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h i g h l i g h t s

� CAMC has high activity of
degradation biomass waste at low
temperature.

� CAMC can change the bacterial
community composition and
succession of composting.

� Inoculated CAMC contribute to start-
up in winter composting.

� The energy produced by CAMC would
be a clean heat supply source for
heating-up.
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a b s t r a c t

Low temperature climate presented a technical challenge to start-up composting in northern region of
China. This study investigated if the cold-adapted microbial consortium (CAMC) could promote compost-
ing start-up at low temperature. In this work, the CAMC was inoculated when food waste was composted
at 10 �C. The results showed that inoculating CAMC accelerated the piles temperature effectively, the
piles passed through the start-up period within 37 h. Moreover, the inoculants could enhance the abun-
dances of dominant strains related to organic matters degradation rate. Redundancy analysis (RDA) indi-
cated that the relationships among indigenous bacteria, organic substrates degradation and temperature
evolution were influenced by the inoculants. Furthermore, the heat generation value and degradation
rate of the hydrolysable carbohydrate, lipids and protein were significantly enhanced with CAMC inocu-
lated. This work demonstrated that inoculating CAMC was beneficial to composting self-heating, it pro-
vided a novel biotechnology support to ensure the normal start-up of winter composting.

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Aerobic composting is a widely accepted approach to dispose
the organic waste, it could provide humic substance to improve
fertility of soil and some basic nutrients for plant (Elango et al.,
2009). Composting is a biological self-heating process. The heat
produced by microorganisms is tightly coupled with the metabolic

reactions of microbes (Bayne-Jones and Rhees, 1929). Microorgan-
isms act as the energy transducer during the composting. They
transform the energy stored in the biomass (such as municipal
solid wastes, wood wastes, industrial residues, animal wastes
etc.) into energy (Demirbas, 2004). The energy produced by the
organism is called bio-energy (McKendry, 2002), it is one of the
renewable energy source. A portion of the bio-energy is used for
maintaining microbial activity, while the rest of the energy
presents as heat to increase the piles temperature and accelerate
the normal proceeding of composting process. During composting,
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the bio-energy produced by microbial degradation can be
estimated. The energy produced from hydrolysable carbohydrate,
protein and lipids degradation by microorganisms were approxi-
mately 17.2 MJ/kg, 23.4 MJ/kg and 39.3 MJ/kg (Haug, 1993),
respectively. Therefore, the microorganisms played vital roles for
the composting temperature increasing (Strom, 1985).

However, in the north of China, the ambient temperature can
decline to a low level in winter. The low temperature condition pre-
sents a technical challenge to the normal operation of the compost-
ing. When the piles and ambient temperature were 20 �C
downward, themicrobial metabolism process was significantly slo-
wed down or even stopped (Tateda et al., 2002). Low microbial
activity led to low heat energy production which resulted in the
piles temperature difficult to increase. Consequently, it was hard
for the composting to start-up (Zhao et al., 2012). To ensure normal
operation of composting, some methods for piles heating-up have
been widely studied, such as natural gas and biogas heating (Xu
et al., 2010), winter cover cropping (Dabney et al., 2001) and electric
heating (Masse and Masse, 2001). These heating techniques aim at
enhancing the microbial activity in the composting under the low
ambient temperature condition. However, these methods are not
energy-saving and economical in the practical composing plant pro-
duction. Previous study showed that cold-adapt strains could keep
high activity at low temperature (Margesin and Schinner, 2001).
Therefore, to study if the cold-adapt strains can also play important
role in the complex compost environment at low temperature is of
high interest for the practical production and application.

Cold-adapted strains can survive in cold environments normally,
which is due to their own adaptive capacity coping with cold stres-
ses (DeMaayer et al., 2014). As a result, they have attracted increas-
ingly attention with their higher catalytic enzymes at cold ambient
temperatures, which could provide huge biotechnological applica-
tions for the practical production (Cavicchioli et al., 2011; Gerday
et al., 2000). We hypothesize that cold-adapt strains may be able
to help the composting to pass the start-up period under the low
ambient temperature condition. However, there have been few
studies on this topic, this study aimed to investigate the cold-
adapt strains in the start-up period of composting for ensuring
the normal operation of composting under the low ambient tem-
perature. Therefore, further investigation of cold-adapt strains in
the composting under low ambient temperature is of high interest
for the practical production and application.

Previous study showed the benefits of inoculating microorgan-
isms in the composting (Kinet et al., 2015). A major contribution
that inoculating microorganisms in the composting is to increase
the production of bio-energy to help the composting pass the
start-up period rapidly under the low ambient temperature. There-
fore, the effectiveness of the cold-adapted microorganisms as the
heat-catalyzer should be validated to ensure that they can enhance
the temperature of the piles and start up the composting. (i) Study
the effect of the cold-adapted microbial consortium (CAMC) on the
start-up period of composting as well as the production of energy
at 10 �C, (ii) investigate the correlation between bacterial commu-
nities, degradation of organic matter and production of heat
energy, (iii) further understand the application of the energy pro-
duced by CAMC. It is expected that the goal of this study is to pro-
vide a new technique for the application of CAMC in the start-up of
composting in cold region.

2. Material and methods

2.1. Preparation of the inoculum

The inoculum of composting in this study was a compound of
cold-adapted microbial consortium (CAMC) that obtained from
environmental microbiology laboratory of Northeast Agricultural
University (NEAU). The CAMC was inoculated in LB medium
(10 g peptone, 5 g yeast extract, and 10 g NaCl in 1 L distilled
water). The CAMC comprised of stains Pseudomonas fragi
(KY283110), Pseudomonas simiae (KY283111), Clostridium vincentii
(KY283112), Pseudomonas jessenii (KY283113) and Iodobacter
fluviatilis (KY283114).

2.2. Sample strategy and composting operation

Composting plie was conducted with food waste (FW) and
maize straw. The FW andmaize strawwere collected from the cam-
pus canteen and grain garden of NEAU in China. Then the rawmate-
rials were homogenized by a blender (BL-70, BALING Co., China)
according to 1:1 ratio (dryweight). The fresh and dryweight ofmix-
ture materials were 17.2 kg and 6.0 kg. The change of the fresh and
dry weight was presented in Supplementary Table S1. The raw
materials were stored at 4 �C for further use. The basic characteriza-
tion of the raw materials was shown in Table 1.

The composting experiments were performed in a rectangular
reactor, which was made of polystyrene foam plastics. The capacity
was 56.7L (length: 360 mm; width: 350 mm; height: 450 mm), the
schedule drawing of the reactor was shown in Supplementary
Fig. S1. The reactor was bound with 50 mm-thick glass wool for
heat preservation. A baffle with 2-mm holes was placed above
the reactor bottom to support the compost materials and to pro-
mote aeration. The dry air was pumped (4 L/(h�kg)) by air pumps
(S-20, SAIER Co., China). The wheat stalk was covered above the
compost materials to reduce the water vapor condensation and
heat consumption. The change of the temperature in the compost-
ing was recorded using a high sensitivity digital thermometer
(18105a, Shenzhen TOOLWELL Co., China).

The whole composting experiments were operated in the cold
chamber where the temperature was 10 �C. Two trials of compost-
ing experiments were carried out, the analyses of the two treat-
ments were carried out by triplicate. The first trial (T) was
inoculated the CAMC. The amount of the inoculants was at the
level of 1% in dry weight, and the content of the bacteria were
1 � 108 CFU/ml. For the control trial (CK), no microbes were inoc-
ulated in the composting. The samples collected according to the
change of the piles temperature (0 h, 12 h, 37 h, 51 h, 56 h col-
lected). The piles were turned at sampling port every in this study.

2.3. Microbiological analysis

2.3.1. DNA extraction and PCR amplification
Total bacterial DNA of compost samplings were extracted using

the soil DNA kit (Omega Biotek, Inc.). The quality of the extracted
DNA was checked by a gel image analysis system (Tanon-4500,
SHENZHEN TANON Co., China). Total bacterial DNA were stored
at �20 �C for further use.

Table 1
Basic characterization of the compost raw materials.

Raw materials TKN (g/kg�1) TOC (g/kg�1) pH C/N MC (%)

Food waste 45.3 504.6 5.87 14.5 66.7
Maize straw 6.8 463.3 6.41 60.2 5.71

TKN, total kjeldahl nitrogen; TOC, total organic carbon; MC, moisture content.
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