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Composting of Organic Wastes by Solid State Fermentation Reactor. Hong, Oun-Pyo! and Shin-Young
Lee*, 'Cell Biotech Co., Ltd., Kimpo-kun, Kyunggi-do 415-870, Korea, Division of Environmental and Biological
Engineering, Kangwon National University, Chunchon 200-701, Korea — Leaves of Aloe vera Linne and bloods of
domestic animal were composted in a soild state fermentation reactor (SSFR) by using microbial additive including
a bulking and moisture controlling agent. From solid-culture of microbial additive, 10 species of bacteria and 10
species of fungi were isolated and, their enzyme activities including amylase, carboxy methyl cellulase CMCase,
lipase and protease were detected. Optimum fermentation conditions of Aloe leaves and domestic animal bloods in
SSFR were obtained from the studies of response surface analysis employing microbial additive content, initial
moisture content, and fermentation temperature as the independent variables. The optimum conditions for SSFR
using Aloe leaves were obtained at 9.45+73%(w/w) of microbial additives, 62.73+4.54%(w/w) of initial moisture
content and 55.32+3.14 °C of fermentation temperature while those for SSFR using domestic animal bloods were
obtained at 10.25+2.04%, 58.68+4.97% and 57.85+5.65 °C, respectively. Composting process in SSFR was initially
proceeded through fermentation and solid materials were decomposed within 24 hours by maintaining higher mois-
ture level, and maturing and drying steps are followed later. After the {ermentation step, the concentrations of solid
phasc inorganic components were increased while that of organic components were decreased. Also, concentrations
of total organic carbon(TOC), peptides, amino acids, polysaccharides, and low fatty acids in water extracts were
increased. As fermentation in composting process depends on initial C/N ratio of raw material, solid phase total C/N
ratio of Aloe leaves was decreased from 57.76 (0 45.07 in composting process while that of domestic animal blood
was increased from 2.47 to 5.41. However, organic C/N ratios in water exiracts of two samples were increased
because of increased water-soluble TOC, From these results, it was revealed that solid state fermentation reactor
using microbial additives can be used in composting process of organic wastes with broad C/N ratio.
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Fig. 1. Schematic dlagram of sohd state fermentanon reactor for
composting process.

a: motor for agitation, b: ventilation fan, ¢: rotating axis, d: cylindrical
jacket with water pipe, heating apparatus and lemperature sensor
for temperature control and agitator, e: control panel.
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Table 1. Central compositc design of experiments for compost-
ing process of organic wastes in solid state fermentation reactor

No Input data Transformed data?
Xl X2 X3 X, X, X
1 13 70 64 1 1 1
2 13 70 48 1 1 -1
3 13 50 64 1 -1 1
4 13 50 48 1 -1 -1
5 5 70 64 -1 1 1
6 5 70 48 -1 ] -1
7 5 50 64 -1 -1 1
8 5 50 48 -1 -1 -1
9 9 60 56 0 0 0
10 9 60 56 0 0 0
11 17 60 56 2 0 0
12 1 60 56 -2 0 0
13 9 80 56 0 2 0
14 9 40 56 0 -2 0
15 9 60 72 0 0 2
16 9 60 40 2

D Linear transformation equation
X1=(9)4, Xo=(X-060/10, X3=({Xs5-56)/8
X 1= Microbial additive content(w/w %)

Xo= Moistutre content(w/w %)

X3= Fermentation temperature(°C)
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Fig 2. Optical and transmission electron micrographs of microbial flora in microbial additive for

Tzl - i

composting.

Medium : -NB; 2,3,4.5,9,11,12,14. -YM; 8,7.15,19. -Bennet: 6,20,17. -Henneberg; 1,10,13,16,18
Magnification : > 100; 20. % 400; 11,12,13. 7000; 5. % 1200; 1,2.3.4.5.6,8.9. X 2000; 7,10.
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Table 2. Hydrolytic enzyme activity in solid culture of microbial
additive

Enzyme activity (Unit)

Amylase = CMCase Protease  Lipase
Initial moisture content(w/w %)1)
10 14 33 1.8 4.9
20 1.5 3.8 3.3 4.6
40 2.8 4.3 2.4 4.4
60 2.0 2.9 2.3 55
20 2.2 2.2 0.5 4.8
Culture temperature(°C)>
20 22 6.8 0.9 2.2
30 2.8 44 2.3 5.4
40 2.2 39 42 6.4
50 23 4.0 4.1 54
60 24 3.0 3.8 20
70 22 2.8 1.8 1.4
Culture time(hrs)”
0 1.2 30 1.5 1.8
10 1.3 4.1 1.4 2.1
20 1.2 4.1 1.6 2.6
10 2.6 4.2 1.5 3.6
a0 4.0 4.2 2.2 4.0
50 3.9 5.0 2.9 3.8
60 38 57 5.2 3.9
70 5.0 5.6 6.0 5.1

1)Tempcrature and culture time were fixed at 30 °C and 48 hrs,
respectively. “nitial moisture content and culture time were fixed at
60%(w/w) and 48 hrs, respectively. *Temperature and initial mois-
ture content were fixed at 30 °C and 60%(w/w), respectively.
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Table 3. Result of central composite experiments and optimized composting condition of Aloe vera leaves(A) and bloods of domestic

animal(B)
COy(ppm) NH3(ppm) - A pH Enzyme activity(unit)
No Amylase CMCase Protease Lipasc
A B A B A B A B A B A B A B
1 775 1450 - 33 0.9 - 1.65  3.50 240  2.09 1.76 0.90 2.60 4.50
2 800 1180 - 34 1.0 - 130 2.90 1.60 134 275 0.42 1.60 2.60
3 800 1500 - 44 1.0 - 1.78 350 330 221 130 0.75 2.80 5.20
4 600 1450 - 23 0.5 - 354 7.30 290 218 0.56 1.00 1.80 2.10
3 850 1400 - 17 1.0 - 1.50  3.90 230 139 0.60 0.75 1.60 (.80
6 850 1350 - 37 1.2 - 0.88  3.90 2,10 197 0.64 0.50 3.10 1.20
7 900 1350 - 32 1.2 - l44 210 1.90  1.50 1.67 0.67 2.30 3.10
8 725 1500 - 22 0.8 - 3.31 4.60 210 167 0.40 1.07 3.30 3.00
9 950 1900 - 45 1.5 - 430  7.90 2.40 145 0.81 0.82 2.40 4.20
10 960 1900 - 48 1.6 - 4.00 850 240 194 082 0.90 2.20 4.60
11 705 1540 - 38 0.6 - .74 840 230 148 044 (.46 1.70 2.40
12 700 1550 - 27 05 - 0.98 1.40 1.40 136 0.00 0.57 2.50 0.60
13 830 940 - 15 1.0 - 0.83 1.70 240 1.83 230 0.95 2.40 1.20
14 650 150 - 20 0.6 - 2.44 1.90 330 1.38 257 1.10 3.00 1.60
Variables in the stationary points Average
A B A B A B A B A B A B A B A B
x1Y 85 90 - 137 87 95 121 - 72 83 106 93 96 117 9.45+1.73 10.25+2.04
X2 635 588 - 543 624 525570 -  67.1 66.5 582 608 682 592 62.73%4.54 58.68+4.97
X3 559 559 - 664 558 499 540 - 498 549 582 592 582 608 55.3243.14 57.85£5.65

DContent of microbial additive, wiw %, >Initial moisture content, w/w %, Fermentation temperature, °C, - : not detected.

Tai)le 4. Time course of the composting process for Alpe vera leaves(A) and bloods of domestic animal(B) at optimum condition

Enzyme activity (unit)

Time(hrs) Temp.(°C) CO; (ppm) NHz(ppm) m.c.h pH Amylase CMCase Prolease Lipase
A) 0 30 0 - 63.0 5.6 0 0 0 0
12 55 600 - 39.1 52 1.12 0 0.54 0.70
24 56 750 - 13.9 53 1.27 1.93 0.85 1.80
36 56 700 - 55 54 1.35 1.62 0.22 0
48 56 550 - 3.9 54 1.27 2.04 0 0
B) 0 30 0 0 59.4 6.8 0 0 0 0
12 59 1450 27.0 29.5 6.4 2.21 6.32 0.62 04
24 59 800 22.0 92 6.0 1.27 4.66 0.85 11
36 59 450 7.5 3.4 6.2 1.80 3.38 0.57 0
48 59 400 4.0 3.0 6.4 1L.79 2.83 0.71 0
") Moisture content of compost, W/w %.
o) wpRule Zhz 5776 L 2472 ABZ) E AolE  oubw whaule 2Ao] Lesieh).
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Ahgste] Rl HgEA 2Aser) WRolet 4TS % Table 4 9 Fig. 39 R
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Fig. 3. Time course in the composting process of Aloe leaves
(top) and bloods of domestic animal(bottom)
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Table 5. Solid phase composition of raw materials and their
compost product’’

Protein Fat  Fiber Nitrogen Ash Organic Inorganic
free cxtract
R1¥55 32 212 582 119 881 JLY
R2Y324 19 375 188 94 906 9.4
P1Y 65 48 349 410 128 872 12.8
P29314 05 354 223 104 896 10.4

Vdry weight %. 2Aloe vera leaves 494 g + microbial additive 135 g
+ water 871 g bloods ]35 o+ microbial additive 160 g + sawdust
264 g.

compml of R1. Ycompost of R2
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Table 6. Organic carbon balance in extracts from raw materials with water and their compost product”

TOC Peptides Aming acids Polysaccharides ~ Low fatty acids Total®
Concentration” - 24.55 0.63 5.63 18.62
R1  Carbon content4) 21.97 13.66 0.25 2.25 745 23.11
Weight fraction 100 59.90 1.14 10.24 33.91 105.19
Concentration - 9.58 0.16 1.41 3.60
R2  Carbon content 5.78 5.14 0.06 0.56 1.44 7.2
Weight fraction 100 88.93 0.78 7.29 24.91 121.91
Concentration - 3141 1.98 3.89 19.82
Pl  Carbon content 3141 16.84 0.77 3.56 7.93 29.1
Weight fraction 100 53.61 2.45 11.33 25.25 92.64
Concentration - 12.1 60.25 1.43 420
P2 Carbon content 7.65 6.52 0.10 0.57 1.68 8.87
Weight fraction 100 85.23 1.31 7.45 21.96 115.95

I)mg/g_
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Top: Aloe leaves. Bottom: Bloods of domestic animal.
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Table 7. C/N ratio of raw materials and their compost product

Water extracts Solid phase
Organic D Total” Total”
R1 823 592 57.76
R2 2.04 1.97 2.47
P1 13.09 9.35 45.07
P2 2.31 2.28 541

1)’I‘OC/organic nitrogen. IHTOCotal nitrogen.
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