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ABSTRACT: This study is conducted to investigate the effects of anaerobic treatments of swine manure slurry alone and
combination of livestock manure slurry and fruit pomace on biogas production. Anaerobic co-digestion was evaluated in
mesophilic tank reactors for 96 day-incubation period. The organic matter loading of anaerobic digestion was 1 kg of
volatile solids(VS) per 1 m’ - day. The highest methane production was achieved from the combination of swine manure
slury and mandarin pomace(70:30) treatment, whereas the lowest daily and cumulative methane yields was observed in
swine manure slurry alone treatment. More than two-fold increase in bio-gas and methane production was obtained by
combination of livestock manure slurry and mandarin pomace treatment, compared to the swine manure slurry alone treatment.
The co-digestion of livestock manure and fruits pomace has advantages to enhance the production of methane gas, compared

to digestion of swine manure slurry alone.
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Fig. 1. Anaerobic co-digestion pilot device.

Table 1. pH and Solid Content of Input Raw Materials
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Lab-scale reactors for co-digestion

Raw material pH TS(%) VS(%) FS(%)
Swine manure slurry 7.3 83 6.0 23
Cow manure slurry 8.0 22.5 16.8 5.7

Apple pomace 34 132 12.3 0.9

Mandarin pomace 3.7 11.0 10.2 0.8

* TS: Total Solid, VS: Volatile Solid, FS: Fixed Solid
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Table 2. Treatments of Co-digestion
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Treatment Feed stock Mixing ratio(%)
plots (influent substrates) Swine manure slurry  Cow manure slurry Apple pomace  Mandarin pomace
T1 SS 100 - - -
T2 SS + CS 70 30 - -
T3 SS + AP 70 - 30 -
T4 SS + MP 70 - - 30
T5 SS + CS + AP 35 35 30 -
T6 SS + CS + MP 35 35 - 30

SS: Swine manure slurry, CS: Cow manure slurry, AP: Apple pomace, MP: Mandarin pomace

Table 3. Organic Loading Rate and Input Materials Amount for Anaerobic Co-digestion

Input amount(g/L/day) Organic
Treatments Swine manure  Cow manure Apple Mandarin loading rate HRT(day)
slurry slurry pomace pomace (kg-VS/m’Iday)

TI(SS) 16.7 - - - 1 60
T2(SS+CS) 7.7 33 - ; 1 )
T3(SS+AP) 9.9 ; 42 ; 1 71
T4(SS+MP) 10.1 ; - 43 1 69

T5(SS+CS+AP) 3.0 3.0 2.6 - 1 116
T6(SS+CS+MP) 32 32 - 2.8 1 108

*HRT: Hydraulic Retention Time
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Fig. 2. pH change during anaerobic digestion.

Table 4. pH and Solids Content with Different Mixing of Livestock Manure and Fruits Pomace

Treatments pH TS(%) VS(%) FS(%)
SS 7.3 8.3 6.0 23
SS + CS 7.8 12.1 9.1 3.0
SS + AP 7.1 8.9 7.1 1.8
SS + MP 7,0 8.6 6.9 1.7
SS + CS + AP 6.5 14.2 11.5 2.7
SS + CS + MP 6.7 142 10.8 34

* SS: Swine manure Slurry, CS: Cow manure Slurry, AP: Apple Pomace, MP: Mandarin Pomace.
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Fig. 3. The CHs4 content in the biogas according to co-digestion of livestock

manure slurry with fruits pomace.
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Table 5. Cumulative Biogas and Methane Gas Generation Amount from the 30th Day of Anaerobic Digestion Operation

Cumulative biogas

Cumulative biogas

Cumulative methane Cumulative methane

Treatment plots generation generation gas generation gas generation
(L/kg-VS) (L/kg input weight) (L CHdkg -VS) (L CHu/kg input weight)
T1(SS) 19,127(100) 1,142(100) 12,696(100) 758(100)
T2(SS+CS) 16,400(86) 1,497(131) 9,087(71) 830(109)
T3(SS+AP) 32,533(170) 2,293(200) 20,310(160) 1,432(188)
T4(SS+MP) 41,300(216) 2,833(248) 25,231(200) 1,731(228)
T5(SS+CS+AP) 18,010(94) 2,077(182) 9,495(75) 1,095(145)
T6(SS+CS+MP) 28,600(150) 3,075(269) 17,671(139) 1,900(250)
( ): Relative production.
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