.51 9.48 11.93
Thr 4.80 4.75 4.76 5.67
Ser 4.26 4.19 4.27 4.61
Glu 15.88 15.64 15.46 14.59
Gly 5.06 4.83 5.34 5.15
Ala 6.29 6.25 6.37 7.51
Val 4.93 4.96 4,99 4.55
Ile 451 4.62 448 444
Leu 9.00 9.06 8.80 7.66
Tyr 341 3.39 3.30 4.84
Phe 4.33 431 4.28 5.17
Lys 9.66 9.70 9.57 8.00
His 3.81 413 3.82 1.74
Arg 6.63 6.63 6.63 4.92
Pro 451 4.37 4.82 3.56
Cys 1.15 1.21 1.26 1.79
Met 243 2.46 2.50 2.99
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Table 36. Comparison of amino acids composition (% of total amino acids) between

Hanwoo loin meat, rumen microbial protein and rumen undegradable protein (RUP) of

different feed sources for protein supply for Hanwoo cattle in the study

RUP!
. Rumen

Amino Palm ] Hanwoo

; Corn Corn Soybean microorg i3
acid ) Y DDGS kernel anisms2 loin

grain gluten meal
meal

Asp 5.76 6.16 11.19 6.14 8.82 11.93 9.28
Thr 3.61 5.28 4.75 3.80 3.63 5.67 481
Ser 5.29 5.27 5.66 5.07 4.86 4.61 4.27
Glu 2215 19.21 17.32 21.04 22.84 14.59 15.81
Gly 2.95 4.55 4.46 3.09 4.86 5.15 5.03
Ala 8.23 7.10 5.13 7.95 4.78 7.51 6.32
Val 4.35 491 4.64 4.33 5.44 4.55 4.98
Ile 341 2.82 442 3.58 3.63 4.44 4.55
Leu 14.53 10.85 8.77 14.30 7.25 7.66 9.00
Tyr 3.01 2.40 3.91 3.83 1.98 4.84 3.40
Phe 5.22 4.70 5.44 5.46 4.70 5.17 4.33
Lys 1.94 3.29 5.84 231 2.72 8.00 9.69
His 1.87 2.77 2.46 2.02 1.81 1.74 3.93
Arg 2.68 3.03 6.50 3.30 12.70 4.92 6.64
Pro 9.64 11.38 5.03 8.23 4.53 3.56 4.54
Cys 2.74 4.24 2.58 2.84 2.39 1.79 1.22
Met 2.61 2.04 1.89 2.70 3.05 2.99 242
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RUP! Rumen

Amino . Hanwoo
acid Rapeseed  Lupin Rice bran Distil}ers Tapioca mlc.roorg loin®
meal seed grain anisms
Asp 8.38 11.27 11.40 6.14 9.79 11.93 9.28
Thr 5.53 410 4.85 3.71 5.50 5.67 4.81
Ser 5.35 5.56 5.42 515 6.12 4.61 427
Glu 18.09 21.30 11.51 21.17 15.60 14.59 15.81
Gly 5.56 417 5.76 3.14 4.89 5.15 5.03
Ala 5.32 425 6.88 8.00 6.73 7.51 6.32
Val 5.60 4.54 6.66 3.95 6.42 4.55 498
Ile 4.36 4.54 4.40 3.14 3.98 4.44 4.55
Leu 8.03 8.20 9.59 14.32 7.95 7.66 9.00
Tyr 3.10 271 1.92 413 214 4.84 3.40
Phe 4.75 4.61 6.32 5.51 4.89 517 4.33
Lys 4.86 498 4.85 2.04 5.50 8.00 9.69
His 2.53 249 1.92 2.04 214 1.74 3.93
Arg 6.34 8.64 497 3.35 3.67 4.92 6.64
Pro 6.55 5.64 7.56 8.33 8.87 3.56 4.54
Cys 3.20 2.05 3.39 3.08 3.67 1.79 1.22
Met 2.46 0.95 2.60 2.79 214 2.99 242

Data are from 'the 1% cooperative institute, “Table 9 and “Table 34.
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so] T A0E vF9 FLAYEE NRC (2016)2 7|22 §9-9 Z&=27 o
TS AT SRFITFA LA HEst AL

H

°
1o
2

g BlTY] d8 AR RUPSH PAEASR A Bl ofrinqt 24 A8 5 |83 MP
Wl N obvest HE FF AA
e MPY FTHHS 43td RUPS 43td HAETME  (microbial true protein, MTP,
g/d)e] ¢o g AlMkE. RUPY 4318 $FAE (AAE DM Wl 100% ZAME ©]she
AbR) dist] 80% Ev AR (AR DM W 100% ZAMEZE Z3HE ARR)ol| Thshed
60%E 83 MCP (microbial crude protein)2 @A S 80% E3atH, &% W &
&2 80% =2 A-&3t7|ol w2l RE 2] MP= MCP x 080 x 08022 ofefjo} 2o
A o s
MPj = MPfeedj + MPmtpj
MPfeedj = RUPj x 0.80, Forage < 100% DM (concentrates) or,
= RUPj x 0.6, Forage = 100% DM (forages)
RUPj = (CPj/100) x ([RUP]j/100) x DMJj
MPtmpj = MCPj x 0.8 x 0.8
MCPj = (42.73 + 0.87 x TDNj x DMIj)/1,000, EE < 3.9% or,
= (53.33 + 0.96 x FFTDNj x DMI;j)/1,000, EE = 3.9%
FFTDNj = TDNj - 2225 x EEj
where
CPj is the crude protein content of the Jth feedstuff, % DM;
DM]j is the dry matter intake of the Jth feedstuff, kg/d;
FFIDN is the fat-free total digestible nutreinte content of the jth  feedstuff(adjusted
for EE, not digestible EE), % DM;
MCPj is the microbial crude prtein supplied by the Jth feedstuff, kg/d;
MPfeedj is the metabolizable protein supplied by the jth feedstuff, kg/d;
MPj is the metabolizable protein of the jth feedstuff, kg/d;
MPmtpj is the bacterial metabolizable protein supplied by the jth feedstuff, kg/d;
MTP is microbial true protein of the diet, g/d;
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RUPj is the ruminally undegradable protein of the jth feedstuff, kg/d;

[RUPJ;j is the concentration of ruminally undegradable protein of the jth feedstuff, %
CP; and

TDNj is the total digestible nutrient of the jth feedstuff, % DM.

2
=
o
d

T T AREFE NE opnindt FEF (TEE)e AES] A= 4 A

ol @] opminghe] =4 (A1 HEATTIESY AF)o] °]&H. MPE

Hhe o2 RE 9 ofmt FFHS AHEShy] ffsiA = vtHgoke] ofn|

/o] o]g%H. NRC (2016)& Clark & (1992)°] 2 ES bacterial AAS] &

Table 20)°] ©]-&= Ui, B AT = 43 ABAEE o83t T3 in vitro
Aol 2AE uvgg Sl ) 7+ obm)icate] HEghS o83 (Table 34)

DIGFAA],] = (FAAj,i/100) x MPfeedj

DIGBAAj,i = (BAAi/100) x MPmtpj

DIGAAj,i = DIGFAAj,i + DIGBAAj,i

where

BAAIi is the ith bacterial amino acid content, % MP;

DIGAAj,i is the ith absorbed amino acid supplied by the jth feedstuff(RUP) and the

bacteria of the jth feedstuff, kg/d;

DIGBAAj,i is the ith absorbed amino acid supplied by the bacteria of the jth

feedstuff, kg/d;

DIGFAA)j,i is the ith absorbed amino acid supplied by the RUP of the jth feedstuff,

kg/d; and

FAAj,i is the ith amino acid content of the jth feedstuff, % MP.

oﬁé

N o

—_

e,
1-’

o AAZ ¥ MPH (MPfeed)®} 7+ 7| ofv]ic4ate] MP Ul 3% (DIGFAA)
WENE AEH] FEAT/I RN BHE 7 URARE RUP B o
Soll 2ASA aFoR FoHEe ARFH obvkite] F4Y¥ F, MPEH
392 (Table 37).

MPfeedj = RUPj x 0.80, Forage < 100% DM (concentrates)

DIGFAAj,i = (FAAj,i/100) x MPfeed;

e Table 372 A3} RUPETFHFL 18.69 ~ 21825 g/kg DMOZ AL & 2}0]E K
on, gty e7te] RUPEHEECl 7 wta Wiz disate] 3o M w3%e
M, 53] Hepdah gl 7P ol 2%, RUPY 392 7I€o=2 &%
W A3 (F5E) 80%E A 83t MPfeed® T3IA 2. 5UT &3S F 83197
of RUPY FFFH FAE AHRE Aol& HYS. ARE T3 FHEHE MPfeede
14.95 ~ 174.60 g/kg DML 2 tfFHtolA 71 &2 MPEwF<= HEIHAE.
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Table 37. Predicted amino acid supply(AA g/kg DM of feed) from rumen underadable protein
(RUP) to the metabolizable protein (MP) in Hanwoo cattle fed different feed sources in the

study
Corn grain' Corn grain®  Corn gluten® Corn gluten* Corn gluten’
cr 83.47 84.88 231.77 253.02 259.65
RUP 28.94 25.44 28.66 29.96 26.43
MPfeed’ 2315 20.35 22.93 23.96 21.14
Asp 1.17 1.10 1.27 1.18 1.11
Thr 0.74 0.69 1.08 1.05 0.92
Ser 1.09 1.00 1.05 1.05 0.95
Glu 4.56 421 3.65 3.93 3.52
Gly 0.60 0.57 0.95 0.89 0.78
Ala 1.69 1.57 1.39 1.40 1.30
Val 0.87 0.85 0.98 0.99 0.87
Ile 0.63 0.72 0.57 0.54 0.51
Leu 2.95 2.80 2.06 217 2.03
Tyr 0.60 0.59 0.48 0.48 0.43
Phe 1.07 1.00 0.92 0.93 0.87
Lys 0.38 0.39 0.67 0.64 0.59
His 0.38 0.36 0.54 0.57 0.49
Arg 0.55 0.51 0.63 0.61 0.51
Pro 2.05 1.77 222 2.33 2.03
Cys 0.57 0.51 0.82 0.93 0.70
Met 0.55 0.49 041 0.41 0.35
Soybein Soybe?n Soybein DDCS Palm kernel

meal meal meal meal
cr 560.19 515.12 548.18 342.40 196.30
RUP 153.60 139.46 218.25 142.43 80.51
MPfeed’ 122.88 111.57 174.60 113.94 64.41
Asp 1218 11.09 17.75 591 4.68
Thr 5.39 4.72 7.21 3.65 1.93
Ser 6.28 5.66 8.72 4.88 2.58
Glu 18.27 17.07 28.46 20.25 1213
Gly 4.89 451 6.87 297 2.58
Ala 5.82 511 7.75 7.65 254
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Val 5.08 447 7.52 417 2.89

Ile 4.78 424 7.27 3.45 1.93
Leu 9.69 8.63 13.79 13.76 3.85
Tyr 4.34 3.93 6.01 3.69 1.05
Phe 5.90 5.39 8.66 5.26 2.50
Lys 6.49 5.71 9.17 2.22 1.44
His 2.74 2.41 3.88 1.95 0.96
Arg 6.93 6.38 10.63 3.18 6.74
Pro 5.46 5.00 7.98 7.92 241
Cys 3.03 2.53 3.82 2.73 1.27
Met 2.25 1.82 2.82 2.60 1.62
Rape seed Lupin seeds Rice bran Distil.lers Tapioca
meal grain
CP 432.54 358.02 147.03 341.40 31.16
RUP 161.70 50.14 34.23 141.99 18.69
MPfeed’ 129.36 40.11 27.38 113.60 14.95
Asp 8.44 412 2.67 6.27 1.12
Thr 5.56 1.50 1.14 3.79 0.63
Ser 5.39 2.03 1.27 5.26 0.70
Glu 18.22 7.78 2.70 21.63 1.79
Gly 5.60 1.52 1.35 3.21 0.56
Ala 5.35 1.55 1.61 8.17 0.77
Val 5.64 1.66 1.56 4.04 0.74
Ile 4.39 1.66 1.03 3.21 0.46
Leu 8.08 3.00 2.25 14.63 0.91
Tyr 3.12 0.99 0.45 422 0.25
Phe 478 1.69 1.48 5.63 0.56
Lys 4.89 1.82 1.14 2.08 0.63
His 2.55 0.91 0.45 2.08 0.25
Arg 6.38 3.16 1.16 3.43 0.42
Pro 6.59 2.06 1.77 8.51 1.02
Cys 3.23 0.75 0.79 3.15 0.42
Met 2.48 0.35 0.61 2.85 0.25

Feeds are originally from 'South America, “Ukraina, *Korea, *China(9333), °China(4802), "Korea, "USA, °Brazil.
*MPfeed is the metabolizable protein supplied by feedstuff.
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Table 38. Predicted amino acid supply(AA g/kg DM of feed) of metabolizable protein(MP)

from rumen microbial protein(MCP) in Hanwoo cattle fed different feed sources in the study

Corn grain'

Corn grain®

Corn gluten’

Corn gluten*

Corn gluten’

MCP’ 130.32

MTPY 104.25
MPmtp'! 83.40
Asp 9.74
Thr 4.68
Ser 3.86

130.63
104.50
83.60
9.98
470
3.84

111.82
89.45
71.56

8.61
4.07
3.25
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111.82
89.45
71.56

8.51
4.08
3.22

111.82
89.45
71.56

8.88
4.06
3.31



Glu 12.04 11.68 9.97 10.15 10.74

Gly 4.22 4.22 3.63 3.61 3.82
Ala 6.04 6.03 5.35 5.34 5.61
Val 4.08 411 3.46 3.42 293
Ile 3.96 4.02 3.35 3.34 292
Leu 6.62 6.50 5.56 5.51 541
Tyr 3.98 4.04 3.49 3.57 3.66
Phe 4.32 4.36 3.68 3.68 3.90
Lys 7.03 741 6.24 6.10 5.84
His 1.44 1.42 1.25 121 1.28
Arg 4.15 1.61 3.66 1.65 3.75
Pro 3.21 3.14 2.64 1.25 2.72
Cys 1.56 1.45 1.14 1.22 1.02
Met 249 251 221 2.35 1.72
Soybean Soybean Soybean Palm kernel
. ; s DDGS

meal meal meal meal

MCP’ 118.18 118.18 118.38 125.51 109.51
MTPY 94.54 94.54 94.70 100.41 87.61
MPmtp'! 75.63 75.63 75.76 80.33 70.09
Asp 9.27 9.37 9.26 9.66 8.40
Thr 4.33 4.37 4.36 4.66 4.02
Ser 3.52 3.56 3.53 3.81 3.15
Glu 11.52 11.24 11.36 11.63 10.60
Gly 3.92 3.99 3.93 422 3.74
Ala 5.77 5.75 5.75 6.18 5.01
Val 3.19 3.31 3.34 3.62 311
Ile 3.19 3.28 3.36 3.55 3.09
Leu 5.71 5.69 5.81 6.27 5.13
Tyr 3.83 3.75 3.82 3.90 3.40
Phe 4.03 3.97 4.01 413 3.63
Lys 6.13 6.29 6.26 6.62 5.44
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His 1.32 1.34 1.31 1.43 1.16

Arg 411 414 418 4.38 3.81

Pro 2.76 2.66 271 293 2,61

Cys 112 113 0.89 1.06 1.68

Met 191 1.79 1.90 228 21
Rapeseed ] ) Distillers )

Lupin seeds Rice bran . Tapioca
meal grain

MCP’ 101.90 132.91 105.86 105.09 -
MTP" 81.52 106.32 84.69 84.07 -
MPmtp" 65.22 85.06 67.75 67.26 -
Asp 7.50 10.11 7.94 7.50 -
Thr 3.68 4.80 3.79 3.63 -
Ser 291 3.85 3.20 3.13 -
Glu 10.00 12.18 9.16 9.95 -
Gly 3.24 427 3.63 3.36 -
Ala 4.89 6.51 5.15 5.06 -
Val 2.92 3.83 3.08 3.15 -
Ile 2.82 3.78 2.88 2.95 -
Leu 4.86 6.40 5.06 5.52 -
Tyr 3.00 4.07 3.02 3.08 -
Phe 3.17 431 3.40 3.44 -
Lys 5.46 7.35 5.67 2.23 -
His 1.09 1.49 1.22 1.25 -
Arg 3.45 4.69 3.88 3.71 -
Pro 2.32 293 252 2.76 -
Cys 1.64 1.56 1.66 1.40 -
Met 227 292 2.50 222 -

Feeds are originally from 'South America, “Ukraina, “Korea, “China(9333), *China(4802), °Korea, "USA, "Brazil.
’MCP is the microbial crude protein supplied by feedstuff

"MTP is the true protein in the microbial crude protein supplied by feedstuff.

"MPmtp is the bacterial metabolizable protein supplied by feedstuff.

80



O daAtad w59 O mAEdHd gl RUP S5%d e MP W opv=st a3 4

e ABARE FH9ol F3t0E W RUPS MCPEHE FHEHE= MPfeed®t MPmtpo] ¥
o2 MPEHEE°l AEH%len, A5 RUPS mA=AEdd f 718 ofrlinqhe 2§
sl AAH DIGFAAS} DIGBAAS o2 MPEHE Fg¥H+« /NE ofvn| 4k F5 &
(metabolizable amino acids, MAA)°] AF=% %15 (Table 39). HA ZAME ALRE B3l
MP Z3ZL th5Hlo] 25036 g/kg feed DME 7H4 %91 90271 ¢/kg feed DME T
a7t 7 wigkow, ALt & Apolzt U=

MPj = MPfeedj + MPmtpj
DIGFAA|,i = (FAAj,i/100) x MPfeedj

DIGBAAj,i = (BAAi/100) x MPmtpj
DIGAAj,i = DIGFAAj,i + DIGBAAj,i

Table 39. Predicted metabolizable protein(MP) and metabolizable amino acid supply (g/kg DM

of feed) for Hanwoo steers fed different feed sources in the study

Corn grain' Corn grain®  Corn gluten® Corn gluten*  Corn gluten’
MP 106.55 103.96 94.49 95.53 9271
Asp 10.91 11.09 9.88 9.69 9.99
Thr 541 5.39 5.15 5.14 4.98
Ser 4.95 484 4.30 4.27 4.26
Glu 16.60 15.89 13.61 14.08 14.25
Gly 4.82 4.79 4.58 4.50 4.60
Ala 7.74 7.60 6.75 6.74 6.90
Val 4.95 4.96 444 4.41 3.80
Ile 4.59 4.74 3.92 3.88 3.43
Leu 9.57 9.30 7.62 7.68 7.44
Tyr 4.58 4.63 3.97 4.05 4.09
Phe 5.38 5.36 4.60 4.61 4.77
Lys 7.41 7.79 6.91 6.73 6.43
His 1.82 1.78 1.79 1.78 1.77
Arg 4.69 213 4.30 2.26 4.27
Pro 5.26 491 4.86 3.58 4.75
Cys 213 1.96 1.97 215 1.72
Met 3.04 2.99 2.62 2.77 2.07
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Soybean Soybean Soybean Palm kernel
DDGS

meal® meal” meal® meal
MP 198.51 187.20 250.36 194.27 134.49
Asp 21.45 20.46 27.01 15.56 13.09
Thr 9.71 9.09 11.57 8.31 5.95
Ser 9.80 9.22 12.25 8.70 5.73
Glu 29.79 28.31 39.82 31.88 2273
Gly 8.81 8.50 10.80 7.19 6.32
Ala 11.59 10.86 13.50 13.83 7.55
Val 8.28 7.79 10.87 7.79 6.00
Ile 7.97 7.53 10.62 7.00 5.02
Leu 15.39 14.32 19.60 20.03 8.98
Tyr 8.17 7.67 9.83 7.59 4.45
Phe 9.93 9.36 12.67 9.39 6.12
Lys 12.62 12.00 15.43 8.84 6.88
His 4.06 3.74 5.18 3.38 213
Arg 11.04 10.52 14.80 7.55 10.55
Pro 8.22 7.66 10.69 10.85 5.02
Cys 414 3.66 471 3.79 2.95
Met 4.15 3.61 4.72 4.87 3.73
) ) Rape seed ) ) Distillers )

Amino acid Lupin seeds Rice bran . Tapioca

meal grain
MP 194.57 12517 95.13 180.85 -
Asp 15.93 14.22 10.61 13.77 -
Thr 9.24 6.30 492 742 -
Ser 8.30 5.88 4.47 8.39 -
Glu 2822 19.96 11.86 31.59 -
Gly 8.84 5.80 4.98 6.57 -
Ala 10.24 8.06 6.76 13.23 -
Val 8.56 5.49 4.64 7.19 -
Ile 7.22 5.44 3.91 6.17 -
Leu 12.94 9.40 7.30 20.15 -
Tyr 6.12 5.06 3.47 7.31 -
Phe 7.96 5.99 4.88 9.07 -
Lys 10.35 9.17 6.81 431 -
His 3.64 2.39 1.67 3.33 -
Arg 9.83 7.85 5.04 7.14 -
Pro 8.91 4.99 4.29 11.27 -
Cys 4.86 231 245 4.55 -
Met 4.75 3.26 3.10 5.06 -

Feeds are originally from 'South America, “Ukraina, *Korea, *China(9333), °China(4802), "Korea, "USA, °Brazil.
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O YBAEY MPERE Isdidge] AesS 283 IS5 E 138
o 9o THEMAFA S A=3H7] 9l MP (Table 39)=FE IS AFALS 2%
NP (net protein)Z] & (Aghe)= A&slord. B AFelA= NRC (2016)°1 4]
A g5 MPEHE] NPE 38 30%= Z &390, —E%‘é;}*é Foll 23 NAA (net
amino acids) Table 392 7' MAA (metabolizable amino acids)®l| %<& 30%E =
A

83t NAAY &S 4AH=3t3+ (Table 40).

O ru

MP to NP efficiency, % = 30 + 10,493 x e(-0.0486xBW), RMSE = 13.2,
where e is the base of the natural (Naperian) logarithum (i.e.,, 2.718).

Table 40. Predicted muscle tissue protein synthesis and amino acid production (g/kg DM of
feed) of Hanwoo steers calculated from MP (g/kg of feed) supplied by different feed sources
in the study

Corn grain' Corn grain® Corn gluten’  Corn gluten*  Corn gluten’
Tissue
protein 31.97 31.19 28.35 28.66 27.81
Asp 3.27 3.33 2.96 291 3.00
Thr 1.62 1.62 1.54 1.54 1.50
Ser 1.49 1.45 1.29 1.28 1.28
Glu 498 477 4.08 422 4.28
Gly 1.45 1.44 1.37 1.35 1.38
Ala 232 2.28 2.02 2.02 2.07
Val 1.49 1.49 1.33 1.32 1.14
Ile 1.38 1.42 1.18 117 1.03
Leu 2.87 2.79 2.28 2.30 223
Tyr 1.37 1.39 1.19 1.22 1.23
Phe 1.61 1.61 1.38 1.38 1.43
Lys 222 2.34 2.07 2.02 1.93
His 0.55 0.53 0.54 0.53 0.53
Arg 141 0.64 1.29 0.68 1.28
Pro 1.58 1.47 1.46 1.07 1.42
Cys 0.64 0.59 0.59 0.64 0.52
Met 0.91 0.90 0.79 0.83 0.62
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Soybean Soybean Soybean Palm kernel
DDGS

meal® meal’ meal® meal
I};lgf;i 59.55 56.16 75.11 58.28 4035
Asp 6.44 6.14 8.10 4.67 3.93
Thr 291 2.73 3.47 2.49 1.78
Ser 2.94 2.77 3.67 2.61 1.72
Glu 8.94 8.49 11.95 9.57 6.82
Gly 2.64 2.55 3.24 2.16 1.90
Ala 3.48 3.26 4.05 415 2.26
Val 2.48 2.34 3.26 2.34 1.80
Ile 2.39 2.26 3.19 2.10 1.51
Leu 4.62 4.30 5.88 6.01 2.70
Tyr 2.45 2.30 2.95 2.28 1.33
Phe 2.98 2.81 3.80 2.82 1.84
Lys 3.78 3.60 4.63 2.65 2.06
His 1.22 1.12 1.56 1.01 0.64
Arg 3.31 3.16 4.44 227 3.16
Pro 247 2.30 3.21 3.26 1.51
Cys 1.24 1.10 1.41 1.14 0.89
Met 1.25 1.08 141 1.46 1.12
Rape seed ) ) Distillers )
Lupin seeds Rice bran . Tapioca
meal grain
Hssue 58.37 37,55 28.54 54.26 -
protein
Asp 4.78 4.27 3.18 413 -
Thr 2.77 1.89 1.48 2.23 -
Ser 2.49 1.77 1.34 2.52 -
Glu 8.47 5.99 3.56 9.48 -
Gly 2.65 1.74 1.49 1.97 -
Ala 3.07 242 2.03 3.97 -
Val 2.57 1.65 1.39 2.16 -
Ile 217 1.63 117 1.85 -
Leu 3.88 2.82 2.19 6.04 -
Tyr 1.83 1.52 1.04 2.19 -
Phe 2.39 1.80 1.46 2.72 -
Lys 3.10 2.75 2.04 1.29 -
His 1.09 0.72 0.50 1.00 -
Arg 2.95 2.36 1.51 214 -
Pro 2.67 1.50 1.29 3.38 -
Cys 1.46 0.69 0.73 1.36 -
Met 1.43 0.98 0.93 1.52 -

Feeds are originally from 'South America, “Ukraina, *Korea, *China(9333), °China(4802), "Korea, "USA, °Brazil.
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Table 41. Ingredient composition (as fed basis) of total mixed ration (TMR) as a basal diet

used in the study

Feed Ratio (%, as fed-basis) Ratio (%, DM)
Oat hay 3.5 54
Annual ryegrass hay 59 8.8
Tall fescue hay 2.6 3.9
Corn grain, ground 9.8 13.7
Corn grain, flaked 9.0 12.3
Soybean meal 25 3.6
Corn gluten feed 7.3 11.2
Soybean hull 2.0 3.1
Wheat bran 16.1 15.6
DDGS 1.5 23
Cotton seed, whole 45 6.9
Soy sauce cake 2.0 2.3
Beet pulp 1.5 2.3
Molasses 3.0 3.3
Energy supplement! 9.7 35
NaHCO3 0.1 0.2
Salts 0.3 0.5
Limestone 0.3 0.5
Vitamin mixture 0.2 0.3
Mineral mixture 0.2 0.3
Water 18 0

"Energy supplement (Energy Gold) was supplied from a TMR company and commercially available.
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A% 9 TDN $Hga RUPASHEO tig 362 NRC (1996, 2001, 2016), &2 ALRA
£ (Sauvant &, 2002), I=EFABATE (FAHHSHe, 2017) B & AFolA EAF
ARE 7|22 39S (Table 42).

o 3o YA MPITFHFES A=3s7] Sl a3k 9219l HE, =wbd RDP, RUP, =
R ¥

Table 42. The compositions of dry matter, crude protein, rumen-degradable protein (RDP),
rumen-undegradable protein (RUP), ether extracts (EE) and total digestible nutrients (TDN)
and RUP digestibilities in the small intestine of Hanwoo cattle in individual feeds consisting
of the basal diet

Feed DM CP RDP RUP de{;ilsjt. EE TDN Ref.
(%) (%, DM) (%, CP) (%, CP) %) (%, DM) (%)
Oat hay 91.9 9.1 629 371 70.0 22 559 2
Annual ryegrass hay  88.0 8.6 65.0 35.0 65.0 0.66 64.0 !
Tall fescue hay 89.0 10.2 701 299 65.0 22 55.0 !
Corn grain, ground 828 84 346 65.31 90.0 43 88.0 >0
Corn, flaked 80.7 85 295 704 9.0 3.19 95.0 3
Soybean meal 85.2 515 729 27.1 9.0 1.0 79.5 >°
Corn gluten feed 90.2 193 63.7 37.1 85.0 25 800 ¥*°
Soybean hull 9.4 124 468 53.1 70.0 228 62.6 3
Wheat bran 86.6 14.6 64.4 35.7 75.0 43 715  *3¢
DDGS 8889 342 584 416 85.0 53 88.0 LS
Cotton seed, whole 90.1 212 823 17.7 80.0 19.1 772 z 4
Soy sauce cake 66.6 31.8 70.0 30.0 80.0 9.9 67.9 6
Beet pulp 91.5 8.1 46.7 532 80.0 114 66.6 3
Molasses 64.4 82 100.0 0 0 0.17 86.0 L3
Energy supplement 213 217 100.0 0 0 5.6 795 >

Data were obtained and modified from ™NRC (19%), “NRC (2001), °NRC (2016), “Sauvant et al. (2002), ’present study, and
°KFCS (Korean feed composition standards, 2017).
RUP digest.: Digestibility of RUP in the small intesitine.

e Table 439 Al59] RUPEZHEH FFHE ALSF8 MPY & A=357] 93 7| 2A 5 R
7k ABARS Ffohwliedl (Trpe Al9)) B Fw] & opn]w4kl Gluol tigk RUP W
oA kS eSS, Table 429 #Zo] Y439 zgE B Ao T2 RUP Y
AuAge] opmsl FFE ol gagon, B ATAM BAHA e duAsd ot
e & ExE ARE &S J‘& Glu®] 4% 71&9] dFARANAME A

X3 21 NA (not available)2 FEA|SAF. AR E5A 9t Go] ¢ tifiZe] &
o] HkFfoll A Fafj =710 RUP W ofr|ieth2 EA5HA] = Aoz sy
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Table 43. The compositions (%) of essential amino acids and glutamic acid in the RUP of

feeds in the basal diet for Hanwoo cattle

Feed Arg His Ile Leu Lys
Oat hay 215 1.94 5.50 6.65 3.56
Annual ryegrass hay 1.04 1.21 3.45 4.88 2.35
Tall fescue hay 2.83 1.00 2.83 5.49 2.83
Corn grain, ground 2.53 2.40 2.26 9.06 2.66
Corn, flaked 2.36 1.65 271 12.75 1.65
Soybean meal 5.72 2.16 3.80 7.74 512
Corn gluten feed 2.53 240 2.26 9.06 2.66
Soybean hull 4.72 1.84 2.46 4.86 4.54
Wheat bran 6.84 2.82 3.15 6.16 4.05
DDGS 2.79 1.71 3.03 12.08 1.95
Cotton seed, whole 10.40 3.14 3.77 6.33 3.85
Soy sauce cake 5.31 2.95 3.58 717 3.32
Beet pulp 4.43 1.87 2.69 4.61 3.00
Molasses 0 0 0 0 0

Energy supplement 0 0 0 0 0

Ingredient Met Phe Thr Val Glu
Oat hay 1.87 4.70 413 413 NA
Annual ryegrass hay 1.16 3.42 2.51 4.80 NA
Tall fescue hay 0.67 3.50 2.83 3.83 NA
Corn grain, ground 1.73 3.86 4.40 4.13 18.90
Corn, flaked 2.36 4.60 3.19 3.78 18.90
Soybean meal 1.63 4.83 423 4.01 17.80
Corn gluten feed 1.73 3.86 4.40 4.13 14.20
Soybean hull 0.47 2.99 2.74 3.30 11.80
Wheat bran 1.57 3.97 3.26 4.50 20.20
DDGS 2.28 4.62 3.21 3.66 17.70
Cotton seed, whole 0.63 5.85 3.45 5.27 17.30
Soy sauce cake 1.36 4.49 091 4.05 NA
Beet pulp 0.65 2.80 3.17 4.50 10.20
Molasses 0 0 0 0 0

Energy supplement 0 0 0 0 0

NA: not availible.
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e Table 429} 43&

712238 AEAdEE MP 35 % (MPfeed, g/kg feed DM)# AL
g &AM FrEe Fohu it Glud| F5% (DIGFAA)S Al4Fste] Table 449
HYERH . AP MPE (MPfeed)ot ZF 70 obv]i=4tel MP Wl &% (DIGFAA)
< ot o AEAe A8
MPfeedj = RUPj x 0.80, Forage < 100% DM (concentrates)
DIGFAAji = (FAA],i/100) x MPfeedj
%, /NE A5 MPfeed2] 42 /NEALS 2] RUP (Table 42)° 43858 0.80 #3H4
Axetd o, Algfe 23558 MP W /1 ofn|imake] <F (DIGFAA)S RUP W &
& (Table 43)°ll 4] MPfeedE &3t 4AFH=E3t3A+

Table 44. The amount (g/kg feed DM) of metabolizable protein supplied from the individual
feed (MPfeed, g/kg feed DM) used in the basal diet and the amounts of essential amino acids
and glutamic acid in MPfeed

Annual

Oat hay ryi%r;ss Tall hfaeyscue Cogr; l;gIrlgin, fclza(l)fgcll Sorzflléglan Con;eeg(liuten
MPfeed 23.6 19.6 19.8 49.1 53.8 129.7 60.9
Arg 0.51 0.20 0.56 24 1.27 742 1.54
His 0.46 0.24 0.20 1.18 0.89 2.80 1.46
Ile 1.30 0.68 0.56 1.11 1.46 493 1.38
Leu 1.57 0.96 1.09 4.45 6.86 10.04 5.51
Lys 0.84 0.46 0.56 1.31 0.89 6.64 1.62
Met 0.44 0.23 0.13 0.85 1.27 211 1.05
Phe 1.11 0.67 0.69 1.90 248 6.26 2.35
Thr 0.98 0.49 0.56 2.16 1.72 5.49 2.68
Val 0.98 0.94 0.76 2.03 2.04 5.20 2.51
TEAA 8.18 4.86 512 16.21 18.87 50.89 20.10
Glu NA NA NA 9.28 10.17 23.08 8.64
So}}ibean Wheat DDGS Cscgtetg? Soy sauce  p.. pulp
ull bran whole cake
MPfeed 46.0 39.0 121.1 30.0 76.4 34.4
Arg 217 2.67 3.38 3.12 4.06 1.53
His 0.85 1.10 2.07 0.94 2.25 0.64
Ile 1.13 1.23 3.67 1.13 2.73 0.93
Leu 2.24 241 14.63 1.90 5.48 1.59
Lys 2.09 1.58 2.36 1.16 2.54 1.03
Met 0.22 0.61 2.76 0.19 1.04 0.22
Phe 1.38 1.55 5.59 1.76 343 0.96
Thr 1.26 1.27 3.89 1.04 0.70 1.09
Val 1.52 1.76 443 1.58 3.09 1.55
TEAA 12.84 14.18 42.78 12.86 25.31 9.55
Glu 5.43 7.89 21.43 5.19 NA 3.51

NA: not availibile.
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o Table 440 AAE A=AEH A= He) MPEFZ (MPleed) Table 4161 AAE 7%

Ars wlEle] F g3t 71 2ALE (TMR)ZRE 335 & MPfeed (g/kg TMR DM) %
Zzke] Bearolr ity Glud] 5 %S Table 450 UERH. & Aol o]&3t= ¢
AN S HIS27] IMRAMRE B8l 352 5 & MPfeed= 4377 g/kg TMR DMO.Z
| S5 A2, TEAA (total essential amino acids) 14.63 g/kgel &%= B3l AWE F

T2 F e Yo JFHAE

Table 45. The amounts (g/kg TMR DM) of metabolizable protein and essential amino acids

and glutamic acid in MPfeed supplied from each ingridient according to its composition
(Table 41) in the basal diet

Annual
Tall fescue  Corn grain, Corn, Soybean  Corn gluten
Oat hay ryegrass
hay ground flaked meal feed
hay
MPfeed 1.29 1.72 0.78 6.76 6.64 4.68 6.65
Arg 0.028 0.018 0.022 0.171 0.157 0.268 0.168
His 0.025 0.021 0.008 0.162 0.110 0.101 0.160
Ile 0.071 0.059 0.022 0.153 0.180 0.178 0.150
Leu 0.086 0.084 0.043 0.612 0.846 0.362 0.602
Lys 0.046 0.040 0.022 0.180 0.110 0.240 0.177
Met 0.024 0.020 0.005 0.117 0.157 0.076 0.115
Phe 0.061 0.059 0.027 0.261 0.305 0.226 0.257
Thr 0.053 0.043 0.022 0.297 0.212 0.198 0.293
Val 0.053 0.083 0.030 0.279 0.251 0.188 0.275
TEAA 0.446 0.427 0.201 2.232 2.326 1.835 2.196
Glu NA NA NA 1.277 1.254 0.833 0.944
Soybean Wheat Cotton Soy sauce
hull bran DDGS seed, cake Beet pulp Total
whole

MPfeed 1.51 6.43 2.74 2.06 1.72 0.80 43.77
Arg 0.071 0.291 0.076 0.215 0.092 0.036 1.611
His 0.028 0.141 0.047 0.065 0.051 0.015 0.932
Ile 0.037 0.168 0.083 0.078 0.062 0.022 1.252
Leu 0.073 0.342 0.330 0.131 0.124 0.037 3.672
Lys 0.069 0.227 0.053 0.079 0.057 0.024 1.314
Met 0.007 0.094 0.062 0.013 0.023 0.005 0.719
Phe 0.045 0.226 0.126 0.121 0.077 0.023 1.803
Thr 0.041 0.219 0.088 0.071 0.016 0.026 1.568
Val 0.050 0.247 0.100 0.109 0.070 0.036 1.759
TEAA 0.422 1.915 0.966 0.880 0.571 0.223 14.631
Glu 0.178 0.847 0.484 0.357 NA 0.082 NA

NA: not availibile.
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e Table 4594 7|ZALRZHE #E = MPfeed®] o] AAHALH, o7|dA dd F
I 15 kg (RE) T 1027 kg (DM)S HI$27) 7%115&Toﬂ TMRS Fed@th 7445
RS uf Table 460 ¥4Y F52 F AT AEZHE S MPfeed (g/day feed, DM)S
=38t eI =

Table 46. The daily supply (g/day, DM) of metabolizable protein and essential amino acids
and glutamic acid in MPfeed based on the ingridient compositions (Table 41) of the basal diet

Oat hay r?ggrlizls Tallhfescue Corn grain, Corn, Soybean = Corn gluten

hay ay ground flaked meal feed

MPfeed 13.23 17.68 7.98 69.38 68.16 48.04 68.28
Arg 0.2844 0.1838 0.2259 1.7554 1.6087 2.7478 1.7274
His 0.2566 0.2139 0.0798 1.6652 1.1247 1.0376 1.6386
Ile 0.7275 0.6099 0.2259 1.5681 1.8473 1.8254 1.5430
Leu 0.8797 0.8626 0.4382 6.2861 8.6910 3.7181 6.1858
Lys 0.4709 0.4154 0.2259 1.8456 1.1247 24595 1.8162
Met 0.2474 0.2051 0.0535 1.2003 1.6087 0.7830 1.1812
Phe 0.6217 0.6046 0.2794 2.6782 3.1356 2.3202 2.6355
Thr 0.5463 0.4437 0.2259 3.0528 2.1745 2.0320 3.0042
Val 0.5463 0.8485 0.3057 2.8655 2.5766 1.9263 2.8198
TEAA 45808 43874 2.0603 229172 23.8918 18.8500 22.5517
Glu NA NA NA 13.1134 12.8832 8.5507 9.6952
Solzlliﬁan Vg?aeﬁt DDGS Csztetcci),n SO}éaiaeuce Beet pulp Total

whole

MPfeed 15.52 66.05 28.09 21.18 17.69 8.25 4495
Arg 0.7324 2.987 0.7838 2.2027 0.9395 0.3653 16.54
His 0.2855 1.450 0.4804 0.6651 0.5220 0.1542 9.57
Ile 0.3817 1.626 0.8512 0.7985 0.6334 0.2218 12.86
Leu 0.7541 3.516 3.3935 1.3407 1.2686 0.3802 37.71
Lys 0.7045 2.233 0.5478 0.8154 0.5874 0.2474 13.49
Met 0.0729 0.960 0.6405 0.1334 0.2406 0.0536 7.38
Phe 0.4640 2214 1.2979 1.2390 0.7944 0.2309 18.52
Thr 0.4252 2.145 0.9018 0.7307 0.1610 0.2614 16.10
Val 0.5121 2437 1.0282 1.1162 0.7166 0.3711 18.07
TEAA 43324 19.568 9.9249 9.0418 5.8636 2.2860 150.26

Glu 1.8310 8.593 49723 3.6042 NA 0.8412 NA

The daily supply of MPfeed and amino acids in MPfeed was calculated, being based on that Hanwoo cattle in the
present study consume 15.0 kg (as-fed basis) or 10.27 kg (DM) of the basal diet.
NA: Not available.
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e MPA| 28l-2 43lE RUP 5, MPfeed9} 7 W59 oA FA8E & LA &3td

n| A &= (microbial true protein, MTP, g/d)e] o= A4HE.
%, MP = MPfeed + MPmtp= Al4t=™, MCP+= EE (2A1W)e] o] 3.9% wRke] A}
B2E F9% 4$ MCP = (42.73 + 0.87 x TDN x DMI)/1,0002 A4tgd 4= lom,
3.9% ©]42 Z$-olE MCP = (53.33 + 0.96 x FFTDN x DMIj)/1,000 & 483 <=
oA AHstds. 714 FFIDNe= A2 A3 7tastdda 3 =
WS FFTDN = TDN - 2225 x EE . ©o]$} o] A
MCP Wl <o d 3FS 80%, F-&3ta, 7oA &% Ul &35+&
MPtmp = MCP x 0.8 x 082 HFE MP 35 % %

5. Table 47 712AER] TMRALEE TSt 948AE 4
MPmtpE A3t ol 4HEAA)S Fv|9t BEE Glue F5F%H
RS, 7 Y8459 EES} TDN#S Table 429 AAIE A 7|z

R FAEA W obv ke 282 in vitro A8 S 3 U AFAE A E3HA S

e

Table 47. The amount (g/kg feed DM) of microbial true protein (MPmtp) supplied from the
individual feed (MPfeed, g/kg feed DM) used in the basal diet and the amounts of essential

amino acids and glutamic acid in MPmtp

Annual .
Tall fescue  Corn grain, Corn, Soybean Comn gluten
Oat hay ryegrass
hay ground flaked meal feed
hay

MPtmp 58.47 62.98 57.97 82.31 80.24 71.61 71.89
Arg 2.92 3.14 2.89 4.10 4.00 3.57 3.58
His 1.03 111 1.02 1.45 1.41 1.26 1.26
Ile 2.62 2.82 2.60 3.68 3.59 3.21 3.22
Leu 452 4.86 448 6.36 6.20 5.53 5.55
Lys 4.72 5.09 4.68 6.65 6.48 5.79 5.81
Met 1.75 1.88 1.73 2.46 2.40 2.14 215
Phe 3.05 3.29 3.03 429 419 3.74 3.75
Thr 3.35 3.61 3.32 471 4.59 410 412
Val 2.68 2.88 2.65 3.77 3.67 3.28 3.29
TEAA 26.62 28.68 26.39 37.47 36.53 32.60 32.73
Glu 8.54 9.20 8.46 12.02 11.72 10.46 10.50

91



Cotton

Soybean Wheat Soy sauce Energy
hull bran pbes seed, cake Beet pulp supplement
whole
MPmtp 62.20 72.18 80.94 55.45 62.37 64.43 75.40
Arg 3.10 3.60 4.04 2.76 3.11 3.21 3.76
His 1.09 1.27 1.42 0.97 1.10 1.13 1.33
Ile 2.78 3.23 3.62 248 2.79 2.88 3.38
Leu 4.80 5.58 6.25 4.28 4.82 4.98 5.82
Lys 5.03 5.83 6.54 448 5.04 5.21 6.09
Met 1.86 2.16 242 1.66 1.86 1.92 2.25
Phe 3.25 3.77 4.22 2.89 3.25 3.36 3.93
Thr 3.56 413 4.63 317 3.57 3.69 4.32
Val 2.85 3.30 3.70 2.54 2.85 2.95 345
TEAA 28.32 32.86 36.85 25.25 28.40 29.33 34.33
Glu 9.08 10.54 11.82 8.10 9.11 941 11.01

e Table 479 AAE YFEALESE MPtmp2} Table 410 A|A€ 715 S agulel = -83)

o 71ZALE (TMR)ZHE 55+ MPtmp (g/kg TMR DM) 2 Z}zhe] F4rofn| 4k}
Glu® FFEFS Table 48¢ UEFHS. £ AFA o] &ste &5 AAMS vISL7]
TMRAE (1 kg DM)E &3 352 + U= & MPtmp+ 67.96 g/kg TMR DM2.=E
=5 %19, TEAA(total essential amino acids) 30.94 g/kgel &5 T3l AWE S+
T dE Jo g o=HYe.

Table 48. The amount (g/kg TMR DM) of microbial true protein (MPmtp) and essential amino

acids and glutamic acid in MPmtp produced from each ingridient according to its composition
(Table 41) in the basal diet

Oat hay rl;gh;;rlézls, Tall hg(;scue Cogrll:z) l;glrl?in‘l, fi.félc’l Soglléglan Corrfleegclluten
y
MPmtp 3.19 5.54 227 11.31 9.88 2.58 8.02
Arg 0.16 0.28 0.11 0.56 0.49 0.13 0.40
His 0.06 0.10 0.04 0.20 0.17 0.05 0.14
Ile 0.14 0.25 0.10 0.51 0.44 0.12 0.36
Leu 0.25 0.43 0.18 0.87 0.76 0.20 0.62
Lys 0.26 0.45 0.18 0.91 0.80 0.21 0.65
Met 0.10 0.17 0.07 0.34 0.30 0.08 0.24
Phe 0.17 0.29 0.12 0.59 0.52 0.14 0.42
Thr 0.18 0.32 0.13 0.65 0.57 0.15 0.46
Val 0.15 0.25 0.10 0.52 0.45 0.12 0.37
TEAA 1.45 2.52 1.03 515 4.50 1.18 3.65
Glu 0.47 0.81 0.33 1.65 1.44 0.38 1.17
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Cotton

Soybean Wheat Soy sauce Beet Energy
hull bran PheS seed, cake pulp supplement fotal
whole

MPmtp 191 9.62 1.83 3.81 1.41 1.50 2.63 67.96
Arg 0.10 0.48 0.09 0.19 0.07 0.07 0.1313 3.39
His 0.03 0.17 0.03 0.07 0.02 0.03 0.0463 1.19
Ile 0.09 0.43 0.08 0.17 0.06 0.07 0.1179 3.04
Leu 0.15 0.74 0.14 0.29 0.11 0.12 0.2034 5.25
Lys 0.15 0.78 0.15 0.31 0.11 0.12 0.2128 5.49
Met 0.06 0.29 0.05 0.11 0.04 0.04 0.0787 2.03
Phe 0.10 0.50 0.10 0.20 0.07 0.08 0.1374 3.55
Thr 0.11 0.55 0.10 0.22 0.08 0.09 0.1508 3.89
Val 0.09 0.44 0.08 0.17 0.06 0.07 0.1205 311
TEAA 0.87 4.38 0.83 1.73 0.64 0.68 1.1990 30.94
Glu 0.28 1.40 0.27 0.56 021 022 0.3845 9.92

e Table 48914 7|ZAIEEZRE F5E MPmpe] o] AAF Ao, oo dd F
15 kg (¥&) =¥ 1027 kg (DM)= HISZ7] AAMZ-o TMRS Fogdota 7HsH3
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Table 49. The daily supply (g/day, DM) of microbial true protein (MPmtp) and essential

amino acids and glutamic acid in MPtmp produced from the basal diet

Annual
Oat hay ryegrass Tall fescue  Corn grain, Corn, Soybean Comn gluten

hay hay ground flaked meal feed

MPtmp 3273 56.90 23.34 116.19 101.42 26.53 82.40
Arg 1.63 2.84 1.16 5.79 5.06 1.32 411
His 0.58 1.00 041 2.04 1.78 0.47 1.45
Ile 1.47 2.55 1.05 5.20 4.54 1.19 3.69
Leu 2.53 4.40 1.80 8.97 7.83 2.05 6.36
Lys 2.64 4.60 1.89 9.39 8.19 2.14 6.66
Met 0.98 1.70 0.70 3.47 3.03 0.79 246
Phe 1.71 2,97 1.22 6.06 5.29 1.38 4.30
Thr 1.87 3.26 1.34 6.65 5.81 1.52 4.72
Val 1.50 2.60 1.07 5.32 4.64 1.21 3.77
TEAA 14.90 2591 10.63 52.90 46.18 12.08 37.52
Glu 4.78 8.31 341 16.96 14.81 3.87 12.03

93



Cotton Soy

Soybean =~ Wheat Beet Energy
- bran DDGS seed, sauce pulp supplement Total
whole cake

MPtmp 19.57 98.79 18.78 39.12 14.45 15.39 27.05 697.94
Arg 0.98 493 0.94 1.95 0.72 0.77 1.35 34.80
His 0.34 1.74 0.33 0.69 0.25 0.27 0.48 12.27
Ile 0.88 442 0.84 1.75 0.65 0.69 1.21 31.25
Leu 1.51 7.63 1.45 3.02 1.12 1.19 2.09 53.91
Lys 1.58 7.98 1.52 3.16 117 1.24 219 56.39
Met 0.58 2.95 0.56 117 0.43 0.46 0.81 20.85
Phe 1.02 515 0.98 2.04 0.75 0.80 141 36.42
Thr 1.12 5.66 1.08 224 0.83 0.88 1.55 39.95
Val 0.90 452 0.86 1.79 0.66 0.70 1.24 31.93
TEAA 8.91 4498 8.55 17.81 6.58 7.01 12.31 317.77
Glu 2.86 14.42 2.74 5.71 211 2.25 3.95 101.90

The daily supply of MPtmp and amino acids was calculated, being based on that Hanwoo cattle in the present
study consume 15.0 kg (as-fed basis), or 10.27 kg (DM) of the basal diet.
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Table 50. Chemical characteristics of TMR as a basal diet, soybean meal and DDGS used in

the experiment

Item TMR Soybean meal DDGS

Dry matter (%) 53.22+8.876 88.87+0.318 89.31+0.856
Crude protein (%, DM) 15.93+0.557 52.36+0.140 32.14+0.205
Eether extract (%, DM) 4.84+0.908 1.50+0.117 8.87+0.639
Crude fiber (%, DM) 19.94+0.773 5.21+0.113 8.05+0.120
Crude ash (%, DM) 7.53+1.247 6.95+0.208 5.71+0.349
Neutral detergent fiber (%, DM) 29.02+4.499 16.96+8.782 40.56+1.301
Acid detergent fiber (%, DM) 14.74+3.406 6.38+1.280 13.47+0.226
Ca (%, DM) 0.58+0.099 0.27+0.096 0.02+0.008
P (%, DM) 0.54+0.042 0.66+0.002 0.97+0.009

Table 51. Amino acid composition of TMR, soybean meal and DDGS used in the experiment

Amino TMR Soybean meal DDGS

acid %, DM %, CP %, DM %, CP %, DM %, CP
Asp 1.19+0.200 7.36+1.057 5.49+0.123 10.48+0.207 1.79+0.073 5.56+0.190
Thr 0.58+0.054 3.63+0.239 2.01+0.007 3.85+0.004 1.08+0.018 3.36+0.035
Ser 0.72+0.069 4.48+0.30. 2.53+0.081 4.82+0.141 1.41+0.053 4.37+0.137
Glu 2.37+0.252 14.73+1.145 8.59+0.222 16.40+0.380 4.57+0.020 14.21+0.152
Gly 0.66+0.067 4.12+0.285 2.04+0.015 3.90+0.019 1.13+0.027 3.52+0.061
Ala 1.18+0.046 7.31£0.048 2.43+0.399 4.63+0.749 2.35+0.371 7.32+1.107
Val 0.60+0.057 3.75+0.249 1.79+0.097 3.43+0.194 1.15+0.068 3.59+0.235
Ile 0.43+0.047 2.70+£0.207 1.85+0.192 3.54+0.377 0.88+0.134 2.75+0.435
Leu 1.14+0.135 7.10+0.637 3.72+0.098 7.11+0.206 3.40+0.173 10.59+0.607
Tyr 0.37+0.067 2.30+0.348 1.54+0.018 2.93+0.043 0.93+0.078 2.91+0.262
Phe 0.61£0.090 3.76+0.453 2.74+0.436 5.24+0.846 1.45+0.224 4.53+0.725
Lys 0.61+0.090 3.76+0.453 2.97+0.050 5.66+0.081 0.91+0.032 2.84+0.083
His 0.38+0.057 2.33+0.284 1.22+0.028 2.33+0.048 0.74+0.009 2.30+0.042
Arg 0.75£0.075 4.64+0.351 3.52+0.021 6.72+0.021 1.23+0.012 3.81+0.062
Pro 0.90+0.089 5.59+0.389 2.10+0.047 4.01+0.080 2.17+0.027 6.76+0.126
Cys 0.40+0.031 2.48+0.120 1.00+0.020 1.90+0.044 0.85+0.005 2.65+0.189
Met 0.28+0.043 1.71+0.232 0.74+0.019 1.42+0.032 1.06+0.319 3.29+0.971

Total AA  13.18+1.460 81.78+6.769 46.27+0.150 88.37+0.050 27.12+0.094 84.36+0.247
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T w54 v %%/\] £+ 02 N sodium citrate buffer (pH 2.2) 50 mLE %
] o Hsols. oAe AE (30 ub)= =
(Model 835, Hitachi, Japan)E °©]-83te] Folr|=4it B 1759 opr|i4hs 43
- RN € W fre ot ikl %z\jl% ko] ofr|Aat AN FAokn| gk
fFEolr o g2 Agel= 3HA
WA (total protein), I (glucose) Z=d 2HE, albumin ¥ BUN (blood urea
nitrgoen)< A 8}8F 24541 7] (Hitachi 7020 automatic analyzer, Japan)©.= #-4138}%]
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o
o TAIAE: B Aol X AF= SAS package (2002)9] GLM Ao weh &
Matdon, ZF A7 7942 Duncan®| GFHAAMOE 5% FEAA HAS AA
EIS8<y
(2 a+23%

(@)

U SEY] Ao gt FE 8 ALEE R
ATEHANA AAIZE MPfeed?t MPtmp AFH S 7122 3¢ HIS27] TMR 7| &A
59 MP Fa5%3H MP W 78 Fgotn|e4ke] FudS AAY (Table 52). Glutamic
acid9] MPoA 2] FFHFL 7 UFABNA AAIFHA gkol MPEFHANAE A9t
o

= .

MPE g% = MPfeed + MPtmp.
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e UFAE kg (DM) B MPEHF©
MP/kg feed DM). thFHubs o
e Zog Jd=F9lon, Hisel 7}

AL Fte s SHIUE (20129 g
olu| 4t Folle Leud FwEol 7HE
AR+ (Table 52).

Table 52. The amount (g/kg feed DM) of metabolizable protein (MP) calculated from
metaboliable feed protein (MPfeed) and microbial true protein (MPmtp) and the amounts of

essential amino acids supplied from the individual feed used in the basal diet

Annual
Tall fescue  Corn grain, Corn, Soybean  Corn gluten
Oat hay ryegrass
hay ground flaked meal feed
hay

MP 82.11 82.55 77.79 131.39 134.07 201.29 132.75
Arg 3.42 3.34 3.45 5.35 5.27 10.99 5.12
His 1.49 1.34 1.22 2.62 2.30 4.06 2.72
Ile 3.92 3.49 3.16 4.79 5.05 8.13 4.59
Leu 6.09 5.82 5.57 10.80 13.06 15.57 11.07
Lys 5.57 5.55 5.25 7.96 7.37 1243 743
Met 2.19 211 1.86 3.31 3.67 425 3.20
Phe 416 3.96 3.72 6.19 6.66 10.00 6.10
Thr 432 410 3.88 6.87 6.31 9.58 6.79
Val 3.65 3.82 341 5.79 571 8.48 5.80
TEAA 34.81 33.53 31.51 53.68 55.40 83.49 52.83

Soybean Wheat Cotton Soy sauce Energy

hull bran pbes seed, cake Beet pulp supplement
whole
MP 108.18 111.22 202.01 85.47 138.74 98.87 75.40
Arg 5.27 6.27 741 5.89 7.16 4.74 3.76
His 1.94 2.37 3.49 1.92 3.35 1.78 1.33
Ile 3.92 4.46 7.29 3.61 5.53 3.81 3.38
Leu 7.04 7.98 20.88 6.18 10.29 6.56 5.82
Lys 7.11 741 8.90 5.64 7.57 6.24 6.09
Met 2.07 2.77 518 1.85 2.90 215 2.25
Phe 4.62 5.32 9.82 4.65 6.68 4.33 3.93
Thr 4.82 5.40 8.52 421 427 4.78 432
Val 4.36 5.06 8.13 412 5.95 4.50 3.45
TEAA 41.16 47.04 79.63 38.06 53.70 38.88 34.33
e ABARE gl wWet FosiflE Wl 352 F A MPEE 2Hg3te] Table 53]
JEH . 71ZAFS TMR 1 kg (DM)< F9I3tH F MPFE%2 111.75 g/kg DMS

Z AEEAL
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Table 53. The amount (g/kg TMR DM) of metabolizable protein (MP) calculated from

metabolizable feed protein (MPfeed), microbial true protein (MPmtp) and essential amino acids

in MP supplied from each ingridient feed according to its composition (Table 41) in the basal

diet
Annual
Tall fescue  Corn grain, Corn, Soybean = Corn gluten
QOat hay ryegrass
hay ground flaked meal feed
hay
MP 4.47 7.26 3.05 18.06 16.50 7.26 14.82
Arg 0.19 0.29 0.14 0.73 0.65 0.40 0.57
His 0.08 0.12 0.05 0.36 0.28 0.15 0.30
Ile 0.21 0.31 0.12 0.66 0.62 0.29 0.51
Leu 0.33 0.51 0.22 1.49 1.61 0.56 1.24
Lys 0.30 0.49 0.21 1.09 0.91 0.45 0.83
Met 0.12 0.19 0.07 0.45 0.45 0.15 0.36
Phe 0.23 0.35 0.15 0.85 0.82 0.36 0.68
Thr 0.24 0.36 0.15 0.94 0.78 0.35 0.76
Val 0.20 0.34 0.13 0.80 0.70 0.31 0.65
TEAA 1.90 2.95 1.24 7.38 6.82 3.01 5.90
Soybean Wheat Cotton Soy sauce Beet Energy
hull bran bbes seed, cake pulp supplement Total
whole
MP 3.31 16.05 4.56 5.87 313 2.30 2.63 111.75
Arg 0.16 0.77 0.17 0.40 0.16 0.11 0.13 5.00
His 0.06 0.31 0.08 0.13 0.08 0.04 0.05 213
Ile 0.12 0.59 0.16 0.25 0.12 0.09 0.12 4.29
Leu 0.22 1.09 0.47 0.42 0.23 0.15 0.20 8.93
Lys 0.22 0.99 0.20 0.39 0.17 0.15 0.21 6.80
Met 0.06 0.38 0.12 0.13 0.07 0.05 0.08 2.75
Phe 0.14 0.72 0.22 0.32 0.15 0.10 0.14 5.35
Thr 0.15 0.76 0.19 0.29 0.10 0.11 0.15 5.46
Val 0.13 0.68 0.18 0.28 0.13 0.10 0.12 4.87
TEAA 1.26 6.28 1.80 2.61 1.21 0.90 1.20 45.58

Z 15 kg (YE) =& 1027 kg (DM)S HISZ7] AAH -] TMRS Ela= ik
3= o Table 5401] dd FuE F U+ /‘]-EE—.‘H«] MP (g/day feed, DM)E
75 = 3RE BT AHEE 98
71ZO 2 11477 g/day (DM)<] 1‘41*}%‘1‘1%—__1% % WS ZoR dSHAS
(Trp Al9))= 468 g/dayE FFoHes ZoZ A=HASH, Leud TF
1, Wkl His? Met®] &w#°] & dobr|inqtat Hlwste] vre A

O
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Table 54. The daily supply (g/day, DM) of metabolizable protein (MP) calculated from

metabolizable feed protein (MPfeed), microbial true protein (MPmtp) and the daily supply
(g/day, DM) of essential amino acids in the MP of the basial diet

Annual
Tall fescue  Corn grain, Corn, Soybean  Corn gluten
Oat hay ryegrass
hay ground flaked meal feed
hay
MP 45.96 74.58 31.33 185.48 169.45 74.57 152.16
Arg 1.92 3.02 1.39 7.55 6.66 4.07 5.87
His 0.83 1.21 0.49 3.71 2.91 1.50 3.12
Ile 2.19 3.16 1.27 6.77 6.38 3.01 5.27
Leu 3.41 5.26 2.24 15.25 16.51 5.77 12.69
Lys 3.12 5.01 211 11.23 9.32 4.60 8.51
Met 1.23 1.90 0.75 4.67 4.64 1.58 3.67
Phe 2.33 3.57 1.50 8.74 8.42 3.70 6.99
Thr 242 3.70 1.56 9.70 7.98 3.55 7.79
Val 2.04 3.45 1.37 8.18 7.21 3.14 6.65
TEAA 19.48 30.30 12.69 75.79 70.02 30.93 60.56
Cotton
Soybean Wheat Soy sauce Beet Energy
DDGS seed, Total
hull bran cake pulp supplement
whole
MP 34.04 164.84 46.87 60.30 3214 23.61 27.05 1147.65
Arg 1.66 791 1.72 4.15 1.66 1.13 1.35 51.32
His 0.61 3.19 0.81 1.35 0.78 0.42 0.48 21.85
Ile 1.23 6.05 1.69 2.55 1.28 091 1.21 4411
Leu 221 11.15 484 4.36 2.38 1.57 2.09 91.68
Lys 224 10.21 2.07 3.98 1.75 1.49 2.19 69.87
Met 0.65 391 1.20 1.30 0.67 0.51 0.81 28.25
Phe 1.45 7.37 2.28 3.28 1.55 1.03 1.41 54.95
Thr 1.52 7.80 1.98 2.97 0.99 1.14 1.55 56.09
Val 1.37 6.96 1.89 291 1.38 1.07 1.24 50.02
TEAA 12.95 64.54 18.48 26.86 12.44 9.29 12.31 468.14

The daily supply of MPfeed and amino acids in MPfeed was calculated, being based on that Hanwoo cattle in the
present study consume 15.0 kg (as-fed basis) or 10.27 kg (DM) of the basal diet.
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e Table 555 A AlLEHE 323-SAF
[e]

FEZF (2017)°l AAE AAMS 4 B 6o 2
23 2 27FS AAFAS. 2 Tabledl X A5 650 kgl 9ol thate] L=
o] 0.8 kg/days! 7% L7 HE MPE 589 g/day® AAEH A =3 AT 450 kg
~ 700 kgo] 9ol Q7=+ MPLTHS W= 510 ~ 632 g/day= AAIEIL U
Talbe 5401]/q AAE °F 10 kg (DM)2] AtEFFA MPEFZ°] 1148 g Hlalste] v}t
AA e 27FS eI S o]2g 2po]-2 Table 460 AAE 7|Z=ALE TMR
10 kg/days AHAE A5 AREFEH FTEHE MPfeed’} 500 g/day®E AAEHIL U=
A vastES o FAREol flo, ST AYEE (2017)dA AASE MPE-2
MPtmpE 1#3HA] & ZoE F4o]

Table 55. Daily requirements of nutrients for growing and fattening of Hanwoo steers

BW DG DMI CP TDN ME DE TDN MP CpP
(k) (kg/day)  (ke) (%) (%) (Mcal)  (Mcal) (ke) (®) (®)
450 0.8 8.6 12 71 22.03 26.87 6.09 510 988
1 9.3 12 72 24.19 29.5 6.69 537 1065
12 9.9 12 73 26.24 32 7.26 566 1135
14 10.5 12 74 28.2 34.39 7.8 599 1200
500 0.8 8.9 12 72 23.25 28.36 6.43 523 1055
1 9.5 12 74 2545 31.04 7.04 546 1121
1.2 10 12 76 27.55 33.6 7.62 572 1180
14 10.5 12 78 29.55 36.04 8.17 601 1232
550 0.6 8.2 12 74 22 26.82 6.08 537 995
0.8 8.9 12 76 24.34 29.68 6.73 548 1073
1 9.4 12 78 26.56 32.39 7.35 563 1143
12 9.9 12 80 28.68 34.98 7.93 583 1204
600 04 7.6 12 75 20.49 24.99 5.67 573 929
0.6 8.1 12 78 22.96 27.99 6.35 572 1007
0.8 8.6 12 81 253 30.85 7 579 1075
1 9.1 12 84 27.52 33.56 7.61 591 1133
650 0.4 79 12 75 21.38 26.07 591 597 986
0.6 8.4 12 78 23.82 29.05 6.59 589 1070
0.8 8.9 12 81 26.14 31.87 7.23 589 1141
1 9.3 12 84 28.34 34.56 7.84 594 1203
700 0.4 8 12 77 222 27.07 6.14 632 1015
0.6 8.6 12 79 24.59 29.99 6.8 611 1117
0.8 9.2 12 81 26.87 32.76 743 599 1207

Source: Korean Hanwoo Feeding Standars (2017).
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Table 56. The comparision between essential amino acid contents in the metabolizabel protein
(g/kg MP) supplied from the basal diet and in loin meat (g/kg total amino acid) of Hanwoo
cattle

EAA MP from the basal diet Loin meat MP/Loin MP-Loin

Arg 5.00 6.64 0.75 -1.64

His 213 3.93 0.54 -1.8

Ile 4.29 4.55 0.94 -0.26

Leu 8.93 9.0 0.99 -0.07

Lys 6.80 9.69 0.70 -2.89

Met 2.75 242 1.14 0.33

Phe 5.35 4.33 1.24 1.02

Thr 5.46 4.81 1.14 0.65

Val 4.87 4.98 0.98 -0.11
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TR+

A=

ARSI} 3D NPHE

Table 57. Suggested diet formulation (as-fed basis) of total mixed ration (TMR) to improve

meat quantity and flavor in meat fed for Hanwoo steers in the late-fattening period

Diet for meat

Diet for meat

Feed Basal diet ) ]
quantity quantity and flavor
Oat hay 3.5 3.5 3.5
Annual ryegrass hay 59 5.9 5.9
Tall fescue hay 2.6 2.6 2.6
Corn grain, ground 9.8 9.8 9.8
Corn grain, flaked 9.0 9.0 9.0
Soybean meal 25 3.7 3.0
Corn gluten feed 7.3 7.2 7.2
Soybean hull 2.0 1.6 1.6
Wheat bran 16.1 15.9 15.9
DDGS 1.5 15 3.9
Cotton seed, whole 45 45 45
Soy sauce cake 2.0 1.5 1.0
Beet pulp 1.5 1.5 1.0
Molasses 3.0 3.0 3.0
Energy supplement 9.7 9.7 9.0
NaHCO3 0.1 0.1 0.1
Salts 0.3 0.3 0.3
Limestone 0.3 0.3 0.3
Vitamin mixture 0.2 0.2 0.2
Mineral mixture 0.2 0.2 0.2
Water 18 18 18
O FHF27] /i Ame] FoE 53 9o T4 B &%, 2 2 ISl o
a3} 79

71
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o

Table 58. Final body weight and feed intake of Hanwoo steers in the late-fattening period fed

experimental diets

Items Con T1 T2 SEM p-value
Final body weight (kg) 745.0 749.0 785.5 2317 0.7706

Dry matter intake (kg/day) 7.6+0.50" 7.4+0.76 7.910.34 - -
"Mean+SD.

Con: basal diet; T1: basal diet + 400 g/day soybean meal; and T2: basal diet + 100 g/day soybean meal and 400
g/day DDGS.

SEM: Standard error of the mean.
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Table 59. Carcass traits of Hanwoo steers in the late-fattening period fed the experimental
diets

Items Con T1 T2 SEM p-value
Yield traits

Carcass weight (kg) 440.5 450.8 467.5 15.04 0.7947
Bacfat thickness (mm) 7.8 12.3 10.5 0.95 0.1518
Longissimus muscle area (cm?) 90.3 97.5 90.0 3.03 0.5556
Yield index 63.4 62.0 61.9 0.43 0.2843
Quality traits

Marbling score 52 52 4.8 0.51 0.9169
Meat color 5.0 5.0 4.8 0.083 0.4053
Fat color 3.0 3.0 3.0 0 -
Texture 0.0° 1.3 0.0° 0.19 0.0002
Maturity 2.0 23 2.0 0.083 0.4053
Quality grade 2.7 25 2.3 0.31 0.8382

Con: basal diet; T1: basal diet + 400 g/day soybean meal; and T2: basal diet + 100 g/day soybean meal and 400
g/day DDGS.

“»Means in the same row with different superscript differ significantly (p<0.05).

SEM: Standard error of the mean.
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Table 60. Blood parameters of Hanwoo steers in the late-fattening period fed the experimental
diets

Items Con T1 T2 SEM p-value
Total protein (g/dL) 7.6° 7.1 6.4° 0.21 0.0323
Glucose (mg/dL) 85.7 83.3 82.0 1.12 0.4572
Albumin (g/dL) 4.67° 4.30° 413° 0.037 0.0024
Cholesterol (mg/dL) 123.3 143.7 144.0 5.83 0.2831
Blood urea nitrogen (mg/dL) 13.3 11.0 13.3 0.60 0.1999
Amino acid (%, total AA)
Asp 9.59 9.8 9.62 0.0512 0.2110
Thr 6.31 6.25 6.12 0.0559 0.4219
Ser 6.35 6.29 5.92 0.1009 0.1692
Glu 13.25 13.72° 13.67° 0.0934 0.0464
Gly 2.96 3.06 2.96 0.0341 0.4698
Ala 49 4.99 4.99 0.0429 0.6962
Val 5.59° 5.3° 543" 0.0491 0.0239
Ile 2.23 2.2 2.27 0.0259 0.5779
Leu 9.55 9.67 9.77 0.0540 0.2665
Tyr 3.56 3.55 3.35 0.0532 0.2091
Phe 8.49 711 8.1 0.2845 0.1090
Lys 8.86 8.86 9.18 0.0728 0.0922
His 3.27 3.15 3.31 0.0369 0.18%4
Arg 5.37° 5.53° 5.33° 0.0366 0.0298
Pro 4.08 4.31 4.24 0.0949 0.6435
Cys 4.65 5.23 4.74 0.1875 0.4527
Met 0.99 0.99 0.99 0.0166 1.0000
Total AA (%) 7.77° 7.41%° 6.75" 0.176 0.0261
Con: basal diet; T1: basal diet + 400 g/day soybean meal; and T2: basal diet + 100 g/day soybean meal and 400
g/day DDGS.

*’Means in the same row with different superscript differ significantly (p<0.05).
SEM: Standard error of the mean.
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O F5H AU gl AXNT AFEFRANA cannula 32 % F2BAHAHE o=
Nylon bag technique (Orskov et al., 1980)& °©|-&3t in situ N@E AN ZF A}
EYE+= 1.0 mmE screening?t ¥ 1.5g% 1570¢] dacron bag (ANKOM Technology,
USA, pore size 50 pym)oll Fol YFE B3t F4E dacron bag pore size’}
2 Aol Yol A cannulas Fste] ¥l Yol 2443 St BEAH =
(Fig. 10 #x). ©]% dacron bag 3l 4 s 2= &5 o&sto] 134 AlH
< AP on, APLdA =2 SFFFE ol&st 23 AFes AAsAL 60T
dry ovenoll#] 72A17F F<¢F A=x3sIAS. X7 $4EH sample®] ©uld Bl oofm] 4k
dF BAES AAEAS. @A FossAtY As AY 41712200 Kjeltec Auto
Distilation, Switzerland)E ©]-&3} A3t o, ofn4t EA4L 53 S4HATH

o of# st} £433+.

Fig. 10. In situ A'@ 4
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cARAEE WA W olulngt by-passE ESHE ST i sitw AW AW, AL
bY'paSS% 75‘"?’“, FHulo] 51.01% 2 7F =ko, g3 7l AfFHt =4 iy (1)’
‘?‘%’?‘L"%—/ Z,SXéH_]I—’ DDGS, Eal %H“j'] B4k EHCH_]'" 4 Tl o) (2), U]7O]_, °

Sefolubat S5, WU S, TAF BT, VA Y 20 E9S.

17} 59.98% 2 7} =9koen DDGS, +A4ul iuh
Fib, A S, Fuah S, Aoyt S, o4k o Fah, mAE o
T =
T 3T

o AT, T g, FRA gl (1), 2R Wy Q) o2

)
oo

=
&
dlo
Lo
ol
:lo
o,
1)
to

O A gALE ofr]=4t by-pass&

e Total amino acid®| by-pass&2 7%, B e7l7t 73.73%% 7H4 =skew,
(70.76%), T78%}(51.60%), DDGS (48.28%), Hetd4t ofFuh47.36%), Hr4F &
(44.44%), A5HH(38.63%), F-AekolUrt SF(36.43%), =4t tHF42H30.93%), "4k
F1129.85%), P174(27.07%), FH AF(2221%), T4t @A (1) (16.11%), T4
Hﬂﬂ (2) (14.20%), 1283l =4F @I (13.76%) £O= ESS.

oW 3H FHe| #A3t= glutamic acid®] by-pass&°| 7, EE 7M7)
7217% 2 7} Egkow, Bk 68.38%), FAu (57.80%), DDGS (55.63%), B4
T(49.54%), BA4 45440.02%), Aolvat S44(37.86%), AEHH31.97%),
m)4F o F9h(26.01%), =4 ol F9h(25.83%), T AF(20.39%), HA(19.37%), F=4t
9] (1) (17.62%), S=4F ST (2) (15.58%), =4t @9 T (14.79%) o2 =9k

%o #AStE alanine®] 73-¢-, B} 717} 75.23% E T =
ko, Ivh63.18%), FAH4H(50.93%), BetdAL o F194(49.77%), DDGS (45.68%), ‘&Hl
b S FFA2.78%), ANEHB.35%), Aoyt S59(38.65%), A dlFHt
(33.79%), "4 th5uH31.57%), "17H(25.52%), FH UF
(13.93%), ==4F @3] (2) (12.71%), =4 @I (1238%) O 2 %5 (Table 61,
62, 63).

r°l'

.31

J

=

W FH S
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Table 61. 9 AU ASASYE in situ NPS T3 WA L opr] =2t by-pass&
(% of content, DM)

S R EE TR e au

Feedstuff o P A e ) i v T ]
(9333) (4802)

DM 30.52 30.60 37.47 39.72 32,65
Srude 34.67 29.97 1237 11.84 1018
Aol 44.44 36.43 13.76 16.11 14.20
ASP 39.86 30.49 11.81 12.79 11.86
THR 4712 33.51 17.75 19.74 17.01
SER 42.38 36.30 13.98 16.15 14.33
GLU 49.54 37.86 14.79 17.62 1558
GLY 3435 2730 12.86 14.07 12.19
ALA 078 38.65 1238 13.93 1271
VAL 49.97 35.10 16.67 18.84 16.27
ILE 62.03 5212 17.52 18.84 17.61
LEU 52.53 4774 15.01 18.43 17.01
TYR 65.27 52.69 11.75 13.79 12.30
PHE 44.50 38.72 17.41 19.51 18.01
LYS 29.67 2234 12.01 13.96 12.84
HIS 34.61 26.06 10.74 13.57 1135
ARG 26.97 23.83 713 8.04 6.73
PRO 40.45 31.14 14.01 16.77 14.41
CYS 34.61 37.23 15.61 2230 16.72
MET 45.64 4353 1511 1633 13.66
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Table 62. G A Y ASASEH jn situ NP S DA 9 o4t by-pass&

(% of content, DM)

EEER
Feedstuff =4b R wAk o =Rk g=m DDGS i)
DM 21.81 2113 3459 37.95 51.01
Sirude 27.42 27.07 39.81 41.60 41.01
apoal 30.93 29.85 4736 4828 70.76
ASP 2833 27.43 45.06 43.02 66.20
THR 35.72 33.46 50.67 45.70 7113
SER 30.69 29.44 46.87 43.26 60.34
GLU 25.83 26.01 40.02 55.63 68.38
GLY 31.32 30.64 47.43 34.71 6291
ALA 33.79 3157 49.77 45.68 63.18
VAL 4423 4134 61.63 56.06 89.39
ILE ) 4052 61.65 63.22 95.86
LEU 35.04 33.23 52.85 55.84 74.74
TYR 36.08 35.43 56.68 49.63 96.69
PHE 31.30 30.10 48.77 50.37 71.41
LYS 28.47 2726 43.60 34.20 87.04
HIS 29.08 2724 4513 38.32 68.90
ARG 24.82 2491 495 3481 70.16
PRO 27.91 2714 212 42.97 62.64
CYS 50.32 46.37 79.58 54.80 80.73
MET 43.90 38.96 65.71 51.09 7725

109



Table 63. G ASASE jn situ NP S DA 9 o4}t by-pass&

(% of content, DM)

Feedstuff el T4 dF 2 PAs 749t B}y @ 7}
DM 41.32 38.94 32.24 38.07 4251
Crude 37.38 14.00 23.28 41.59 59.98
Protein

AmiTI?gaLci d 38.63 2221 27.07 51.60 73.73
ASP 41.99 22.88 29.50 49.27 82.07
THR 45.69 22.86 30.25 51.39 82.07
SER 39.61 21.88 27.52 50.41 74.61
GLU 31.97 20.39 19.37 57.80 7217
GLY 36.42 19.79 26.31 38.63 82.07
ALA 39.35 22.44 25.52 50.93 75.23
VAL 59.25 35.43 35.81 51.73 71.81
ILE 58.86 36.55 36.58 57.36 88.91
LEU 41.14 25.68 35.08 59.22 71.13
TYR 46.78 18.57 25.06 58.53 71.81
PHE 37.64 24.63 37.69 54.82 50.50
LYS 39.87 21.40 22.18 33.58 89.25
HIS 34.18 20.37 18.15 4155 95.41
ARG 33.85 16.23 17.69 39.59 91.71
PRO 33.86 25.09 31.42 47.73 44.07
CYS 36.65 26.67 29.96 58.94 98.48
MET 41.66 25.41 30.96 40.40 94.86

% 3
4, AT S5S, b WAl (1), T4 W), T4 oFu, vk o
Fup, Bebdd B, DDGS, B, AFY, £ AT, v, FHY, g5 eshel o
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g in vitro A@ °olF ®ES WAdE £ E4<S 9% denaturing gradient gel
electrophoresis (DGGE) &4 A A8+
e 7] MAE #FS A 7] At cannula 2 9 GBS W W ol A
AH WEE= 489 cheese clotho] 74?4/‘1 H2G7]o &ol 13t el dgd=
&HFSE F, artificial saliva (McDougall, 1948; 3% 1)9} 1:1 HI&=E 3]A3te] 3 LY W
EFHE AzsHRoH, 60TAA 24 h 5 ARAZ FA FFAE(12 g)oF W
8 g)= 7kl 17A175<t 39T incubationol A 733}l &F-& ‘/\]‘3]-93\%.
= 28 54 e in vitro Y 22 60T dry ovendll 293t A=EAZ F
(2ulAt S, Aol Ut S, 4 Ty, Sk gy(l), a4k &
7 (2), 51“‘ ot m)Ab o e, Bebdak g, DDGS, #, A FH, FE dF

B>

(

[}
2o oo d
= oMl r
;

—_
£ oo oz

5%

=

sy
oN

Y, A48, o 27h)e] ANFASE 1 g (1%)3 artificial saliva (80 mL)E FY4s F
inoculum (20 mL)S HFIIAL F71H4E FAE A8 Oyfree CO, gas EF3IJ 2
™, rubber stopper®t ¢FHF F4& ol&sld dTE B ATl L F 3
9°C incubatoroll A Wl & A AIEH S (Van Soest et al, 1967), ¥H59 U v E
=3 Bﬂﬁ} WFF TS A8l 24Azd el 60T =AY 5Ll overnight Al F F

O In vitro Wi DNA &

e Zironia/silica beads 0.7 g-= beed beating vial®l ©°} autoclave (121°C/30 min)ol] &
A2 F FAAZE samples 0.05 g¥ TS, ©]F 20% sodium dedocyl sulfate
ENS 200 uLA FoFE F buffer A (NaCl: 200 mM, Tris: 200 mM, EDTA: 20 mM)
AleFS 282 upl, buffer PB (QIAquiCk® PCR Purification Kit, Germany) 268 uL,
Phenol/chloroform/Isoamylalcohol (25:24:1) 550 pL& #7}31%1 9™, bead beaterE
o]-&3t] full seed (2,000 strokes x 4 min)Z A ZE A H . ©]F bead beating
vial & 94E2](16,000 g x 20 min)¥ FH ZFH 500 uLE microtue®] 2o buffer
PB 650 uLE #7}st¥ . DNA F&<& €53 F, QlAquick PCR purification kitE

o] g3lo] DNAE AAT H A/ 458 AEFL -20To] YFEH 3195

=
o]"S‘

O DNA polymerase chain reaction (PCR)

o= 4 AV} 45H MELS DNA FHS 93t PCRe AA3HY+. TaKaRa<
PCR 7]7](TaKaRa PCR thermal Cycler Dice® Gradient, Japan)Z A}-&3te] PCRS %
g3tH o, PCRO AHE¥ primers 341f-GC, 534r°]th PCR Z71-2 94T oA 58 o]
T 94TColA 30 sec, 62ClA 30 sec, 72T A 30 sec & 30 cycled W3S
npAlg e 2 72ColA 7 min °]F 4TE 255 33HF3S. °|F DNA 55 pmol
G2 BHF7] 943t QIAquick PCR Purification kitE ©] &3t 99} 5Ld =1
o2 22 AAE AAE S

O Denaturing gradient gel electrophoresis (DGGE)E &3 "= +3 &4
o In vitro WYX F= P FFHFH DNA PCR productsE ©] &3t DGGEE &3}
nAaE 3 245 AASMS. PCR producte= 35-45%% FE=THIE ZEE 8%
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acrylamide geldl 593 ¥E& EZY3IAUTH 22 gel D-code system (Bio-Rad
Laboratories, Inc., Herules, CA, USA)& °©]&3t A7|¥ 5= 1641752 AAISHA =
A7195<= "kl gel straining= ¥ ¥ Gel Doc XR+ (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA)& ©]-&3sto] I3ttt FFE AR FlAdE & £40 o] &
A=

(2 a+423%
O Invitro 43 2 W39 U vAE &3
o In vitro WYY FEH DNAS |83t PCR-DGGEES A3 A3+ Fig 113
25 vl T 24Ael HEF %P band pattern FAIEE &S] 9%
dendogram Fig. 129} 2ot Hlef £ 24A7tth o] v = oF F&2 Pt S5
&} Aol Uit S ATt 48%, FH AFok mAde oF 88%, FEHI Byl
7h= oF 58%, T4 @Hu|(2)ek =4k o TR oF 67%, BEtEAl i FHtd DDGSE
oF 58%, w4t TElulel Fo4k G H(1)2 oF 60%Y FAEE UER LS (Fig. 11).
AR 98 PAE IR FAY FAETE AR v AES BHen, &

2ol 7b & 42789] bandE FE35t] AlAAN S 21838 5 (Table 64).

[-'O
>
=

1 2 3 4 5 Ladder6 7 8 9 10
2 b8 "8
228 u -
ITM -
4 Lo — . S—

-

L
’.
R 2
L 3

i
¥

Fig. 11. Denaturing gradient gel electrophoresis A3 (1 = FV|4F S5 2 = Ao A4l
—-or/\ﬁ‘ = 4k @) 4 =S4 @YD), 5 = =4 @ (2); 6 = =4 Tk
= w4k tfFal 8 = BEpEAk tfFE 9 = DDGS; 10 = 24 T
4T 13 = 7 14 = 44 15 = EF9 27k Ladder = 100bp DNA ladder).
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Qi T6a5as |

02762598 +

03762598 +

g47G2sM | T
Z
= osrass |

5

05762598 +

07762598 +

DATGISHE +
09762588
=

Fig. 12. DGGE gel #4& 53 dendogram (1 = it S5 2 = $ago|yit $445 3
= Ak gele); 4 = S04 glE(1); 5 = 4 BElE2); 6 = =2k Ul T ‘i}, 7 =
mak of Fuk 8 = BEldsk el 9 = DDGS; 10 = #4811 = A Fu); 12 = £

A5 13 = 97 14 = F749); 15 = B9 27} Ladder = 100bp DNA ladder).
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Table 64. A @A A3}

Description

Max. score

Total
score

Query

cover

E value

Per. Ident

Band 1

Band 2

Band 3

Band 4

Spiroplasma litorale strain
TN-1, complete genome

Haloplasma contractile
SSD-17B Contig27,
whole genome shotgun
sequence

Thermosulfurimonas
dismutans strain S95
contig00001, whole
genome shotgun sequence

Desulfurobacterium
thermolithotrophum
DSM 11699, complete
genome
Thermovibrioammonific
ansHB-1,completegenom
e

No significant
Desulfotomaculum
copahuensis strain LMal
LMA27_trimmed_contig_9.
whole genome shotgun
sequence
Anaerovibrio
lipolyticus DSM 3074,

whole genome
shotgun sequence

Halarsenatibacter
silvermanii strain
SLAS-1, whole
genome shotgun
sequence

Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence

Mitsuokella multacida
DSM 20544 Scfld1,
whole genome
shotgun sequence

Desulfotomaculumgib
soniaeDSM7213,compl
etegenome

Dehalobacteriumformi
coaceticumstrainDMC,
completegenome

Centipeda periodontii
DSM 2778
SCAFFOLD1, whole
genome shotgun
sequence
MitsuokellamultacidaDS
M205445cfld0,wholegeno
meshotgunsequence

67.6

62.1

82.4

824

82.4

80.5

80.5

80.5

80.5

80.5

80.5

80.5

80.5

80.5

114

67.6

62.1

824

164

247

80.5

80.5

80.5

80.5

80.5

402

161

241

21%

20%

24%

24%

24%

22%

22%

22%

22%

22%

22%

22%

22%

22%

2.00E-08

9.00E-07

6.00E-13

6.00E-13

6.00E-13

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

93.48%

93.02%

96.00%

96.00%

96.00%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%



Band 5

Band 6

Band 7

Band 8

Band 9

Band 10

Band 11

No significant
Ketogulonicigenium
robustum strain
SPU_B003, complete

genome

Oceanicola granulosus

HTCC2516
scf_1099521380027,
whole genome
shotgun sequence

Sulfitobacter geojensis

strain MM-124
MM124 _contig5,
whole genome
shotgun sequence

Sulfitobacter
noctilucicola strain
NB-77 NB77_contig8,
whole genome
shotgun sequence

Sulfitobacter guttiformis

KCTC 32187
KCT(C32187_contig4,
whole genome
shotgun sequence

No significant

Dehalobacterium
formicoaceticum
strain DMC,
complete genome
Jannaschia pohangensis

strain DSM 19073, whole

genome shotgun sequence

Roseivivax roseus
strain DSM 23042,
whole genome
shotgun sequenc

Jannaschia faecimaris
strain DSM 100420,
whole genome
shotgun sequence

Halocynthiibacter
arcticus strain PAMC
20958, complete
genome

Xuhuaishuia
manganoxidans strain
DY6-4 genome
Pelagibaca abyssi strain
JLT2014, complete
genome
Dolosicoccus
paucivorans strain
DSM 15742, whole
genome shotgun
sequence
Gracilimonas tropica DSM

19535

67.6

67.6

67.6

67.6

67.6

113

73.1

731

731

73.1

731

73.1

84.2

63.9

115

405

135

135

135

135

568

73.1

73.1

73.1

219

73.1

146

84.2

63.9

21%

20%

20%

20%

20%

31%

26%

26%

26%

26%

26%

26%

23%

16%

2.00E-08

2.00E-08

2.00E-08

2.00E-08

2.00E-08

2.00E-22

4.00E-10

4.00E-10

4.00E-10

4.00E-10

4.00E-10

4.00E-10

2.00E-13

3.00E-07

95.24%

95.24%

95.24%

95.24%

95.24%

98.44%

91.07%

91.07%

91.07%

91.07%

91.07%

91.07%

97.92%

97.30%



Band 12
Band 13
Band 14
Band 15
Band 16
Band 17
Band 18
Band 19

Band 20

Band 21
Band 22
Band 23

Band 24

B151DRAFT _scaffold_21.22
_C, whole genome

shotgun sequence

Gracilimonas tropica
DSM 19535
B151DRAFT scaffold_11. 63.9 63.9 16%
12_C, whole genome
shotgun sequence

No significant
No significant
No significant
No significant
No significant
No significant
No significant
No significant

Acidobacterium
capsulatum ATCC .
51196, complete 102 102 20%
genome

No significant
No significant
No significant

Desulfotomaculum
gibsoniae DSM 7213, 69.4 555 21%
complete genome
Dehalobacterium
formicoaceticum 69 4 347 21%

strain DMC, complete
genome

Ketogulonigenium
vulgarum WSH-001
chromosome,
complete genome

Thermovibrio
ammonificans HB-1, 69.4 208 21%
complete genome

Halocynthiibacter
arcticus strain PAMC o
20958, complete 69.4 208 21%
genome
Pelagibaca abyssi
strain JLT2014, 69.4 138 21%
complete genome
Desulfurobacterium
thermolithotrophum 0
DSM 11699, complete %% 138 21%
genome
Celeribacter marinus
strain IMCC 12053, 69.4 138 21%
complete genome
Roseovarius mucosus
strain SMR3, 69.4 138 21%
complete genome

69.4 277 21%

116

3.00E-07

2.00E-18

5.00E-09

5.00E-09

5.00E-09

5.00E-09

5.00E-09

5.00E-09

5.00E-09

5.00E-09

5.00E-09

97.30%

76.84%

93.62%

93.62%

93.62%

93.62%

93.62%

93.62%

93.62%

93.62%

93.62%



Band 25

Band 26

Band 27

Band 28
Band 29

Centipeda periodontii
DSM 2778 SCAFFOLD1,
whole genome shotgun

sequence

Desulfotomaculum
gibsoniae DSM 7213,
complete genome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 Scfldo,
whole genome
shotgun sequence

Anaerovibrio
lipolyticus DSM 3074,
whole genome
shotgun sequence

Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld1,
whole genome shotgun
sequence

No significant
Desulfotomaculum
gibsoniae DSM 7213,
complete genome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 ScfldO,
whole genome
shotgun sequence

Halarsenatibacter
silvermanii strain
SLAS-1, whole
genome shotgun
sequence
Anaerovibrio
lipolyticus DSM 3074,
whole genome
shotgun sequence

Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld1,
whole genome shotgun
sequence

No significant
No significant

69.4

87.9

87.9

87.9

87.9

87.9

87.9

75

75

75

75

75

75

75

117

138

703

439

263

87.9

87.9

87.9

599

374

224

75

75

75

75

21%

29%

29%

29%

28%

28%

28%

20%

20%

20%

20%

20%

20%

20%

5.00E-09

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-10

1.00E-10

1.00E-10

1.00E-10

1.00E-10

1.00E-10

1.00E-10

93.62%

93.22%

93.22%

93.22%

93.22%

93.22%

93.22%

97.67%

97.67%

97.67%

97.67%

97.67%

97.67%

97.67%



Band 30

Band 31

Band 32

Band 33

Band 34

Band 35

No significant
Desulfotomaculumgibsonia

eDSM7213,completegenome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 ScfldO,
whole genome
shotgun sequence

Centipeda periodontii
DSM 2778
SCAFFOLD1, whole
genome shotgun
sequence

Halarsenatibacter
silvermanii strain
SLAS-1, whole
genome

Anaerovibrio
lipolyticus DSM 3074,
whole genome
shotgun sequence

Desulfotomaculum
copahuensis strain
LMal
LMA27 trimmed_cont
15
Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld1,

whole genome shotgun
sequence

No significant

Halarsenatibacter
silvermanii strain
SLAS-1, whole
genome shotgun
sequence

No significant
Desulfotomaculumgibsonia

eDSM7213,completegenome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 ScfldO,
whole genome
shotgun sequence

Centipeda periodontii

80.5

80.5

80.5

80.5

80.5

80.5

80.5

80.5

80.5

78.7

97.1

97.1

97.1

97.1

118

402

241

161

80.5

80.5

80.5

80.5

80.5

78.7

777

485

291

194

21%

21%

21%

21%

21%

21%

21%

21%

21%

20%

26%

26%

26%

26%

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

2.00E-12

1.00E-11

2.00E-17

2.00E-17

2.00E-17

2.00E-17

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

97.83%

95.83%

96.55%

96.55%

96.55%

96.55%



Band 36

Band 37

Band 38

DSM 2778
SCAFFOLD1, whole
genome shotgun
sequence

Anaerovibrio
lipolyticus DSM 3074,
whole genome
shotgun sequence

Desulfotomaculum
copahuensis strain
LMal
LMA27_trimmed_cont
iﬁ,whole genome
shotgun sequence

Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld1,
whole genome shotgun
sequence

No significant
Desulfotomaculumgibsonia

eDSM7213,completegenome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 ScfldO,
whole genome
shotgun sequence

Centipeda periodontii
DSM 2778
SCAFFOLD1, whole
genome shotgun
sequence

Anaerovibrio
lipolyticus DSM 3074,
whole genome
shotgun sequence

Desulfotomaculum
copahuensis strain
LMal
LMAZ27_trimmed_cont
i%,whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence

Mitsuokella multacida
DSM 20544 Scfld1,
whole genome shotgun
sequence

Desulfotomaculum
gibsoniae DSM 7213,

97.1

97.1

97.1

97.1

97.1

97.1

97.1

97.1

971

97.1

97.1

97.1

87.9

119

97.1

971

971

97.1

777

485

291

194

971

971

97.1

97.1

703

26%

26%

26%

26%

26%

26%

26%

26%

26%

26%

26%

26%

21%

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

1.00E-14

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

96.55%

100%



complete genome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 Scfld0,
whole genome
shotgun sequence

Centipeda periodontii
DSM 2778
SCAFFOLD1, whole
genome shotgun
sequence

Halarsenatibacter
silvermanii strain
SLAS-1, whole
genome shotgun
sequence

Anaerovibrio
lipolyticus DSM 3074,
whole genome
shotgun sequence

Desulfotomaculum
copahuensis strain
LMal
LMA27 trimmed_cont
ig 9, whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld2,
whole genome
shotgun sequence
Mitsuokella multacida

DSM 20544 Scfld1,
whole genome shotgun

sequence
Band 39 No significant
Band 40 No significant

Desulfotomaculumgibsonia
Band 41 eDSM7213,completegenome

Dehalobacterium
formicoaceticum
strain DMC, complete
genome

Mitsuokella multacida
DSM 20544 Scfld0,
whole genome
shotgun sequence
Centipeda periodontii
DSM 2778
SCAFFOLD1, whole
genome shotgun
sequence

Anaerovibrio
lipolyticus DSM 3074,
whole genome

87.9

87.9

87.9

87.9

87.9

87.9

87.9

87.9

97.1

97.1

97.1

97.1

97.1

120

439

263

175

87.9

87.9

87.9

87.9

87.9

777

485

291

194

971

21%

21%

21%

21%

21%

21%

21%

21%

26%

26%

26%

26%

26%

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-14

1.00E-14

2.00E-17

2.00E-17

2.00E-17

2.00E-17

2.00E-17

100%

100%

100%

100%

100%

100%

100%

100%

96.55%

96.55%

96.55%

96.55%

96.55%



shotgun sequence

Desulfotomaculum
copahuensis strain
LMal 97.1 97.1 26% 200E-17  96.55%
LMAZ27_trimmed_cont . : ° . e
il%WhOle genome
shotgun sequence

Mitsuokella multacida
DSM 20544 Scfld2,

97.1 97.1 26% 2.00E-17 96.55%
whole genome
shotgun sequence
Mitsuokella multacida
DSM 20544 Scfld1, 971 971 26% 200E-17  96.55%

whole genome
shotgun sequence

Band 42 No significant
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O FSHe] AR D FARH
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713 (@7

o Al A F-AT Wyl A e AFEE Y Hes0] =5 5, tixTet
ZF AT H 175379 ollsAe IAFaile. 4 ol ofolzdd s WE
BEHE FABA S 4 ollTAS I F FANxE IPeAe. AN 4R
50 IR @M E Al EE APt on, ofrit £42 AETist
A FE7I7Idel Fsty B4e JAsE. AR B4 ofrlieqt £42 474 2
34 Y=

oY E45 A3 AL ol AR Fo H] 24 06l JAFHAE. AE Al AP
4 W Ty AAES Tl Aol IPHAE. dEE FOoE 4£FS Y =
EDTA FE(BD Vacutaner® blood collection tubes, USA)$} & ul5(BD Eclipse™

Blood Collection Needle, USA)< AR&ste] tixz7< 2+ A7 ¥ 357, F 975 AE
StAE. LS DY A5 AL ool ¥z A BAsto] of 2TE #FAel 30&

o] dgdE 9sids. 84 42 KPCl o= & st on, g9 opmxik &

O §4 E4 mE glutamate, alanine 7} % A4 2 FF5AA

e F$ 1o T71S FEREFI0 X 10 X 5 mm)S.2 A2 ), 80TA 103 = 3
HE 3 5, #A5H7F did F 9dA AFstr] AR Ad FrE UeoE
# FHE

w7 A 7] S8 AARMA G 102 T 2SS I F FFEF
ol &3 A WEENA tzT Glu HelF, I8 Lys M+ MES

. Umami, Tenderness, Flavour, Juiciness, Overall acceptability 57}
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zr

B2 §X31 #7] AFEE E=E= 1/\]Zl' Et‘io:]utx']
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= AlA 2443 di71AIF7. o] W] Taste sensor
E2 Internal solutions 93l reference solution (Internal Solution for Reference
Electrode Type 300, HORIBA Advanced Techno Co., Ltd, Japan)oll 2o 24A1%F 74T
MdE& XIY3}til, Reference electrodeE< Internal solutione 953 3.33M KCI
solution®ll ¥ ol 24Xt AYAY AAF. AT AAES 71AI0 ZHAI £ 4
WEo g S AAsF 1R e VA ASHeE AREEA gl Ho 3uHE
o] R A&+

O f:’j'"?“‘?ﬁ‘-cq AC_)]T'?T = @“lf—l
o MR B4 A, 13 AEEHNA TR 1‘415?011%1 718 Eekew Lys Azl
A 7P S3bs tiETek Glu A= FelA Bl < YERE (p<0.05). 32

%K

TolA 7P =ke™ Lys AETelA M ks BE Aok dxz7U oE
< B (p<0.05). 2AFrE Glu A FolA 7 =sker Lys AgFelA 7
. EE ATt izt Bt A4S BAE (p<0.05). =T E S thxzTolA
71 E=skowH Lys Aol A 7 wgton, AT elle Mg AFES BAe
1 s AET7F 7B whon tizTolA Mg wsks. 2E AT
BAe (p<0.05). Lys Ag]7rollA Ao 71 & A3E B

nhEe 3o 55 FA FUolA AHE BY Ao E AR H(Table 65, 66).
22t AT FES Lys Aol 7 =kom Lys AggolA 78 @k
tzT9t Glu A2 771 Blgt S B9S2 (p<0.05). &S Glu A TolA 714 =
o thzTe}t Lys Ae]77F 22 go® 7P Woks 2ok Lys A2t Hlsd
FS YA (p<0.05). Z:*é%% Lys Agl77F 718 %o tiz+7t 7 9t
. AT vsd S YESlS (p<0.05). =THEe Lys A277F 7P =%
°om Glu A7 7 9. tEx27¢ Lys A7 Hsd A4S U=
(p<0.05). =AM z=77F 7P E=3kow Glu A7t 7 Weks Ee AT
z=77F e B3-S BAS (;xo 05). Glu Ag]7olA 7Hd £ 2d0d IggdFs B
Fedl, ole HF FAe] FES ol ofw|ito] b F2 o
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-
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O
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o
oot
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Table 65. 3H9-5 YWHdE24 A3 (12

Items
Chemical composition Moisture Crude ash  Crude fiber Crude protein  Crude fat
P (%) (%) (%) (%) (%)
Control 47.26 0.86" 15.45° 18.96" 17.48°
T1 (Glu) 46.09* 0.81° 16.37* 17.72° 19.01°
T2 (Lys) 41.92° 0.76° 15.15° 17.45° 24.72°
S.E.M. 0.492 0.006 0.540 0.163 0.250
p value 0.0006 < 0.0001 0.3205 0.0013 < 0.0001
“PeMean with different letter differ significantly between treatments (p < 0.05).
S.E.MM. = standard error of the mean
Table 66. 3H9-5 W22 A4 (22h
Items
Chemical composition Moisture Crude ash  Crude fiber Crude protein  Crude fat
P (%) (%) (%) (%) (%)
Control 40.61° 0.66" 12.45 15.87° 30.4°
T1 (Glu) 32.93° 0.66° 20.24° 16.24 29.93°
T2 (Lys) 40.41° 0.74 18.96" 15.45° 24.42°
S.E.M. 0.335 0.004 0.414 0.114 0.356
p value < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

“PeMean with different letter differ significantly between treatments (p < 0.05).
S.E.M. = standard error of the mean

o 74 ofpligt B4 Az

5% Zoleta BRT 5 UL AT 13 B4 23 AN kgl tha EDE,
A% A7t BLF

- 74 ofH| x4k Aspartic acid (Asp), Glutamic acid (Glu), Serine (Ser), Histidine
(His), Glycine (Gly), Threonine (Thr), Arginine (Arg), Alanine (Ala), Tyrosine (Tyr),

Valine (Val), Methionine (Met), Phenylalanine (Phe), Isoleucine (lle),
(Orn), Leucine (Leu), Lysine (Lys), Proline (Pro) & % 17%< w43t%+.
- 12 £40A Aspe Lys A TolA 78 =9kom Glu A 2]l A 7%

7% Lys AgT< v ZEFS dElE (p<0.05). S0l 9&F=
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iz A 71 w=how Glu A FolA 7P 2. thE&T9F Lys A2+ Hls
& AFE YERRAS (p<0.05). Ser& Lys A& FolH 714 wkon ﬂ%ZFL&} Glu *
gFolA 7HE SEds. E2T Glu AgFe P AEFS JERAS (p<0.05).
Hise thzTolA 7Fg #8hor Glu AgFolA 7FE Egks iz A5
gL v AFS YERNAS (p<0.05). GlyE Glu A TollA 7HF3 ko tix
ToNA 7HE kS E2T9 Lys A7+ vlsd 43S UEH A 3(p<0.05). Thr
txTolA 7HE Eskow Glu A TodA 71 2ds. txTok ZE AgTe vl
g AEFS YERIAS (p<0.05). Arge Glu A TollA 714 =kom diz77t 713
ks iE7e BE ATe s AFES JERAS (p<0.05). FH o] FFS 7
A& Alave Glu A FolA 7H 3o tizFoA 7P S, tixz79 Lys A
g7E v A4S JEUAS (p<0.05). TyrS thx7olA 7 E¢kom Glu A g
ToA 7HE E3ks. tHEF9 Lys RJFHL% Hl =gk AdFS YERAS (p<0.05). Val
e tEx77F M 29kow Glu A7 7P kS (p<0.05). Met2 Lys A 2] 7
A 7HE E=ken Glu A7 7HE Sdks. tix7e 2E AgTe ¥sd BAEE
UERIAS (p<0.05). Phes thZ&T7F 74 E9to™ Glu A7 7P 23S gz
79 Lys A2l vld BEFS delidS (p<0.05). lle> tHEZT7F 71 w3%oH
Glu Ag+7} 718 @%k3. Ome E77F 7 E=9kon Glurb 7HE 2sks. =
T BE AT vl AFS YEHAS (p<0.05). Leus ET7F 7HE %S
o Glub 7P @& #s UedS. dEz279 Lyse Hl=3r 43S Yehdids
(p<0.05). Ag o}H] =4l Lys2 Lys AMElFolA 7 &9kow Glu A g FollA 7174
T (p<0.05). Prow= GluAglTdlA 7Hd &=hom Lys AgFolA M Ik
(p<0.05).

22 A Aspe 1‘41 TolA 7 i-fkouﬂ Glu AglTolA 71 Ss. thzT
ot RE APTe v dFe HEHIUE (<0.05). FHlo dFE 71A= Glus
zFAA 71 = ;EOD% Glu AgFoA 7H ks iz B A TolA

y

>
O

2 ATL JEAS (p005). Sere tETOIA 714 w3kom Lys A2l TolA 7
¢ ok Wz BE APTE vsd AT BEIUS (p<005). Hist mz%
N 7V wgom Glu A TN AR Gke. AT AFE WL 4
JERHAS (p<0.05). Gly= Glu A FolA 7% =gton fzrold 71 whe.
z7e Lys A2l TE Hxd 49e JERIQS. Thee dzTolA 713 3o
Glu A TA 714 Roke. A2l 778 Wed A4S JEdS (0<005). Args
Glu AT 73 Bston BE77l 714 wes deTs nE qoTe ¥k
3 AHe BB (p<0.05). Frlol FFL 71AE Alak Glu A2TAA A% =
ko Lys A FolA 714 Gke. dz7e Lys A2l te wad 432 Jep
& (p<005). Tyre Lys A2 TolA /b4 eton] fzTols 713 Woke. tjzre
RE APTE W5 AFE JEIUS (p<005). Vale d=2T7h 73 E3kon] Gl
AT b ke, 2Tk RE ATE Nsd 4TS JERAS (p<0.05).
Met Lys A FolA 714 Hgkom dzTolA 714 dre. Ae 772 wsd 4
Fe UENQS (p<0.05). Phe T2/t 718 %kom Glu AT7 714 R9ke
(p<0.05). Tle® Lys A2l 77} 717 =3kon Glu AT7} 7P Bt taTs nE

o m[o

I

l
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T BE AgTe v Ade
(p<0.05). Leu= =771 7H&
Lys2 HI2?t &S Yl A= (p<0.05). #

=k Glu A FolA 7 Wk Eﬂ—%:rlg} e A= v

& (p<0.05). Om Glu A2 +7F /M %oy o
gz e 92
= 9F O 1 1u7} M s e YIS

EFHAE (p<0.05). Pro= Glux g 7oA 7Hg =3toem thxzTolA 7 w3t+.

T} RE AETE W 4TS GRS (p<0.05). AT obHiit B4

Glu &3 Glu M7l AL Wi, Lys F&2 Lys Az TolA 7HE 52
AT F AN ol= Lys® F2o] ¢ &34 doju= Zle=m & F 3o
B YRE ]8T oAt FFo] ofd, BT oWt HIAIE o] &3t A
e =Y 5 A& AoE ALFHE (Table 67, 68).

Table 67. 3H-9-5 FAotm =t &4 23 (13

Constitutive

amino acids Control T1 (Glu) T2 (Lys) S.EM. p value

(T8 okml et
Asp 9.57° 9.32° 9.66" 0.064 0.0209
Glu 17.63° 17.17° 17.57* 0.060 0.0031
Ser 4.21° 4.21° 424 0.023 0.5615
His 4.66" 4.53" 4.65° 0.057 0.2900
Gly 4.52° 6.34° 4.78" 0.188 0.0009
Thr 4.90° 4.77° 4.86° 0.051 0.2549
Arg 6.86" 7.03? 6.87° 0.092 0.3768
Ala 6.10° 6.47" 6.14° 0.040 0.0011
Tyr 3.59° 3.36° 3.58° 0.049 0.0286
Val 5.07° 4.93° 5.00" 0.035 0.0833
Met 2.71° 2.57° 2.75° 0.062 0.1648
Phe 4.32° 4.18" 4.26" 0.019 0.0065
Ile 4.87° 4.69° 481" 0.043 0.0636
Orn 0.36° 0.29° 0.24° 0.069 0.4984
Leu 8.54° 8.16" 8.40° 0.050 0.0048
Lys 9.11* 8.74° 9.44° 0.136 0.0304
Pro 3.10® 3.23° 2.95° 0.050 0.0213

“®Mean with different letter differ significantly between treatments (p < 0.05).
S.E.M. = standard error of the mean
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Table 68. Rt T/dotr|iat 24 A3} (23}

Constitutive

amino acids Control T1 (Glu) T2 (Lys) S.EM. p value

(T obvl 2
Asp 9.45% 9.36" 9.01* 0.245 0.4503
Glu 18.20° 17.92° 17.54¢ 0.070 0.0017
Ser 4.15* 4.07* 4.10° 0.051 0.6087
His 4.30° 4.11° 4,03 0.040 0.0089
Gly 4.44° 4.46° 6.06" 0.238 0.0044
Thr 5.22° 4.97° 4.78 0.070 0.0132
Arg 6.83° 6.88" 7.26° 0.152 0.1719
Ala 6.19° 6.12° 6.52° 0.080 0.0250
Tyr 3.48° 3.60° 3.49° 0.046 0.1996
Val 531° 5.8 5.15° 0.053 0.1724
Met 2.23° 2.64° 2.57° 0.063 0.0081
Phe 4.42° 4.37% 427 0.033 0.0440
Ile 5.11° 5.13° 4.94° 0.063 0.1340
Orn 0.15° 0.15° 0.23° 0.046 0.4337
Leu 8.68" 8.55" 8.31° 0.057 0.0109
Lys 8.62° 8.98" 8.22° 0.468 0.5502
Pro 3.21° 3.42° 3.49° 0.506 0.9288

“Mean with different letter differ significantly between treatments (p < 0.05).
= standard error of the mean

S.EM.

o f2] ofmlal B4 Az}
o

8] ofH|=4k2 Aspartic acid (Asp), Glutamic acid (Glu), Asparagine (Asn), Serine
(Ser), Glutamine(GIn), Histidine (His), Glycine (Gly), Threonine (Thr), Citrulline(Cit),
Arginine (Arg), Alanine (Ala), Tyrosine (Tyr), Valine (Val), Methionine (Met),
Phenylalanine (Phe) Isoleucine (Ile), Ornitnine (Orn), Leucine (Leu), Lysine (Lys),
Proline (Pro) ¢ % 20&<S EA3tom, 23 4 Ao Tryptophan (Trp)< F7}
A st T 21FS &4 3R (Table 69, 70).

- 13 BH0A AspE Glu Al FolA 7bg Eghom Lys A FelA g dekg. o
=79 BE AeTAA 0 ZFE HEhAS (p<008). Frlel JFL /1AL Glu
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T Lys ATl 718 wem dzTolA 7 woks. diz7ok 2E ATl
e AFE HEAS (p<0.05). Asnd Lys M FollA 71 =okom dfzTelA
7P SelE E2Tet BE AT vE Ade JEUE (p<0.05). Sere Lys
ATelM 7 wgtem txzTaA s Weks. dizTek BE A TAA HE
BFE HEUAE (p<0.05). Glne tE2TA 71 =3kow Lys A elM 718 o
gk &7 ok BE ATAA o 4FE JElS (p<0.05). Hise Lys A&7
A 78 wstor txzTelM 7 vels. tE279 Glu A7 BFdFe v
dd= YIS (p<0.05). Gly= Lys Aol 718 =kom tz7oA 718 %
gk, HzTet BE AT e vixd 9= YEulifls (p<0.05). Thre Lys A+
OM 78 mekor HaTeA 7 dels T BE ATe oE Ade U
WRE (p0.05). Cit= ti&=TolA 718 E9kom Lys A= 7olM 718 Wats. dix
?9} EE AYTE oE AFE UEUAE (p<0.05). Arge Lys A2l 7oA 7HE =
skov w77 s weks. dizTe e ATE uE A% UEhdlE
(p<0.05). Flel FFE 71AE Ala® Lys ATl 7H8 wgkom tzTolx 7+
sgrom, A g71e Rl AFE JEUAE (p<0.05). Tyr& Lys A2]7olM 713
=gtow dE2ToA JPE Woks. dizTe BE AT e oE AFe JEUE
(pR0.05). Val& Lys A&7k 718 =tem tlz77t 718 Woks. tz7e ZE A
I o8 AFE YEHAS (p<0.05). Met2 Lys AT oA 7HE E3koH iz
T7F 7P wsks. tiETek BE ATe oE A%E HESlE (p<0.05). PheE
Lys A7k 71 wgtom tiz7rh 7P dols. dixz7e ZE A7s e 4
= UBHIAE (pR0.05). Hed Lys AT7F 7H8 =stor diz77F 718 Wgts.
dz7et ZE Ae7s oE 2= YElE (p<0.05). Ome W277 7H8 =2
oH Glwt 7P Soks. diz7e Be ATE 22 Ade UEids (pR0.05).
Leus Lys A7 78 wgtor diz77t 718 32 ahe Ueisls dz7et
EE AYTE b2 AFE YIS (p<0.05). AT obr) =il Lys Lys A g7l
A 7P wmged dixzTelA J woks. 7ok BE AT vE 4%E dE
Wl (p<0.05). Pro= Lys AgFeolA 7Hd =tom izl 7Hd Ssk=
(p<0.05).
27} BHoIA =, Aspe Glu ATelA 718 =3tem Lys A2l 71 woks.
Tt 2E ATl 28 Ade JYElE (p<005). FHd FF= 7A=
Glue Lys A2 7oA 7P w3em tiz7dA 71 wdoks. diz7o Z& A2
AN o2 AFS JeERNAS (p<0.05). Asne Lys A FolA 71 Egkoem oz
M 7HE Woks. dEzTek BE ATl tE AFSs YEhE (p<0.05). Ser
Lys A2l7ol A 7b8 w9kow izl 7H8 dols. 7ok ZE He7dA o
B %S UBHAE (p<0.05). GIne thzToll A 78 wgkem Lys A2 7oA 7H

it
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ks dzTe ZE A FdA g2 AEFS YERS (p<0.05). HisE Lys * &
TolA 7HE wmekom T llA 7P Wiks. ETe Glu AT AL Hisd
A& UElS (pR0.05). Gly= Glu A2 TolM 7 =gton oA 7hd ¢
R 2T BE AgdTe 08 AFS YERAS (p<0.05). Thr Lys A2 7ol
A 7P wmekem Tl T weks. tixTek BE AT e vE A% v
A5 (p<0.05). Cite= thz=TollA 7HE E3kom Glu A TelA 7Hd Seks. iz
€ AgTe 2 %S YEHAS (p<0.05). Arge Lys Az TollA 7 E3k

or 277 7P weks dET et BE AdTe g S UEhilS (p<0.05).
ol 9EFE 71AE Alas Glu A TolA 7P E9kom Lys A Follx 7Hd ¥
oke tiziol ZHzhel el el W AFS JERIALS (p<0.05). Tyrd Lys &
TolA 7P wskom T P Wk dETet BE AT e A%
UYER = (p<0.05). Val2 Lys A& 77F 78 w=3kon tx77t 7P Wits. dx
7o EE ARTE 0E A%e HEUIRlE (p<0.05). Met2 Lys A2t oA 7HE
=goen g7t 7B ks dxzTe BE AT o' AFE UsUdE
(p<0.05). Phex= Lys 22|77} 7H¢ wskom thz=77F 7b4 Wty ix=79 2E A
27 2 AFS JEAS (p<0.05). Tled Lys A&l 77t 7H =kom diz+7h
7 kg T BE ATe o 4FE UEIS (p<0.05). Om tx
F7v b ges&ow} Glu7} 7b8 $9kg. Lys A2 +7F Glu Hel+9 dz79 247
& Bd= WS (p<0.05). Leus= Lys A2 77F 7H8 =3hom tiz=77F 713
S #e UrE‘ruPi" HETok ZE AETE e 4TS YEUlS (p<0.05). A
obP| 2kl Lys Lys A 2|7l A 7} Z wokom txzTolM ZHE Bk tixTet

[110

Ir

ot
o

EE AYTe & AFS YES (p<0.05). Prow= Glu A FollA 71 E9kon
hzTol A 7P Yeks. Glu A2 77t Lys A&7 tixz7o 247 e AL y
EFH A (p<0.05). Trpe Glu AgFollA 7 Ekom tizTolA 7 @it o
279 B AT U S UEAS (p<0.05).

123 BEAA Fulo d&FS 71X obv =4kl Gluet Ala: Lys 2771 7H8 =9%
om, 2zt EAM A E Glue Lys AgTFollA 714 &3 Alaxe Glu AHgFolA 7H
=35 MAFHOZ Lys A7) opu|igt B Ao 943 AAE HYoy o
T B3 oiHgt HZMAE AMESHY BS 9d ARE EEY F JS JoE A
59,
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Table 69. ¢+ r&]oln| 4t

Free amino

(%FA%?S]S}]:/&) Control T1 (Glu) T2 (Lys) S.EM. p value
Asp 0.15° 0.17° 0.13° 0.004 0.0010
Glu 1.58° 2.75° 3.4° 0.038 < 0.0001
Asn 0.76° 1.30° 1.45° 0.013 < 0.0001
Ser 1.87¢ 2.38° 321° 0.020 < 0.0001
Gln 57.53 41.95° 34.09° 0.126 < 0.0001
His 1.39 1.48° 1.85° 0.035 0.0002
Gly 2.58" 2.73° 3.00° 0.591 0.8824
Thr 1.36° 2.10° 2.54° 0.022 < 0.0001
Cit 0.54° 0.49° 0.44° 0.009 0.0006
Arg 2.34° 3.15° 4.16° 0.025 < 0.0001
Ala 16.02° 17.93° 18.18° 0.172 0.0002
Tyr 2.09¢ 3.24° 3.98" 0.030 < 0.0001
Val 1.79¢ 3.31° 3.46" 0.042 < 0.0001
Met 0.83° 1.30° 237 0.012 < 0.0001
Phe 1.58° 2.61° 3.28" 0.017 < 0.0001
Ile 1.22°¢ 221° 2.61° 0.019 < 0.0001
Orn 1.51° 1.23° 1.47° 0.121 0.2759
Leu 2.40° 4.16 5.19° 0.051 < 0.0001
Lys 1.48° 2.95° 3.21° 0.068 < 0.0001
Pro 0.97° 1.56® 1.96° 0.177 0.0204

“beMean with different letter differ significantly between treatments (p < 0.05).

S.EM. = standard error of the mean
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Table 70. 3% fre]obvmst B4 A3 (23}
Free amino
acids Control T1 (Glu) T2 (Lys) S.EM. p value
(Fred obr] =2t
Asp 0.22° 0.24° 0.21° 0.026 0.6193
Glu 1.80° 3.07° 3.87° 0.140 0.0001
Asn 0.78° 1.30° 1.54° 0.030 < 0.0001
Ser 1.97¢ 2.44° 3.46" 0.057 < 0.0001
Gln 54.08° 38.94° 32.49° 0.259 < 0.0001
His 1.49°¢ 1.64° 2.12° 0.019 < 0.0001
Gly 2.58° 3.66" 3.26° 0.034 < 0.0001
Thr 1.45° 2.15° 2.73° 0.052 < 0.0001
Cit 0.49° 0.41° 0.46" 0.042 0.4151
Arg 2.46° 3.22° 4.46° 0.052 < 0.0001
Ala 16.60™ 17.94° 15.69° 0.430 0.0273
Tyr 1.88° 2.93 3.97 0.250 0.0031
Val 1.80° 3.26 3.38" 0.013 < 0.0001
Met 0.81° 1.26° 2.35° 0.018 < 0.0001
Phe 1.46¢ 2.49° 3.18° 0.025 < 0.0001
Ile 1.16¢ 2.13° 2.54° 0.012 < 0.0001
Orn 1.67° 1.40° 1.52% 0.065 0.0700
Leu 2.49° 423 5.35° 0.016 < 0.0001
Lys 1.64¢ 3.07° 3.66° 0.040 < 0.0001
Pro 1.39° 1.88° 1.69® 0.106 0.0440
Trp 1.77° 233" 2.07° 0.075 0.0055

“>°Mean with different letter differ significantly between treatments (p < 0.05).

S.E.M. = standard error of the mean
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- 84 4 3FFH2 Total protein (TP), Glucose (GLU), Cholesterol (CHOL), Albumin
(ALB), Phosphorus (PHOS), Blood urea nitrogen (BUN) S.& ZF 63}=0] 5.

- TP= tiE&7olA 7 =k Glu A TolA 78 Wots. GLU= tETolA 7t
4 E=%om Glu AHFelM 7HE $ots. CHOLL Glu A= TolAM 71 =3kor
z=TolA 7HE W35 ALB= tx7olA 7B w3koem Glu A2 7olA 718 sk
. PHOS= Glu A= el 718 =tew tiE27oA 71 wets. BUNE Glu A
glgtek =77 7B w3k Lys Al relA 7 wiks

- @ opm A £ FEE F obn| 4k (Total AA)F Aspartic acid (Asp), Threonine
(Thr), Serine (Ser), Glutamic acid (Glu), Glycine (Gly), Alanine (Ala),Valine (Val),
Isoleucine (Ile), Leucine (Leu), Tyrosine (Tyr), Phenylalanine (Phe), Lysine (Lys),
Histidine (His), Arginine (Arg), Proline (Pro), Cysteine (Cys), Methionine (Met) ¢
< 17%. Asp, Thr, Ser, Glu, Gly, Ala, Val, Ile, Leu, Tyr, Phe, Lys, His, Arg, Met
ol 7HE %o Glu Ad77F 78 98k, Proot Cyse Lys A7 718
E=%oH Glu AgF7F 7Hd @3t (Table 71, 72).

Table 71. k¢ @ FAHLA Axt
Control T1 (Glu) T2 (Lys)
MAHE 6147-6 6146-8 7625-1 average 7382-5 7624-3 7381-7 average 5908-3 6142-5 8025 average

( g}gL) 8.10 7.70 6.90 7.56 6.20 6.40 6.60 6.40 7.20 7.30 6.80 7.10

GLU
(mg/ 83.00 91.00 83.00 85.66 80.00 83.00 83.00 82.00 87.00 81.00 82.00 83.33
dr)

CHOL
(mg/ 13100 13800 101.00 12333 131.00 14100 160.00 14400 13500 160.00 136.00 143.66
di)

ALB 440 440 430 436 410 410 420 413 430 430 430 430
(g/dL)

PHOS
(mg/ 690 438 576 568 644 576 684 635 568 568 621 586
di)

BUN
(mg/ 1300 1500 1200 1333 1200 1600 1200 1333 11.00 11.00 11.00  11.00
di)
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Table 72. 3k-¢- € ofri=qt £4 A3}
Control T1 (Glu) T2 (Lys)

Z‘;_}J]] %ﬂ 6147-6 6146-8 7625-1 average 7382-5 7624-3 7381-7 average 5908-3 6142-5 8025 average
Total

AA 8.24 7.81 7.22 7.76 6.68 6.93 6.65 6.75 7.33 7.65 7.26 741
(%)

Asp 0.79 0.74 0.7 0.74 0.65 0.67 0.63 0.65 0.73 0.75 0.7 0.73
THR 0.54 0.48 0.45 0.49 0.41 0.43 04 0.41 0.47 0.48 0.44 0.46
Ser 0.55 0.48 0.45 0.49 0.39 0.42 0.39 0.40 0.48 0.49 0.43 0.47
Glu 1.08 1.02 0.98 1.03 0.91 0.95 0.91 0.92 1.02 1.04 0.99 1.02
Gly 0.25 0.23 0.21 0.23 0.2 0.21 0.19 0.20 0.23 0.24 0.21 0.23
Ala 0.4 0.38 0.36 0.38 0.35 0.34 0.32 0.34 0.37 0.38 0.36 0.37
Val 0.46 043 041 0.43 0.36 0.37 0.37 0.37 0.39 0.41 0.38 0.39
Ile 0.18 0.18 0.16 0.17 0.15 0.15 0.16 0.15 0.16 0.17 0.16 0.16
Leu 0.78 0.74 0.7 0.74 0.67 0.67 0.64 0.66 0.71 0.74 0.7 0.72
Tyr 0.3 0.28 0.25 0.28 0.22 0.24 0.22 0.23 0.27 0.28 0.24 0.26
Phe 0.7 0.71 0.57 0.66 0.49 0.56 0.59 0.55 0.48 0.53 0.57 0.53
Lys 0.71 0.7 0.65 0.69 0.62 0.62 0.62 0.62 0.65 0.68 0.64 0.66
His 0.26 0.26 0.24 0.25 0.22 0.23 0.22 0.22 0.22 0.25 0.23 0.23
Arg 0.44 0.42 0.39 0.42 0.35 0.37 0.36 0.36 0.4 0.43 0.4 0.41
Pro 0.35 0.32 0.28 0.32 0.3 0.3 0.26 0.29 0.33 0.35 0.28 0.32
Cys 0.37 0.36 0.35 0.36 0.32 0.33 0.31 0.32 0.35 0.35 0.46 0.39
Met 0.08 0.08 0.07 0.08 0.07 0.07 0.06 0.07 0.07 0.08 0.07 0.07

O

2 Ao ©E glutamate, alanine 7} & A4 2 FE5AA

87kl A3 AT 959 umami, tenderness, flavour, juiciness, overall

acceptability H<7F B =4 YEE. Glu A2 Lys A2 7+ Atolo] #o|F Xfol=

UElUA] ks tix2Td AETES vuds o, gExTEY AHyTsodA TE
HAaso]l YA E =4 Y. WebA tizxa 2o A8 7 ¢ =

Fol Bom, 17377t lsta, 7Aste] Fom, AMAR] ASE7 =%+

)
AAL, AAFOE BE W HYTE AtololAe Lys A8 7EH Glu A

AR

i to

tlo ¥ ook

J

© SRR
Ho

+
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g7 o nE FqE9o Hryl A4 ¥y =4 JElESE FAE £ AU
(Table 73, Fig. 13).
Table 73. #5337} &4 A3
Control T1" T2?
Umami intensity 4.74+1.89" 6.19+1.55° 7.00£1.59"
Tenderness 5.00+1.78° 6.33+1.69° 6.48+1.85"
Juiciness 4.7441.72° 6.30+1.64° 6.74+1.40%
Flavour 4.96+1.48° 6.44+2.01° 6.74+1.46"
Overall acceptability 4.70+1.38° 6.48+1.70° 6.74+1.61"
a b ¢ within a row, different letters indicates significant difference at p < 0.05.
Y T1: Lys 2.
2 T2: Glu A& T.
% ns: not significantly different within a row.
Tenderness
T 1
Oheral ; - “WN, Juiciness
acceptability T~
s O 1M O

T |

1.2

Fig. 13. #5587} &

S|

A A3 (T1: Lys A2, T2: Glu
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Q14 73] (electronic tongue, tasting sensor) &

24s whgo] A Ao AL A7 9 &
sAgste] Adete] M9E WEAIIA HedH, o ¥

Mol SHS mVEe 2 dojxA |, T3

= Apol & J’%/\]ﬂ = 7 = @l Yokl
| lomz AgSdA AolE <l

2 FovRk Aolrt 9)«91‘:3] aAnke 78‘

oX, o
o >

folr ot
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0 Eak h‘u
rlr oo o
i HJ[O >,l:1
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vE Aol & BolA ke
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=
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*O

NME Glu ATl 713 2 @0l YEtee & 4 AtkFig. 14, 15).

Table 74. ZA}& £ A3}

fru
N
<]
2y
o
—_
> o
oy
o
N
(o]
N
~

2 Lys AgT, 2T £22 Ueyth o4 bz AHETE Bl
lu AT} Lys M7 @59 Ful 2o o =4 Uyetoen AT A

< Hﬂl Glu AgF7l Fode= 7H3 w3k,
qs

Control T1V 2%
Umami 11.07+0.02° 11.18+0.04° 11.32+0.03°
Saltiness (-) 7.274+0.02° 7.63+0.11° 7.9940.03°
Richness 6.37+0.03" 6.44+0.10" 6.56+0.03"
Sourness (-) 29.88+0.18™Y 30.09+0.29 30.00+0.07
Bitterness 7.02+0.12™ 7.02+0.09 7.15+0.07
Astringency (-) 0.15+0.02° 0.20+0.01° 0.22+0.01"

& b ¢ within a row, different letters indicates significant difference at p < 0.05.

) T1: Lys A&+
2 T2: Glu A&+
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-35
Fig. 14. AA8 4 A3} (T1: Lys 2, T2: Glu A g+)
SOUMESS
Saltiness - Bitterness
s ontrol
Richness {;R _ ) Astringency

Fig. 15. AA8 4 A3} (T1: Lys A+, T2: Glu A& F)
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2-4-3.

oW Fr S obv|iAt SHiEE S’ B ofv|idk A (A2 dEdTIdE: A

O 259 &Fc ¢ Adeld T8 FES AR 20149 OECD, & d 54 542
9.

of =9, v=e] §R&HFS 109 897 kgol® HE o]0} ot23EY, o]xgtd,
A, 7], AUt o YR 7S LHIHAL s Ut HE o]
gh=& 107 514 kg® OECD=7F  sHopAotll A 7H8 /5 wWeol &nlske =7t

7t Q?i% o QIZEAl Qo] &R dulE FEdel FHo| ofd mlojgte SHE
ZEA7l= A (Van den Ouweland et al., 1978) =3t 583 8% F 3shv=E A2 FaL
A=

o WHol ded 1 7hed xYE AR A F =
el a7lell oA st A FEjolA A4 2 &
Holw, 17]E sAANAS A a7|e] A& Fr7E St
gtk AR o] Wilson (1960)# Monson et al. (2005)2 &3t Bs]%l vF U5 Fujimaki
et al. (1965)°] Aol W= <A A @il 23 28 wjEo] <5 W myosind <%
il do] uty o] Fetojset {2 oin|gto® FeHHEA 17]o] dAxet IR F
7Vste ASE ¥a i, Koutsidis et al. (2008)2] Aol Jstd 71 AN & F
T Bd Za a4E AYside W 2l 8 ofrinitol

a 4
EISt fAHRE $P1E ZQ@0T S0 17 W frel obelmal 3 ZAUS Ve ofy]
ko] G477k AelaSE Frhgna Rud v QS ofF BaA 27 23
F) obvlnedt FFe] Z7b7k Fvlel JFL PGy ¥+ Ue
SSIE RO gl frel ohulite] Hrbgels W Ae AFvF AWH wk YL Hu

et al. (2016)> 2]°] glutamine® glucose”} 4% & 2E#H2E We SAS F8 11

7] F4ol| vAe TS H7Fa, I 23 drip loss?t lightness value Z

H B9, pH, redness®} yellowness valueg S7FAIZATHL 313+

AR 2] 737 glutamic acid, L-alanine®] F7FgoE S Bd AT T B4 T

748193, L-arginine, glutamic acid®] F7H3E Fal ¥ d34HAF, 3
SAY L i HT W saturated fatty acid (%) o]l raskdal, HiH

Fol e SHA =Y T REY S718Es (Hu et al, 2017).

EA EFEolA oA vl ot eqlt Hbgofel gk AEE 5 2 a9

AR w2 dFeAE FEet #-o] e obvhE 2AFstaL,

o] Grhgelst &Fel Flel MAL 4P B FASS 2ANAS =

i
N
B
>
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(b Glutamate, Glutamine
e Glutamic acid, aspartic acid, monosodium L-glutamate (MSG)°ll ¢J3l 7+ ulo] e}
™ 1 9 Inosine 5-monophosphate (IMP), Guanosine 5-monophosphate (GMP),
Hypoxanthine (Hx), 123l 5 -ribonucleotides®ll ¢]3] Z+Z3glo] F7}EH(Mateo et al.,
1996, Yamamoto et al., 2009).

* Glu-Asp, Glu-Glu, Asp-Glu-Ser, Asp-Asp-Asp-Asp 22 54 ZAE7|E £33 I1+4
di-, tri-, tetrapeptide (Arai et al, 1972; Noguchi et al., 1975, Matsushita, 1994)%}
N-lactoyl-L-glutamate, lactic acid®} Glutamic acid7} &% A4 = (Frérot et al., 1997)%}
Glutamate glycoconjugates N-(D-glucos-1-yl)-L-glutamate, ~N-(1-deoxy-D-fructos-1-yl)-
L-glutamate (Beksan et al, 2003)= Umami®| J7|& AAdstH o|& 3tk B st
.

e Sifa et al. (2018)¢] ATFoNA = glutamine> & 2=

A8 5He FUAL A2 gluamine AL Agol FHA PGP Fol 227

i

{m
v
[
rlot
o,
9
X0
rlr
Ho
o
@
=
Q
o
Na
lo

eHong et al. (2012)°] <Jsl¥  glutamate, cysteine, glycine®] WAHCE A==
tri-peptide®] UF< glutathione®} xylose®] Maillard ¥HE-E(GX)2 4]317]9] uL(Beef
Flavor)& @A8HA S7HAIZ AL AUl tha S7Fskd+. GX W
Al 2RAES AE 7 wol HA Srleke 342 B S

e Chun et al. (2014)= S5 A1F(Pork legs)l NaCl/MSG E&A¢} Y MSGE AH&-3}
Fe W Helde Fd 2 A EAS vl 2 2ARE] S8 Ade st A
43 NaCl/MSG HEIAE A wrnt dd MSGE #H7betals o &uto] F7tst
3L °]& Fell MSGZF NaCl <55 WA o dvhal F4sk90+.

e Imanari et al. (2007) leucine, isoleucine ¥ valine<
acids (BCAA) H7IAI7} & F(Broiler)] 3H &4 AE 5 glutamateo] PIX& TS
ALt o™, APAH glutamate®] 2> BCAAZF H7bgl we} ¢ F7lstdthal
3t = tZET Hlwsted, high ile + val 7oA glutamate®] o] 30% S7FetAth
I B3RS, ol BCAA H7P7F §7 W glutamate®] &3S WIS AlAFSHH o)==

79 B AMste] 2ulxe A% HEES BY & Ackn A

3}+sl branched-chain amino

N H

e Kato et al. (1989)0 W™ 2] ofr:=ta} JEfo] e 2572 o & #olE drar
F&% 53] 1908 Ikedaol o8 +EE HABEE glutamatedl] of3 F2iE AT B}
™, o] 9], fe] otrlgtE G| A FoA Bk, &5t Ak a5} 2o of g
o Witk g Zzte] wlds opnsbEo] YERE B2 Table 7594 2%
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Table 75. Taste of nonessential amino acids

Amino acid Taste Threshold value (mg/dD) References
Alanine (Ala) Sweet 60 Fibroin (1875)
Arginine (Arg) Bitter 50 Casein (1895)
Asparagine (Asn) Sour 100 Asparagus (1806)
Aspartic acid (Asp) Sour 3 Asparagine (1827)
Cysteine (Cys) ND Cystine (1884)
Glycine (Gly) Sweet 130 Gelatin (1820)
Glutamic acid (Glu) Sour 5 Gluten (1886)
Glutamine (GIn) Flat Beet (1883)
Proline (Pro) Sweet and bitter 300 Casein (1901)
Serine (Ser) Sweet 150 Sericin (1865)
Tyrosine (Tyr) Bitter ND Casein (1846)
Glutamic acid + Na Umami 30 Sea tangle (1908)
Asparatic acid + Na Umami 100 Unknown

(1} Alanine, Glycine, Proline, Cysteine

®Zhao et al. (2019)° W= cysteineol| &3 7] FH] YAHL 3
(xylose)?} o}r]:=4ke] Maillard reaction®l] 7]Z3led o] Fothal s, 117]9 F
mlol -3 St glycineo] oWt &S 7A=A Ade sFHsAE A2
glycines 7}t 117]9] FulE ZAA3t= 82 E4RI 2-furanthiol S A3 3HA <.

® Cao et al. (2017)2 31719 ¥1 S-S #13l cysteine-xylose®] Maillard reactionol ths
glycineo] W& FFE vIX=A thal] Brisiglom, Ad@AH glycined RS0l
cysteine-xylose®] Maillard reaction®] EAJol ths] H(+)2] FABAE YepdS 1S
T IS =S A5 glycine®] H7H= Maillard reaction®] £5& £ o,
A FES 2HsHE Frek #dE FEES A BT s E.

® Winiarska-Mieczan and Kwiecien (2015)> $9] A&&£31& fF53t

(

oASIARE, A HE Yo F A& copper sulfates

d
2

(e}

== —
chelatesE AH&3lA < A, Ha7|e] dWAdE 2 A5 EA4S A 3 A48E +
3t gly-cu chelates®] X7t Harle dF 2AEH A 24 A= IF

= o By, FEH2EEY gl S-CURTE B2 02 YEd.

* Gunlu and Gunlu (2014)& $°}(Mountain Trout) W& =53 gt} Frlo] tigh <l
= A 8l 975 Ao, dT7EH glycineo] oo T ofr|4d
=2 FFES AASTE AS & T IS methionine, proline ¥ glutamate =2 2

01l B3l 3 glutamate, methionine, glycine©] i17]¢]

S
& ofmliatolela RIEHY

BN
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N
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SEANA arginine?] 7Pt £2E 4T 4 Aok vt
= 9

ol @27 arginine? ?47}‘— H]% o] ApopAd =

ol
i

>
filo
a
o2
ol
oL
32
%G,
brt
Y

2
2o H
Tt ot g
2 o o

A

N

A

o
o ¥&

u)

k1

s

g

?.é

S

o

v}

o ©

—

32

L

=

03

.

3

el

>

HoA

9‘1"

bdcs

1:1]0
ry
Ho
lo
o &

5

al. (2012) Huanjiang mini-pigs®| 7l arginine¥ alanines JI3t%& Al YERY
ﬂ%” obriat A 9 st A8S AT 98l e s8R, A3
T 25l B3 arginines Fo% IFCAA AFT] EL
d Aoz yephd. ol A3 F9 arginine H7b= A437] WEd &
7INA a1 FEE FEE F doe AS AL S+

ong et al. (2008)% dEs A TheRsside W
Ho] TEARE S 71 ofmlingbe] 2o YEhue T

GF (sweet)stal E£F7] (flowery)E F%l=. AlanineS Y3k
o

)

[ ]
= o oo
off
of 1 & 2
(]
gilj
ol}J o rﬂlo

rlo

e
=
<
u
N
9r
N

(flowery)E, glycine> 7}21® (caramel-like)?} &S 7| & £ & F0 ?-5}99\%

e Proline dA2H 179 By Pdshe b o8 AEol dost= a7 ste
T84 HTA = Maillard reaction®] 23t N-nitrosamine A2 HATAZ EAESL
om HA® a17]olA Listeria monocytogenes #Z bacteria S TAAIZHS
(Drabik-Markiewicz et al., 2010).

* Glycine2 A&l EAsk= 7P 193 ofv|ito]ln cysteined €U Aolo] W&
7hEskete] arjeh 22 BhE d e Y #ET glycines AUkt =2
browning rates A<= T UUAT, 7] Bte W= 3tEES P o2 A& opd

Ao 2 YERE (Cao et al, 2017).

e 7] 2Eo|A  alanined EEWO] Y=< alapyridaine  (1-(1-carboxyethyl)-
5-hydroxy-2-(hydroxymethyl)-pyridinium)©] 2t =2 o] WHEII=E, o|5& 2, o}n)
w4h F ZAmHQl aspartamed] ©ure AEsles EdW= 9EH (Ottinger and

Hofmann, 2003).

i

e ZHE F7MN 7= ALE ¢HF MSG, guanosine-59-monophosphate B+ maltol% o
d FH ATRS SIS AeE e FAY, alapyridaine> AFES] ©@ub, AT
Aot AAFES wFo BRI FHE § Wol /A s ACE B (Soldo et
al., 2003; Villard et al., 2003).

*Qi et al. (2018)2 B-alanine 7} FH7} §A12] &-of| vA = IFS ZAFES o F
A 540v}E]E AE AR ALPOH, AR 1 kg 0, 250, 500, 1000 Z 200 mgA

B-alanine°] thx7- B 4749] Aol FA9Z &9 B-alanine] H7bHH= 294
of a7le] ANEE I7MNZIeH ATy E=I dasidls §29 oHd A
carnosine®| = T7F B #Y A4S dEIshs FAAS] mRNA = o) €l

ol & & v X,

O As F B9 &3 @¥E (Rumen Degradable Protein)©] 5 ammonia®] A4
.

o] WOl ol ¥ urea®l F7}2 01014 urineg F3 WEH. =P, AF Ao
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Zt A ammonia®] urea FFAA | B2 AR LRIV} doJUEE A7} B & &
o2 ol8d. &%= FAUH &dtdsd] o3 ofrjigtoz i B F4E o 3
& ‘312‘4_ (Digestible Undegradable Protein)e] %<& Wtom 9jzo=w 4%
TE S7HNA AdelA 28 = e ofn|inike] Hago W] deAe] o
HAdw BEE g9 WRdes dolu R 2
formaldehyde®} #22 °FF& o83 34l WY &
&3 EolgERol s
AFZR]D HE Fof el ik

o JN O{N
_\;
031 o

d A v 2

i

Wina and Abdurohman (2005)¢] 1o ¢J3}¥ Calliandra calothyrsus oA FZ&%
tannin¥} formaldehydeE ©]-8-3te] tF4}, 7}AIQ] (casein), Gliricidia sepium %<& =
S5, o1& ol &3ste] HEFELAS ©] 83 in vitro AFS XyF Ay Al 7FA] ]
25 formaldehydeE ©]&3sled F® T APFolA ruminal bypass protein®] O %
AT F AN+

Batistel et al. (2017)-> Ethyl-celluloseE ©]-83t & E methionines &5 <A F7]
o] ZHr-¢- (Holstein)oll §3t=. B+~ | &

= F7F 59 ZArrolA B B2 §7F A8 g ol A G o] ghakel
o4 A =oka =

Windschitl and Stern (1988)9] Aol 9JstH 479 2f-9(Holstein)o] ¥H=%], A o]A]
g, 3ol JlEetE AX st 3FFY Radhid AHeFE vludgt AFES e tF
e ARgSte] AYe JFsidlen dxT 2 44 Ay & =3 %Wﬂ w9, calcium
lignosulfonate®} 374 <, xylose$} &7 5% AHg+E FA3sA5. w59 W o
A BEe dxTHE zEE 70.6%, 69.6%, 55.8%, 53.7%% 0™ Ol T 94y =
xylose ¥ calcium lignosulfonate *12] 77} Bawa F 37} Yep

Chalupa (1975)= ®F9 W] opw|mAt 9l el Jafof At dAe, 3844,

jfl
:|o
ot
o
N
L
o
§2
rlo
>,

&3}, ofH| ke T2 FAMA ARE B AEE w9 ] AR 22 SOl Tl

stlem olfd WHES W9 W A EY &3 P &3 3o S BA &g

29 Ao g whild gl ofmicilo] SRbEE Ao Fad 4TS I EAE

vk Sl

Waltz and Stern (1989)= ©l% A&7l Y(continuous culture) Al2=HS F3l RE59 Ht

Eﬂﬂ‘ﬂ"’ﬂ oaf tiFHte] wild FelE HEske= WHe a3E HUEle. BT WS
T4 EF, formaldehyde, propionic acid, calcium lignosulfonates 2 o &8 A 2%

|

& Zdlol2 Tl u. WES vAEERY gd Eeol e REe&s dofly

)

3 dA R S5(%) 2 i &4 AEE SASAS. o] AlA formaldehyde,
%=, calcium lignosulfonate, propionic acid<= J—irﬂ ]"g ol ofgk aild R &S
HaAF . B T4 = formaldehydeZt 78 &34 Q1 A0 &2 Yglon 1 o=

calcium lignosulfonate 2|7} &34l Ao =2 1/]-E]-1ér.

2 =4 4

(@)

O

%Oﬂf‘%_ glutamine®]t} glutamateS F7}gF A= Bol AHJ O (Dai et
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al., 2009; Manso et al., 2012; Cabrera et al., 2013; de Aquino et al., 2014; Kriseldi et

al, 2017) WFFROIAE ol T MBS o Hrbshe AP o ATHY.

cHA ABHL Y WMEFEE oAt Az A Woolmiite] AE

methionine, lysine ¥7}A17}F o] F24.

e ol s & QA= AjinomotoAte] HA|] YA BFTE HZFHOE St Aminogut

©)

N
=
i
e
=
lof
=
i
_1
O
k]
b

—~ .
o=

o (T oof gE o ogE v o
o dd fo rn o o 2
HUOW

(glutamic acid + glutamine) 2. & o] 3.

meba a7)e] F Se 9% HES okl w3k
Adde] Haglk AdAY. ol& Higez HlS 70 F9

skal Hz o] HUHAE st Az B8 s AR As

A J7HA e Bl Hee 54

2
rfu

o,
o

2019).
W W BREE fs) EAYE §F AVMA REel By, 7 Al FEY carbonyl
group®] maillard ¥FH§-O 2 I3t WAL free amino groupd AFSHAIRE (Van
Boekel, 2006), ¥4 ofv|=Ate] 739 H=FE Ho] ofn|ighS FRIS A 48] Wi
of @dS AT uf oA =27} B2 (Kung Jr and Rode, 1996).
HE5E W B3 opu|4hE lignosulfonate 3 A& IH3SIY g3t HH2 44
Ao dqux W= F7t H JEARY e Jidske adt e AR T
sulfonate group T #A4=°] chelation®d + U+ S-S 7HA7] wlZe] g HA
A zhe BgES AxE o AgE = lignosulfonate Eoll FBAS AU 3,
o 72 AYaL o] AARAZE FAANA DA HXoluy pellet AL AAE A
3L AT (Marchi et al., 2013), lignosulfonate A& 7}l G &t 7HX= A9
AoE dHA AUs (Lee et al., 2010).
g AdZ A7HE BEE Ae duA ExE &2&
5~7 Apole] WSl B8-S AEI FA B9
g dom, 4919k A oA EefjE o AHEE 5 JleE
Ae e ¢ lenz Aol Hold.
AFEEE AdL b o =F olycerides®]™ glycerol ! fatty acids®] & H
esterificationd =0l Wz} lipasedl 9|5l 438tE&= H=7F ©+F (N'Goma et al., 2012).
Jannin and Cuppok (2013)°] ©]3tH hot-melt coatingoll AH-8-5& A RPA Q] F/H

waxes, vegetables oils, polyoxylglycerides, fatty acids, partial glycerides, animal fat©]

¥ op (T
rr o fob
N

Z o
4=

W mAEo] ok &l
=2 =

o

>~
fu
ofN
R
ﬂ_?_“;
::l‘
olft
>
=2
ae]
T

it
BOge
= i 4

0
)
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palmitic acid 2 stearic acid®] 7
Belverdy et al., 2019).

A)
of T F4 IZHL FH? Ao g ol gHM Exo F JFS 7
A 7l FAE A EE2S &uldl &8 e B Adste] dAsE & O gAE
1A #dsAl =2t Az Ee AE S Al EEATle 7led
(Maenosono et al., 2003). °o|&1¥ FB7]|&°] T3 715 W9 W HAI7HATE FUH

e 79 = Ul Bol WA s o] WAl MAE % HHo] Fhsda
bypass®] 71%5-¢ sk Zalr] wEel wES BT wWE ofElwst AAAE A%
7] Sistel ARA B IYEY, wBE opvlive] 4 B YA ko] A A
T8 Ek] AR Az,

. Multi-layered dip coating ¥ ©]-&3 W59 B35 B]ZF ofn|ih HI7HA

O #El 7183} 9 multi-layered dip coating T4

e Hb9] BT oju|ial AA ] A= wASs AHFAIEr] (PT6015B, PM TECH, Korea)
o] AFE olgste] HlEF opm it AAE Afste] X35+

o Ao A ALEH olw|:4FS [ Glutamine, L-Asparagine% ALESt] A S e AZF
A Z Ca-Lignosulfonate, 2 o FHlo] H7HE 3

e A&7 E AHESte ABlE W A AlREed A9 A (Viscosity) 7} A3l oF

.]
h= O
SHAIRE 2 NS5 A HAAET iAW mlekstE® AR (Glutinous rice starch)E

=
oj-&ste] M= EAFAE.
e ofmlizgt Bl AAAE 58X £ F AT AE AYIE o8t Al FEHE vt

ol
D
(@)
[
>
r
o
of
k)
ol
ol
£
N

60C Oﬂf‘i 641t ol A=
Aol A =S 3

N,

o2 A4k palmitic acid (C16:0)3 stearic acid (C18:0
2 Aglo] =xstH IS A0 E THdalFe SR
ol gstler 77l & &3S 7Hx palmitic acid, stearic acid 30 g= 150 mL H| 7
Y3 §L4F(WD-23, Hanyang Scientific Equipment Co., Ltd, Korea)E ©]-83}¢]
2 fFAs Tl &8l & ¥ ofn|igt HES stearic acidell 3% &<
AR T T T2y AHlo] 524 G E 38 =0l FI5HS
e0]% g2z 255 63TE UH stearic ac1d7} FEE nFE oAk HEl S
palmitic acidell A &, 3& & Hol&y A3t & IV Fo] =xd HES 2447
o] &l HAx3A+.

— —

)
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.

Fig. 16. Manufacturing process of rumen-protected nonessential amino acid

Two step dipping process

- Nonessential amino acids

coated pellet
Nonessential amino acids
pellet

Stearic acid(C:18) Palmitic acid(C:16)

Fig. 17. The two-steps dipping process of rumen-protected nonessential amino acid

rr

= 49
oWk HE mjds ofmingt Al 94 o] F Y AR &EHZEE tadt Zol
Bisie sy
epHE W99t 5U% &S FA8H7] 918t NapHPO, 3! NaH,PO,E ©]-&3t] pH
695 A8l phosphate buffer (PB)E A|Z3% o™ pHE pH meter (METTER
TOLEDO, SevenCompact™ 5210, USA)E ©|&3te] A3 5.
® PBx serum bottle®] 50 mL¥ &3 §, A X3 H|H5 ofn|A4k ARE 1 g¥ H7tet
o] shaking incubator (HYSC, SI-300R, Korea)ol|A4] 39T ¢ 255 FAg £ 0, 3, 2473t
¢ EEEE BEsoH 4 AUE 255 BEY & S BT opv|igt
Agle] Fdo] #EHA Fow IA'To| IAd o]‘EH #Aste] PBUE &Z% ofv
AR AARS IS S
e A4 TS BEAs] Hal 3, 2441 AlEHolA 1 mLe PBE 1 mL syringe %
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045 pum (Rephile, RjN1345NH, China) syringe filterg ©]83t FY % 1.5 mL
eppendorf tubel] 53} 5

1 mL®e PBE digestion tubedl] &2 ¥ sulfuric acid 12 mL¥} K]elt ab
FOSS, United Kingdom) 2¥< AH&ste] E3lE £xlet &8 & AIRE T893 49
23l A EE Kjeldahl 8400 analyzer unit (FOSS, Denmark)S.2 24 ks

o

=3

Elution rate(%)=

At A9 F A FF (%)

Bt: ¢k5H o] 718 A4 3 (%)
)}

Bw: Aol AH&E g5 A

(At — Bt)x (Bw+ M)
Px Wt

x 100

M: AAol A2 ABle] A (g)
&

P 3559 d4a 3

Wt A4 # 3

r°“
ol }‘
Q

IS o] &3 B9 S H|Fg ofm|it HI7HA A

O A= 7}&3} 9 multi-layered dip coating Tl

o & AoAM= Friet

HHE" wds ofu|x4l 6F  (L-Alanine, L-Asparagine,

L-Glutamic acid, L-Glutamine, L-Glycine, L-Prolines 217} #& 3} 3 & Aiks o] &

st ] ThEel ol +

e Ao Zb7] & H|F4 ofu|isl, Ca-Lignosulfonate, #23f o F1-& 583t
3 /53171 (Roll Mill, SUNGCHANG MACHINERY, Korea)E ©]83ld £ 2 &
stRon, 49 AsEE AFAY] (K I, K9, Korea) ZHiol ¥ ¥ 3 09A7]

N

o o

il

Sl tSEste] ABE} silen JdA=717F 3 mm °lstE ThEEA =
o 7hEE A2 v 9ol ST Jhy SA 48T A Ha 4Nzt o) Ax

el 71E2 vhi S,

pud A

o] =&l

=

=
Az

& ©e]7] (KS] COATING MACHINE-5, KSJ, Korea)®llAl palmitic acid (C16:0)S
?l 63T o]y =%
S ofmliest AL
s

S9 HALE 20 rpmE FAG] HAFYom He Akl
ol 38 ol Fo71B HANA APao] SEHES ¥ F

e}

S
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= 49
enl2o] BE B ofn|Al Hy 94 o]F St A8 L2HAEE e o] 2

e pH= W98} A3 35 A7) 913t pH 6.95 NaHPO, ¥ NaH,PO,E ©]-&
st pH 6.9 phosphate buffer& #1126t pHE pH meter (METTLER TOLEDO,
SevenCompactTM S210, USA)E 5319 ZA 392

® PB serum bottleo] 50 mL¥] 53 § ¥HEoix] v ofn|n
gt ¥ shaking incubator (HYSC, SI-300R, Korea)°l4 39T¢] &%
ANZEe] EEEE FEEIoH 4 AIHE fEEE AET &
Aglo] o] A Fow IERFo] dAHH FEH= ATt
A A4S g

o A& TS BHs] Hdl 8, 24 ARt Aol 1 mLe] PBE 1 mL syringe %
045 pm (Rephile, RjN1345NH, China) syringe filterg ©]&3td &4 2 1.5 mL
eppendorf tubeol| T3 =

1 mL® PBE digestion tubeol| ©-2 ¥ sulfuric acid 12 mL¥ Kjeltab (Kjeltabs S-3.5,
FOSS, United Kingdom) 2%-& Al83te] RalE Fxlstn &3l & ARE 83 45
3l E ASE Kjeldahl 8400 analyzer unit (FOSS, Denmark)® A4 &S A4 5.
S AL A A3 ()F FLsHA AR S

0, 8 24

_‘_|6‘_
g W B oAt

PBUH=Z &=% o}

ol g7 WEg) RE WBWSE ot A7}

i}

o

(th A¥ 3. Multi-layered spray coating 35
A A
O Multi-layered spray coating Tl
o A3 13} 2004 AZH Welstd ofn] =it 5% (Ala, Asn, Glu, Gln, Gly)S A=Y
28718 o fale] TR ZEale] WEe) $3 WA oj ke Azta
H oAt HES B3 10~50 rpm o2 A= JA=H2] FH 7|
3

=
At § Z=Ho] 57T oY S5 A<l A F2H ol f(palm stearin oil)E

;

o U
ol
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rsgo] Waloz BE
_]

A 3
e 14202 ool WA WP ofmial WIle By WAY|E o Fs 0T olFz
o

=

BAANA FAHo] kg o H2d A shls

o371 Azxd 12 Z™E opv|iat Als IFFEHY IR AFAst Hx=F0] 5
7C o<l 3 HxHotdFE Lxo] Ao ZASte 23 M P & A
2l B4R o] FAIA 40°C olst= WA A »etAl IZRE ofvimgl Als A|Zskid
=

Nonessential amino acids Coating rotary Nonessential amino acids

pellet drum coated pellet

Fig. 19. The multi-layered coating process for rumen-protected nonessential amino acids

g Az §FEH2Es oy o] 213

ol

=
B3 g4 ofu| Ak HE Az &

e pHE= W98t $A3 FF& FAIsk7] $18te] pH 6.95 Na2HPO4 %! NaH2PO4E ©]
&3t pH 6.9 phosphate bufferg A|43slH pHE pH meter (METTLER TOLEDO,
SevenCompactTM S210, USA)S E3dt] =43¢

* PBi= serum bottleol] 50 mL¥ 53 & 5ol v opn| At AYlS 1
gt & shaking incubator (HYSC, SI-300R, Korea)ollA 39TC¢ 25& A% £ 0, 8 24
ANZEe] EEEE BEs o 3o S

o ZF N &EEE HEI ¥ S WIES opuat Al o] HHEA go

A " Fo] AH FEHE Adste] PBUE &9 ofn|ate] HAAdS 5

A4 s EA48H7] 98l 8, 24 Axtthe] Aol 1 mLe| PBE 1 mL syringe %
045 um (Rephile, RjN1345NH, China) syringe filterE ©] &3l FY % 15 mL
eppendorf tube®l] 53} =

1 mL® PBE digestion tubedl] &2 ¥ sulfuric acid 12 mL¥} Kjeltab (Kjeltabs S-3.5,
FOSS, United Kingdom) 2¢& AR83te] HalE FHXIstH &3] $ AIEE SE3] 29
3l E A EE Kjeldahl 8400 analyzer unit (FOSS, Denmark) 2 H4 &g A4+

39 Aa A 4P ()7 FUS AHeHAL.

O BAEA
A

e B0 #AZ} AEELS WA FEF (general linear model)®] F4AHEA] (analysis of

variance)= %35t MRS FPF o, AFF3re] HuE Duncan UF Hlal #
PSS T3t 7olF zolE BA3AS. Ev FAAAL fFoFE B2 AN
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o1, SPSS (version 25, IBM, USA) Z213& o] &3l 3532

Fig. 20. The nonessential amino acids coated by palmitic and lauric acids
(Experiment 1)

Fig. 21. The amino acids coated by lauric acid after 24 hours incubation
on PB buffer (Experiment 1)

Fig. 22. Nonessential amino acids coated by palmitic acids (Experiment 2)
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Fig. 23. The nonessential amino acids coated by palmitic acid after 8h incubation on PB
buffer (Experiment 2)

O &&% %7}

e 3 19]A4 RPGIn, RPAsn A%t & &F A& P A7 2443 dFe] 739 FH
of o] WAt HIIAS] opm|it W ARA R ARES Ca-lignosulfonate®] §Z©]
#AZ= A (Fig. 21).

o A5

49 29] A% Asn, Gln, Pros ARERF A A2t2 Aufsiglon, Asn, Gln B2 4
A1 Fale AHEste] Bd A I"S HAsils. AdAF MY EE
A RE otulimal H7ANAM gFo] BAYsHA = (Fig. 23).
O Multi-layered spray coating® = A|&gk Qk5=9] BS H
2 Table 767 25
8AI1Zt < Ezgr% Asn, Gly, Ala, Glu, Gln 22 ®=ou} fFo|at= HAYSHA] L%
om, 24AZtE] K GIn9 7§ 8486%E 714 WL ofmizalo] &3Fo] eGSO
o Ala, Gly= Z#Z% 63%, 94.86%° HIT&S HAF. Glu, Asne ZHzZF 99.86%,
9.74%°] RS &S B Uﬂ AT BIghA O & BRI &S e, o= T
2 HT ofn|inite] AR AR Zlow AlmE.
® Zhong and Shah (2013)9— ANAEE 91351 L-glutamine?] =W I8 AHS 733t
o AHE-H plasticizerd] ¥%, 7ol el encapsulation efficiency 2 retentionol A
Zpol7b Atk Ae s+
USP (United states patent)oll 5&% ¥WHOZ = palmitic acid, oleic acid, stearic acid&
T3 o]&3dt] encapsulationst= ol YA THVinci et al, 1995; Lajoie and
Cummings, 1999; Morikawa et al., 2001), @ AAS o] 831e] hot-melt coating Bl=
W BERE A8 (Patil et al, 2012), @Y AEE AHE Al coating composition©] F A
AE 71F 10% ©)de] Egsojof 4 pHol A4 3 Eefl &M gl 7t

mE
N

ofu =4t HIMA o] HE &

{o

*10*“[‘
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e Coating®te] 549 735 #o 54, WH 7= 3 ZR=d 4

Al skl

B E

H(Domnick et al., 2005). Khan et al. (2013)°] 9J3tH %4 FHO Fx2&= IHTY &

ol Al &= A=, E]':"“ =49 4”401 1Y 24 o8 A FHH =¥
s

}U Al S gL =4
o A& %"3, FH FEYHS 2 E‘é";‘qol OO]OE At @2 Aoz ATHA
RF BE opriedt HTpAl A 244 T HEE0] 84~99%E HAOEE W opviih
7 lignosulfonates ZAZA|E A8-3te] BE G F multi-layered spray coating *3'H<=

o]-g&sto] W9 HE H|H< ofm|inal HIiA S| AFte] Thed Aoz ddE.

Table 76. The protection rate (%) of rumen-protected amino acids during in vitro (Experiment 3)

) Treatments
Time SEM? P-value
Gln' Glu Ala Gly Asn
8 hr 98.03 98.81 99.00 99.08 99.34 0.683 0.405
24 hr 84.862 99.86¢ 94.63° 94.86° 99.74¢ 1.402 0.000

1GIn: glutamine, Glu: glutamate, Ala: alanine, Gly: glycine, Asn: asparagine
’SEM: Standard error of the mean
abe means with different superscripts within the row differ significantly (P<0.05).

29 W vWS opulest AAAY in sty BEE D ofrest FF Wl 53

11591 W microbial proteases % deaminases= WF5%] WollA] 7}5o] A dhuld gl

o AbS wWhE A FEafjA7IH, ol2g ©ild gl ojmike] RS AT Rl
= EAd, gst3 A, Ags), ool 72 FARA o] &3 REF9] ofm| Atk AL
AEE Ao xzss U ol A (Chalupa, 1975)

e W Fe] obvigte] wEUt Wow wmE FlE 3 Z8o] JHeskAR AR
wo & fre oAte] FEIF FobAW #E ofn|iAte] FEEG Wil Fafrt
o W] dojub= AE 9H|E (Leibholz, 1965).

g =)o A= HjEHT weha Gge
WEs) fsvlee] oldd Fades s AR e A7) e
(Zhou et al., 2016; Batistel et al., 2017a; Wang et al.,, 2020), Dijkstra et al. (2005)°l <]
stH W9 W FEEe A8 dA Z7)e HlF ol Y5t wEe EEH &
FFE T B3 S
e B AHe T wRe BE wE ot Hrbde] WEe W nEg ¥
29 BE o|F ot HE FFL 245 U3k in si PO A,
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S
r2
4
of
2

O AdsE % A43AE

o3 A3 FAGE Mt AT HAZAA cannula’t ZEE e dA 2FE AR
st X332

e Ak= O] Fol= 07:004 2 173040 F 23] o]FolHon =2 S8AEE Fot A
A +&3lE s 5=

e HPANTE HI FFAE 25 kg, FAlS(alfalfa 50%, oat 25%, rice straw 25%)9] 2~ 4
kg= B AE.

Table 76. Chemical composition experimental diets (% of DM)

Items Roughage mixture? Concentrate
DMV 83.54 87.28
OM 91.69 91.62
CP 10.25 17.23
EE 1.18 4.27
NDF 53.76 21.92
ADF 36.69 8.48
Amino acid composition of experimental diets (% of DM)

Alanine 0.53 0.91
Arginine 0.41 0.92
Aspartic acid 1.07 1.08
Cysteine 0.12 0.32
Glutamic acid 0.93 2.69
Glycine 0.43 0.69
Histidine 0.19 0.42
Isoleucine 0.37 0.49
Leucine 0.66 1.23
Lysine 0.53 0.58
Methionine 0.13 0.26
Phenylalanine 0.42 0.6
Proline 0.55 1.11
Serine 0.42 0.67
Threonine 0.41 0.55
Tyrosine 0.23 0.37
Valine 0.49 0.75

Y"DM = dry matter, OM = organic matter, CP = crude protein, EE = ether extract, NDF =
neutral detergent fiber, ADF = acid detergent fiber
2 Contained alfalfa 50%; oat hay 25%; rice straw 25%

e J3 ARE ASZEFEANES F83te] B4 o™ dRbFEQl dry matter (DM),
organic matter (OM), crude protein (CP), ether extract (EE) ¥ neutral detergent fiber
(NDF), acid detergent fiber (ADF)E #4335 oM x4t ninhydrin®-& AR5}
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pysgon st g B0 ANSAL.

A
Amino acid(%)= Cx %x Dx %X 100

C EFo 4] F5(um/mL)
SA: A 5N ofr| =4k peak A
ST: FF=He| ofm| =4t peak WA
D: 3] (mL)

M: ofm| = 4be] AL

W: Al2e] T3 (ug)

Al -64-"11

e 2]+ RPAA (rumen-protected amino acids including glutamate and alanine),
RPGlu (rumen-protected glutamate)) RPAla (rumen-protected alanine), RPAsn
(rumen-protected asparagine) >E T4 A+

o A To] REES | BEARS A7 0, 6, 244t 8 HAHIIPom A7 bR o R 4

O

21@&@%@@
L
fof

U

A2 De Boer et al. (1987)¢] W& 7|[EC=® 335

ume] F= =7]<1 R510 nylon bag (Ankom Technology Corp., NY, USA)oll <At
£ 719 ¥ 105°C 9] drying oven®ll il 24A17HEQt A3 5.

7} 5% nylon bage desiccator® ©]&3F & 303 WAt FAE SAHE 7]
ey
‘?_—7]‘—-1—] B3S v|Fa opn|A4k HIMAIE 22 15 g¥ R510 nylon bagdll ®ol heat
sealing (SK-210, Zhejiang Hongzhan Packing Machinery, China) *2]3te] F&al 532
™ Z}Z} polyester mesh bagell AZItHE = FHiEete] Yol F3 %

o Ao AEHE 2F9 cannulaZt FERE I Ghe 070049 AR 5o AF SA
cannulag &3t HHE9]9] Hd (ventral sac) F-iol EEYAEE Pt o, HbE
1=
=

9 WelM 2o, 6, 24A]7}E0L HErt Bd WEY BE u]%:; = AR
polyester mesh bags 7 % distilled waterg ©]&3ste] B2 Fo] L& w7l

Al 2
s+
e Al ZH nylon bag> FAAZX7E AbEste] Axson FHAAZE T W59 9352

e e Ao AN e

Awx M— Fw— B
Aw XM

Bypass ratio(%)= 100 — [( X 100]

Aw: TF d d9 B3 H[ES of]k 4‘1‘9] 1%t (8)
M: 28 d RS9 B3 ]é—’? ofm|i=ite] A= (%)



Fw: &8 & 5244x & w39 &2 A ofu|ste] AFF (g)
B: Blank®] B+ W33t (g)

Fig. 24. Sample withdrawal after in sifu rumen incubation

g & Ao opn| gl £

o E T FH7MAY opmiAt E4 S flef ol2wgAZrtETI Y (Ninhydrin®)& Al

&3t E438H =

*50 mLFHol 100 mge] AEE #H3ta 6N-HCl 16.67 mLE 7}t & N, gasE F313}
p/lE 23 110°C ol A 2443 7R 5 S

o T &Y &7 rotary evaporatorol] A F 50T olstolA] A4ks T A

£

N
B

e ZZ}2F0) Sodium citrate dihydrate 19.7 g& S/l 400 mL &3t HCl 16.5 mL

7} caprylic acid 0.1 mL, B-Thiodiglycol 20 mL, Brij35 (30% w/v) 2.0 mL& 7}3 & 5

FIE F718te] 1 LE 2F A5348 459 (pH 2.2)< 718t oprieths &3] 2

o 73t 50 mLE 83 o™, qualitative filter paperg AH8-3te] 0.2 pmE o 743}
50 mL= A& L83+

o 3Hf obr| 4kl cystein, methionines &4t #13] AlS 100 mgell performic acid
10 mL3E7F £ 0T ice batholl A 16A1%F WX]35 -

e 3T A EE evaporating flaskell Hol SFTE 233 MAT & FEAL A flaskel
6N HCl& 165 mL= B0 &3IA & A< test tubeo] &3 F N5 E g9
(pH 22)& 7}t opmeihs &8 2 oFste] 50 mLE BE3HA 2 H, qualitative
filter paperg AF&3td 0.2 ym= o3t 50 mLE A& HAASA =

e o} =4k #2412 L-8800 amino acid analyzer (Hitachi, Tokyo, Japna)= AH&-3te] #413}
Aem™ Columne 46 mm x 60 mm Hitachi Ion Exchange Column, 2%+ main
column 57C, reaction unit 130C, Flow ratex buffer®] 7-¢- 0.4 mL/min, ninhydrine
0.35 mL/min®] 1=

o ofu| = qbo] BRK(%) = Thet ol AlRtetw
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SA

M

Amino acid(%)= Cx —=x Dx ——x 100

C EFo] 4k F 5 (um/mL)
SA: A&l olm] =it peak WZ

ST: EFN9] ojn|=4k peak HF

ST

w

O SAEA

e G3to] #UZ A5EL AW FEY (general linear model)o] FAHEA]
variance) 2 38t 7HaAAS st on, dF7Xte] BIAE Duncan®| W3 Hlal

53ate] {2l olg BEASGS BE FAAALS FAFE B%E 53}

e ol gt T+

p

(analysis of

B e

Ao, SPSS (version 25, IBM, USA) Z=71

@) 2+ 3 uF

O uF29 RE H|FZ olm| Ak B2 B3 8L Table 773 22

e QAIZITN Y] K& ofm|ite] WEE] B S 82 RPAA AE]77F 98.96% 2 7H¢ A et
omn Ala, Glu, Asn AT +£02 HIEo] EA YUEIS(P<0.05). 6/t -2
RPAA A 2]TollA 73.89%, Ala A2l TE 93.16%% Z4ad v+ Ao Z Glu, Asn A
BTE 247 9815% % 9839%% HE&S FASYS(P<0.05). 2447kl ¢ RPAA
el 7= 71.00%, Ala, Glu, Asn A 2]FolA Z}Z} 88.66%, 94.80%, 95.01% =2 E5F
o] Z+A3}S(P<0.05).

® Rossi et al. (2003) ethyl-cellulose, pH sensitive polymer, Ci¢ 2 Cis calcium soaps,

E

?ﬂ

BHE&

hydrogenated fatty acid, triglyceridesE coating matrix® AH&3te] W39 &S 4
dgk A7, 7t obu=4t (Met, Lys)PIt} coating matrixPheh 32 2] ofn]i=4t B & g A
zkol7b E2A%e &<l s. Kang et al. (19952 DDGS (dried distillers grain with
solubles)®] 78-¢- 24Xt wb9] A= A4dEo] 7419%, SBM( soybean meal)®| 749

=

94.87% % JeERG Aol nla] B AdAE DDGSE AZA 2 AFE3F RPAA A 8] 7ol A
UANZF AL M A UERGS.

FRYHS AHESERAT &

wate] Afolz molw A%

o 2 23o]A RPAA ¥ RPAla, RPGlu, RPAsnellA FU3t
&M el7h Bl AL &g H7HAS F8 A2 ofvli:
[e)

A ZA IFE PAA B2 Aoz ARIEHUS.
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Table 77. The protection rate (%) of rumen protected amino acids during in sifu rumen

fermentation
Rumen protected amino acids
Time SEM? P-value
RPAla! RPGlu RPAsn RPAA
0 hr 99.86° 99.85°¢ 99.38° 98.962 0.058 0.001
6 hr 93.16° 98.15°¢ 98.39°¢ 73.892 0.957 0.000
24 hr 88.66° 94.80P 95.01° 71.002 1.946 0.003

'RPAla: rumen protected alanine, RPGlu: rumen protected glutamate, RPAsn: rumen
protected asparagine, RPAA: rumen protected mixture between glutamate and alanine

2 SEM: Standard error of the means.

ab¢ means with different superscripts within the row differ significantly (P<0.05).

105

95

¢ ¢ b a c c
b b b
b
85
75 a 5
65
Oh 6h 24 h

m Alar Glum Asnm Mix AA

Fig. 25. The protection rate of rumen-protected amino acids during in situ rumen
fermentation. Ala: alanine, Glu: glutamtate, Asn: asparagine, Mix AA: the mixture

between glutamate and alanine.
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RPAA
30
25
20
15
10
5
0
Glu Ala
m0h m24h
RPGlu RPAla RPAsn
45 50 45
40 4s 40
40
35 13 35
30 30 30
Glu Ala Asn
w0h m24h m0h m24h m0h w24h

Fig. 26. The amino acid contents (%) of rumen-protected amino acids before and after 24 hr

in situ rumen incubation. RPAA: rumen-protected glutamate and alanine mixed,
RPGlu: rumen-protected glutamate, RPAla: rumen-protected alanine and RPAsn:
rumen-protected asparagine.

W9 BS H]E o] ke] OAIZFT ] ofm] At $heFS Table 783 3

W9 B35 H|FS4 opn| st H7MA|S] 0AIZE in situ HE o] F ofjuw|iAke] ghaFol 2o
o] AS Zne} #Aeo] 9= A 0}‘3] 2ol 739~ Glu, Ala, Asn B5 AZ3A oA
4 F FEOR Foxrt UERES (P<0.05). Glye] 9 RPAA Az FolA 017%=
7F4 E=9kom RPAsn, RPGluy, RPAla =22 747} 0.15, 0.12, 0.09% 2 2123l x}o|7}
eSS (P<0.05). EFAl ofr]i=4te] obd Val, Leu, Lys, HisolA= f92<l o]lg B
Rom 53| Lys9 ¢ RPAA AHETFoA = 148% = ThE RPAla, RPAsn, RPGlu *| 2]
Toll Hsle YesA =A JUEbow, Val, Leu, His =5 RPAA A 7oA A4
EFst-&-(P<0.05).
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Table 78. The amino acid contents (%) of rumen-protected amino acids after 0 hours in situ

incubation
RPAA! RPAla RPAsn RPGlu SEM? P-value
Alanine 9.73° 47.83° 0.21% 0.56% 0.198 0.000
Arginine 0.18 0.19 0.22 0.18 0.008 0.075
Asparagine 0.27° 0.36° 43.86" 0.38° 0.524 0.000
Glutamic acid 26.89" 1.53% 0.91° 43.86° 0.564 0.000
Glycine 0.17¢ 0.09 0.15¢ 0.12° 0.006 0.002
Histidine 0.12¢ 0.08? 0.10° 0.08? 0.003 0.001
Isoleucine 0.14 0.15 0.15 0.13 0.01 0.495
Leucine 0.46° 0.23% 0.25% 0.22% 0.033 0.020
Lysine 1.48° 0.20? 0.212 0.20° 0.024 0.000
Phenylalanine 0.26 0.29 0.25 0.23 0.017 0.277
Proline ND 0.08 ND 0.08 0.02 0.293
Serine 0.24 0.25 0.29 0.19 0.016 0.051
Threonine 0.18 0.17 0.19 0.14 0.009 0.076
Tyrosine 0.13 0.11 0.15 0.14 0.026 0.754
Valine 0.20° 0.14* 0.16* 0.14% 0.008 0.012

'RPAA: rumen-protected glutamate and alanine mixed, RPAla: rumen-protected alanine,
RPAsn: rumen-protected asparagine, RPGlu: rumen-protected glutamate
’SEM: standard error of the mean

a,b,c

means with different superscripts within the row differ significantly (P<0.05).

2l HZ Wgg opn|inqhe] 24417k o] obm| gl ko] WSk Table 799 Z .

o ZTuje} FHo] Qe obmiate] 79 RPAA AHEFolME Alax 515%, Glu 17.43% 2
ZaEtd o RPAlaX 8Tl s Alas 4549%2 74319, RPAsn A2l79 3¢
Asn 3815%°] o]l YEb o RPGlu A2l A< 4245% Glu 3ol A= U=
B obHisl F Glye 2 B3E opu:Ab HEuith §oH¢) ApolE myoH
RPAA, RPAsn, RPGlu, RPAla =22 =4 UGS (P<0.05).

e 04t ell HIsto] Ser, ArgellA 2 A2l 7otth fo|xb7) e o™ Sero] 7% RPAla
A TellA 029%% 7FE A UGERR o™, RPAA A TolAs B ATl vt
Arg7} 013% 2 7H8 GA S8 A-(P<0.05). EFAl ofu]icAto] opd ofmiglk F 0AIZE
o 2 24A7HY B Aot ztolE HQl ofr|4hE Val, Leu, Lys7F 12H Lys
o] A oAl B3] BE obwiAt HE| T FHFo]l Ao 2440t = RPAA
Aol 083%= 7HE =A YERRS (P<0.05). ZF-9-9 RPMet2] Met?] in situ &
AE&S A%t A 6AITFAIA 8.1%, 24AITFAAIA 37.5% 2] 24E&S 2 (Overton et al.,
1996), Th¥3F coating matrixS AHES AP NAE Met®] 7-¢ 24413t nitrogen rumen
degradation> 21%~97.9%5 R O™ Lys® - 69.5%~99.9%°] rumen degradation
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ratio® E 3+ (Rossi et al., 2003).

Table 79. The amino acid contents (%) of rumen-protected amino acids after 24 hours in situ

incubation
RPAA! RPAla RPAsn RPGlu SEM? P-value

Alanine 5.15° 45.49°¢ 0.18* 0.51* 0.532 0.000
Arginine 0.13? 0.19° 0.19° 0.18° 0.005 0.004
Asparagine 0.24° 0.37% 38.15° 0.322 1.066 0.000
Glutamic acid 17.43° 1.42% 0.78% 42.45° 0.382 0.000
Glycine 0.144 0.10% 0.13° 0.12° 0.002 0.000
Histidine 0.1 0.08 0.09 0.06 0.005 0.134
Isoleucine 0.13 0.14 0.14 0.136 0.005 0.137
Leucine 0.44° 0.24* 0.24* 0.23* 0.011 0.000
Lysine 0.83P 0.19% 0.18% 0.19 0.007 0.000
Phenylalanine 0.28 0.25 0.24 0.25 0.014 0.425
Proline ND ND ND 0.02 - -

Serine 0.23%® 0.26° 0.29° 0.20* 0.011 0.019
Threonine 0.18 0.17 0.2 0.15 0.01 0.092
Tyrosine 0.17 0.15 0.16 0.16 0.01 0.672
Valine 0.18" 0.13% 0.15% 0.13% 0.004 0.004

'RPAA: rumen-protected glutamate and alanine mixed, RPAla: rumen-protected alanine,
RPAsn: rumen-protected asparagine, RPGlu: rumen-protected glutamate

’SEM: standard error of the mean

ab¢ means with different superscripts within the row differ significantly (P<0.05).

4) A&

O WkEE=o] F7HAR] oprlinghes FFelr] fall 1< AHEEAY TR e A
HA 2 52l A GAl BallEA a1 &R AEEE Fodo @ B oopn| 4t
< AU TN 2B FFHE oty FE STV WHI A
W] wae] HAHSE Sl W] velA FAEE rAEA @S SRR F
gl o] & 7HEet vAE obHiAt & FTUHAZIE A (Clark and Davis, 1983).

O & AddddAe &Fom FFA7E ot s ST fste] HA7HAIE A=

stlen, HES  omikitE o]&ste  HIVMAIE  AFtedle Ae 2RAER
lignosulfonate, & WH S 2= multi-layered spray coatinge AHE3IH = 749 24417t
9] RPAla, RPGlu, RPAsn o}F|:=4F A E]79] B &2 717}t 88.66, 94.80, 95.01% = LIE}
$om, DDGSE AZAZ AE-3te] multi-layered spray coating©. = #| &3k RPAA *
2ol A% 71.00%] HE&o] FAH U

O o3 43 A3z W59 HE njds ofn|inike] A9 DDGS H lignosulfonateE 2
A& 3t multi-layered spray coating 'S AH&ste] AZbgE H|D S ofm|4be]
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WS RS WS ofmal A7kAY Fol A B9 WAL in vivo B4 obFldtel] T

©)

O

O

@)

—_
o &

A= &
Ak
Johns and Bergen (1976)° oJetd WEFEoA EH F& EAHY Fy oAt F
AW e] ofr =4k & (Amino acid pool)®| Hl& T LFE HENITIL &A=
AA| opr|=Ate] S Fo FFS WA= e 89, & o A, el 2 239 &
T, = 29 otH|igt o]stAE T2 plasma W obv| AR Fof o8| wiH
(Bergen, 1979).
opr=ite] AW tiAle FEH Al AU FFE mAIeEl 53] glutamine,
glutamate, aspartate®] ©]3} 2F8-2 Ao w2 ATPE Al&stH Zu 83 7%l
BEFs w3 (Watford, 2008).
Koeln and Webb (1982)= &okAl2] AWolA &gst= ofnmike] 2/3 o]/4o] portal
plasmacl] A3tE Fefo|=oln, 53] o]F ofr|iit 7|7k 571 o)kl FEtol=ef A
o] & A& YERE (Schlagheck and Webb, 1984).
AA7HA HEFFEA HZBS ofpiette Wk Roxjgste] g A3t ol wh
& e €9y O}UL‘T—/\}«] TFS BT AP RE53 AAY
weha B APA FFE WF9 Bs vdg opn4ks 39 WA 9o Fo33
= W Fol M o] %9 @7& ot ate] FEo] W3E el AP T A=
A= 5o
dds= 5 APA=E
APE He el/lEH o HAF 3575 ol &35t s on AR FFv s F
SZ7 oA AN
woIg Al e B WA FFAIE 3 kg, WA AFLEA 87 kge Folsklen 07:30
= 5 16:30% 23] 2A Fo5tA5
H7HA= w9l 2 vig opplidl H7HAIR]l RPAAS Als & H o] dE71Ee
o

2 6%%E top dressing 34
Aoz FA93AE.

A AEE ARZFENTHES F85 E4s o IR el DM, OM, CP, EE
2 NDF, ADF& £43
7

=
2o FroZ AtE S

H 3UA7A] "7 g 5L 50, 75, 100% =22 AR

. . SA M
0, f— - -
Amino acid(%)= Cx ST X DX WX 100
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C: EFohv| x4k F=(um/mL)
SA: A J&H2] olm]i it peak HH
: EEH ] ofr 4t peak WA
514 L)

oju| = 4ke] Bz}

P NE2 TEH(ug)

=93

Table 80. Chemical composition of experimental diets (% of DM)

Items Rice straw Concentrate
Nutritional characteristics "

DM 54.31 89.13
OM 88.96 93.08
CP 5.34 14.95
EE 1.62 3.83
NDF 59.83 21.34
ADF 36.43 7.61

Amino acid composition of experimental diets (% of DM)

Alanine 3.29 7.21
Arginine 1.58 8.76
Aspartic acid 3.05 7.35
Glutamic acid 3.66 21.88
Glycine 1.24 3.55
Histidine 0.07 1.36
Isoleucine 1.41 3.54
Leucine 1.91 8.2
Lysine 0.03 1.23
Methionine 0.1 0.13
Phenylalanine 0.82 2.76
Proline 1.8 9
Serine 1.77 5.16
Threonine 0.96 3.23
Tyrosine 1.67 4.16
Valine 1.97 5.29

Y"DM = dry matter, OM = organic matter, CP = crude protein, EE = ether extract, NDF =
neutral detergent fiber, ADF = acid detergent fiber

O Ay
e HPLE F 8Y B AP o AR 194 Alm wol (74 308) 3AZE & F9 w2
$-o] A A 10 mLe] NS AHFH3A 2
e YFT dHe BD WFAE#H 10 mL (Sodium Heparin, BD Vacutainer®, USA)oll 3%
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o™ 4T oJ3tE FAIEFA o]F F ZA] 5000 rpm, 4TolA 2083F AR5 RS
3k & Ao A B4 H7A - 20Tl Hasii+.

o A3 8YA 24 AFE F 3ARE Foll TS WHOZ AL AFH 3t 2o}t LA
g FYstAS

O €& ofrisl 24

e d% ] T sulphosalicylic acid 50 mg< 22 eppendorf tubeoll 1 mLe] ¥4 H7}
atol 14175 4Tl AASHAS.

e JxE AL 5000 rpm, 4TE 5% B¢ AR A5Ae FHAsAeH 03 M
lithium hydroxide (Sigma Aldrich, USA)E ©]-&3t] p 2 :

o 3 A2 PICO-tags ©]-83std PITC labeling= &A% £ 400 uLe bufferol] =<1
% 10 uLE F3te] HPLCE B3+

e HPLC= Waters 510 HPLC pump, Waters 717 Automatic sampler, Waters Pico-tag
column (3.93 mm, 4ym), 245 nm Waters 2487 UV detectorg A3t o dolg &4

< empower 2 softwareZ £2]35}9 2.

O SAEH
e a0 AT AREL paired ttestS T3 THEHAF S TSN, E FAHALL
2 He o83t 3

I B%ZE TP} 0, SPSS (Versmn 25, IBM, USA) Z=71
o

EL

O 9 WHA A w9 93] v ot 4t HIMAE §9% $ plasma amino acids
°] W3sl= Table 813 2.

e Ala®] 4% F4 Z 12546 pmol/LAlA 136.83 pmol/LZ F718tM o™, Glue] 7%
47.18 pmol/LellAl 49.01 pmol/LE —7}0}05101/} B oAl Aole HAHA F%

+. Asp, Gly, His, Phe, Tyr ¥ Val®] A9 FXGOE FEA2H FYHA Aol=
LAYEA] 3

ethiid gHg 9l Fall, =4 F R FEF 22 AW F opv|at EFd IFE A
© EE a9 T2 €4 Ul opviite] wxo st vtgEHM AlRFo® U7 of
miedke] A9 HlE opplingthn e ofmindbe] B A dARA AT = =
o W opweabe gE, 2k g Z& tiatel A B 5 7] W'Y (Bergen, 1979).
=3, WEEE Folg Age duyA T wel B8 5 9l portal blood flow
9] Eﬂi@r*‘i opr| = Atke] F F& X (Seal and Reynolds,

o FE /\}4‘101] Haste] FEFS
o]3tH Foll A A3 g blood plasma free amino acids®] 739
Ats :LOJ] A waskgle o 1A el @R fFEotuiste] FE= 3~108) Alol=
S7FtRA o 2413 = 3AIRE ool AR I §EE HEoRts AT w9
NA EHE= ofpn| kS | Ao, ¥HEEE9] plasma
free amino acid®] 747 ©flEENA THAE Hol= Zlo] dykd
A AFom AIs . A= (piglet)e ©]-&3H /éﬁd E
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ok 8o H|E g ofmlidto] Aol A AR SHAl EelHm, EaE obn|imqte] 20%7F
2 Heh o kel AREEIQlS (Stoll and Burrin, 2006). 2HH-$5 U4 SZ ofn
=4Fe] small intestinal disappearance®t net portal appearanceE HIn T Aol A
portal-drained viscera (PDV)°llAl 33%7F &~4¥ A= Uelyks. webs g3 dad<
o] ofu]iito]l plasma® F57] A PDVIA AREHAS 7HeAdE A% 184
Fleming et al. (2019)¢] A7l &3t G ofm|4be] &5& PDV ¥ LIVER EZA}
£ i 2Eo Ay o F% BEE B 794 2 RMSE (root mean square errors),
CCC (concordance correlation coefficients)E 7|Wro.= A3 A3 F59 I ofv|o
2kel 90% o]/l portal vein® 2 HEHTI SAF. o3 A= FFHY] A AT
Fo] ofn| Ak PDVOlA AREE o om Fd ofrhike: iR ddo= HAgd
Aoz AF2 7hssty W] €4 W BlEs ofrle
RigPEojol & ZAox FAH. Seal and Parker (1991)¢] Hire] 9|t
portal®] free amino acids (FAA)Y peptide bound amino acid (PBAA)E &A%+
PBAA/FAA+ 1912 YENGE O carotid®] PBAA/FAAE 2512 UEMSS

e o] A= A5 Aol U] plasma 4] Al FAAREYT obd PBAAE —7F7V—| z2 5
A& st AAZQ] o WHEE dEde] a5,

i)
ok
e
;o
o o [o
B Ao oo

Table 81. Free amino contents (umol/L) of plasma from Hanwoo cows before and after
RPNEAA feeding

Amino acids [reatment S.EM. P-value
Before RPNEAA  After RPNEAA

Alanine 125.46 136.83 9.790 0.365
Arginine 69.54 79.81 0.838 0.007
Aspartic acid 2.21 1.97 0.369 0.579
Glutamic acid 47.18 49.01 5.053 0.752
Glycine 186.4 176.23 8.685 0.362
Histidine 52.66 45.79 2.166 0.087
[soleucine 74.55 69.11 1.385 0.059
Leucine 68.69 65.17 0.790 0.047
Lysine 67.88 63.74 0.663 0.025
Methionine 15.84 15.84 1.208 0.996
Phenylalanine 30.59 29.48 1.689 0.371
Proline 39.39 42.15 2.408 0.370
Serine 312.28 343.49 32.211 0.435
Threonine 57.31 51.68 1.710 0.081
Tyrosine 50.05 46.6 3.697 0.449
Valine 134.65 122.71 5.413 0.158
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549 olsteta, WA 54 L ot 2 vAE 9

O

S27] HlS-9-(Holstein steer)oll BF59] E3S Bl ofn|iit HIHA| Fof Al =444,

[}

8] obn|4td HEto|== ZF S419 g4 F83% 9E-& 3 (Nishimura and Kato,

Wilson (1960)° =™ 11715 A Al @ do] Faf o] ofm|iba} Jetoj=x
‘ A sk 9. L-Thre AQ3 I opr| kb2 Ak

@oks A" (Mori et al, 1991). 433} ofm| =4kl L-Glu, L-Asp
AoES YER AT, sodium salte] AE W umamithy 8= A 9HS
(Ikeda, 1912; Zhang et al., 2008).

W frE ofrxdlh, Fetolmel e Bl I EEES A =S A5AE
o, 2E# 7 &3l (strecker degradation), P}°o]oF= R®Fg- (maillard reactions)
o] 117]1¢] Fulol| FaFe mF.

(taste bud)= °l#Ed FrE<S AU, Aluk
A

27t
o

ol

O

sd
S

filo

N
off
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il

flo ofg
_C{Ht
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o T
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e
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NEE AMEo] Al FHES SR8k aRE oIEh
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T

Nelson et al. (2002)°] ™= TIR1+TIR3 ©}w

A >

ol ol
o

eJ

=

o I
>

9} Zhao et al. (2003) X% 19} FYLT TIRI+TIR3 F&A| oA glutamateol| A 725t
< ARG 33+

Solms (1969)° ™Z=H alanine< AA ©@uts e FAT ALS o]H4EA
(L-enantiomorph) 7+&& ¥ o] 2™ glycine 3
o7 M Y2 duks d A=
B AFoMe AUt 9ot #hd vds op|At 2F (Glu, Ala)E o] &3t vt
9 371ES o83t HIS Z7] Holstein steerol] 7hgo] st A7 T
o] ol3stz 54, ¥e5A, oW 8 oAt R A ofm|igte] WA= B %

PFEHE

rlo
L
o
i)
r o
re
o
30
rlr
o
9
=y
b
S
>,
oy
=
&

A4 9 Ads=

AL AEE FFA Gedd aAg FAA st o Ade AMSE Bl
(Hostein steer)© & 2475 383+

EF 1255 7 2157123 0]l RPNEAA 57+ B 217145 <.
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o 2132 2020 10€ 12¥YH-E 20201 11¥€ 24U71A] & 497 A&P=.

O A3PArme Fo F AR AFH 2 4
e x=7= #d FFAE 11 kg, BT A2 Yae AFAH48H1IL, RPNEAA Fol 7
= WY FFAE 11 kg AT Hae AAA AR e RPNEAAE 5FAE S
6% (as-fed basis)E FFALE ] top dressing WH O Z H7Ial% 3.
e T E 2o FEAE B HUFAE 08:.00, 17:000] 1Y 23] #5 B FosgeH &
AFEA 88 F AEE A=
e v AIRE WY 2% AR w5 A (17:00) AR S A AR TS
3t =.

ko Ho @ Azl
i

2 Fs FAsk HA A= Adte s
e PR ARIYRE Tl opm it B a3t w3AR B 2ARRE A A AR A
2 14Y9vith AfFHS -20ToANA RS
e 23 AlmE A}ggzsg_xqaomg—% =83t BAstF o dRkgdES] DM, OM, CP, EE

v opuleste ninhydrmeg% Agstel BHFIEON Ot g FAoR AN,

R A

' (o sS4 M
Amino acid(%)= Cx o X DX X 100
C: EZoh|:e4te] 5 =(um/mL)
SA: A 24l ofn| st peak WA
ST: EFN9| ofn|i=ql peak A
D: 3] ®(mL)
M: oju|z4ko] Hx|&F
We AlEel S ug)

=
o AT ES EFdlv 23/Md®E HRE o|Fojfon H SAFdLYo] wWE 2T 857}
A A F 299 2ol E3HE A gui 379 Atol] thxT 4% % RPNEAAZZITFE, 4%
ztell& EE RPNEAA F7ME 3183+
o Z3tH FAFE HTBGA BT X =AM U4ATE AF F =55 AAEA
o, 0TColA 18A%F o) @t Ao F4Es5dA4L & EAleT AF7|Ed 9
Aste] A7 sERES AASAS

PINE FRG 8% Aol WAL SUR G
o

= 1.3 kg7t A FIsto] ofo] =¥
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O AT o33

AYrg ol AUk E(MDM, OM, CP, EE, NDF, ADF)3} oju|i:=2t 24, dxAdZF, 249
FTEF SHEA 99d, SAY ), SAEWALTE, $4, AR, 2347, A45),
A W otrxAF 24, BRIAAZAE B v B AT <18Ed 54 (Muscle pH,

Lightness (L*), Redness (&), Yellowness (&), drip loss, filter-paper fluid uptake (FFU),
cooking loss, WBS) % 11719 sA@A Y] wWE #57H(softness, initial tenderness,
chewiness, rate of breakdown, Amount of perceptible residue, overall tenderness,
juiciness, flavor intensity off-flavor intensity, umami, mouth coating, overall

acceptability) S #2133 =.

o

N

Wi
= =

N
o2
o M = rlr off
J
d

oK

Le)
e o

T4 oprigte FaVlrEd RS AFRSt] A Pkl

HCL 30 mL= AR&-ske] 130TellA 2473t &
45 um T84 syringe filterZ filterings} 3=
t Z o 343 F HPLCE 4389+
1 g& AFslY 75% FOHE FEEW=Z st 14
A

£
,

HPLC+ Ultimate3000 (Thermo dionex, USA), Ultimate 3000 RS pump, Ultimate 3000
RS autosampler, FL detector 1260FLD (Agilent, USA), 12} o}n|=4t 54| 9 22} of
Al fFEASke] AREE FL Detectort Emission 450, Excitation 340 nm (OPA),
Emission 305 nm, Excitation 266 nm (FMOC), Column< 4.6 mm x 150 mm, 5 pm
Inno C18 column (YoungJin biochrom, Korea), Injection volumee 1 ul, column
temperatue= 40T, sample temperature= 20CE FASIAS. ©l5Fo=2 A& (40
mM Sodium phosphate, pH 7)¢} De-ionized water 10%, Acetonitrile 45%, Methanol
45%E BEME AE3PS. §5S 15 mL/mineE IASA dRom o|FAed F=
THEAE BEMWE 3274 5% = FASHR o™ 2472744 55%, 25878 31&E7FA 80%
2 Z7INZR & UERE OA 5%2 HAAIFS. Amino acid standardE  Agilent
5061-3330 ¥ Agilent 5062-2478-= A}-8-3%1 2™ Reagent A, Reagent B % Reagent C&
Z¥Z} Borate buffer(Agilent 5061-3339), OPA reagent (Agilent 5061-3335), FMOC
solution (Agilent 5061-3337)= A}-8-3+5+-

3

Jm
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o AT F4 9 o]gstx EA2 Kauffman et al. (1986); Honikel (1998); Dahham et
al. (2015)2] WHol we} S35

9] pHt spear type pH meter (IQ-150 pH meter with PH77-SS probe, IQ

Scientific Instrument, USA)E AF8-3to] AFSE 24A1719] 259 A4S (pH24 h)E 7433

o

=

o A1 ALE 24X b ZA 38 2™ Minolta chromameter (CR400, Minolta Camera co.,
Japan)< AH8-3tR o™ WAl FFE plate (Y = 855, x = 03162, y = 0.3219) = HAGT &
A3 e. 5HE @& HE (lightness)E WEN = CIE L*3%k, A % (redness)E UE}
W= CIE a*3t ¥ = (yellowness) YEH &= CIE b*at o2 EA8H =

e Hyeo] ZAL Drip loss® Cooking loss® Z743+%+. Drip losse AR 244 &
< AT A= A4 F oREVE AR WAL 4843t A s, o] F A
As FAY s FAE vluste &48 5 3ASA 2™ cooking lossv= A
AR =71 oF 71C7F HE=E 80T water batholl Al 71E3lE & WZHA]7]a, o]F A
ANA FeElEHe FF e ALst 7t AFo] TF Aol WEESE ALSIAE

rlr

BB o>
ft o lo ru

e WBS (Warner-Bratzer shear force)s ZA3t7] 3l ARE 4TColA HId %

polyethylene bagell 2o 80T 2] water batholl @ ¥, A5 AFRXE7F 71T ©]&
W7hA AR o1F S7F ARE WY F ZAF T OE 45 RYeE 3
741.27 cm®] core sample® 7}&33=. 7F8¥ core sample Instron Universal Testing
Machine (Model 1011, Instron Corp., USA), WBS device (cross-head speed 200
mm/min; AMSA, 1995)& A-&-3t WBSE SA A5

Taste Sensing System= ©]-&3F T4l Bt H7}

e =% o]F JPAR A7|= 1 com®] AERAR ddste] 20TolA WEste] Eastils.

HYE ANEE 80 g2 FAIE 57483t HF | Ho} 120 g deionized waterE F7}s}
o] wrapping ¥ FBst 7HE5AS. 7HE & ALY 252 AHFE H filter paper
(No. 131 filter paper, Advantec, Japan)®= IS AE & 8t S ARdo =z ARSI
. 9t 34 AIS N2 Taste Sensing System (TS-5000Z, Insent Inc., Japan)< ©]-83}]
EA8tom AlA= SB2ACO, SB2ANO, SB2AAE, SB2CTO0, SB2CA0 % SB2AE1S o] &
&Fa]  bitter cationic substances, umami, saltiness, sourness, anionic substances,
astringent substances& #4153 4 FAol A MAH 2 30% ethanol (w/w)e] H7E
100 mM hydrochloric acidE AREste] SdstE @ AAE AHsIeH 100 mM
potassium chloride®} 30% ethanol (w/w)e]l H7F& 10 mM potassium hydroxide, 0.3
mM tartaric acid®} 30 mM potassium chlorideE ©|-&3t distilled waterE standard
solution® & FH3tE A AAE A A3

2159 w4

o 525 (Wet aging)S TS5 AFEASIA A2oA s4dste WHOE B APoA e
7 ANBE 130 g8 U] GOV-3040T (GAONPACK, Korea)E o] 83t 2xxA 3}
Rom 747y IAHAE ANEE 4T WA oA 149, 289 SAHAS.
#5357t

@)
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del Wrke =4 A aAES 1Ud 54 As 2 28U 54 ARE tdeR

Meilgaard, 1999).
o 459 7L 180T < ol&sto 459 AR2E7F 71T =2sis< o
omn H5B7F H7HA| 54T 2] water bathell H¥3g £ 1,200 4o =9
B7VE AAEAE
WeB7hel AHeE Mo RE 84 AEM R HriEflon Hrig e ofeet 2

Table 82. Definition and score distribution of sensory evaluation parameters

Anchor points

Attributes Definition 1 9
Softness Tenderness when chewed once Hard Soft
Initial tenderness Tenderness tgfsn chewed 3 Tough Tender
Chewiness Tenderness tgleesn chewed 3 Very chewy Very tender
Rate of breakdown Numberss“(/)afﬂg\fxl/%\f/gs before Very slow Very fast
percéﬁ%igtrggidue Amounts\ggllge“sggge after Abundant None
Overall tenderness Overall level of feeling soft egisel%rligly Like extremely
Juiciness Amou&rllftte%f SmE%eéuig§e$e?OUth Not juicy Extremely juicy
Flavor intensity Meat—spgcitfiirgeglaéfﬁé“}ienvgels after Very weak Very strong
Umami Ur%%rgiéezﬁé\é?égug?gggssthe Very weak Very strong
Off-flavor intensity Level b(i(f)o%l;f,_%\%\e/?;, (eet%) Souf, Very strong Very weak
Mouth coating Amount of r];aotl/l?[ﬂ felt in the None Very high
Overall acceptability Level Sc;fﬁgf\gz%aélnflavor egiselggly Like extremely

*adapted from Lee et al. (2018) and Huang et al. (2020)

*13] AAPS wW ALE; softness (1 = w5 A3, 9 = vf-5- A3, 33 A2AFES W] A
9

%, Initial tenderness (1 = W% &7, = ¢ A3, 93] AHAYES weo dx%;
chewiness (1 = ¢ &Z, 9 = "% A%, & G4 A7AY A2 35 rate of
breakdown (1 = ®l-%- B, 9 = vl A5), & 92 o|FY oHE ¥ Amount of
perceptible residue (1 = "-% B+, 9 = #W-¢ F5), DA A=Y AE; overall
tenderness (1 = "% &Z, 9 = wj-¢- A3, 53] AZ F A} §F2 < juiciness (1 =
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9 = uj-¢- FH3, 83 A ¥ A& Ef9 FH AXE; Flavor intensity (1
= mj$- k3 9 = w9 A3, o) 4FH e AE; off-flavor intensity (1 = wi$- g, 9 = nj
), ATk AL, umami (1 = vl ¢k, 9 = wl-% Z3h), dtelA =AAE= A
9] AL, mouth coating (1 = W% &5, 9 = vi-¢ @), AAH B7E overall

acceptability (1 = "¢~ U8, 9 = v}-%- £5)

G) A% 3
O ¥hE9] B3 ndg ofu|gt HIVHAE g &, =48] SA42 Table 830 LeERS] %

o & AAT] BF dHEzT<= 7.63 kg, RPAA 2] 7+& 854 kgl 2 YEFES (P<0.05).

e Matteri (2001); Williams et al. (2002)°ll ©|3}% neuropeptide Y (NPY)e} 1 &A1l
NPYRs®t d¥to] A=t ol 48 &3t 22 W EdAx oduA AL, =Hel &
A zdox d&Fo] Ytk BR1E-S. Karisa et al. (2014)= NPTR 7}&H 48 =
Ay} #AHo] A& NPYSRO] L-glutamic acid®} proinsulin 7 WA S} #&Ho] = HE

o WS, o] FHA tAAlE A8 AdsHE dAlE 2-ste A8 =4
JJr Jr_]raﬂ o] I ZALeE YW HF (Hermanussen et al.,, 2006).

RPAA A 2|77} 44458 kgO 2 ThZT9] 42258 kghth =kott ol A<l

SAY A, A @HA I Zolrt TSR] B3k
'%%ko%‘?—i =% Fo A U=7= A 55 0F, B 55 97, C 55 372 =¥

AA AZl7= A 55 15, B 55 657, C 55 5= =dsI0i=
Z‘—_JE/“ UEt= AFE 5 marbling score®] 7-%- RPAA A7} 3.08, tHET+
23302 Yehgou #oFQl Apole yEhA aken. e §E54< meat color,
fat color, texture, maturity H=3+ tHZT-9} RPAA A 2|7t 2pole YEFUA] FUAIT

F45F9 AF dET 42590 WEtel RPAA H7HE 358% oAl Apol7t A3t

A= (P<0.05). =72 2552 4% 155 3F 257 37, 37 6771 SdsA

U RPAA H7FolME 159 57, 259 772 3592 =8 =

® Holstein steerE WO 2 2470198 HSF ZAEALAS £43% A7 carcass weight
461.1+47.5 kg, back fat thicknessi= 6.9+3.6, meat yield index 67.2+2.0 % marbling
scoret™ 4.0+1.82.2 UEH oW (Kang et al, 2005), & Ao A5 FaFe] Aol

7 2 88le mR AL =5 JfdReE AdE. W 5=oA gluconeogenesis= T

T F83% AAHJY AEE FH9 = carbohydrate= TfF2 g A g4to = i3 E

H HEEEY AstHORHE F4HE XEES 879 10% FITY (Bensadoun et

al., 1962; Armstrong, 1965). W&tA] gluconeogenesisZ Al F= & glucose= W=7

ot 2510 90%7HA AlE=Hofof st o] Stz 43 5l xxFe| F4e

< a%de ol FEFE oS T U (Armstrong and Beever, 1969; Waldo, 1973).

Leng (1970)= WhpE=ol o] ofn|iste] 2= A Fo3 4TS vk &
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ROom, Egan et al. (1970)%] ZHo] HA9] portal veindl labeled glutamate, valine,

arginineS FAFE 23 glutamate®] “C7F 7HE WA vEbgom @e fo] THE A

I B35, Wolff and Bergman (1972)v ¢S thid o= 3t APolA U-"C labelled
v

Alanine, aspartate, glutamate, glycine % serines 8| F¢ Al Ala’} glucoseE A
g 16 mME £EFS AT  gloe e Hissls.

Table 83. Effect of RPNEAA on carcass characteristics of Holstein steers

Items [reatments SEM P-value
Control RPNEAA
Dry matter intake (kg/d) 7.63 8.54 0.171 0.000
Cold carcass weight (kg) 422.58 444.58 14.983 0.156
Yield traits?
Back fat thickness (mm) 9.17 9.25 1.522 0.957
Longissimus dorsi area (cm?) 74.50 77.00 3.388 0.468
Yield index 60.62 60.45 0.427 0.697
Yield grade 1.67 1.67 0.236 1.000
A:B:C (head) 0:9:3 1:6:5 - -
Quality traits?
Marbling score 2.33 3.08 0.637 0.252
Meat color 5.08 5.00 0.149 0.581
Fat color 3.00 3.00 0.000 1.000
Texture 2.92 2.83 0.223 0.713
Maturity 2.00 2.00 0.000 1.000
Meat quality grade 4.25 3.58 0.291 0.034
1:2:3 (head) 3:3:6 5:7:0 - -

RPNEAA = rumen-protected nonessential amino acids, SEM = standard error of the mean,
VArea was measured from Longissimus dorsi muscle taken at 13™ rib and back fat
thickness was also measured at 13™ rib; yield index were calculated using the following
equation: yield index = [7.21379-(1.12857 X back fat thickness (mm)) + (0.48798 X
Longissimus dorsi area (cm?))+(0.52725 x dress weight (kg)] =+ dress weight x 100, yield
grade (A =1, B=2 C=23

?Grading range are 1 to 9 for marbling score with higher numbers for better quality (1 =
devoid, 9 = the most abundant), meat color (1 = bright, 7 = dark red), fat color (1 =
white, 7 = yellowish), texture (1 = soft, 5 = firm), maturity (1 = youthful, 9 = mature),
meat quality grade (1" =1, 1"=2,1=3,2 =4, 3 =05)

TEY W ALERAANA 8FEHE AUA L] 50~75%F glucose’t FHITHIL I
A 9+ (Smith and Crouse, 1984). Beef cattles T2 3 AdA Glue TCA
cycleol Al 7H¢ B2 frdel dojutern, Glu® carbon skeletons a-ketoglutarate®]

carbon skeleton®] 4~63%E *A|8t%3 (El-Kadi et al., 2009). 3@ A3dolA HE5$] H]

T

Lo

o Wi
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5 obr|4ke] HIHAIE 04
glucose®| F7l= HWEstA A
7]_/] ]g].ﬁ]—?(—] E/K—] oﬂ 036]: o U]

Z1Zro] #OBE Glu % AlaZ} gluconeogenesis 2
The A, A715o Al RbEEEe) A4 A 3 AL

)=
=
RHog oas.

m—roh

O F%9 A o3
=] WBS, s4 142
o Al Zfo]7} LAY SHA]

12 EA4S 43 A3 (Table 84), 2473t pH, 434 &2 &4
2 28] WBS ¥ 1179 SAME i+ % RPNEAA A+
[e]

e o

Table 84. Effect of rumen-protected nonessential amino acids (RPNEAA) on meat quality

characteristics in Longissimus dorsi of Holstein steers

Items [reatment S.EM.? P-value
Control RPNEAA!

Muscle pH 24h 5.58 5.62 0.035 0.338
WBS (N)® 80.16 77.51 4.770 0.555
WBS 14 days (N) 57.57 50.99 5.625 0.227
WBS 28 days (N) 52.42 54.95 3.931 0.528

Meat color
Lightness (L% 33.07 33.36 0.886 0.745
Redness (a7 18.52 17.48 0.866 0.245
Yellowness (0% 8.62 7.96 0.517 0.212

Water holding capacity
Drip loss (%) 0.68 0.70 0.141 0.903
Cooking loss (%) 21.27 19.59 1.217 0.182

'RPNEAA: rumen-protected non-essential amino acids

’S.E.M.: standard error of the mean

SWBS: Warner-Bratzler shear force, WBS 14 days: Warner-Bratzler shear force on meat
aged for 14 days, WBS 28 days: Warner-Bratzler shear force on meat aged for 28 days

244
o]
FHI 2 THE™ (Swatland, 1989), &% # AH, &5 W 2 oxygenation ¥ &

= F S pHZE 6.0 ol¥o® SAHH= AL a7]e) Ao TAVE AH
al
434 2] oxidation processes 5©| myoglobin®l| 27 A&stAU HHASE W pH
o
2

(Corstiaensen et al.,, 1981). AF% glycolysise= W pHE 7HA&AIA © %

o o o
O
1 AN

9&S 713 (Renerre and Labas, 1987; Honikel, 1997). %3, Glycogen®] &% 7}
A4 pH (5.5~5.75)° 4 £]3L7]9] JuicinessE <7} (Immonen et al., 2000).

AgeA thzT9 pHE 558 RPNEAA HE T 56224 A3 F2 #od
Scheffler et al. (2003)°ll ¢]3}H Holstein steer®] Longissimus muscle colorg =
7 Lra*b* o @2 717t 368, 244, 12302 RO HE P AT JAT
2 ATEG = Uetgen ol xtole] Ay =FAF Y JNE® e Aolrt i)
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FeFs v Xta B33 (Moon et al., 2006).
= ZA%= FEQ cooking lossoll A= thxT7F 21.27%, RPNEAA A 2l7+
tel= UetA] &9ks. =W Holstein steer®] 4l

= o]&3to o|Fetd EAE vl A, cooking lossoll Al 321~331% %= SAE A
(Kang et al., 2005).

e 34 Holstein &l 231719] &4 ©]F cooking loss ¥ shear forces A% A}
cooking loss= <4 1€xfol| 2854%, 149 <4 Al 28.70% =% Foldo= Zasiov
28 A= ThAl 2881% 2 S7FER S W, shear force= 19 A= 10.61 kg/cm20]
U 1492k 9 28U Aol 242} 5.87, 557 kg/cm2E YEFE O™ (Franco et al., 2009), ©]
A3 A= B AT sA4Z4Te} FARHEA UERE S

o
o B
>
<
, &
v
{o
c -
:{o
1o
2
[-'0

O %AEA e SATe WeWs AT Table 859 UEILS.

Table 85. Effect of rumen protected nonessential amino acids on sensory quality characteristics

of Holstein steers fresh Longisimus dorsi

Items Ireatments S.EM? P-value
Control RPNEAA!
Softness 4.66 5.99 0.470 0.059
Initial tenderness 4.42 5.54 0.511 0.039
Chewiness 4.08 5.19 0.544 0.054
Rate of breakdown 4.28 5.30 0.530 0.068
Amounts of perceptible residue 4.60 5.22 0.454 0.187
Overall tenderness 4.28 5.42 0.549 0.049
Juiciness 4.61 5.33 0.370 0.063
Flavor intensity 5.80 6.28 0.170 0.009
Umami 5.19 6.65 0.169 0.000
Off-flavor intensity 6.83 6.95 0.173 0.512
Mouth coating 4.16 5.14 0.410 0.026
Overall acceptability 4.47 5.61 0.498 0.032

'RPNEAA: rumen-protected non-essential amino acids
’S.E.M.: standard error of the mean

o U] =79 Y3 RPNEAA 2] 72] 7% Softness ¥ Chewiness= 22}
HFE Bhoy [Fo4Ql Aol gl o™ Initial tendernesse] -5
7} 5542 2Rl ztelE YEN s (P<0.05).

e =31 Overall tenderness® 743 thZT = 4.282 kA9 RPNEAA *8]7+ 5425 it
of oAl ApolE H R I(P<0.05), 2159 FH|E UERH Flavor intensity, 7H25te] A

=5 YEPH Umami E3H RPNEAA A TolA FoH oz A vews (P<0.05).

o ARt A= A/ Yo A=E YEH Mouth coating®] 7-% RPNEAA A 2]+

oA 5145 71F3st tHxT9 4160 Hlet FYHS=E FA YERAT, o=

599, 5192 =2
RPNEAA =g+
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RPNEAAAM BTV B &2 Sd5T°] Bol &dste &
e AAF <l HrlAAMNE RPNEAA A 2]77} 561 thzx .
A U (P<0.05), ol#g AA=E A%, 3], gF8H 22 7] g
o] 8QlolA RPNEAA AT 11719 7|57 5% ASE YEhd,

O 14 4% ¢ sATY #5H7IE A3 AI= Table 860 HEFAAE.
® Softness, Initial tenderness, Chewiness, Rate of breakdown, Amount of perceptible
residue ¥ Overall tenderness®] HFE EF RPNEAA AE|T7F FAHO0= E9on
relZQl Aol fiSl+.
B2 SATol Bist] MAAQ] A= ATl FEE AR FRIFHAE
FrlE YEN = Flavor intensity, ©H&4d <= WERHE Juiciness 3! Mouth coating
 RPNEAA A 2]77} %2 A4S BIAN t=79 Aol TASHA] &9+
® Monson et al. (2005)= breed®} ageing time°ll ™2} Tenderness, Flavor acceptability,
Overall acceptability 44 UA Zfo]7} LAH AT B 18}k =
o ZAute YB= AEQ! UmamiolA+ thx7 5490 HISte] RPNEAA A 7ol A
588< 7153te] fofZ <l Apolrt EASH & (P<0.05).

t JlT 3

m o
oo
ox
ol
Lo
A

il

I

Table 86. Effect of rumen protected nonessential amino acids on sensory quality characteristics

of Holstein steers Longisimus dorsi aged for 14 days

Treatments

Items Control RPNEAAL SEM.? P-value
Softness 6.44 6.72 0.373 0.474
Initial tenderness 6.31 6.70 0.387 0.325
Chewiness 6.12 6.64 0.425 0.242
Rate of breakdown 6.18 6.41 0.376 0.485
Amounts of perceptible residue 5.88 6.38 0.321 0.136
Overall tenderness 6.19 6.62 0.382 0.277
Juiciness 5.49 5.72 0.272 0.411
Flavor intensity 6.60 6.64 0.170 0.831
Umami 5.49 5.88 0.164 0.029
Off-flavor intensity 6.86 7.01 0.246 0.560
Mouth coating 4.94 5.25 0.276 0.278
Overall acceptability 5.86 6.42 0.323 0.099

'RPNEAA: rumen-protected non-essential amino acids
’S.E.M.: standard error of the means

O 28¢ &A% 5% SATe #FH7 A23= AdEE YERH Softness, Initial tenderness,
Chewiness, Rate of breakdown, Amount of perceptible residue, Overall tenderness®l 4]
=5 RPNEAA Ael77} tlz7uch %7 ehsiont o149l solx glglon] g 3
O54< UEMNE Juiciness, Mouth coating 5% B¢ 78S H 35 (Table 87).

171



Ake YelfE A ¥ Umami £33 RPNEAA A&7} 5862 © =4 UERSA L,
S 0¥, UYHE TEA oAl Aol YAUS. Tendernessot #HE EA, =

Softness, Initial tenderness, Chewiness, Rate of breakdown, Amount of perceptible

ik

> oy

residue @ Overall tenderness® 73-%-

of §d5FH E2 AJHAAY U5 (Cho et al, 2010; Corbin et al, 2015). ©]
RPNEAA A7 %904

Holstein fresian breed®] 73-%- 7~14¥€312] #A7|MS AXH &7 HA A

=0

3T

T JYa 35 (Franco et al., 2009).

P57} A vEY Hesh BEo] o 1]

SaHAY At Tenderness

Mok At
NN
=

(o3|
i

tlo O

T

| .

Table 87. Effect of rumen protected nonessential amino acids on sensory quality characteristics

of Holstein steers Longisimus dorsi aged for 28 days

Treatments

Items Control RPNEAAL S.EM? P-value
Softness 6.66 6.94 0.418 0.510
Initial tenderness 6.42 6.89 0.456 0.313
Chewiness 6.11 6.64 0.468 0.274
Rate of breakdown 6.18 6.57 0.368 0.298
Amounts of perceptible residue 6.03 6.18 0.294 0.603
Overall tenderness 6.26 6.70 0.465 0.358
Juiciness 5.43 5.71 0.293 0.351
Flavor intensity 6.53 6.62 0.182 0.609
Umami 5.59 5.86 0.225 0.239
Off-flavor intensity 6.67 6.71 0.150 0.793
Mouth coating 5.12 5.22 0.303 0.742
Overall acceptability 6.02 6.31 0.405 0.479

'RPNEAA: rumen-protected non-essential amino acid

’S.E.M.: standard error of the mean

O Taste sensing system .2 117]9] Bh& #A4¢ A= Table 889 UENHSII S

o Al

.

iy

oS JEH = Sourness® A tiE=T7F -31.21,
Wi 2208 U EN = Bitternessoll A= thE o] B8] RPNEAA g FollA 9.12E2 =A
Elgtoy =5 {FoFl o]zt glds. E3H A4EUE YEE Umamis OIET

RPNEAA =& FolA -31.612 YE}

11.72, RPNEAA AT 11752 yebgten gsnke] sn|, & FRg4e Yede
Richnessi= W=7 6.9022 RPNEAA 2|7 577 ®lsl =A UYeptA|vt, #oxb= 2

AeHA] k=
® Zhang et al. (2015)¢] T4 Taste sensing systemO =
7

Z7}e<FE Sournesst 7183 Umami 2 Saltiness+

= = o ! —
st o whaido] WoldrE Umamitc S7FFATHY HIAlshels). E3F 4tddHE
A2l IMP9] L taste sensing system©|A] Umami % RichnessE S7HAZITHaL Bl
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3t =(Hwang et al., 2018). Kim et al. (2017)°l ¢]3lH wet aging H-S AMEIAES A
glutamate®] FF2 oF 68 FT7Hstom, ol gk WHL glutamated] ol #2]F <
FHFS A= AR AU

o 2 ATolA = Tasting sensing system= AH&SF] 43 117]9) A4 =5 AS FA
r BRI ol A

WEF /18 SRS oA gERe] GFe
b N3 4 SPgel Al utel WakE B 2

"

Table 88. Taste sensor outputs (mV) of Holstein steers Longissinmus dorsi

Treatments

Items Control RPNEAAL S.EM? P-value
Sourness -31.21 -31.61 0.241 0.110
Bitterness 7.70 9.12 1.108 0.214
Astringency -0.42 -0.45 0.025 0.265
Umami 11.72 11.75 0.157 0.896
Richness 6.90 5.77 0.646 0.097
Saltiness -7.50 -7.60 0.161 0.562

'RPNEAA: rumen-protected non-essential amino acids
’S.E.M.: standard error of the mean

O 1719 8 obr]|=4ke] &2 Table 899 YEMH S

* Free amino acid®] 73-¢ gtoll T2 IS vX= 2 Ala, Glu, Pro, Asne
oldel ol7h glglon}, Asp ¥ GlyE zHzb tizTolA 265, 2049 mg/100 g=
RPNEAA Fo7HT Fo2 oz #7 Uelsts (P<0.05).

e =3t Arg, His, Orn, Phe, Trp, TyrE tiZ7o4 RPNEAA HZTET A SH= AL
(P<0.05).

o TAdohr kel - Glu, AlaclA o]l Aol= gllou =5 tixzoA o =4
SAHANH FEotritalA FoatE EIJW Asp, Gly, Arg 59 olH|=AtEE
o|xp7F A sEA] gk (Table 90).

o Ot Tyre] % tlx7olA 2201.3 mg/100 gO 2 RPNEAA X THU FoZFoz =
Al e E(P<0.05).

*Piao et al. (2015)0 W=H 3o TFo] Fobdys wld o ShFd Frastn A
FFE S7FFAF(P<0.05).

o =3} W2 Hlmo| SEWAAS wE avle] IRkgES B3 A P EL
marbling level 89 41= ether extracte= 3541%, 7F& % level 191A4= 6.92%
2 UES o™, marbling levelo] Eold4s 834 & golx= AFE H
13395 (McBee Jr and Wiles, 1967).

eOh et al. 2016)= 11719 FAFHo| F ofr|eAte] el d&FS PG 5. ©f
He AZ FA ofm|=ike] 7§ RPNEAA A FollA O $A SA4" 715e 53l
& AghEEe] Zpolol] 7RI Aoz AT,

i
lo

< marbling
B gFFo

_—
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o B Ao A= o]3o] 317] ofmAke] B e 12 FEIFH A TF Nishimura et al.
olstein cattleo| A 4~12¥ &<t A SHH free amino acide] 3

(1988)2] ZA}ol u}grﬁ;
o] ZUlslttal k-
2 142

e 31 Holstein®] 7

011/‘1 Ml A3 F2ke] Aol fo4 Ul ek

¢ 35 YO E 3 AToA TMRAIESL FFAIEE I FHT Aol 2 of
]‘_1—_4_1-0] @Y TMR F97EY {4 JA =3koy #5371 Al Flavor, Tenderness,
Juiciness®] 7334 T IMR §977F A =4 vyt 28y fo3Q0 2ol &
A3t ke (Cho et al., 2019).
o2 "a'zéoﬂ/ﬂt dol A3 o]Fox A &L §F FAZE WE ted obr =
B ong LHzE A4 a7E ARlEkeE A e & =4F ke |
Eohe AHE 1dste] ddo] H83k FUHH S E RPNEAA A+ E tixz+9 54
=9 A4 o]F fe of|iAk EF 9 A ofm|gbe] FA o] XpE A A Eofof gk

Table 89. Effect of rumen-protected nonessential amino acid (RPNEAA) on free amino acid

contents (mg/100 g) of Longissimus dorsi of Holstein steers

J o] =Ad37A o]F Tenderness 2 free amino acide= 5715
S} AdbARl gk F7FSHA] @%b+ (Shimada et al., 1992). Sasaki et al. (2017)2] XL

o| Xl= Free glutamate, Total free amino acid, Inosine monophosphateE 6&2| 4i17]

Treatments
Items Control RPNEAAL S.EM.? P-value
Alanine 13.48 10.11 1.438 0.028
Arginine 5.93 4.96 0.581 0.112
Aspartic acid 61.14 49.08 6.345 0.07
Glutamic acid 2.65 1.24 0.63 0.036
Glycine 2.49 1.97 0.37 0.171
Histidine 5.54 5.17 0.614 0.549
Isoleucine 161.43 147.78 24.558 0.584
Leucine 20.49 14.82 1.956 0.008
Lysine 7.29 4.95 0.889 0.015
Methionine 7.95 6.67 0.876 0.157
Ornitnine 14.23 11.84 1.571 0.143
Phenylalanine 12.1 10.01 1.352 0.137
Proline 4.58 3.02 0.696 0.036
Serine 5.76 4.36 0.694 0.056
Taurine 7.72 5.95 0.849 0.049
Threonine 7.9 6.8 0.898 0.23
Tyrosine 11.26 8.73 1.356 0.076
Valine 41.62 34.75 6.271 0.285

IRPNEAA: rumen-protected non-essential amino acids
’S.E.M.: standard error of the mean
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Table 90. Effect of rumen-protected nonessential amino acid (RPNEAA) on total amino acid

contents (mg/100 g) of Longissimus dorsi of Holstein steers

Items Treatments S.EM.? P-value
Control RPNEAA!
Alanine 3688.9 3296.8 224.76 0.095
Arginine 4136.8 3720 255.07 0.116
Aspartic acid 5613.2 5065.9 365.96 0.149
Glutamic acid 10701.1 9609.7 662.13 0.113
Glycine 2776.3 2485.9 220.86 0.202
Histidine 2372.3 2109.7 178.6 0.156
Isoleucine 3055.1 2748.8 181.42 0.105
Leucine 5098.8 4567.6 301.33 0.092
Lysine 4819.3 4299 388.33 0.194
Methionine 1670.1 1435.2 104.57 0.035
Ornitnine 242 185.2 60.6 0.359
Phenylalanine 2585.3 2316.7 154.05 0.095
Proline 1657.5 1394.1 278.43 0.354
Serine 2465.9 2207.1 148.63 0.096
Taurine 44.7 37 6.04 0.219
Threonine 2920.5 2665.2 170.49 0.148
Tyrosine 2201.3 1930.2 128.57 0.047
Valine 3116.2 2815.2 184.17 0.116

'RPNEAA: rumen protected non-essential amino acids.
’S.E.M.: standard error of the means.
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