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To enhance the value as a feedstuff of distiller's dried grain (DDG) and develop fermented feedstuff, we investigated the
effects of the culture conditions affecting glucoamylase activity, such as pH in submerged culture and moisture content in
solid-state culture. Also, we investigated the optimal mixing ratio of DDG and wheat bran for the production of fermented
feedstuff containing high content of amino acids. In culture conditions for high fermented activity, pH and moisture were
optimum at pH 4 and 60%, respectively. In the case of mixing ratio, the glucoamylase activity was decreased with increase of
DDG content. On the other hand, the content of crude protein was increased slowly. For the development of fermented
feedstuff, the optimal mixing ratio of DDG and wheat bran was 1 to 4. Finally, we could produce approximately 1 ton (dry
matter) of trial product in incubator of pilot-scale. The glucoamylase activity and the crude protein content were 1,024 U/g and
33.6%, respectively.
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Figure 1. Flow chart for fermented feed stuff,
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Table 1. Effect of initial pH on glucoamylase production

Initial pH Final pH Glucoamylase activity [U/g]
3 431 1,169
4 4.62 1,226
5 5.52 1,229
6 6.07 1,225

DHLEFUX] 2o HE

B Aol AEE A usamii mut. shiro-usamiie DA w]F A]
HA FEoko] 83 ol TAF A4 37 TRl TS
Z7) wjRo|t}, watr B AFojMe mAuiAe 7§l
e f5h 849 o) AwEith pH 42 A uz]of A
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o] ztz} 50, 55, 60, 65%%) EFES S WFS & F
Zhzke] WS AAEAE S8IGTE Table 28 BH FF
$tako] 6029 A9 71} B2 E28A (1,304 UigS e
ler, 1 o =t 1 ofEte] A BA¥Ae] AstHE
ARE VRS wE AFES Apdelr) 913 B Qe
FH F4Fo] 60%7F 44 ZAYL g 4 ATh

Table 2. Effect of moisture content on glucoamylase activity of solid
fermentation medium

Moisture content [%] Glucamylase activity [Ufg]

50 994

55 1,281
60 1,304
65 1,087
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DDGSE U788 A& Hlg (0, 10, 15, 20, 25, 30, 35, 40%
DDG)2 &3t nAujAelx g nAuFES ah G4,
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Table 3. Composition of mixture media

Material Contents
DDG [g] 10.5 155 210 260 310 415
Wheat bran {g] 100 94.5 890 80 780 670
Distilled water [g] 560 570 570 575 580 585
Total weight [g] 1665 167 167 1665 167 167
Dry weight [g] 100.1 1000 1004 998 1001 1003

Moisture [%] 400 40.2 40.1 40.3 40.3 40.3

Zohd g2 DDG Hl&o] 71855 28%04 33% %
234 Frletgon, A4S AR 249 DDG HE
o] S+ 1,600 (UilA 500 (Ujg)o2 AA A=Y
hFig. 2). o=t ¥ 24 ZINTable 4) DDG 0|
20%%Y 73S Hu) opnlicat FaF (2844%)S VERNGL SA
AR 710 F%E HAE golale] A9 DDG 20%
AR M HiYe YRS =g HAHERE
HjA9] Al AT A ofueAbs HInE] HH A usamii
mut. shiro-usamiiol] 218 WjFE wjdEo] opuAt ko] ujek
Aur} ou) o)A Z7lshe AnE RAFYNTable §). ©71&
o 7% ug Az} 3o xol 2 39 JEEC| STl
B8 A8 Ued A% FAHBAEY HIge] FrlEe AT
7} HnEeh2e). oAt g M B Wbt AY
3 opn)wat o] FHRE DDG7F ALREA S A7} S5
st B dpe] 533 Ba Algexe 848A4o] ol Eof
Aoz 4 ¢ HIEE 20% DDG F#7F Ageiria AlE
"o} ol &4 A, ol & F oopu|nqt FES
Z+z} 1,019 Ufg, 30.44%, 28.44% Atk

Table 4. Analysis of amino acid in fermented mixture

Contents of DDG [%(w/w)]
0 10 15 20 25 30 40
Aspartic acid 170 263 279 306 309 303 298
Threonine 1.00 141 146 162 134 157 152

Amino acid

Serine 096 155 161 180 175 176 172
Glutamic acid 224 490 536 586 570 573 576
Glycine 100 138 148 158 158 157 155
Alanine 107 164 172 190 190 187 184
Cysteine 009 021 020 023 025 022 023
Valine 094 146 155 172 177 169 169

Methionine 008 025 023 027 029 027 027
Isoleucine 063 100 107 119 125 118 1L18

Leucine 128 220 233 260 267 257 253
Tyrosine 051 094 097 114 117 110 LIO
Phenylalanine 070 124 133 150 155 147 147
Lysine 087 120 132 141 136 138 134
Histidine 035 060 065 067 070 069 068
Arginine 089 156 166 186 137 180 181
Total 1431 2418 2573 2844 2824 2792 27.66
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Table 5. Amino acid contents of fermented feedstuff

Before fermentation

After fermentation
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o 24& FUt AR @59 pHY UE dFs EWe
A7, pH 404 &L B0 $F8Aer I o] 2HE
@2 pH ZA0EE Fad tig 29 oW & F 3l
B 2439 7 dAmF 249e AT + YA 1A
Aok A% WY 24 M E 600%9] TR ST 2A
gl A 7 F& 5L 849 29E

HER 2

WA 23S 99 BY UlE B4 3% 91 ¥ £
DDG §%°) ¥84S Ea BHS FHoU obvlwd ¥

° e Wi, DDG Tl B1 WIS ol REFE Ha
B3 YA opuledt FFL & ATHE Ui
e S48 (= 1,000 Ug) 3 obrlat & (= 28%)°]
A A wjx] 2449 HEL DDGS BU)E0l 1:4
A} olEA M dojF AFHZ oF 1 ton AR HE AR
NAES BAsIgor AAFY BASAET oA ke

Amino acid . .
DDG Wheat bran  Mixture Mixture
Aspartic acid 2.88 0.96 1.34 3.06
Threonine 1.16 046 0.60 1.62
Serine 1.39 0.59 0.75 1.80
Glutamic acid 6.00 2.02 282 5.86
Glycine 1.49 0.76 091 1.58
Alanine 1.86 0.67 091 1.90
Cysteine 0.18 0.09 0.11 023
Valine 1.87 0.68 0.92 1.72
Methionine 0.29 0.05 0.10 0.27
Isoleucine 1.35 045 0.63 1.19
Leucine 276 0.89 1.26 2.60
Tyrosine 1.16 0.22 041 1.14
Phenylalanine 1.63 0.59 0.80 1.50
Lysine 0.90 0.58 0.64 141
Histidine 0.65 0.33 0.39 0.6
Arginine 2.05 071 0.98 1.86
Totat 27.62 10.05 13.56 28.44
" mixture = 20% DDG+80% wheat bran.
a0 1800
E <1800
z )
Rk 1400 §
-E’ 41200 .E
2 {1000
20 <
o 41800 &
) 8
5 g
= 4 600 §
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Figure 2. Effect of DDG ratio on crude protein and glucoamylase
activity.
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