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SUMMARY
The aim of the present study is to develop a good initial composting mix using a 

bacterial consortium and 2 % lime for effective co-composting of food waste in a 60-litre 
in-vessel composter. In the experiment that lasted for 42 days, the food waste was first 
mixed with sawdust and 2 % lime (by dry mass), then one of the reactors was inoculated 
with an enriched bacterial consortium, while the other served as control. The results show 
that inoculation of the enriched natural bacterial consortium effectively overcame the 
oil-laden co-composting mass in the composter and increased the rate of mineralization. 
In addition, CO

2
 evolution rate of (0.81±0.2) g/(kg·day), seed germination index of (105±3) 

%, extractable ammonium mass fraction of 305.78 mg/kg, C/N ratio of 16.18, pH=7.6 and 
electrical conductivity of 3.12 mS/cm clearly indicate that the compost was well matured 
and met the composting standard requirements. In contrast, control treatment exhibited 
a delayed thermophilic phase and did not mature after 42 days, as evidenced by the 
maturity parameters. Therefore, a good composting mix and potential bacterial inoculum 
to degrade the oil are essential for food waste co-composting systems.
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INTRODUCTION
Food waste management and its impact on the environment is one of the biggest 

concerns all over the world. The amount of municipal solid waste is gradually increasing 
in China and it reached 191 million tonnes in 2015, which was a drastic increase by 22 % 
from 2005 (1,2). Around 56 % of the municipal solid waste in China is food waste, which is 
directly disposed in landfill. Thus, it is necessary to reduce the significant quantity of food 
waste disposal at landfill because the settlement of landfill is increasing in many metrop-
olises. Moreover, the food waste emits greenhouse gases and highly saline leachate. For 
these reasons, the direct food waste disposal should be diverted from the landfill. How-
ever, most of the countries have implemented policies and regulation to limit the landfill 
disposal of food waste with municipal solid waste and promote biological treatment (3,4). 
Aerobic composting of food waste is a highly recommended technology to recycle the or-
ganic wastes as composting facilitates the reduction of waste to landfill. Thus, the pollu-
tion problem associated with landfilling such as emission of greenhouse gases and gen-
eration of toxic leachates could be reduced. The easily degradable organic matter in the 
food waste intensively acidifies the composting mass during the early phase due to initial 
rapid fermentation, while the high oil contents negatively affect the physical structure of 
the composting mass that collectively retards decomposition efficiency (3-6).

Food waste composting in a range of reactors has been extensively considered in re-
cent years, but most of the investigations use either a synthetic food waste with uniform 
composition or segregated food waste obtained from cafeterias with a limited composi-
tion (2,5,6). Microbes can thoroughly mineralize organic matter into carbon dioxide and 
water by secreting enzymes. Several microbes are involved in various biochemical process-
es in different phases of composting. Hence, the strategy to inoculate potential microbial 
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agents or consortium of microbes is a promising approach 
for enhancing the properties of the final product (7,8).  How-
ever, the inoculated microorganisms often suffer from some 
inherent difficulties such as longer cultivation time and worse 
competitiveness than indigenous microorganisms in a com-
plex composting system (9,10).

The potential of microbial enzymes to enhance the organ-
ic matter transformation has also increasingly become the fo-
cus of contemporary research. Despite this, limited research 
has been focused on the effect of oil content on the com-
posting process. There are not many studies of the effect of 
the enriched bacterial consortium on the composting of real 
food waste (11,12), because the properties of food waste differ 
from place to place, which mostly depends on eating habits. 
Recently, the use of bacterial consortium in a small-scale com-
poster for the composting of food waste and its ecofriend-
ly disposal has been investigated by many researchers (11-
15), but some characteristics of food waste, especially low pH 
and high oil content, pose serious restrictions to successful 
application of this method (2). To eliminate the challenges, 
several studies have examined the use of alkaline materials 
(e.g. NaOH, fly ash and lime) as pH alleviating agents in the 
bio-oxidative phase of composting (2,6). However, high con-
centrations of alkaline substances tend to affect the microor-
ganisms because of the potential inhibitory effects caused by 
their high pH. Besides, their addition has some drawbacks as 
well, such as the loss of nitrogen through NH

3
 emission (2,16).

Although there are numerous small-scale composters 
available on the market for food waste composting, handling 
of real food waste and the problems caused by acidic pH and 
oil content have scarcely been reported. Therefore, the pres-
ent study was designed to evaluate the effect of an enriched 
bacterial consortium specific to the oily food waste together 
with the addition of lime on the efficiency of food waste com-
posting using a small-scale in-vessel composter.

MATERIALS AND METHODS

Composting materials

For the experiment, the food waste was collected from the 
Northwest Agricultural and Forestry University (Yangling, PR 
China) canteen, consisting of steamed rice, wheat meal, soy, 
fish, meat and lard. The food waste was mixed with sawdust 
at the ratio of 4:1 (by wet mass) to obtain the initial C/N ratio 
between 25 and 30 and bulk density of ρ=0.5 kg/L, and 2 % 
lime (by dry mass) was added to buffer the food waste during 
composting (3). The sawdust and lime were purchased from a 
local market (Taobao Pvt, PR China). Selected properties of the 
food waste, sawdust and the initial mix are given in Table 1.

Enrichment of bacterial consortium and inoculum 
preparation 

About 20 indigenous bacterial consortia isolated from 
food waste compost and kitchen sink waste samples were 
enriched using 50 mL of modified basal salt liquid medium 

(SOB Medium, BD Difco™ dehydrated culture media, Ther-
mo Fisher Scientific, Waltham, MA, USA) in 250-mL Erlen-
meyer flask (Büchi Glass Uster AG, Uster, Switzerland). The 
food waste compost was obtained from our previous exper-
iment, while kitchen sink waste was collected from universi-
ty canteen (Northwest Agricultural and Forestry University, 
Yangling, PR China). The composition of  basal salt medium 
(SOB Medium, BD Difco™ dehydrated culture media, Ther-
mo Fisher Scientific) in 1 L of water was (in g): NaNO

3  
2,  

KH
2
PO

4  
2, Na

2
HPO

4
·12H

2
O 2, MgSO

4
·7H

2
O 0.2, CaCl

2
·2H

2
O 0.1,  

FeSO
4
·7H

2
O 0.001, NaCl 0.8, KCl 0.8 and 1 mL of trace metal 

solution (composition (in g/L): FeCl
3  

0.08,
 
ZnSO

4
·7H

2
O 0.75, 

CoCl
2
·6H

2
O 0.08, CuSO

4
·5H

2
O 0.075, MnSO

4
·7H

2
O 0.75, H

3
BO

3
 

0.15 and
 
Na

2
MoO

4
·2H

2
O 0.05) in 47 mL of distilled water with 2 

mL of vegetable oil (sunflower seed oil, Jia’n City Senhai Spice 
Co. Ltd., Jiangxi, PR China) (17).

The liquid medium was sterilized at 121 °C and 15 Pa for 
20 min and medium pH was adjusted to 7.0±0.1 using 0.5 M 
phosphate buffer solution (SOB Medium, BD Difco™ dehydrat-
ed culture media, Thermo Fisher Scientific). The mass of 5 g of 
soil or food waste compost sample was inoculated into 50 mL 
of the above basal salt medium and incubated at 55 °C on a 
rotary shaker (Heidolph Instruments, Schwabach, Germany) 
at 200 rpm for 3 days and then 1 mL of culture was transferred 
to a fresh medium. The enrichment was repeated up to five 
times and then the enriched consortium was used for further 
experiment. The potential bacterial consortium was selected 
on the basis of in-vitro substrate-specific degradation exper-
iment (data not shown). The enriched bacterial consortium 
was grown in nutrient broth medium (SOB Medium, BD Dif-
co™ dehydrated culture media, Thermo Fisher Scientific) at 
55 °C on a rotary shaker at 200 rpm for 24 h and then 2 L of 
broth culture (6.8·106 CFU/mL or that of which absorbance 
was greater than 1) was used as inoculum for composting, 
while control treatment was also mixed with 2 L of broth alone 
to obtain similar nutrient level in both treatments. A UV-Vis 
spectrophotometer (UVmini-1240; Shimadzu, Tokyo, Japan) 
was used to measure the absorbance of bacterial population.

Experimental design and analyses

The specially designed stainless steel in-vessel compost-
er with feeding capacity of 60 L was used for the experiment 
(Shantou Transion Trading Co., Ltd., Shantou, PR China). The 

Table 1. Selected physicochemical properties of the food waste, saw-
dust and their mix used as initial feed stock in the present study 

Parameter Food waste Sawdust Mix

pH 5.13±0.12 4.99±0.10 7.42±0.06

ρ(bulk)/(kg/L) 0.63±0.02 0.2±0.1 0.5±0.2

w(moisture)/% 71.2±2.6 11.8±1.5 56.8±2.7

w(total organic carbon)/% 46.3±0.3 54.7±0.3 47.2±0.5

w(total Kjeldahl nitrogen)/% 2.7±0.2 0.3±0.1 1.8±0.2

C/N ratio 16.9±0.3 165.8±0.2 25.6±0.1

Values represent mean and standard deviation (N=3)
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composting reactor was filled with 25 kg of fresh food waste 
mixed with sawdust (4:1 ratio on dry mass basis). Two com-
posters were used: one composter served as a control, while 
in the other 2 L of enriched bacterial consortium were inocu-
lated in the composting mix on the first day. The composting 
period lasted 42 days and during this period, the feedstock 
was mixed thoroughly by hand. Three representative samples 
of about 200 g were collected from control and treatment 
composters on turning days 0, 3, 7, 10, 14, 21, 28 and 42 of 
the composting period. Then the pH (PHSJ-3F meter; INESA 
Analytical Instrument Co., Ltd., Shanghai, PR China), electri-
cal conductivity (DDS-307 conductivity meter; INESA Analyt-
ical Instrument Co., Ltd.), total organic matter, extractable am-
monium (NH

4
+-N), total Kjeldahl nitrogen (TKN), total organic 

carbon (TOC), total phosphorus, total potassium, NH
3
, and 

carbon dioxide evolution and seed germination index were 
determined according to the standard methods of compost 
maturity analysis (18,19).

Statistical analysis

The uncertainty of the analyzed parameters was meas-
ured by one-way analysis of variance (ANOVA) and Duncan‘s 
multiple range tests using SPSS v. 21 software (20). Redundan-
cy analyses of analyzed parameters during composting were 
conducted by Canoco v. 5 software (21).

RESULTS AND DISCUSSION

Changes in temperature and pH

Temperature is a critical parameter that indicates over-
all microbial activity, stability and maturity of end products. 
Changes in composting temperature strongly reflect the met-
abolic activity of microorganisms during composting (22,23). 
Fig. 1a reveals the variation of temperature during food waste 
composting under the employed conditions. In the compost 
reactor inoculated with bacterial consortium the tempera-
ture significantly increased and reached 68 °C within 2 days, 
indicating that the inoculated microorganisms could easily 
decompose the organic matter of the food waste. The ther-
mophilic phase was prolonged for more than 15 days in the 
composter inoculated with bacterial consortium, and then 
the temperature gradually dropped to the ambient level. In 
contrast, the temperature of control composting reactor in-
creased slowly and reached a maximum of 60 °C on day 10. 
The slow increase in temperature resulted in a prolonged pe-
riod of thermophilic phase, which lasted for 40 days, and then 
the temperature sharply dropped. 

The temperature profile of control reactor clearly indicates 
that composting was slow in the absence of suitable microbial 
consortium that degrades the oil content. The temperatures 
exceeding 55 °C for at least 3 days is an indication of elimina-
tion of pathogenic microbes during the composting. This level 
is highly suitable for the small-scale in-vessel food waste com-
posting. Besides, CO

2
 evolution rate of control of (7.7±0.5) g/

(kg·day) and treatment of (0.8±0.2) g/(kg·day) showed a high-
ly significant variation, which clearly reflected the role of en-
riched microbial inoculum in the treatment.

Variations in pH during the initial stages of composting are 
remarkably altered by microbial activity, and for optimal com-
posting neutral pH was reported in several earlier works (22-
24). During initial phase of composting, the initial pH of com-
post mix (pH=7.42) in the treatment with bacterial consortium 
significantly decreased to around 5.5 on day 3 (Fig. 1b) and 
thereafter gradually increased to pH~7.7 after 42 days, while 
in the control the pH drop continued until day 14 and reached 
pH~4.0, then gradually increased with compost maturation 
and reached pH~6.5 on day 42. The initial reduction of pH to 
acidic range could be due to the organic acids produced dur-
ing the early stage of composting and incomplete oxidation of 
organic matter. The subsequent increase in pH was due to the 
decomposition of organic acids and proteinaceous substrate 
combined with production of gaseous ammonia (25-28). Over-
all, the correlation analysis confirmed that temperature and pH 
have significant effect on the composting efficiency. 
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Fig. 1. Changes of: a) temperature profiles, and b) pH value of the com-
posting mass during composting of food waste. Results are expressed 
as the mean value and standard deviation of triplicate samples
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Total organic carbon and total Kjeldahl nitrogen

The total organic carbon (TOC) contents in both the con-
trol and bacterial consortium treatment gradually decreased 
during composting. The TOC reduction was higher in the com-
post inoculated with the bacterial consortium (Fig. 2a), which 
is well corroborated with its temperature profile. Despite the 
later thermophilic period in the control, the TOC reduction was 
not as high as in the compost inoculated with bacterial con-
sortium indicating that higher degradation of organic matter 
occurred in the treatment than in control. Since the bacteri-
al population in the treatment was larger than in the control, 
more carbon was utilized by the microbes. Besides, inhibition 
of microbes due to acidic pH could also be a reason for the slow 
degradation of organic matter in the control. 

The total Kjeldahl nitrogen (TKN) content rapidly decreased 
in the compost inoculated with bacterial consortium until day 
7 of composting, while in the control the TKN continuously de-
creased until day 14 (Fig. 2b). This period of decreasing TKN 
correlates with the increase of NH

4
+-N, indicating that the re-

duction in TKN could be related to the loss of NH
3
, however, the 

pH during this period was not high enough to promote that. 
Therefore, further analysis and experiments are required to in-
vestigate this discrepancy in the oily food waste. After one and 
two weeks, the TKN increased gradually to approx. 2.06 and 
1.45 % in the treatment with bacterial consortium and control, 
respectively. Nitrogen loss during the first two weeks of com-
posting and further increasing TKN trend during food waste 
composting were also reported in some earlier works (29-31).

Extractable ammonium and C/N ratio

During the early stage of composting, degradation of or-
ganic matter releases ammonium and the prevailing pH influ-
ences the loss of this NH

4
+ as NH

3 
gas resulting in significant loss 

of nitrogen from the composting mass (32-36). The NH
4

+ mass 
fraction increased on day 14 of the treatment and on day 21 in 
control reactor; after that it gradually decreased until day 42 
(Fig. 2c). The NH

4
+ mass fraction quantified in the reactor with 

bacterial consortium was significantly (p<0.05) lower than in 
the control composter (Fig. 2c). The final extractable NH

4
+ mass 

fraction of the treatment with bacterial consortium was below 
500 mg/kg, while in the control it was approx. 2000 mg/kg, indi-
cating that this compost may exert phytotoxic effect and needs 
a long period of maturity. 

The C/N ratio is an important parameter of the end product 
as it affects immobilization and release of nitrogen and other 
important macronutrients for plant growth (35-37). A decreas-
ing trend of C/N ratio throughout the composting period might 
be due to the higher loss of carbon compounds generally (Fig. 
2d). Rapid decomposition of the organic matter coupled with 
increase in nitrogen content resulting from the loss of total or-
ganic matter led to the decrease in C/N ratio as investigated 
earlier (38,39). The C/N ratio of the final product of bacterial con-
sortium treatment was approx. 16, indicating good maturity of 
the compost and that it could be readily used as supplement 
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Fig. 2. Changes in: a) total organic carbon, b) total Kjeldahl nitrogen, 
c) extractable ammonium, and d) C/N ratio during composting of 
food waste. Results are expressed as the mean value and standard 
deviation of triplicate samples
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for plant growth. In the control, the C/N ratio was approx. 25.41, 
which is significantly (p<0.05) higher than in the treatment with 
bacterial consortium. In addition, the correlation analysis also 
indicated that C/N ratio was directly related to TOC and TKN 
mineralization profile (Fig. 3).
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Fig. 3. Redundancy analysis: a) control, and b) bacterial consortium. 
TOC=total organic carbon, TKN=total Kjeldahl nitrogen, EC=electrical 
conductivity  

Cress seed germination index

Seed germination index is important criterion for com-
post maturity evaluation, since it directly indicates if the fi-
nal compost has an inhibitory effect on plant growth or not. 
Initially, the germination indices were very low (Fig. 4 and 
Table 2) due to the active decomposition of organic materi-
als that generated a variety of toxic compounds and thus re-
duced the seed germination (38,39). The germination index 
dropped on day 7 in the treatment with bacterial consortium 
and on day 10 in control, and then it gradually increased un-
til the end of composting. On day 35, the germination index 
in the treatment with bacterial consortium reached >90 %, 
while in the control treatment it did not reach 80 %, as re-
quired for the compost maturity after 42 days, indicating that 
the delayed thermophilic period and high mass fraction of 
NH

4
+  were clearly attributed to the poor germination index in 

the control and it required a longer period to reach maturity.
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Fig. 4. Changes in germination index during composting of food 
waste. Results are expressed as the mean value and standard devia-
tion of triplicate samples
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Table 2. Maturity properties of compost obtained after composting of real food waste 

Parameter Controla Bacterial consortiuma
Compost standard

HKORCb TMECCc/CCMEd

w(NH
4

+-N)/(mg/kg) 1965.4±32.1 305.8±16.6 ≤700 75-500

CO
2
 evolution rate/(g/(kg·day)) 7.7±0.5 0.8±0.2 ≤2 2-4

pH 6.65±0.04 7.69±0.02 5.5-8.5 -

κ/(mS/cm) 7.7±0.1 3.7±0.2 ≥4 ≥4

w(total organic carbon)/% 36.8±1.3 33.3±1.2 ≥16 -

w(total organic matter)/% 93.3±0.5 85.6±0.4 ≥20 ≥40

w(total Kjeldahl nitrogen)/% 1.45±0.05 2.06±0.03 1.0-3.0 -

w(total phosphorus)/% 1.4±0.5 1.6±0.3 - -

w(total potassium)/% 1.8±0.3 1.1±0.2 0.6-1.7 ≥4

w(N+P+K)/% 4.7±0.5 4.8±0.3 ≥4 -

Germination index/% 71.7±13 105.4±9.0 ≥80 80-90

C/N ratio 25.4±1.7 16.2±1.4 ≤25 ≤25
aMean value±standard deviation (N=3), bHKORC, Compost and Soil Conditioner Quality Standards (36), cTMECC, standards for ‘stable’ compost 
quality (18), dCCME, guidelines for compost quality (37)
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Compost quality

The physicochemical properties of the finished compost 
from both treatments, i.e. the compost inoculated with bac-
terial consortium and control after 42 days are shown in Table 
2. However, among the different analyzed maturity proper-
ties, the CO

2
 evolution rate of the compost inoculated with 

bacterial consortium was within the limits of ≤2.0 g/(kg·day). 
The pH and electrical conductivity values also show that the 
compost inoculated with bacterial consortium is suitable for 
organic farming as the C/N ratio was smaller than 20. The 
germination index of the compost inoculated with bacteri-
al consortium after 42 days of composting was more than  
80 %, while it was <80 % in the control. A precise maturation 
period was observed of the compost inoculated with bacte-
rial consortium. Accordingly, the results (Table 2) show that 
the availability of essential nutrients in the matured compost 
inoculated with bacteria was within the Compost and Soil 
Conditioner Quality Standards for Organic Farming (36) and 
Guidelines for Compost Quality (37).

CONCLUSIONS
The effect of enriched bacterial consortium and addition 

of 2 % lime to increase the low pH and reduce oil content of 
real food waste composting was investigated in a small-scale 
in-vessel composter. The results clearly indicate that compost 
inoculated with bacterial consortium has rapid mineraliza-
tion rates in the first 14 days of composting, and higher tem-
perature. The compost inoculated with bacterial consorti-
um matured within 5 to 6 weeks and met the standard for 
compost quality, while the control did not meet the required 
standard. 
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