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ABSTRACT 
 
 Anaerobic stabilization is a method of choice nowadays for food waste treatment. It does not only reduce 
the waste quantities but also generate biogas containing methane as a renewable energy source. Anaerobic 
stabilization proceeds in three stages: hydrolysis, acid fermentation, and methane generation. If an anaerobic 
process is overloaded with organic substrate as in a case of food waste, normal progress to the next stage may 
not occur and problems such as protracted acid period may arise. Long acid phase is a result of unbalanced 
organic input and utilizing ability of anaerobic system. While the pH is below 6.5, methane generation could not 
proceed effectively and, therefore, complete food waste stabilization was possible. This work attempted to 
investigate the food waste stabilization characteristics, focusing on acid phase, at different organic loading rates 
since this type of waste was capable of producing leachate with high organic content. Four bioreactors were set 
up. Approximately, 2.5 kg of food waste and 0.2 L of seed sludge was loaded to each reactor. The content of the 
reactors was mixed by leachate recirculation. Volatile fatty acid (VFA) and chemical oxygen demand (COD) 
was selected to indicate the organic concentration of leachate. Daily application of leachate with VFA mass 
loading rates of 0.0975, 0.195, 0.390, and 0.780 g VFA/L/d were applied on Day 6 for reactors 1, 2, 3 and 4, 
respectively. The leachate pH was adjusted and recycled on Day 40. After 160 days of experiment, reactor 4 that 
received the highest loading rate exhibited the shortest acid duration on Day 51 and the highest percent methane 
in the biogas. However, the system could not utilize organics in the leachate without pH adjustment before Day 
40. Without buffering, reactor 3 seemed to outperform reactor 4 as indicated by percent methane before Day 40. 
Inversely linear relation between the duration of the acid phase and the buffered VFA loadings for all reactors 
was found with R2= 0.97. Therefore, daily VFA loading rate as high as 0.780 g VFA/L/d could be applied to 
enhance anaerobic food waste stabilization and shorten the acid period if the system pH is adequately buffered. 
The final leachate, however, required further treatment to reduce its COD and VFA contents. 
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Introduction 
 
 Food waste treatment and disposal possesses a great challenge worldwide, especially in developing 
countries such as Thailand. Food waste always contains high biodegradable portion that can be leached and 
contaminate precious water resources. If properly managed, the high organic content of food waste can be 
converted to biogas containing methane which is a renewable energy source (Komilis et al. 1999). 
Unfortunately, the most popular waste management practice in Thailand is now open dumping of mixed waste 
that possess high pollution risk from leachate and gas produced (Nguyen and Schnitzer 2009). At present, there 
is an attempt in Thailand to segregate food waste from other wastes at the place of origin. The separated waste, 
which is high in organic content, can be used as raw materials to produce biogas onsite (Prasertsan and 
Sajjakulnukit 2006; Chanchampee 2010).  
 Anaerobic digestion of solid food waste is considered a promising technology (Verstraete et al. 1996, Fehr 
et al. 2002). The stabilization generally proceeds in three stages: hydrolysis, acid fermentation, and methane 
generation. If an anaerobic process is overloaded with organic substrate such as food waste leachate, normal 
progress to the next stage may not occur and problems such as protracted acid period may arise. Long acid 
phase is a result of unbalanced organic input and utilizing ability of anaerobic system. If the pH is lower than 
6.5, activities of most methane producing microorganisms will be inhibited and, proper sequence of food waste 
stabilization could not be completed (McCarty 1964, Hill et al. 1987, Hill et al. 1988, Ahring et al. 1995). This 
work attempted to investigate the anaerobic food waste stabilization characteristics, focusing on acid phase, at 
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different organic loading rates since this type of waste is capable of producing leachate with high organic 
content.  
 
Materials and Methods 
 
Reactor configuration: 
 
 Four reactors were set up as in Fig 1. Each reactor had a diameter of 0.20 m and a height of 0.4 m with a 
total volume of 12.5 L. Two 0.28 m outer diameter PVC flanges were attached to the top and bottom lids of 
each column to provide support. There were three ports on the top lid for gas sampling, collection and leachate 
addition. There was one water outlet at the bottom for leachate sampling and collection. The reactor bodies were 
gas and water tight. 

 
 
Fig. 1: Anaerobic food waste reactor. 
 
Food waste loading: 
 
 The food waste mixture represented typical composition of typical Thai wholesale fresh market. (Sanphoti 
et al. 2006) The waste comprised 90% vegetables and 10% fruit by weight. Approximately 2.5 kg of shredded 
food waste and 0.2 L of anaerobic digested sludge obtained from Nong-Kham wastewater treatment plant was 
mixed and loaded to each reactor. Initial moisture content and total solids of the mixture were approximately 
88% and 12%, respectively.  
 
Leachate management: 
 
 The content of food waste, sludge and moisture in the reactors were mixed by leachate recirculation. The 
method has been used for lab and field scale solid waste landfills to enhance microbial activities and shorten 
time required for waste conversion and stabilization (Townsend et al. 1996; Reinhart and Al-Yousfi 1996; 
Pohland and Kim 1999; Stabnikove et al. 2008). At beginning, a liter of leachate was recycled back to each 
reactor every day until the field capacity was reached and that date was marked as Day 0. Daily leachate 
recirculation based on VFA mass loading scheme was begun on Day 6 of the experiment. The first reactor 
received organic loading rate 0.0975 g VFA/L/d (equivalent to 110 mL/d). Variation of OLR was applied for 
reactors 2, 3 and 4, which received 0.195 (approximately 200 mL/d), 0.39 (approximately 380 mL/d) and 0.78 g 
VFA/L/d (approximately 800 mL/d), respectively. On Day 40, Leachate pH was adjusted prior to recycling back 
by 6N NaOH for all reactors 
 
Sampling and analytical protocols: 
 
 Leachate samples were collected from the bottom port of each reactor and were analyzed for pH, chemical 
oxygen demand (COD), volatile fatty acid (VFA), and alkalinity. The COD, VFA, and alkalinity were measured 
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according to procedures outlined in the Standard Methods for the Examination of Water and Wastewater 
(APHA, 1999). The volume of gas production as well as methane percentage in gas samples was determined 
using gas chromatography with TCD detector. 
 
Results and Discussion 
 
pH: 
 
 During the first 39 days, pH values from all reactors remained in the range of 5.3-6.1 as a result of 
extensive acid production in all four reactors (Fig.2). Application of high organic VFA loading rate of 0.78 g 
VFA/L/d in reactor 4 did not significantly caused the pH of the system to drop below those of other systems. For 
this period, methane production activities for all reactors were obviously inhibited. Once pH adjustment was 
started on Day 40, slow leachate pH recovery was observed for reactors 1, 2, and 3. In contrast, the leachate pH 
of reactor 4 rapidly increased to 7 on Day 51 and may be due to the effect of the highest recycled volume 
employed. Further increase in pH values was found during Day 52 to 60 and was clearly a result of rapid 
conversion of VFA to methane. Slow pH rose to neutral after Days 62, 73 and 74 for reactors 3, 2 and 1, 
respectively. It was obviously found that the high loading rate with proper leachate pH adjustment could result 
in pH recovery to favorable range of 6.7-8 (Wolfe and Higgins 1979) and resulting in short acid phase period.  
 

 
……… Application of buffering solution to reactors 
 
Fig. 2: Leachate pH for anaerobic food waste reactors. 
 
Volatile Fatty Acid (VFA): 
 
 During the first 39 days of operation (Fig. 3), VFA concentration fluctuated in the range of 10,000-20,000 
mg/l and resulted in a parallel pH drop and low methane gas production for all reactors. Concentration of 
leachate VFA from reactor 4 was slightly higher than others and may be due to accelerated leaching and 
fermentation from the highest loading used in this study. In contrast, the lowest VFA loading input to reactor 1 
yielded the lowest VFA concentration in leachate as indicated from the VFA concentration on Day 29, which 
was 10,370, 11,161, 11,427, and 11,606 mg/l for reactors 1, 2, 3 and 4, respectively. Rapid VFA drop was seen 
for reactor 4 from Day 41 (13,333 mg/l) to Day 60 (9,375 mg/l) after the attempt of leachate pH adjustment on 
Day 40. Daily methane gas abruptly rose from 29 ml to 159 ml (Fig. 8). In the mean time, leachate VFA for 
other reactors remained high in the range of 10,000-16,000 mg/L with relatively low daily methane gas (Fig. 6). 
The reason for rapid decrease in VFA concentrations for reactor 4 could be from the ability of methanogen to 
use VFA for food under favorable system pH. From Day 50 to Day 160, Leachate VFA from reactor 4 exhibited 
the lowest VFA concentration regardless of the highest loading rate received. The further decline in VFA from 
Day 120 to Day 160 was probably due to additional leaching and utilization of VFA from the food waste mass. 
This indicated an appropriate balance between organic input and utilizing ability of the anaerobic system 
utilizing food waste. Therefore, the application of 0.78 g VFA/L/day organic VFA loading rate with adequate 
buffering could promote fast organic waste stabilization. The final leachate from all four reactors still contained 
high VFA concentrations of about 2,000 – 5,000 mg/L and must be treated before discharging. 
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……… Application of buffer neutralization 
 
Fig. 3: Leachate VFA concentration for anaerobic food waste reactors. 
 
Chemical oxygen demand (COD): 
 
 Leachate COD of the food waste from all reactors was relatively high (46,000 – 66,000 mg/L) during the 
first 39 days of operation (Fig.4). This indicated that the food waste contained readily soluble organic materials. 
Loading rate of 0.0975 g VFA/L/d for reactor 1 resulted in the lowest COD concentrations (46,000-50,000 
mg/L) during this period. Concentrations of COD for reactors 2 and 3 were higher than those for reactor 4 and 
were not consistent with the VFA values. This may be due to solids present in the leachate. Sharp decrease in 
COD concentrations for the reactor 4 from Day 55 to Day 160 as compared to other reactors was a clear result 
of fast VFA conversion to methane. Reactors 4 and 3 exhibited more complete organic stabilization than the 
reactors 1 and 2 since their COD concentration at the end were lower. After 160 days of experiment, final COD 
concentrations for all reactors still remained high (25,000 to 35,000 mg/L). Although their VFA content was 
lower than that of the acid phase, the leachate containing high COD still required treatment prior to discharging 
to receiving water bodies. 

 
……… Application of buffer neutralization 
 
Fig. 4: Leachate COD concentration for anaerobic food waste reactors. 
 
Alkalinity: 
 
 Leachate alkalinity for all reactors during the first 39 days was similar and stayed within the range of 4,000-
10,000 mg/l as in Fig. 5. Initial leachate alkalinity from all reactors was not adequate since the pH of leachate 
during the first 39 days of operation was in an acidic range of 5.3-6.1 . After leachate neutralization was 
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performed on Day 40, alkalinity concentrations for reactor 4 declined. This was due to active conversion of 
VFA to methane gas since VFA also contributed to an anaerobic alkalinity system.  
 

 
……… Application of buffer neutralization 
 
Fig. 5: Leachate alkalinity for anaerobic food waste reactors. 
 
Daily methane gas: 
 
 Daily methane gas production was also another key parameter for anaerobic organic waste degradation. 
From Day 7 to Day 39, fluctuating daily methane gas production was observed for all reactors as seen in Fig 6. 
An abrupt rise in daily methane production for reactor 4 from Day 41 to Day 74 occurred after initiating pH 
adjustment. While most of daily methane gas production from other reactors remained in the range of 20-80 
mL/day during the same period. Peak of daily methane gas was observed on Day 101, 94, 74 and 59 in reactor 1, 
2, 3 and 4, respectively.  

 
……… Application of buffer neutralization 
 
Fig. 6: Daily Methane gas for anaerobic food waste reactors. 
 
Percent methane in biogas: 
  
 Entry to the methane phase is a key step in a complete anaerobic food waste stabilization. From Fig. 7, 
methane percentages from all bioreactor were similar and were within the range of 2.5-5% during the first 5 
days. After the application of different leachate loadings on Day 6, the variations in methane percentage in 
biogas from all reactors were observed. Methane percentage from biogas of reactors 3 and 4 was higher as 
compared to those of reactors 1 and 2. On Day 13, CH4 percentages in biogas were 12%, 15%, 19% and 23% in 
reactors 1, 2, 3 and 4, respectively. Recirculation of the leachate during early phase provided better conditions 
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for extraction of organic matter from the treated food waste. Methane percentage of reactor 3 appeared to be 
greater than that of reactor 4 from Day 25 to Day 39. This may be due to excessive VFA loading to reactor 4. 
Methane percentages for all reactors were less than 40% and the acid phase lingered. Reactor 3 performed better 
than reactor 4 prior to Day 40.  
 Leachate neutralization was performed on Day 40 and caused a rapid increase in methane percentage for all 
reactors. As expected, percent methane of reactor 4 rapidly increased and approached 50% on Day 51. It was 
coincided with gradual decline in VFA concentrations for reactor 4. Methane percentage for reactors 1, 2, and 3 
reached 50% on Days 91, 85, and 67, respectively. The 50 percent methane together with a steadily decrease in 
VFA concentrations could be used to mark an end to anaerobic acid phase (Barlaz et al. 1990; Warith and 
Sharma 1998; Shabnam et al. 2008). Therefore, slower shifts from acid to methane phase for other reactors as 
compared to reactor 4 could be seen. The highest daily VFA organic loading from this experiment (9,800 mg 
VFA/d or 0.78 g VFA/L/day) could shorten acid degradation period and enhanced food waste stabilization 
processes. 
 

 
……… Application of buffer neutralization 
 
Fig. 7: Percent methane in biogas for anaerobic solid waste reactors. 
 
Relationship between duration of acid phase and VFA mass loading: 
 
 A plot between the duration of the acid phase and the VFA mass loading in mg per day for all reactors was 
given in Fig. 8. The time of acid duration for reactors 1, 2, 3, and 4 was 91, 85, 67, and 51 days, respectively. 
The relation for the acid phase duration and the VFA mass loading was found to be inversely and linearly 
proportional with R2 = 0.97. Therefore, the more the VFA loadings to the system, the shorter the duration of the 
acid phase one can expect, given that the pH of recycled leachate is maintained in neutral range.  
 

 
 
Fig. 8: Duration of acid phase and VFA mass loading. 
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Conclusion: 
 
 The result showed that different volatile fatty acid (VFA) loading rates can impact duration of acid phase in 
anaerobic food waste stabilization. For high organic content waste such as food waste, the VFA can cause pH to 
drop below the tolerance limit of methanogen and result in long acid period as one can see during the first 40 
days. Once leachate neutralizing was initiated on Day 40, indicators such as pH, VFA, daily methane gas 
production, and percent methane has improved for all reactors with the most pronouncing effect for reactor 4 
which received the highest VFA loading. Methane percentage of greater than 50% was obtained after 51 days of 
operation for reactor 4, as compared to 91, 85, and 67 days for reactors 1, 2, and 3, respectively. Thus, the 
reactor with the highest loading stayed in the acid phase with the shortest duration. This was the study using the 
VFA loading ranging from 0.0975 to 0.78 g VFA/L/d. Inversely linear relation between the duration of the acid 
phase and the VFA loadings for all reactors was found with R2 =0.97. Concentrations of organics measured as 
VFA and COD were still high and needed further treatment after 160 days of experiment. 
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