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Culture Conditions of Aspergillus oryzae in Dried Food-Waste and the Effects of Feeding
the AO Ferments on Nutrients Availability in Chickens

J. Hwangbo"™', E. C. Hong"®', B. S. Lee', H. D. Bae', W. Kin?, W. G. Nho®, J. H. Kim* and I. H Kim’
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*Division of Animal Science & T echnology, Gyeongsang National University, *Department of Animal Resource & Science, Dankook University

ABSTRACT Two experiments were carried out to assess the appropriate incubation conditions namely; duration, moisture
content and the ideal microbial inoculant for fermented dried food waste(FW) offered to broilers. The nutrient utilization of birds
fed the FW diets at varying dietary inclusion rates was also compared with a control diet. In Experiment I, different moisture
contents(MC) of 30, 40, 50 and 60%, respectively were predetermined to establish the ideal duration of incubation and the microbial
inoculant. A 1 mL Aspergillus orvzae(AO)(1.33x10° CFU/mL) was used as the seed inoculant in FW. This results indicated that
the ideal MC for incubation was 40~50 % while the normal incubation time was > 72 hours. Consequently, AO seeds at 0.25,
0.50, 0.75 and 1.00 mL were inoculated in FW to determine its effect on AO count. The comparative AO count of FW incubated
for 72 and 96 hours, respectively showed no significant differences among varying inoculant dosage rates. The FW inoculated with
lower AO seeds at 0.10, 0.05 and 0.01 mL were likewise incubated for 72 and 96 hours, respectively and no changes in AO count
was detected(p<0.05). The above findings indicated that the incubation requirements for FW should be 40~50% for 72 hours with
an AO seed inoculant dosage rate of 0.10 mL. Consequently, in Experiment [T, after determining the appropriate processing condition
for the FW, 20 five-week old male Hubbard strain were used in a digestibility experiment. The birds were divided into 4 groups
with 5 pens(l bird per pen). The dietary treatments were; Treatment 1 : Control(Basal diet), Treatment 2 : 60% Basal+40% FW,
Treatment 3 : 60% Basal+20% FW+20% AFW(A4spergillus oryzae inoculate dried food-waste diet) and Treatment 4 : 60%
Basal+40% AFW. Digestibility of treatment 2 was lowed on common nutrients and amino acids compared with control(p<0.05)
and on crude fat and phosphorus compared with AFW treatments(T3, T4)(»<0.05). Digestibility of treatment 3 and 4 increased on
crude fiber and crude ash compared treatment 2 (p<0.05). Digestibility of control was high on arginine, leucine, and phenylalnine
of essential amino acids compared with treatment 3 and 4(p<0.05), and diestibility of treatment 3 and 4 was improved on arginine,
lysine, and threonine of essential amino acids.

Finally, despite comparable nutrient utilization among treatments, birds fed the dietary treatment containing AO tended to
superior nutrient digestion to those fed the 60% Basal+40% FW.

(Key word: food-waste, Aspergillus oryzae, incubation condition, digestibility)
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of, FibgrtolA ZA o] &HA Eatx Sl AF etk w Table 1. Chemical composition and amino acid composition of
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Table 2. Diet composition(as-fed basis)

Ingredients %
Corn 60.50
Soybean meal 27.50
Comn gluten meal 5.00
Soybean oil 3.30
Tricalcium phosphate 1.20
Limestone 1.50
Salt 0.25
Vitamin-mineral premix’ 0.50
L-Iysine 0.05
DL-methionine 0.20
Total 100.00

Chemical composition’

ME(kal/kg) 3,150

Crude protein(%) 18.00
Lysine(%) 0.93
Methionine(%) 0.34
Calcium(%) 1.00
Phosphorus(%) 0.58

' Provided per kilogram of diet; 1,600,000 TU of vitamin A,
300,000 IU of vitamin D3, 800 IU of vitamin E, 132 mg of
vitamin K;, 1,000 mg of vitamin By, 1,200 g of vitamin By,
2,000 mg of niacin, 60 mg of folic acid, 35,000 mg of choline
chloride, 800 mg of pantothenic calcium, 9,000 mg of Zn,
12,000 mg of Mn, 4,000 mg of Fe, 500 mg of Cu, 6,000 mg
of I, and 100 mg of Co.

? Calculated values.
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Table 3. Chemical compositions and amino acids of experimental dicts'

Basal 60%+  Basal 60%+FW 20%  Basal 60%+

Item(%) CON(Basal) FW AFW W 4090 FAFW 2092 AFW 4092
Dry matter 88.03 88.80 89.01 88.49 88.84 89.19
-------------------- % of DM —--mmemmemmmeeen
Crude protein 18.12 22.57 23.14 19.90 20.01 18.88
Crude fat 6.31 12.19 12.37 8.66 8.70 7.26
Crude fiber 4.03 9.15 8.89 6.08 6.03 4.83
Crude ash 7.05 14.62 14.67 10.08 10.09 827
Calcium 1.00 5.07 5.40 2.63 2.69 1.68
Phosphorus 0.58 1.12 1.15 0.80 0.80 0.67
keal/kg 4,232 4,327 4,413 4,270 4,287 4,254
Essential amino acid(%)
Arginine 1.027 1.116 1.175 1.063 1.074 1.046
Histidine 0.499 0.509 0.601 0.503 0.521 0.508
Iso-leucine 0.718 0.881 1.107 0.783 0.828 0.726
Leucine 1.917 1.774 1.896 1.860 1.944 1.928
Lysine 0.891 1.107 1.284 0.977 1.013 0.940
Methionine 0.523 0.692 0.637 0.591 0.540 0.530
Phenylalanine 0.925 1.175 1.364 1.025 1.063 0.980
Threonine 0.656 0.821 1.204 0.722 0.799 0.713
Valine 0.731 0.990 1.236 0.835 0.884 0.792
Non-essential amino acid(%)
Alanine 1.091 1.487 1.667 1.249 1.285 1.169
Aspartic acid 1.477 1.843 1.856 1.623 1.626 1.537
Cystihe 0.272 0.305 0.363 0.285 0.297 0.282
Glutamic acid 3.570 3.954 4.440 3.724 3.821 3.670
Glycine 0.696 1.660 1.807 1.082 L.111 0.862
Proline 1.343 1.278 1312 1.317 1.324 1.335
Serine 0.878 1.110 1.274 0.971 1.004 0.928
Tyrosine 0.670 0.841 1.041 0.738 0.778 0.713

' Abbreviations are CON; control, Basal; basal diet, FW; food-waste diet, AFW; Aspergillus oryzae inoculant food-waste diet, DM; dry
matter, > Proportions of basal diet and food waste diet in each treatments were presented as Basal 60%+FW 40% and so on.

(2) (HE 2) BEDSO HhYAIZH R e 77 6 wEste] stk 2 ALRe) SR
T S PP T o] 2A $RHAG 1 H 2 0% 2Ptk 14 HEA AFSE AO seed EHE

Z, 2% AO seedZ 025, 050, 0.75, 1.00 mLe] 47) Hel7=  2Hz} 6.68x10°, 1.39x10%, 2.09x10%, 1.33x10° CFU/mL ©]|%{t}.
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Fig. 2. Aspergillus oryzae inoculant food-waste after 72 hours.

(a) : moisture contents 30%, (b) : moisture contents 40%, (c) :

moisture contents 50%, (d) : moisture contents 60%.
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Fig. 3. Aspergillus oryzae inoculant food-waste after 96 hours.
(a) : moisture contents 30%, (b) : moisture contents 40%, (c) : moisture contents 50%, (d) : moisture contents 60%.

Table 4. Chemical compositions of the food-waste diets and Aspergillus oryzae inoculant food-waste diets after 72 hours and 96 hours
according to moisture contents'

Moisture contents (%)

Ingredients Fw
0 30 40 50 60 SEM
0
0h 72 h 96 h 72 h 9 h 72 h 9 h 72 h 9% h
Dry matter 89.19 88.99 89.12 89.27 89.17 89.29 89.21 89.51 89.12 0.4742
Crude protein 22.87 22.88 22,96 22.89 22.98 23.06 23.12 23.03 23.13 0.1958
Crude fat 12.19 12.21 12.25 12.24 12.26 12.32 12.33 12.27 1233 0.1366
Crude fiber 9.11° 3.94% 8.90° 8.95® 8.82% 8.89% 8.71° 8.89° 8.75%  0.1812
Crude ash 14.63 14.66 14.58 14.67 14.68 14.6 14.67 14.49 14.72 0.2330
Calcium 5.21 534 527 527 5.35 5.20 5.40 520 541 0.1561
Phosphorus 113 1.14 113 113 1.14 1.12 1.14 112 1.15 0.0196
Essential amino acid (%)
Arginine L1116  1121° 1132 1147 1.165° 1174 1185 L179° 1189  0.0284
Histidine 0.509 0.509 0.510 0.512 0.512 0.524 0.533 0.512 0530  0.0351
Iso-leucine 0.881°  0930° 0960°  0.934°  0967°  1.002®°  1.042° 1.020°  1.049°  0.0281
Leucine 1774 1.772° 1774 1773 1812°  1873®  1919° 1.907" 1.931°  0.0343
Lysine 1.107° 1141®  1152°  L147 1.165 1.174%° 1185 1179  1.189°  0.0329
Methionine 0.692 0.702 0.71 0.735 0.743 0.744 0.748 0.746 0748  0.0414
Phenylalanine L1750 1211°  1218®  1234® 1248 1260° 12670 1259  1262°  0.0268
Threonine 0821° 0873 0882°  0939® 0948  0968°  0984>  0954°  0980° 0.0257
Valine 0.990° L166°  1.173%  L167°  1.199° 1.209° 1.236° 1.212° 1.230*°  0.0591
Non-essential amino acid (%)
Alanine 1.487° 1.519° 1526  1.524®  1.530®  1.590° 1.560° 1.584° 1.591*  0.0362
Aspartic acid 1.843° 1893  1.929° 19177 1.942° 2157  2223® 2285 2316  0.0505
Cystine 0.305 0.307 0.314 0.312 0.315 0.320 0.330 0.320 0327  0.0211
Glutamic acid 3954°  3984°  3.996° 3995  4017°  4.051°  4.101° 4036  4080° 0.0374
Glycine 1.660°  1.705° 1720 1.711°  1726® 1786¢° 1788 1.787°  1.796*  0.0342
Proline 1278°  1276°  1290°  1319% 1311® 1342 1356  1.350°  1357a  0.0286
Serine 1.110° 1.158° 1.168° 1.227°  1.228% 1275° 1.284° 1.282° 1.295°  0.0402
Tyrosine 0.851°  0901®  0905® 0901 0902® 0958  0959° 0933 0967  0.0318

! Abbreviated FW, administrated of food-waste diet; DM, administrated of dry matter.
* Means with different superscripts in the same row differ significantly (p<0.05).
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Fig. 4. Microbial counts of Aspergillus oryzae inoculant food-
waste after 72 hours and 96 hours according to moisture
contents. Vertical bar represents SED for 5 observations
per treatment.
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Fig. 5. Microbial counts of Aspergillus oryzae inoculating food-
waste after 72 hours and 96 hours according to the ino-
culant Aspergillus oryzae counts. Vertical bar represents

SED for 5 observations per treatment.
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Fig. 6. Microbial counts of Aspergillus oryzae inoculating food-
waste after 72 hours and 96 hours according to the ino-
culant Aspergillus oryzae counts. Vertical bar represents

SED for 5 observations per treatment,
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Table S. Effects of the dried food-waste diets and the Aspergillus oryzae inoculant food-waste diets supplementation on nutrients and

amino acids digestibility’

148

Ttem (%) Ti 4y JK! T4 SEM
Dry Matter 70.50° 61.37° 64.82% 65.26° 1.2255
Crude Protein 69.77° 58.12° 63.39 64.27° 1.4490
Crude Fat 89.45° 86.13° 87.08™ 87.95% 0.6469
Crude Fiber 30.99° 21.06° 28.40° 30.28° 1.0280
Crude Ash 46.11° 35.98° 41.58° 41.82° 13524
Calcium 2931° 21.65° 24.68° 2473° 1.5406
Phosphorus 25.50° 1937 221* 22.43* 1.5975

Essential amino acid (%)

Arginine 86.22° 79.80° 82.76° 83.20° 0.6845
Histidine 78.24° 70.49° 74.54® 75.92% 1.2599
Iso-leucine 75.15° 68.69° 7141° 72.46% L1511
Leucine £0.75° 73.62° 75.71% 76.72° 0.7873
Lysine 79.65° 74.93° 77.86" 78.49° 0.8491
Methionine 83.47° 79.56° 80.76"° 81.48* 0.8039
Phenylalanine 79.83° 75.01° 76.50° 76.84° 0.9272
Threonine 81.13° 75.53° 77.95° 79.35% 0.7147
Valine 75.13° 69.43° 72.80® 72.82° 1.1772
Non-essential amino acid (%)
Alanine 82.34° 76.37° 79.75° 80.10° 0.9767
Aspartic acid 81.00° 76.10° 78.06" 7937 1.2830
Cystine 81.98° 76.57° 78.67° 79.39% 1.1262
Glutamic acid 88.03° 85.01° 86.48% 87.40° 0.6111
Glycine 8237 7537 78.04% 79.25° 0.9966
Proline 86.71° 80.72° 82.64™ 83.35° 0.8074
Serine 80.24° 75.38° 76.95% 77.00° 1.1486
Tyrosine 78.63° 70.91° 73.18° 73.48° 1.0497

T1; Control, T2; Basal 60%+tFW 40%, T3; Basal 60%+FW 20%+AFW 20%, T4; Basal 60%tAFW 40%.
! Abbreviations are Basal, basal diet; FW, dried food-waste diet; AFW, Aspergillus oryzae inoculant food-waste diet.

¢ Means with different superscripts in the same row differ significantly (p<0.05).

A oA 2}o]7} IR THp>0.05). T3¢ T4 T20] H]3)
A AR o2 NAES € 5 3, 58] 2AF R 23|
o} &8hgo] F7HIATHP<0.05). ofr]ieite] &dlhgo] glo]
A% 217} T24) Hlsted 2% E9E31(p<0.05), AFW 4

ALETHT3, T4 ko] vl mol| M= Hropu]| =4t arginine, leu-
cine, phenylalanine®} H]|E 4=} =4} glycine, proline & tyro-
sine®] Z3lgo] BE EUTHp<0.05). AFW thA|ALEH(T3, T4)
= T2¢}e] ¥ oA o] At arginine, lysine 2 thereonine
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3} H)Frolu| At alanine®] A8}-&o0] 714 EATHp<0.05).
o] 3t AFEL A0/ ATFAEA AL 43182 =
2= 43e drh=Newbold 5, 1990; Shin 5., 1990) B 310]]
A8} o] Y279} FW ALR X273t &glgol Zpols, Al
Hol| o]-&-H FW A152] o] 7|2ALR v G4 o]
£-g0] Y1, AFW AlR7} A0 ]38t 7l B AtsEch

H 2

Fo S AB A Aspergillus oryzae(AO)S] F-&-3F v F=x
ANz 8, JTTPE Tl st 27k H¥
3 gold 1 v gEe] dgdh o] &-&S T fletod
B AdS FPATh <A1E 1D AR wAS HEET
o] 24& 93ty FEFFES 30, 40, 50, 60%= AT
4k Alg o] HEEHE seedEA 1 mL Aspergillus oryzae(AO)
(133x10° CFUML)E ©] $-3tAth Wirg A% A% S8
2 40~50%%H 2 H] GAIZHE T2A]3E o] Aol Tt A3}
o] A0 gl 23k B9E AAsH] $l3] AO seed 0.25,
0.50, 0.75, 1.00 mLE J&-82415 Algo] H=sHch

AFW2] AO #1578 Blwdtr] $138te] 7241313 96413 vl
Fatd o), HED wE FoakE it A FEE
w30] 0,01, 0.05, 0.10 mLE =83 72477} 964 7HE2
ksl Az}, 724171 vl AO colony §-& 0.1 mL HE 3]
oA 7 Bkh <A1E 2> Fwe] ez AA g
of, 205¢] 558 HubbardF(3)E FAISt asha A3
2331t AT TI-U R, T2-7]2ALE 60%+71 2%
ub 40%, T3-7]Z2ALE 60%+7327HE 20%+A0T HE 1=
248} 20%, T4-7) 2ALE 60%+A0T A2 A2 40% 2] 8
T 5 & 4xeF, A7 sekEA 2008 ATEE A
3l A3leE ZARIATTE A 43k o] AR
3} oju] Ak o) ) T2 M3 77F AAEIA Wk
3(p<0.05), AFW(T3, T4)A 2] 7ol vla] A3} Qo] 43t
oA 2] S HETHp<0.05). T3} T4E T29)] H]8] 2+
2 23|59 Aslgo] SR THp<0.05). tixT& T3¢
T40) B3] @4on| =il arginine, leucine, phenylalanine®]
A8-go] Eho LK (p<0.05), T3% T4 AT T2 X 2]+l
H]5j W4roln] 4} arginine, lysine 2 thereoninex} H]Z <o}
u]x=AF alanine®] A3}g&-o] A EATHp<0.05).
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