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Abstract. Random stacking and inefficient treatment of fruit and vegetable waste is one of the main reasons

for environmental pollution and resource waste, and the research on its resource utilization has become the
first problem to be solved. This paper reviews the research progress of fruit and vegetable waste in energy,

fertilizer and feed utilization in order to provide reference for resources utilization of fruit and vegetable waste

in China.

1 Introduction

With the rapid development of intensive agricultural
planting, the output of fruit and vegetable waste has
increased sharply in recent years [1]. In India, up to 5.6 x
108 tons of fruit and vegetable waste is generated annually,
most of which are stacked on the edge of the city [2]. In
China, fruit and vegetable waste accounts for 20% and 50%
of municipal solid waste, and the annual output of fruit
and vegetable waste accounts for 25%- 30% of the total
output of fruits and vegetables. About 100 billion tons of
fruit and vegetable waste is discarded every year [3].
Because of its high moisture content, fruit and vegetable
waste is not suitable for incineration process; at the same
time, due to the high content of organic components, a
large number of leachate will be produced by stacking or
landfill, resulting in serious environmental pollution [4].

Therefore, how to turn fruit and vegetable waste into
treasure and resource utilization is particularly important.
This paper summarizes the research progress of fruit and
vegetable waste in energy utilization, fertilizer utilization,
feed utilization and other resource utilization, in order to
provide ideas and reference for the innovation and
application of efficient utilization of fruit and vegetable
waste.

2 Source and characteristics of fruit and
vegetable waste

2.1 Source of fruit and vegetable waste

From seedling raising to maturity, from harvest to listing,
and then to processing, every link will produce waste. The
main sources of fruit and vegetable waste are fruit and
vegetable production area, fruit and vegetable distribution
center and fruit and vegetable processing area and so on.
According to statistics, 1.2 million tons of vegetable waste

are generated every year in 53300 hectares of facility
vegetable base in Shouguang area, Shandong Province [5].
In the peak season of vegetable production and sales in
May and October of each year, the daily output of
vegetable garbage in Beijing Xinfaodi Agricultural
products Wholesale Market is about 180 tons, accounting
for more than 90% of the total [6]. In the process of
processing, the loss rate of leafy vegetables is the highest,
and the highest loss rate is 60% in summer [7].

2.2 Characteristics of fruit and vegetable waste

Fruit and vegetable waste is not suitable for long-distance
transportation, short storage time, putrescibility, low pH
value, high moisture content, the total solid content is
generally 8%- 18%, in which volatile solids account for
about 87% of the total solid content; organic matter
includes 75% sugar and hemicellulose, 9% cellulose and 5%
lignin, N, P, K and other nutrient elements are rich,
basically non-toxic [8]. Therefore, it is necessary to make
use of fruit and vegetable waste.

3 Treatment method of fruit and

vegetable waste

3.1 Anaerobic fermentation technology

Anaerobic digestion is the main means of energy
utilization. The anaerobic digestion treatment organic
waste has the advantages of high benefit, and can be used
for recycling clean energy. The results show that the water
content of vegetable waste is high, it is easy to degrade, its
chemical oxygen demand and nitrogen ratio are between
the requirements of methane-producing microorganisms,
and the anaerobic digestion is especially suitable for the
treatment of vegetable waste [9-10]. Anaerobic digestion
includes batch system, continuous flow single-phase
digestion system and continuous flow two-phase system.
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Scholars have studied three digestive systems, Table 1
shows the gas production of some of the studies. The best

treatment of reaction performance in each study is listed.

Table 1 Gas production in some studies

Removal .
OLR Yield of CH4
i te of V

Type of reaction system (@VS/L - d) HRT(d) ra e( 00/0 ) S (Lig + VS) reference

Batch digestive system 1.33 30 86 0.22 [11]

Contlnupus ﬂow single-phase 16 20 38 047 [12]

digestive system
. 10g
Continuous flow two-phase system COD/L -« d 3+10 96 0.32L/g COD [13]

3.1.1 Batch digestive system

Batch digestion system refers to the addition of feed to the
reactor at one time and the addition or absence of

microbial agents according to the experimental conditions.

Each step of anaerobic digestion is carried out in the
reactor in turn. Garcia-Pena et al studied the effects of
controlling pH value and adding nitrogen on the anaerobic
digestion performance of fruit and vegetable waste in
batch system. The results showed that controlling pH
value and adding nitrogen could significantly improve the
performance of the system [14]. Garcia-Pena et al studied
the effects of controlling pH value and adding nitrogen on
the anaerobic digestion performance of fruit and vegetable
waste in batch system. The results showed that controlling
pH value and adding nitrogen could significantly improve
the performance of the system. The yield of methane was
0.42m3 -kg, the content of methane was 50%, and the
degradation rate of volatile solid was 80%. The results
showed that the yield of biogas was 0.42m’® /kg, the
content of methane was 50%, and the degradation rate of
volatile solid was 80%][15]. Batch digestion system has
the characteristics of simple design, convenient control,
high pollution degree waste treatment and low investment.
Therefore, it is especially suitable for use in developing
countries.

3.1.2 Continuous flow single-phase digestive system

Single-phase digestive system is the main way to deal with
municipal solid waste in the world at present, its operation
is simple and the cost is low. Many scholars use different
single-phase digestive systems to treat fruit and vegetable
waste. When fruit and vegetable waste is treated by
continuous stirred tank reactor (CSTR), pH will decrease
obviously, and the content of CO in biogas will increase
[16]. Mata-Alvarez et al. used a single phase reaction
stirrer at room temperature to treat waste from large
vegetable market [17].

3.1.3 Continuous flow two-phase system

The advantages of two-phase digestion system mainly
include the accumulation of volatile organic acids and
buffering of pH value, short total hydraulic retention time
and reaction time, high load, high gas production and high
methane production. Bouallagui et al studied the

anaerobic digestion of fruit and vegetable waste by two
combined anaerobic programmed batch reactors at room
temperature. The results showed that fruit and vegetable
waste could be highly biodegraded in the traditional
two-phase reactor, and 96% of the total COD in the
reaction could be converted into biogas and biomass [18].

3.2 Anaerobic fermentation technology

Composting, as an effective fertilizer treatment
technology for organic waste, has become a hot research
topic in solid waste resource utilization at home and
abroad. Aerobic composting has a high temperature,
generally 50°C -65°C, so it is also called high temperature
composting. High temperature composting can kill
pathogenic bacteria to the maximum extent and degrade
organic matter rapidly. It is an effective method to treat
organic waste. Aerobic composting includes direct
composting of fruit and vegetable waste and mixed
landfill of fruit and vegetable waste and feces.

3.2.1 Direct composting method of fruit and
vegetable waste

John et al compared four low-tech supermarket waste
composting methods (underground cellar, open
underground, closed on the ground). Through the
verification of each index, it is found that the maturity
progress of closed compost on the ground is better than
that of the other three methods [19]. Kostov et al filled all
kinds of fruit and vegetable waste with aerobic landfill,
and then applied it to cucumber planted in greenhouse. It
was found that the nutritional composition of cucumber
with landfill was higher than that of cucumber with
common fertilizer, the application of the landfill cucumber
is 10-12 days earlier than the other early maturity, and the
yield was also higher than that of common landfill, which
reflected the higher economic benefit of fruit and
vegetable waste [20].

3.2.2 Mixed composting method of fruit and
vegetable waste and feces

Alkoaik et al. used a laboratory specification bioreactor to
carry out the experimental study on the mixture of tomato
waste and cow manure. The results show that the addition
of cow manure can provide a large amount of elements
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and trace elements needed for the microorganisms needed
for composting, which can reduce the stagnation time and
accelerate the composting process[21]. Guan Huilin et al,
using vegetable rhizome and flower straw waste, fresh pig
manure and organic saprophyte as raw materials, were
treated with mixed compost in different proportion to
return to the field. It is found that the addition of organic
saprophyte can promote the rapid degradation of solid
waste and improve the utilization rate of returning to the
field [22].

3.3 Other treatment methods

3.3.1 Method of producing feed protein by solid
fermentation

In the early stage of the development of animal husbandry
in China, the vegetable waste of the rural households is
often directly fed to animals such as pigs, sheep and
chickens, which plays an important role in the
development of animal husbandry in China at that time.
However, in the process of direct feeding, the combination
of lignin and sugar in fruit and vegetable waste will
increase the difficulty of decomposing microorganisms
and enzymes in rumen of animals, and direct feeding can
not be absorbed and utilized by animals efficiently. In
addition, the direct raising of livestock and poultry with
pests and diseases may endanger animal health [23]. With
the development of science and technology, researchers
use biological or physical technology to treat vegetable
waste, and convert sugar, protein, hemicellulose, cellulose
and other substances in vegetable waste into feed [24-25].
At present, the main feeding methods are silage and
processing feed protein, feed powder and so on. Zhang Ji,
et al. takes the waste of high mountain doll as the main raw
material, uses the non-sterile solid fermentation process to
produce the feed crude protein, and determines the
optimal combination of the fermentation and the optimal
inoculation amount, and the inoculation proportion [26].
Shen Haiyu et al fed ducklings with broccoli stem and leaf
feed powder. It was found that the addition of broccoli
stem and leaf feed powder significantly increased the
activities of amylase and trypsin, thus improving the
digestive performance of ducklings [27].

3.3.2 Adsorption capacity utilization method

A large number of agricultural and forestry wastes are
produced every year in the food processing industry.
These solid wastes are rich in lignocellulose resources
such as cellulose, hemicellulose, lignin and so on. They
can be used as high quality adsorbents for sewage
treatment [28]. Scholars at home and abroad have found
that biomass materials have strong adsorption capacity for
heavy metal ions, methylene blue and so on, and the
adsorption effect is better after modification [29-31]. Chen
Yimin et al used solid waste produced by a freeze-dried
fruit and vegetable production enterprise to treat
wastewater containing hexavalent chromium ion, copper
ion and methylene blue. The results show that fruit and
vegetable solid waste has good adsorption effect on

hexavalent chromium ion, copper ion and methylene blue,
which can be used as pretreatment of industrial
wastewater treatment, which can greatly reduce the
burden of subsequent sewage treatment and ensure the
stability of effluent [32].

4 Thinking and Prospect

Compared with other solid wastes, fruit and vegetable
waste has obvious special properties. Since 1980s, foreign
countries have begun to carry on the special research to
the fruit and vegetable waste treatment method, which
mainly has the aerobic heap fertilizer, the anaerobic
digestion, the aerobic and anaerobic combined treatment
and the production feed and so on. In recent years, a lot of
research has been carried out on the utilization of fruit and
vegetable waste resources in China, and the achievements
have been applied to production to realize the utilization
of fruit and vegetable waste resources.

However, there are still many limitations in the
application equipment, application technology and
application mode. In order to further explore the
development model suitable for the national conditions of
our country, combined with the source and characteristics
of fruit and vegetable waste in our country, the suitable
resource utilization methods can be optimized or
developed in order to realize the purpose of cleaner
production and efficient utilization of resources. First,
according to the local conditions, select the appropriate or
innovative treatment method (one or more mixed-mix)
according to the regional, kind and seasonal
characteristics of the source of fruit and vegetable
waste.The fruit and vegetable waste produced by Beijing
Xinfa Fruit and vegetable Wholesale Market has been
treated, and its resource products have been upgraded
from a single ordinary compost to high value-added leaf
fertilizer and biomass natural gas (instead of gasoline).
Shanghai, Beijing and other places used aerobic
composting as vegetable base fertilizer and large-scale
biogas fermentation combined with livestock and poultry
feces[33]. The second is to draw lessons from the
advanced experience of vegetable waste utilization in
developed countries, increase the intensity of supporting
process research and equipment research and development,
encourage the development and application of efficient
production equipment, and promote the technological
innovation and equipment level of waste treatment. The
research on technology related to production of liquid
fertilizer will lay a solid foundation for popularizing the
high-efficiency, light simplification and automatic
utilization mode of fruit and vegetable waste. Third, the
government supports, first of all, in the typical main fruit
and vegetable production areas and large fruit and
vegetable distribution centers to establish appropriate
waste treatment centers, demonstrate the application of
vegetable waste resources efficient utilization model;
support the development of vegetable waste resources
related enterprises, strengthen fruit and vegetable
production parks, wholesale markets and agricultural
products processing plants to cooperate with enterprises,
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increase publicity, increase the awareness of enterprise
and personal resource utilization.
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