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Abstract: In order to investigate the inhibition of anaerobic digestion with alcohol-distillery wastes, batch anaerobic di-
gestion experiments were conducted. Both naked-barley based and rice based alcohol-distillery wastes were separated
into soluble organic fractions and suspended solids fraction using diafiltration with ceramic membranes. Each fraction of
retentates and permeates, and the raw alcohol—distillery wastes were used as feeds for the anaerobic digestion study. The
suspended solids fraction from the naked-barley stillages had produced much more propionic acid than the soluble organ-
ic fractions or raw alcohol-distillery wastes. The inhibition of anaerobic digestion for naked-barley alcohol—distillery

wastes may be due to the higher productions of propionic acid with solids fraction of the wastes.
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Table 1. The Initial Compositions of Six Different Digesters
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*Stillage based on Ricel | Stillage based on Nakedearleyl

! l

Permeate H|7Membrane Filtration l
(Soluble organics) l

Concentrate

(Suspended solids + Soluble organics)

Diafiltration |

Concentrate
(Pure Suspended Solids)
Naked-Barley : SS/TS=95%
Rice 2 SS/TS=97%

% Stillage based on mixture of Rice, Tapioca,
and squirreltail barley(90 : 10)
Fig. 1. Schematic procedures for the feed prepara-
tion,
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urz)sh ). M2 HEAl0 2 2959w, 250ml
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Yy pH 245 v]YES 50mly #Z3t4gr}. Table
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. stillages based on rice stillages based on naked barley
Substrates - - -
Soluble organics|Suspended solids| raw stillages | soluble organics [suspended solids| raw stillages
COD(mg/¢ ) 30000 30300 23000 29050 30850 31650
pH 6.1 6.2 6.2 6.2 6.2 6.2
MLSS(mg/¢ ) 8800 14700 9900 10100 14800 12500
MLVSS(ng/?¢ ) 7500 13000 8600 8200 12900 11600
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Azge GP 10% SP-1200/1% H,PO, 80/100 Chro-
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Table 2. Initial and Final Concentrations of Inhibitory Ions during the Anaerobic Digestion

(mg/0)
Ions NH,* SO2* S2-
Substrates Initial Final Initial Final Initial Final
Soluble Organics 994 714 237 284 0.3 3.3
Stillages based -
Suspended Solids 729 760 593 104 2.3 2.8
on Rice
Raw Stillages 650 756 539 160 3.3 2.8
Soluble Organics 899 849 344 411 3.3 3.5
Stillages based -
Suspended Solids 649 1015 534 445 4.3 3.3
on Naked Barley -
Raw Stillages 1009 1012 868 230 4 4
Table 3. Variation of Metal Jon Concentrations
(mg/¢)
Metals Al Ni K Ca Cr |Cu| Fe M, Mn Na Zn | H;
Substrates 8 g
S“:gﬁg‘:ed 3.8-4.4 | ND | 796-804 (69.1-86.5|0.7-1.0 | ND | 3.3-4.1 [118.0-119.6| 2.1-2.7 [46.3-67.5| ND | ND
Rice | SO0l 119 54| ND | 113132 |21.8-38.9| 05 |ND|3.4-44| 30.8- 406 0.7-02 (32.2-37.1| ND ND
Organics
Stli}ﬁi‘ges 2.2-2.9 | ND | 356-390 |32.9-52.8|0.5-0.6 | ND | 3.3-3.8 | 65.1- 68.6| 1.2-1.8 |40.5-41.7/ ND | ND
Suspended | 5 7-5.7 | ND |997-1092|465-71.2| 09 |ND| 39 [159.2-169.0] 13-2.3 |46.8-49.3| ND | ND
Naked| Soluble
Barley| Organics 1.6-2.1 | ND | 277-302 (23.0-31.9| 0.5 |ND|2.9-3.2| 50.8-53.2 0.7 |36.7-39.8{ ND | ND
Raw
Stillages 1.7-2.2 | ND | 591639 |26.8-34.2| 0.6 |[ND!3.2-3.6| 88.1-90.9 | 0.9-1.1 |45.9-48.3| ND | ND
T3, A4A A 33, 1993
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Fig. 2. Variation in the ratio of acetic acid(mole %) to total volatile acids.
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Fig. 3. Variation in the ratio of propionic acid(mole % ) to total volatile acids.
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Table 4. Free Energy Associated with the Anaero-
bic Oxidation of Propionate, Butyrate, and
Acetate[ 7]

4G (kJ/mole)
(at 55, pH=7)
(1) Propionate-+2H,0 3H,+ Acetate+CO; +71.3
(2) Butyrate+2H,0  2H+ 2Acetate+H* +483
(3) Valerate+2H,0  2H,+ Acetate+ +25.1
Propionate+H*
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Table 5. Typical Composition of Three Types of Barley and Asiatic Rice[ 9, 10]

Barley Kernel Hull Protein Fat Fiber Ash Nitrogen—{ree
Types Weight(mg) (%) (%) (%) (%) (%) extrat(%)
Midwestern 36 12 12 2.0 5.7 2.7 66.6
6—;0wed
California 45 14 11 2.0 6.6 3.0 65.4
6-rowed
Western 40 10 10 2.0 5.2 2.5 72.3
2-rowed
Rice Samples Water Protein Fat Fiber Ash Nitrogen—free
(159) (%) (%) (%) (%) (%) extrat(%)
Minimum 8.04 6.58 0.31 0.32 0.73 73.63
Maximun 13.15 7.69 2.83 1.00 1.56 82.05
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