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In this study, potato peel waste was used as feedstock to produce volatile fatty acids (VFAs) by anaerobic
digestion. The effects of different pH levels (pH 5.0, pH 7.0, pH 11.0, and uncontrolled pH) on VFA con-
centration and composition, intermediate products, and metabolic state were evaluated. The results showed that

NADH the highest total VFA production was achieved with pH 7.0 (41.9 g COD/L and 632.2 mg COD/g VSi.q), followed

Anaerobic digestion

by that with uncontrolled pH. Butyric acid was the dominant product under acidic pH, whereas acetic acid

dominated under alkaline pH. The type of acidogenic fermentation at pH 7.0 was the mixed-acid type. The
change in NADH level in the mixed-acid type of fermentation consisted of small fluctuations, enhancing the
stability and efficiency of fermentation. The enzymatic activities of acetate kinase and butyrate kinase were
slightly inhibited at pH 5.0 and 11.0, resulting in relatively low VFAs production.

1. Introduction

Nearly one-third of global food production—from agricultural pro-
duction to consumers—is lost or wasted annually (Food and Agriculture
Organization of the United Nations, 2011). China has a small food
waste per capita (55 kg annually), but owing to its large population
base, total food waste is about 195 Mt annually (Braguglia et al., 2018).
About 56% of food waste in China is attributed to vegetables and fruits,
which are identified as high-potential sources for generating valuable
compounds (Braguglia et al., 2018; Sindhu et al., 2019). With the
strategy of developing potato as a staple food in China, potato as a
major food crop has become an increasingly essential vegetable in the
human diet. About one-third of potatoes are used for fresh consumption
(Zhu et al., 2016). With regard to transport and storage, some decaying
or germinating potatoes have to be discarded; with regard to daily
consumption, most potatoes need to be peeled, resulting in a large
amount of potato peel residue. Potato waste residue has high contents
of moisture and starch, protein, non-starch polysaccharide, and other
nutrients, rendering it ideal as a carbon source for fermentation (Liang
et al., 2016; Sepelev and Galoburda, 2015). It can be used to produce
lactic acid by mixed culture fermentation (Liang et al., 2015; Liang
et al.,, 2016), as culture media for bacterial cellulose production
(Abdelraof et al., 2019), as feedstock for biobutanol or bioethanol
production (Chohan et al., 2020; Hijosa-Valsero et al., 2018; Khawla
et al., 2014), as base materials for biodegradable films (Xie et al.,
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2020.), as a potential source for the extraction of steroidal alkaloids and
starch (Hossain et al., 2014; Torres et al., 2020), as a precursor to
synthesizing biochar (Sun et al., 2017; Yang, et al., 2018), and for
biogas production by anaerobic digestion (AD) (Liang et al., 2015;
Liang and Mcdonald, 2015).

An alternative approach to potato waste management is AD, which
consists of a series of reactions: hydrolysis, acidogenesis, acetification,
and methanogenesis. Notably, hydrolysis and acidogenesis of mono-
phasic digesters for potato waste can be completed quickly, resulting in
the rapid accumulation of volatile fatty acids (VFAs) and further in-
hibiting the activity of methanogenic microorganisms (Kaparaju and
Rintala, 2005; Pistis et al., 2013). Compared with end products (me-
thane), intermediate products — VFAs, can be more valuable substrates
for some advanced products (Dai et al., 2020). Thus, potato peel waste
(PPW) is an ideal feedstock for the production of VFAs by mixed culture
fermentation. There are some advantages in this way, including ease of
degradation, thus requiring no pretreatment, and the lack of need for an
additional methanogenic inhibitor to stop the conversion of short-chain
fatty acids to methane.

As potential and renewable carbon sources, VFAs can have wider
applications, such as the biosynthesis of polyhydroxyalkanoates (PHAs)
(Lee et al., 2014), biological removal of nutrients from wastewater
(Zheng et al., 2010; Li et al., 2011), or bioenergy (Fei et al., 2011; Zong
et al., 2009). Controlling the composition of VFAs affects the perfor-
mance of downstream processing (Jankowska et al., 2015). Bengtsson
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High organic loading can easily lead to the accumulation of volatile fatty acids (VFAs) during the early
stage of solid-state anaerobic digestion (SS-AD). The accumulated VFAs inhibit the activity of metha-
nogens resulting in digestion failure. This problem represents a major obstacle to the industrialization of
SS-AD. A strategy to improve the initial microbial community structure was proposed to prevent acid
inhibition in the early stage of SS-AD. To obtain inocula with different initial microbial community
structures, the inoculum was treated with acetic acid to increase the abundance of acid-tolerant
methanogens and then mixed with the untreated inoculum in different proportions. The effects of the
initial microbial community structure on the performance of SS-AD of corn stover were investigated. The
results showed that the concentrations of VFAs in the reactors inoculated with the acid-tolerant inoc-
ulum alone (treatment 100%) were significantly lower than those of the reactors inoculated with the
original inoculum alone (treatment 0%) during the early stage of SS-AD. The peak values of the methane
contents and daily methane yields of the reactors inoculated with the acid-resistant inoculum occurred
on day six, which was four days earlier than in the reactors inoculated with the original inoculum alone.
The results of this study verified that an appropriate initial microbial community structure prevented

acid inhibition during the start-up stage and improved the performance of the SS-AD process.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

As fossil energy sources are being depleted, the development of
clean, renewable energy has become increasingly important.
Lignocellulosic biomass resources, such as agricultural wastes and
energy crops, are effective and promising alternatives to fossil fuels
(Ahmad et al., 2018). After treatment by chemical, physical, or
biological means, lignocellulosic biomass can be converted into
biogas, liquid fuel, and briquetting fuel (Sun et al., 2019). In China,
the annual output of crop straw is about 10 billion tons. In most
cases, however, crop straw is burnt in open fields, resulting in
significant environmental problems (Mao et al., 2019). Therefore, it
is essential to find an environmentally friendly approach to dispose
of crop straw.

Anaerobic digestion (AD) is a green technology for converting
organic wastes into biogas; the process can be used to generate
electricity using combined heat and power generation systems (Ge
et al., 2016; Veluchamy and Kalamdhad, 2017). Based on the total
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solids content (TS), AD can be classified into liquid-AD (L-AD) and
solid-state anaerobic digestion (SS-AD). For L-AD, the TS is usually
15% or less, whereas SS-AD has a TS of more than 15% and as high as
35% (Li et al., 2011; Zhu et al., 2010). In recent years, SS-AD has
become a trending research topic due to its advantages over L-AD,
including lower water demand, smaller reactor size, less waste-
water discharge, and easier handling of the digestion residue (Xu
et al,, 2014a,b; Yang and Li, 2014). However, some problems have
not been solved in SS-AD at both the laboratory and industrial
scales. Among these issues, acid inhibition of methanogens caused
by the accumulation of volatile fatty acids (VFAs) will result in poor
start-up performance, which affects the biogas production rate and
efficiency (Ajay et al., 2011). AD is a complex biotransformation
system that includes the participation of several microbial com-
munities. In the early stage of SS-AD, the activity of methanogens is
often inhibited by the accumulation of intermediate metabolites
due to the high organic loading rate and insufficient mixing caused
by the high TS content (Li et al., 2020). Research has been con-
ducted to address these problems. For example, co-digestion of
different feedstocks can be used to balance the acidogenesis and
methanogenesis processes (Brown and Li, 2013; Latha et al., 2019;
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Non-destructive quality assessment of the inner content of potatoes is a key challenge in
automatic grading of agricultural quality, especially when potatoes have surface impu-
rities. This study compares different partial least-square regression (PLSR) models for the
prediction of soluble solid content (SSC) of potatoes under conditions of surface cleanliness
and surface impurities. Smoothing and spectral preprocessing with first-order derivatives
and variable sorting for normalization (VSN) can effectively eliminate spectral noise.
Variable selection algorithms were used to extract effective variables in order to further
optimise the prediction models. The results showed that the method of the variable
combination population analysis—iteratively retains informative variables (VCPA-IRIV) is
the best method for selecting valid variables, and that the 35-variable VCPA-IRIV-PLSR
prediction model could predict the potato SSC with a predictive correlation coefficient
(Rp), root-mean-square error of prediction (RMSEp), and residual predictive deviation (RPD)
values of 0.831, 0.461°Brix and 1.798, respectively. Therefore, the experimental results
show the feasibility and applicability of the proposed SSC prediction method for potatoes
with surface impurities using near-infrared spectroscopy.

© 2021 IAgrE. Published by Elsevier Ltd. All rights reserved.

1. Introduction

indicators have been proposed for potato quality assessment
in commercial potato production, harvesting, and storage. In
particular, the soluble solid content (SSC) is a key indicator of

Potatoes represent the world's fourth largest staple crop after
rice, wheat and maize, and they are also one of the most
essential sources of carbohydrates, proteins and vitamins for
human nutrition (Navarre et al., 2009). The global potato
production is one of the largest among all crops. Indeed, the
potato production in 2018 reached 368 million tons, of which
about 5% was used as seedlings (FAOSTAT, 2018). Several
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the internal potato quality, as this indicator is directly related
to the potato nutritional value and flavor (Sanchez et al., 2020b
). However, conventional assessment methods for the internal
potato quality are mostly destructive and inefficient. In prac-
tical potato production, the quality assessment system should
have good accuracy, high speed, and low cost. Such goals can
be achieved using NIR spectroscopy techniques which are
widely used as they need no sample preparation and for their
advantages of being non-destructive, efficient, fast, accurate,
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« A filler-reinforced rapidly degradable
starch-fibre composite with open-cell
structures was prepared.

Both bio-fillers and inorganic fillers can
improve the mechanical properties,
thermal stability and water resistance.
Bio-fillers were advantageous for rapid
biodegradation.

Bio-fillers (eggshell powder) have the
potential to replace inorganic fillers
(talcum powder and CaCOs).
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ABSTRACT

The poor performance and high cost of the starch-sisal fibre composites with open-cell structures prevent their
usage as biodegradable biomass to replace plastics. Therefore, inorganic fillers [talcum powder (TP), CaCO5 (CC)]
and a bio-filler [eggshell powder (EP)] were added, and the resulting mechanical properties, water resistance,
thermal stability and biodegradation characteristics were compared. Results show that the tensile strength of
the EP-composite increases by 34% and the compressive strength of the CC-composite increases by 69% when
compared with those of the non-filler (NF) composite. The mechanical properties of the composites improved
because of the reduction of starch crystallinity and the formation of new hydrogen bonds. The EP-composite
offered optimal cushioning owing to its uniform and dense open-cell structures. Besides, the CC- and EP-
composites offered better thermal stability. The composites with fillers were more waterproof than the NF-
composite (by approximately 33%). After conducting biodegradability tests for 30 days, the EP-composite lost
67% of its mass, which was more than those associated with the TP- and CC-composites and can be attributed
to the presence of organic matter in the EP-composite. These results demonstrate the potential of EP to replace
CC and TP for reinforcing the starch-fibre composites with open-cell structures.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The abuse of petroleum-based plastics has resulted in serious envi-
ronmental and public health problems [1], increasing the demand for
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E-mail addresses: lifangyi@sdu.edu.cn (F. Li), ljy@sdu.edu.cn (J. Li).
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completely degradable biomass materials to replace plastics [2,3].
Therefore, starch-sisal fibre composite materials have attracted consid-
erable attention because they are renewable, abundant and biodegrad-
able [4-6]. However, starch and plant fibre are hydrophilic and exhibit
poor mechanical and thermal properties, limiting their application
[7,8]. Physical and chemical methods have been applied to modify
starch and plant fibre for improving their mechanical properties,

0264-1275/© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.matdes.2020.109373&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.matdes.2020.109373
mailto:lifangyi@sdu.edu.cn
mailto:ljy@sdu.edu.cn
https://doi.org/10.1016/j.matdes.2020.109373
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/matdes

)

"
N &

A

symmetry

Symmetry
In Vision

Edited by
Marco Bertamini and Lewis Griffin

Printed Edition of the Special issue Published in Symmetry




Open Access J Article

A Universal Routing Algorithm Based on Intuitionistic Fuzzy Multi-Attribute Decision-
Making in Opportunistic Social Networks

by L " Yao Yu, {_" Jiong Yu, {_ " Zhigang Chen, {_" Jia Wu and {_" Yeqing Yan

Symmelry 2021, 13(4), 664, https://doi.org/10.3390/sym13040664 - 12 Apr 2021

Viewed by 446

Abstract With the vigorous development of big data and the 5G era, in the process of communication, the number of information

that needs to be forwarded is increasing. The traditional end-to-end communication mode has long been unable to meet the
communication needs of modern [...] Read more.
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Abstract Product disassembly and recycling are important issues in green design. Disassembly sequence planning (DSP) is an
important problem in the product disassembly process. The core idea is to generate the best or approximately optimal
disassembly sequence to reduce disassembly costs and time. According [...] Read more.
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Abstract Most existing video action recognition methods mainly rely on high-level semantic information from convolutional neural
networks (CNNs) but ignore the discrepancies of different information streams. However, it does not normally consider both long-
distance aggregations and short-range motions. Thus, to solve these problems, we [...] Read more.
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Abstract This manuscript determines the set of Pareto optimal solutions of certain multiobjective-optimization problems involving
continuous linear operators defined on Banach spaces and Hilbert spaces. These multioptimization problems typically arise in
engineering. In order to accomplish our goals, we first characterize, in an abstract [...] Read more.
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Abstract: Product disassembly and recycling are important issues in green design. Disassembly
sequence planning (DSP) is an important problem in the product disassembly process. The core idea
is to generate the best or approximately optimal disassembly sequence to reduce disassembly costs
and time. According to the characteristics of the DSP problem, a new algorithm to solve the DSP
problem is proposed. Firstly, a disassembly hybrid graph is introduced, and a disassembly constraint
matrix is established. Secondly, the disassembling time, replacement frequency of disassembly tool
and replacement frequency of disassembly direction are taken as evaluation criteria to establish
the product fitness function. Then, an improved social engineering optimizer (SEO) method is
proposed. In order to enable the algorithm to solve the problem of disassembly sequence planning,
a swap operator and swap sequence are introduced, and steps of the social engineering optimizer
are redefined. Finally, taking a worm reducer as an example, the proposed algorithm is used to
generate the disassembly sequence, and the influence of the parameters on the optimization results is
analyzed. Compared with several heuristic intelligent optimization methods, the effectiveness of the
proposed method is verified.

Keywords: disassembly sequence planning; social engineering optimizer; swap operator; swap
sequence; intelligent manufacturing

1. Introduction

With the continuous development of the manufacturing industry, the problems of
resource reuse and the potential environmental pollution caused by a large number of
end-of-life (EOL) products urgently need to be solved. How to deal with EOL products
efficiently and economically has become a research interest. The disassembly of EOL
products is an important part of recycling or maintenance [1] and can reduce environ-
mental pollution and promote resource recycling. Disassembly Sequence Planning (DSP)
aims to generate the disassembly sequence of parts or sub-assemblies [2] to meet various
disassembly requirements, such as disassembly costs, benefits, and disassembly methods.

Early research mainly tends to graph theory research. Henrioud et al. [3] describe the
direct-connection relationship between product structures through an association graph
model. Sanderson and Homem de Mello et al. [4] propose the AND/OR graph model,
which represents the disassembly unit of the product as a node. If the connecting line
between the nodes is curved, then the two disassembly units have a logical AND relation-
ship; otherwise, the relationship between the two is OR. Li et al. [5] proposed a hybrid
diagram that can be used to represent the dynamic changes in geometric constraints and
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Abstract

This article presents a method for nondestructively determining water content and firmness of potatoes using hyperspectral
imaging (HSI) in the visible near-infrared (VIS/NIR) and short-wave infrared (SWIR) bands. Potatoes were scanned to
acquire their hyperspectral images. First derivatives (FD), Savitzky—Golay (SG) smoothing, standard normal variable (SN'V)
and multiplicative scatter correction (MSC) were used to process the spectral data. Competitive adaptive weighted sampling
(CARS) was employed to extract the effective wavelengths. Prediction models were established using several algorithms.
The SG-CARS-partial least-squares regression (PLSR) model presented the best performance in the VIS/NIR band; the
corresponding R%p, root mean square error of the prediction set (RMSE}), and residual predictive deviation (RPD) values for
water content and firmness were 0.9219 and 0.9118, 0.0034 and 0.0640 Newton (N), and 2.5780 and 2.4353, respectively. In
the SWIR band, the FD-CARS-PLSR prediction model performed best; the R2P values for water content and firmness were
0.9313 and 0.9317, respectively, the RMSE; values were 0.0025 and 0.0216 N, and RPD values were 2.7453 and 2.7531. This
study confirmed the feasibility of the HSI technology for nondestructively determining water content and firmness of potatoes.

Keywords Hyperspectral imaging - Potatoes - Water content - Firmness - Effective wavelengths - Prediction model

1 Introduction

Potatoes are the main source of dietary starch, along with
rice, maize, and wheat. A potato contains abundant nutri-
ents, including starch, protein, and carbohydrates (Zhang
et al. 2017), giving it a high economical and nutritional
value. The water content of potatoes is an important index
of their freshness. It affects the taste and appearance, and
the customers’ purchasing decision is directly influenced by
the firmness of potatoes. Water content and firmness are two
important indexes to evaluate potato freshness. Therefore,
the determination of the water content and firmness of pota-
toes are of great significance. There are several methods to
determine water content and firmness of potatoes, such as
the drying and weighing method, and the Magness-Taylor
method (Hertog et al. 2004). The traditional detection meth-
ods cannot meet the requirements of the rapid development
in the potato industry because of their low efficiency and the
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damage caused to potato samples, although these methods
can accurately detect the internal quality of potatoes (Liu
et al. 2017). In this context, nondestructive testing can be
an approach for assessing the internal quality of potatoes.
HSI is a green and nondestructive detection technology.
By combining imaging and spectral technologies, both the
internal and external features of a sample can be captured
simultaneously. HSI is characterized by its continuous multi-
band, high resolution, simple operation, and high stability,
and it is pollution-free and has shown great potential in
assessing the quality of agricultural products (EIMasry and
Nakauchi 2016; Su and Dawen 2016; Deng et al. 2019; Yuan
et al. 2019). Elmasry et al. (2007) applied HSI to predict
water content, soluble solid content, and acidity of straw-
berries; they used the partial least-squares (PLS) method
to establish a spectral multivariate correction model for the
prediction, with correlation coefficients of 0.9010, 0.8010,
and 0.8700, respectively. Xiao et al. (2020) predicted the
soluble solid content in Agaricus bisporus (a type of mush-
room) during its ultrasound-assisted osmotic dehydration
based on HSI. The support vector machine preprocessed
with orthogonal signal correction provided the best fit for
the full-band spectra of the samples tested, with a high
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Detection Method of Clods and Stones from Impurified Potatoes
Based on Improved YOLO v4 Algorithm

WANG Xiangyou' LI Yanxing' YANG Zhenyu’ ZHANG Meng' WANG Rongming' CUI Lixia'
(1. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255000 China
2. School of Mechanical Engineering Shandong University of Technology Zibo 255000 China)

Abstract: A method based on improved YOLO v4 algorithm was proposed to realize the rapid detection of
clods and stones from impurified potatoes after harvest. The YOLO v4 detection model was built on
CSPDarknet53 framework. The channel pruning algorithm was used to prune the model to simplify the
structure and the computational cost while under the premise of detection accuracy. Mosaic data
enhancement method was used to expand the image data set ( 8 621 images) and the model was fine—
tuned to achieve the detection of clods and stones from impurified potatoes. The test results showed that
when the pruning rate was 0.8 the number of parameters of the model was reduced by 94.37% the
model size was decreased by 187.35 MB the inference time was reduced by 24. 1% and the floating—
point operations per second was compressed by 54. 03% . It was shown that the performance of model can
be improved by pruning. In order to verify the performance of the model the model was compared with
Faster R—CNN Tiny — YOLO v2 YOLO v3 SSD and YOLO v4. The results showed that the mean
average precision ( mAP) of the model was 96.42% the detection speed was 78.49 f/s and the model
size was 20. 75 MB. The mean average precision was 11.2 11.5 5.65 and 10. 78 percentage points
higher than that of the other four algorithms and 2. 1 percentage point lower than that of the YOLO v4
algorithm. The detection speed met the practical needs and it can be applied to post-harvest potato
impurity removal.

Key words: potatoes; stones detection; channel pruning; YOLO v4
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Design and Test of Roller-guided Potato Fixed Weight Bagging Machine

WANG Xiangyou'> ZHANG Meng' LI Xueqiang™® WANG Rongming' SU Guoliang' WANG Faming””
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255091, China
2. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment, Dezhou 253600, China
3. Shandong Sidaier Agricultural Equipment Co. ,Ltd. , Dezhou 253600, China)

Abstract: Bagging is an important link from harvesting to transportation and storage of potatoes. To solve
the problems of low efficiency and high damage rate of existing potato bagging machines, a new infusion,
bag support and fixed weight bagging structure was designed, an efficient and low damage roller-type
infusion potato fixed weight bagging machine was developed, and mechanical analysis of key components
of the machine and kinematic analysis of key motion processes were conducted, and the main factors
affecting the damage and bagging efficiency were identified as inflow bin door angle, conveying speed and
loading volume. A quadratic regression orthogonal rotating combination test was conducted with the inflow
bin door angle, conveying speed and loading volume as the test factors, and the breakage rate, injury rate
and single-port bagging efficiency as the test indicators, and the test results were analyzed by ANOVA
with Design-Expert 8. 0. 6 to determine the main order of the factors affecting the test indicators and to fit
the test data. The test factors were analyzed by visually discerning the optimization region through
response surface analysis, and the influence law of the test factors on the test indexes was analyzed.
Using Design-Expert 8. 0.6 optimization module and combining with the actual working situation to
determine the optimal values of each factor, a test bench verification test was conducted on this basis,
and the test results showed that when the inflow bin door angle was 45°, the conveying speed was
0.35 m/s, and the loading volume was 27 t/h, the breakage rate was 1. 8% , the injury rate was 1. 4% ,
and the single-port bagging efficiency was 12. 4 t/h, this parameter under the roller type guide flow potato
fixed weight bagging machine breakage rate and injury rate was lower, and the bagging efficiency was
higher.

Key words: potato; roll diversion; bagging machine; fixed weight bagging
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Design and Test of Humidification System for Potato Ventilated Storage

WANG Xiangyou' WANG Rongming' LI Xueqgiang”® WANG Faming’® LI Shaochuan®’
(1. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255000 China
2. Shandong Star Agricultural Equipment Co. Lid. Dezhou 253600 China
3. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipments
Dezhou 253600 China)

Abstract. In order to solve the problems of fuzzy selection parameter standards of the humidification
system of the existing potato ventilated storage and the inability of the humidification method to
automatically adjust with the changes of the environmental parameters in the storage a set of automatic
humidification system for the potato storage was designed and developed. The humidification system was
based on the existing potato storage combined with the physiological characteristics of the potato
selected PLC S7 —200 as the main controller for development and the control variable method was used
for experimental design. Through the data analysis software Origin a single factor test analysis was
carried out on the relationship between the various influencing factors and the inlet wind speed and
relative humidity and the influence of the thickness of the humidification curtain the power of the
humidification pump and the wind speed of the fan on the humidification effect of the storage was
obtained. Through experimental research it was concluded that the best collocation plan for the storage
warehouse was that the thickness of the wet curtain was 45 cm  the power of the humidification pump was
70 W the wind speed of the fan was 16 m/s and the full penetration effect can be achieved when the
wind speed reached 16 m/s. The application test of the humidification system proves that the system can
work normally and can meet the humidification requirements of potato storage. It can be adjusted
according to the changes of environmental parameters in the warehouse so that the potato can maintain
sufficient moisture and low weight loss rate and guaranteed the storage in the warehouse. The
environment was suitable for the storage of potatoes.

Key words: potato; ventilated storage; humidification system; relative humidity
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ABSTRACT Adaptive transmission (AT) is considered as one of the critical technologies to enhance the
effectiveness of communication systems. In this article, we propose a model-driven deep learning (DL)
scheme for AT in multiple-input multiple-output single-carrier frequency-domain equalization (MIMO-
SCFDE) systems, in which the adaptive modulation network (AMNet) and adaptive demodulation net-
work (ADNet) are adopted to complete the modulation of the signal and the modulation recognition of
the receiver. Under the target bit error rate (BER), the adaptive modulation (AM) scheme can adjust the
modulation mode selection of different transmitting antennas adaptively according to the estimated channel
information to improve the throughput. The features required by the AMNet are extracted from the received
signal, and the labels are assigned according to the optimal modulation scheme got by analyzing the signal
detection performance. Since the spectral correlation function has a powerful ability to suppress noise and the
cyclic spectrum varies with the modulation mode, we take the preprocessed cyclic spectrogram as the input
of ADNet to achieve the adaptive modulation recognition (AMR). Comparative experiments demonstrate
that the proposed scheme gets better performance in terms of throughput and reliability in MIMO-SCFDE
systems than the traditional scheme and the existing DL scheme.

INDEX TERMS Model-driven, deep learning, adaptive transmission, MIMO-SCFDE, adaptive modulation,

adaptive demodulation.

I. INTRODUCTION

Adaptive transmission (AT) refers to the technology that the
transmitter utilizes the channel state information (CSI) to
adjust the transmission strategy adaptively, including chang-
ing the transmission power, adjusting the modulation mode,
or adjusting the channel coding scheme so that the system can
improve the information transmission rate or reliability [1].
Traditional AT technology mostly enhances the performance
of the communication system through sophisticated algo-
rithms [2]. However, for 5G communications that require
high efficiency and high density, the increase in compu-
tational complexity will inevitably reduce the effectiveness

The associate editor coordinating the review of this manuscript and

approving it for publication was Md. Rabiul Islam

197654
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of communications. With the resurgence of artificial intelli-
gence (Al) technology, deep learning (DL) as an advanced
data processing algorithm has been widely used in image
analysis and speech recognition [3]. The organic combi-
nation of DL and wireless communication will become a
breakthrough in physical layer transmission [4].

The research on applying DL to the physical layer is mainly
divided into two types: data-driven network and model-driven
network [5]. The data-driven DL network regards the mul-
tiple function blocks of the wireless communication system
as an unknown black box replaced by the DL model and
then relies on a large number of labeled data to complete
the input-output training [6]. In [7], the receiving module
after removing the cyclic prefix (CP) in the orthogonal fre-
quency division multiplexing (OFDM) system is regarded
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ABSTRACT Reliable signal detection plays an essential role in enhancing the quality of signal transmission
in wireless communication systems. In this paper, we combine signal detection theory with a deep learning
model and propose a novel signal detection scheme based on adaptive ensemble long short term memory
(AE-LSTM) neural network to handle wireless single carrier frequency domain equalization (SC-FDE)
systems in an end-to-end manner. The feature information used for offline training of the deep learning
model is extracted from the received signal containing channel state information (CSI) after the multi-path
channel and fast Fourier transform (FFT), and the labels are assigned according to the constellation map
adopted at the transmitter. To improve the adaptability of the system, we utilize the received power under
different delays as the adaptive factor to integrate the output of each sub-network. Then the original data
generated by the channel model is recovered by using the trained model instead of channel estimation and
frequency domain equalization. Comparative experiments on SC-FDE symbol detection demonstrate that
the proposed scheme achieves better performance in terms of reliability than the traditional scheme and the
similar deep learning scheme.

INDEX TERMS Deep learning, adaptive ensemble, signal detection, SC-FDE, channel estimation, frequency

domain equalization.

I. INTRODUCTION

With the development of mobile Internet, 5G technology
has become a hot topic in the communication industry and
academia [1]. Since the 5G mobile communication network
has the characteristics of high dimensions, high capacity,
and high density, how to use massive amounts of data to
reduce the complexity of the system and improve the reli-
ability of performance has become the critical point of the
physical layer technology [2]. Single carrier frequency
domain equalization (SC-FDE) is a new broadband wire-
less communication technology developed by combining
the advantages of traditional single carrier transmission and
orthogonal frequency division multiplexing (OFDM) tech-
nology, which uses the cyclic prefix (CP) and frequency

The associate editor coordinating the review of this manuscript and

approving it for publication was Muhammad Khandaker

123514
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domain equalization to eliminate the effect of multi-path
channels on the signal [3], [4]. However, due to the
impact of inter-block interference (IBI) in channel estima-
tion and frequency domain equalization, the system’s reli-
ability fluctuates with the change of the channel impulse
response(CIR). Although the SC-FDE system’s performance
has been improved in various ways, it is far from meeting the
requirements of 5G communication [5].

Experts from all over the world have done relevant research
on signal detection in wireless communication systems. The
authors of [6] design a method to mitigate interferences for
SC-FDE with insufficient CP symbols, and uses an itera-
tive interference cancellation method to remove the resid-
ual interferences. To ensure the integrity of information,
[7] proposes a frequency-domain multipacket detection tech-
nique for SC-FDE schemes, which can achieve an efficient
packet separation in the presence of successive collisions.
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This study aimed to assess the effect of fermentation time and potato pulp addition on the fermentation char-
acteristics of dough and textural profiles of the steamed bread. Volatile compounds in steamed bread processing
were also determined. Rheofermentometer analysis showed that the gas retention capability of dough decreased
with the increase in potato pulp level, and the productive fermentation time might be shortened through the
addition of high potato pulp levels (40%-50%) to dough. The resistance to extension of dough samples decreased

with the increase in fermentation time and potato pulp level. When the fermentation time was 60-75 min, all
steamed bread samples had high specific volumes and soft textures. Moreover, the volatile compounds in the
fermented dough and steamed bread were enriched by the addition of potato pulp. These results indicated that
fermentation time and potato pulp affected the technological properties and volatile compounds of wheat dough

and steamed bread.

1. Introduction

Steamed bread is a traditional staple food in China that accounts for
approximately 40% of wheat products (Zhu, Sakulnak, & Wang, 2016).
The materials of steamed bread are wheat flour, yeast and water mixed
to develop the dough, which is fermented, sheeted, shaped, proofed and
then steamed. Dough fermentation is an important step in steamed
bread production; it is affected by a number of factors, such as fer-
mentation time and raw materials (Alvarez-Ramirez, Carrera-Tarela,
Carrillo-Navas, Vernon-Carter, & Garcia-Diaz, 2019; Li, Li, Song, & Cui,
2019), influencing the technological characteristics of the dough (Buksa
& Krystyjan, 2019).

Steamed breads have been fortified with various ingredients to in-
crease nutritional value and product appeal. Researchers have at-
tempted to add wheat germ flour (Sun, Zhang, Hu, Xing, & Zhuo, 2015),
potato flour (Liu, Mu, Sun, Zhang, & Chen, 2016), inulin (Luo et al.,
2017), black tea (Zhu et al., 2016) and sorghum (Wu et al., 2018) to
produce wheat steamed breads. Among these ingredients, potato has
relative high nutritional value which is largely attributed to their higher
vitamin and mineral content compared with cereals (Zhou et al., 2019).
Thus, new potato-based staple products, such as steamed bread, have
become increasingly popular (Zhao, Mu, & Sun, 2019). However, the
addition of potato flour causes processing challenges because potato

* Corresponding author.
E-mail address: Hongjunlil351 @hotmail.com (H. Li).

https://doi.org/10.1016/j.lwt.2020.109377

flour influences the rheological behaviour of the dough and the quality
parameters of the products (Liu et al., 2016; Pu et al., 2017). Although
the viscoelastic properties of wheat dough and the quality parameters
of steamed bread have been analysed (Singh & Singh, 2013; Wang, Guo
& Zhu, 2016), the technological properties during dough fermentation
are poorly studied.

Similar to that of bread, the quality of steamed bread is determined
by its colour, volume, texture and flavour (Pico, Bernal, & Goémez,
2015). Among these basic characteristics, flavour is one of the most
important characteristics that determine whether it is accepted by
consumers (Pico et al., 2015). The flavour of steamed bread is formed
by a large number of volatile compounds, mainly containing alcohols,
esters, aldehydes, ketones and acids (Liu et al., 2018). The flavour of
steamed bread is influenced by many factors, not only depending on the
materials but also on the fermentation and steaming conditions (Pico,
Martinez, Bernal, & Gémez, 2017). Therefore, the volatile compounds
in fermented dough and steamed bread have been investigated to
comprehend their formation at different stages. However, the flavour
evolution from fermented dough enriched with potato pulp to crumb
has been rarely studied.

The traditional potato flour or starch applied in potato stable pro-
ducts are usually obtained through a series of processing steps, in-
cluding cleaning and peeling, combined colour protection by
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1 | INTRODUCTION

Abstract

The processing characteristics and gluten structures of dough with potato pulp
were investigated by Farinograph and Extensigraph tests, Starch Viscometer,
Spectrophotometry, and Fourier transform infrared spectroscopy. The development
time and water absorption of dough decreased with the increase in the potato pulp
level. High potato pulp addition (230%) extensively modified the extensional proper-
ties of dough, affecting the processing characteristics of dough. The pasting proper-
ties showed that wheat flour with potato pulp had lower viscosity parameters. The
gluten of dough with 30%-50% potato pulp showed higher content of the free SH
and lower content of S-S compared with the control. In addition, the gluten of dough
with 30%-50% potato pulp significantly (p < .05) decreased the contents of B-sheet
and a-helix structures compared with the control. Results showed that potato pulp

affected the processing characteristics and gluten structures of wheat dough.

Practical applications

The traditional potato flour or starch applied in potato stable products is usually ob-
tained through a series of processing steps, including cleaning and peeling, combined
color protection by atmospheric and high pressure, drying, and superfine grinding.
These processing steps caused many problems like high energy consumption, high
emission and high pollution, and brought damage to nutritional components like pro-
tein and dietary fiber. In comparison, applying potato pulp directly into dough making
not only simplifies the processing steps, but also reduces energy consumption and
cost and reserves more nutrients. In addition, developing nutritious staple potato-
based food products, such as noodles, cakes, bread, and steamed bread, suitable for
the dietary habits are important to promote potato consumption and improve nutri-
tional qualities (enhancing the dietary fiber, total polyphenol content, and antioxidant

activity).

compared with vegetables (Zhang, Xu, Wu, Hu, & Dai, 2017). Potato
protein has a balanced amino acid composition, which improves the

Potato (Solanum tuberosum L.) is an important vegetable crop with
a global yield of 377 million tonnes in 2016 behind rice, wheat, and
maize (Zhou et al., 2019). The high nutritional value of potatoes
is largely attributed to their higher vitamin and mineral content

compared with cereals and higher carbohydrate and fiber content

deficiency of cereal proteins. Furthermore, potatoes contain poly-
phenolics and flavonoids with anticancer, antioxidant, and anti-hy-
pertensive effects (Ezekiel, Singh, Sharma, & Kaur, 2013). Therefore,
potato is a highly desirable vital foodstuff in a diet due to its benefi-

cial effects on human health.
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Design and Experiment of Directional Arrangement Vertical
and Horizontal Cutting of Seed Potato Cutter

WANG Xiangyou' ZHU Shan' LI Xueqiang’® LI Tengxun' WANG Linlin'  HU Zhouxun®*
( 1. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255000 China
2. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment Dezhou 253600 China
3. Shandong Star Agricultural Equipment Co. Lid.  Dezhou 253600 China)

Abstract: In view of the large demand for seed potatoes the large amount of manual cutting high labor
intensity and low cutting efficiency on the basis of adapting to the planting pattern and agronomic
requirements a directional arrangement of longitudinal and transverse cutting seed potato cutter was
developed which can simultaneously complete the tasks of seed potato cleaning impurity removal size
sorting directional arrangement of seed potatoes slicing potato block sterilization seed fragments
cleaning and collecting and transporting. The seed potato cutting machine performed the cutting operation
under the motor drive. The key components included the seed potato sorting device directional aligning
device longitudinal slicing device and transverse slicing device. The seed potato cutting machine adopted
a combination of a longitudinal knife and a transverse knife to cut the block process which can effectively
improve the cutting efficiency of the seed potato and reduce the labor intensity. Taking the intermediate
motor [[ speed the central distance between upper and lower rubber rollers and installation angle of
potato knife comb as test factors the response surface test was carried out with the qualified rate blind
rate and loss rate of seed potato as test indicators. The test data was analyzed by Design¥xpert 8. 0. 6
software. To explore the correlation between seed cutting performance and various influencing factors and
the interaction law the optimal parameter combination was as follows: the intermediate motor II speed
was 965.76 r/min the center distance between upper and lower rubber rollers was 315 mm the
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Design and Experiment of Potato Storage Equipment Control System

WANG Xiangyou' LI Shaochuan' WANG Faming’ LI Xueqiang” LI Tengxun' WANG Rongming'
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China
2. Shandong Star Agricultural Equipment Co. , Lid. , Dezhou 253600, China)

Abstract: Aiming to solve the problems of unsuitable storage and management and poor storage effect,
a set of potato storage environment control system was designed according to the technological conditions
of potato storage. The system used temperature sensor, humidity sensor and CO, concentration sensor to
monitor the environmental parameters in real time. By adjusting the inlet air window and outlet air
window, fan, compressors and humidification device, the environment temperature parameters in callus
period, the temperature, humidity and CO, concentration in storage period were regulated. The purpose
was to make the storage environment attain the requirements of potato storage. In the temperature
accuracy test of each measuring point, the temperature error of each measuring point was within —0.3 ~
0.3°C, and the temperature range of each measuring point was 0. 6°C, the monitoring temperature was
basically the same as the real temperature on the whole. In the experiment of regulation effect, the
temperature of callus period and storage period was within the allowable range of the system set value,
while the temperature outside the storage had little effect on the temperature inside the storage, and the
humidity and CO, concentration could be controlled within a reasonable range. Therefore, it was very
important to improve the storage environment of potato, accelerate the postharvest callus, prolong the
storage period and ensure the quality of potato.

Key words: potato; storage house; regulation and control system; design
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In a cognitive radio network (CRN), spectrum sensing is an important prerequisite for improving the utilization of spectrum
resources. In this paper, we propose a novel spectrum sensing method based on deep learning and cycle spectrum, which applies
the advantage of the convolutional neural network (CNN) in an image to the spectrum sensing of an orthogonal frequency
division multiplex (OFDM) signal. Firstly, we analyze the cyclic autocorrelation of an OFDM signal and the cyclic spectrum
obtained by the time domain smoothing fast Fourier transformation (FFT) accumulation algorithm (FAM), and the cyclic
spectrum is normalized to gray scale processing to form a cyclic autocorrelation gray scale image. Then, we learn the deep
features of layer-by-layer extraction by the improved CNN classic LeNet-5 model. Finally, we input the test set to verify the
trained CNN model. Simulation experiments show that this method can complete the spectrum sensing task by taking
advantage of the cycle spectrum, which has better spectrum sensing performance for OFDM signals under a low signal-noise

ratio (SNR) than traditional methods.

1. Introduction

The emergence of the fifth-generation mobile communica-
tion network (5G) [1] has greatly promoted the develop-
ment of broadband wireless communication [2], and
orthogonal frequency division multiplex (OFDM) is one of
the popular physical transmission technologies for wireless
communication [3, 4]. Many of its characteristics meet the
requirements of cognitive radio (CR) [5-7]. Therefore,
OFDM is the preferred technology for CR communication.
As the core technology of the cognitive radio network
(CRN), spectrum sensing can improve spectrum utilization
and alleviate spectrum resources [8-10]. Traditional spec-
trum sensing is mainly done by mathematical methods of
signal processing, including energy detection [11], matched
filter detection [12], and cyclostationary feature detection
[13]. [14] proposed a spectrum sensing method based on

correlation detection, the correlation of cyclic prefix (CP)
was used in OFDM, and the sampled data was subjected to
correlation operation. In [15], the signal and noise were esti-
mated simultaneously by the time domain correlation func-
tion, and the estimated threshold was continuously adjusted
by the estimated value to complete the spectrum sensing of
an OFDM signal. In [16], the received autocorrelation func-
tion was estimated at each OFDM symbol of its symbol
period, and then, the multivariate statistical theory was used
to calculate the judgment amount and the decision thresh-
old. Finally, the judgment amount and the decision thresh-
old were compared to obtain the judgment result. In the
face of complex wireless network communication environ-
ments, these methods cannot meet the needs of spectrum
sensing. In [17], focusing on classifying different OFDM sig-
nals, authors proposed a two-step detection and identifica-
tion method. However, this method is not combined with
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Effect of wheat flour substitution with potato pulp on dough rheology, the R
quality of steamed bread and in vitro starch digestibility

Yanfei Cao, Fengjie Zhang, Peng Guo, Shuang Dong, Hongjun Li"

School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo, 255049, Shandong, China

ARTICLE INFO ABSTRACT

Wheat flour substituted with potato pulp was applied in steamed bread to improve nutrient value and reduce the
energy consumption and the cost. The dough rheology, starch-gluten network, the quality and in vitro starch
digestibility of steamed bread containing 0%-50% potato pulp were investigated. The dough sample with 10%
potato pulp content exhibited the optimal elastic and viscous modulus values. Scanning electron microscopy
(SEM) and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) revealed that dough samples
with potato pulp contents of more than 30% weakened starch-gluten interaction and exhibited discontinuous
network structures. Steamed bread with 30%-50% potato pulp contents showed reduced specific volumes and
increased hardness. The rapidly digestible starch contents and expected glycaemic indices of steamed bread
enriched with potato pulp decreased from 46.98% to 31.40% and from 87.81% to 72.79%, respectively. In
conclusion, wheat flour substituted with potato pulp can be used in the energy-efficient and cost-effective
production of steamed bread with improved nutritional value.

Keywords:

Potato pulp

Dough rheology
Starch-gluten network
Steamed bread quality

In vitro starch digestibility

1. Introduction

Steamed bread is a typical fermented and steamed wheat flour
product. In China, steamed bread is a staple food and has been con-
sumed for at least 2000 years. It is also widely consumed in other Asian
countries and has gained considerable popularity in North America and
some European countries (Wu et al., 2012). Compared with baked
bread, steamed bread at relatively low temperature is considered
healthy due to the less existing of Maillard reactions products such as
acrylamide and furan (Hsieh, Weng, Yu, & Wang, 2017).

Simply consumption of steamed bread produced by pure wheat
flour is not enough for human nutrition balance, for the less content of
lysine, minerals and vitamins (Liu, Mu, Sun, Zhang, & Chen, 2016).
Moreover, the high glycaemic indices of wheat products limits their
consumption by individuals with diabetes and cardiovascular disease
(Patel, Chandra, Alexander, Soble, & Williams, 2017; Riccardi,
Rivellese, & Giacco, 2008). The nutritional quality of steamed bread
may be improved through the partial substitution of wheat flour with
whole flour or other functional components. Many researchers have
focused on the addition of different ingredients, such as quinoa flour
(Turkut, Cakmak, Kumcuoglu, & Tavman, 2016), fibres (Fendri et al.,
2016) and rice flour (Pérez-Quirce, Lazaridou, Biliaderis, & Ronda,
2017) to wheat flour. The substitution of wheat flour with other kinds

* Corresponding author. Tel.: +86 533 2786382.
E-mail address: Hongjunlil351 @hotmail.com (H. Li).

https://doi.org/10.1016/j.1wt.2019.01.034

of flour with low gluten content, however, alters dough rheological
properties and product quality (Turkut et al., 2016). During dough
preparation, gluten forms networks that provide the essential viscoe-
lastic properties of dough and strengthen the final steamed bread pro-
duct (Lagrain, Goderis, & Brijs, 2010).

The potato is an international staple crop that plays an important
role in the human diet and is the fourth most important food crop in the
world behind rice, wheat and maize (Wu, 2016). Fresh potatoes contain
starch, proteins, minerals, organic acids and dietary fibres (Li et al.,
2011; Liu, 2010). The proportion of the essential amino acid lysine of
potato is higher than most cereal proteins, which improves the defi-
ciency of cereal proteins (Bartov, Barta, Brabcov, Zdrahal, & Horackov,
2015). Potato is also rich in non-starch polysaccharide, vitamin and
minerals, which are not sufficient in cereal grains (Liu et al., 2016;
Zhang, Xu, Wu, Hu, & Dai, 2017). Moreover, they contain phyto-
chemicals, such as polyphenols and flavonoids, with antibacterial and
anticancer properties. RS3, or retrograde starch, was primarily formed
during the chilling process of cooked potatoes, which provided health
related benefits for obesity prevention, glycemic control and colonic
health (Larder, Abergel, Kubow, & Donnelly, 2018). King and Slavin
(2013) showed that blood sugar levels can be effectively controlled
through RS intake. Therefore, the potato as wheat substitute can im-
prove nutritive values of steamed bread and may represent a solution to

Received 28 October 2018; Received in revised form 20 December 2018; Accepted 18 January 2019
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Novel starch/fiber composites with open cell structures were proposed through thermo-cavity molding. To
overcome the disadvantage of the water sensitivity of the resulting composites, poly-methyltriethoxysilane
(PTS) was added as a waterproofing agent. The results showed that the addition of PTS improved the
waterproof property of the composites. The composites with 15 g PTS (PTS-15) exhibited an optimal
waterproof property. The water contact angle and drop absorption of the PTS-15 composites improved by
59.9% and 223.5%, respectively, compared with the values for those without PTS. Moreover, the addition of
PTS could effectively prevent the degradation of the mechanical properties of the composites after water
absorption. The rate of tensile property degradation for the PTS-15 composites reached 5.3%, whereas that
for the PTS-0 composites totaled 56.6%. The chemical bonds and micro-structure of the composites were
investigated to reveal the inherent mechanism of property changes. Fourier transform infrared spectra
revealed the formation of new hydrogen bonds between starch and PTS. Hydrophobic groups, including
Si-O-Si, Si-C, and Si—OH, were found in the resulting composites, thereby explaining the waterproof
property changes. Scanning electron microscopy images showed that the open cell structure of the
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DOI 10.1039/c9ra03221e composites initially became denser and then loosened with the increase in the PTS content, resulting in the
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1. Introduction

At present, with the rapid development of express packaging
industries, the problems including environmental pollution and
non-renewable resource consumption caused by plastic packing
materials have become prevailing concerns among environ-
mental science communities. To solve these issues, scholars
have focused on identifying biodegradable composites prepared
using renewable natural polymers (e.g., starch, fiber, lignin, pol-
ylactic acid (PLA), poly-B-hydroxybutyrate (PHB), and chitosan).**
In particular, plant fiber and starch, as the most abundant
organic compounds found in nature, are ideal materials for the
preparation of biomass composites. However, the natural starch-
based composites feature poor mechanical properties given their
high hydrophilicity and crystallinity.® Several strategies have been
investigated to minimize or overcome these poor characteristics;
these strategies include blending thermoplastic starch (TPS) with
different biodegradable polymers such as polyvinyl alcohol

“Key Laboratory of High Efficiency and Clean Mechanical Manufacture (Ministry of
Education), School of Mechanical Engineering, Shandong University, Jinan 250061,
China. E-mail: xjjla@sdu.edu.cn; [y@sdu.edu.cn

*National Demonstration Center for Experimental Mechanical Engineering Education,
Shandong University, Jinan 250061, China

19508 | RSC Adv., 2019, 9, 19508-19517

initial enhancement and the subsequent weakening of their mechanical properties.

(PVA),” polycaprolactone,® polylactic acid,® cellulose fibers' or
plant fibers."

In addition, scholars have focused on the research of starch
modification methods, including esterification,” ether-
ification," oxidation,*'* graft-copolymerization," and plastici-
zation.*'® Zhang''® investigated a starch modification method
combining oxidation and plasticization. This method can form
additional hydrogen bonds between TPOS and the sisal fiber,
thereby improving the mechanical properties of the composites
but reducing their waterproof property. The effects of citric acid
on the properties of glycerol-plasticized thermoplastic starch
(GPTPS) were studied by Yu J. G.* Citric acid can also improve
the elongation of GPTPS and ameliorate its water resistance at
high relative humidity (RH). However, citric acid decreases the
tensile stress. Cova A.>° obtained modified cassava derivatives
by modifying the native cassava starch (CS) with octenyl suc-
cinic anhydride (OSA). The results showed that OSA modifica-
tion yielded a more hydrophobic material than native CS. Ma
X.** prepared pea starch-based composites reinforced with citric
acid-modified pea starch (CAPS) and citric acid-modified rice
starch (CARS) by screw extrusion. The introduction of granular
CAPS and CARS improved the storage modulus, glass transition
temperature, tensile strength, and water vapor barrier proper-
ties of the composites but decreased their thermal stability. The

This journal is © The Royal Society of Chemistry 2019
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In this study, magnesium hydroxide (MH) flame-retarded starch/plant fiber composites containing various
MH contents (0%, 5%, 15%, 15%) were prepared and named as TF-MHO, TF-MH5, TF-MH10, TF-MH15.
Thermal degradation, flame retardancy, mechanical and microscopic characteristics were discussed. The
reduction in the maximum thermal degradation rate revealed that the addition of MH provided
improvement in the thermal stability of the composite. The horizontal burning test and the limiting
oxygen index analysis suggested enhancement in flame retardancy with increasing MH content.
Moreover, the density of composites initially decreased and then increased as the MH content increased.
The tensile strength was positively correlated with the density, whereas the cushioning performance was
negatively correlated with the density. Microscopic analysis showed that there was an interfacial

interaction between MH and thermoplastic starch, which not only improves the thermal stability, but also
Received 15th March 2019

Accepted 28th May 2019 promotes bubble nucleation as a nucleating agent. The cells of TF-MH10 were uniform and dense, thus

TF-MH10 had the best buffering performance. Furthermore, the cell structure of TF-MH15 was short in

DOI: 10.1039/c9ra01992h diameter, small in number, and large in skeleton thickness; therefore, TF-MH15 had the highest tensile
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1. Introduction

With the rapid development of the logistics industry, the use of
petroleum-based cushioning packaging materials has gradually
increased. However, the use of conventional petroleum based
matrix can lead to environmental pollution and resource
consumption.” Considering the requirements of green envi-
ronmental protection and sustainable development, replace-
ment of petroleum derived polymers with bio-based ones has
been one of the most important trends in the polymer field.>*
Many biodegradable polymers, such as polylactic acid, poly-
caprolactone and other synthetic polymers, are available in the
market, but with low cost-effectiveness. Meanwhile, starch,
plant fiber, and other renewable natural polymer materials are
widely found in nature. For example, sisal fiber is a hard fiber
with the largest amount and the widest range in the world. It
has the characteristics of toughness, wear resistance, salt and
alkali resistance and corrosion resistance that has been widely
used in various industries such as automobiles. Previous
studies have found that sisal fibers can improve better the

“Key Laboratory of High Efficiency and Clean Mechanical Manufacture (Ministry of
Education), School of Mechanical Engineering, Shandong University, Jinan 250061,
China. E-mail: lifangyi@sdu.edu.cn; ljy@sdu.edu.cn

*National Demonstration Center for Experimental Mechanical Engineering Education,
Shandong University, Jinan 250061, China

This journal is © The Royal Society of Chemistry 2019

mechanical properties of composite compared to pulp fibers,
straw fibers and wood fibers.” Because they have excellent
mechanical properties, are inexpensive and environmentally
friendly, starch/plant fiber composites with foam structures
have been widely investigated.*” The current research focused
on the modification of starch and plant fibers to improve the
compatibility and mechanical properties of composites. For
example, native starch (NS) was added with a small molecule
plasticizer, such as a polyol (glycerin and ethylene glycol) or an
amide (formamide and acetamide), to destroy the hydrogen
bond between the starch molecules to achieve plasticization,
thereby improving the processing performance. The compati-
bility of plant fiber with starch can be improved by alkali
treatment and silane coupling agent treatment.®* Starch/plant
fiber composites are flammable materials; thus, their applica-
tions are limited. However, the thermal stability and flame
retardancy of starch/plant fiber composites have not received
considerable attention from researchers.*

In recent years, the flame retardancy of composites has
become more increasingly important, and flame retardants
have been developed. According to different components,
a flame retardant is divided into inorganic salt flame retardants,
organic flame retardants, and mixed flame retardants. Haloge-
nated flame retardants in organic flame retardants were the
most effective and widely used flame retardants. However, their
combustion releases toxic gases; therefore, the use of halogen-

RSC Adv., 2019, 9, 17405-17413 | 17405
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Three methods were used to improve the elongation at break of chitosan/starch films to obtain the optimal

compatibility.
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Optimisation of compatibility for improving
elongation at break of chitosan/starch films
Kai-giang Sun, Fang-yi Li, © *2® Jian-yong Li,*?® Jian-feng Li,® Chuan-wei Zhang,*
Shuai Chen,? Xu Sun® and Jin-feng Cui®®

When chitosan/starch films were used as agricultural mulch films, the problem of rupture often occurred. In
order to improve the elongation at break, chitosan/starch blend films were prepared by casting with
different formulations (different ratios of chitosan to starch, different plasticizing components and
different plasticizer ratios) in this research. The elongation at break of the film reached up to 104.1%
when chitosan was plasticized with 10% glycerol and 0.94% ethylene glycol alone and then mixed
according to a 1: 0.6 chitosan—starch ratio. The fact that plasticizing starch, plasticizing chitosan or co-
plasticizing starch and chitosan made a big difference to the mechanical properties of the films was
discovered for the first time. The films with different plasticizing components were characterized by their
mechanical properties, crystal structures and surface morphologies. Mechanical properties of the films
were related to their crystallinity. The higher the crystallinity, the higher the elongation at break.
Plasticizing starch alone facilitated the formation of hydrogen bonds and massive structures. Plasticizing
chitosan alone was beneficial to the formation of network structures of the films and exhibited anti-

rsc.li/rsc-advances

1. Introduction

Plastic waste poses a serious threat to the environment and
human health." Finding fully degradable natural polymer
materials to replace plastics is currently a hot topic.” Agricul-
tural mulch films are widely used in crop protection, as they can
retain heat and moisture, improve the utilisation of solar
energy, and protect plant roots. Most of these films remain in
the form of debris in the soil, thereby causing heavy metal
contamination of the soil and impeding soil permeability.®
Therefore, the development and utilization of degradable films
has become a trend. Among the existing degradable materials,
natural biopolymers (ie. starch) have huge advantages
compared to synthetic biodegradable polymers as they are
renewable, widely available, degradable and are fully compo-
stable and free of toxic residues.*

However, starch films are limited in application due to their
poor mechanical properties and poor water resistance.>® To
overcome these shortcomings, researchers have studied
a number of methods, including: (1) physical modification:
ultrasonic treatment of starch films to increase its elongation at
break.” (2) Chemical modification: plastic modification,*® cross-
linking modification,'®"" etc. to improve mechanical properties;

“Key Laboratory of High Efficiency and Clean Mechanical Manufacture, Ministry of
Education, School of Mechanical Engineering, Shandong University, Jinan 250061,
China. E-mail: lifangyi@sdu.edu.cn

*National Demonstration Center for Experimental Mechanical Engineering Education,
Shandong University, Jinan 250061, China

This journal is © The Royal Society of Chemistry 2019

plasticization at low plasticizer concentration.

(3) blending modification: mixing sugar palm nanocrystalline
cellulose™™™ to improve the waterproofness and degrad-
ability,"'® adding chitosan’™ to improve the mechanical
properties and waterproofness. Among all the improvements,
chitosan has good antibacterial properties® and biocompati-
bility.?** The prepared chitosan/starch films as agricultural
mulch films can serve as fertilisers to nourish crops after full
degradation and keep seeds away from harmful bacteria.
Therefore, it is a good choice to replace agricultural plastic
films. However, when the chitosan/starch films are used as an
agricultural mulch film, the problem of film rupture often
occurred. Hence, the elongation at break of such films must be
increased. The mechanical properties of chitosan and starch at
different ratios and with concentration gradients of 0.5 were
compared in the study by Xu et al. The results showed that the
tensile strength and elongation of the films increase first and
then decrease as starch content increases. The maximum
elongation at break of the film can reach 60%.>* Therefore, by
changing the ratio of chitosan to starch, the elongation at break
of the films can be increased. However, the exact ratio of chi-
tosan to starch at the highest elongation at break has not been
explored. In addition, it has been widely proved that plasticizing
modification can improve the mechanical properties of the
films.>'***% The results of Natta laohakunjit et al. showed that
glycerol, sorbitol and ethylene glycol had different effects on the
mechanical properties of starch films when used as plasti-
cizers.” It was found that glycerol molecules were probably
bound to the acetamide group of chitosan by H-bonds, which

RSC Adv., 2019, 9, 24451-24459 | 24451
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Abstract

Background and objectives: Steamed bread is the traditional fermented wheat prod-
uct in China and has popularity in other Asian, European, and some North American
countries. Wheat flour replaced by potato pulp can be an effective way to improve
nutritive values of steamed bread and promote potato consumption. The aim of this
study was to investigate the influences of potato pulp on disulfide bond (S—S) con-
tents, protein secondary structures, starch crystallinity, and microstructures of dough
and steamed bread. Spectrophotometry, Fourier transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), and confo-
cal laser scanning microscopy (CLSM) were used for analyses.

Findings: The dough and steamed bread samples added with 10% potato pulp had
higher S-S contents than the other tested samples. Compared with the control, the
free sulthydryl contents in the dough (3.2 pmol/g) and steamed bread (2.7 pmol/g)
added with 30% potato pulp significantly increased, whereas those of the S-S de-
creased to 10.0 and 10.9 pmol/g, respectively. The contents of 3-sheet and a-helix in
the dough and steamed bread containing 10% potato pulp were higher than those in
samples without the potato pulp. The relative crystallinity of starch in the dough sig-
nificantly decreased with increasing potato pulp level (p < .05). The CLSM and SEM
images showed that potato pulp significantly affected the microstructure. Sample
with 10% potato pulp possessed improved gluten network structures. However, sam-
ples with high potato pulp contents (>20%) possessed more gas cells and a loose
gluten network structure.

Conclusions: The results showed that the addition of potato pulp affected gluten
network structural characteristics in wheat flour dough and steamed bread, but ap-
propriate level of potato pulp could be produced for gluten network enhancement.
Significance and novelty: The study would contribute to better understanding of the
effect of potato pulp on the structural characterization of gluten network in steamed
bread making and provide theoretical basis for in-depth application to wheat-based

products.

KEYWORDS

crystallinity, disulfide bond, microstructure, potato pulp, protein secondary structure
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Effects of Mashed Potatoes on Dough Properties and Quality of
Steamed Bread
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Shandong, China)
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Abstract: Effect of mashed potato on the rheological properties of dough and optimization of mashed potato on
fermentation technology were investigated. The results showed that the dough with 20% mashed potato had the
best flour properties and tensile properties possessing 1.6 min travel time of dough, 2.2 min stability time of
dough, 207 FU weakening degree, 41.7% water absorption rate, and 23 flour quality index was. The optimum
dough parameters determined by single factor experiment and specific volume were 20% mashed potatoes
addition, 50 min fermentation time and 32 °C. The effects of mashed potato on fermentation technology
including sensory evaluation, specific volume, color difference and glue stickiness of steamed bread were
discussed by quadratic orthogonal rotary combination design with the three factors and five levels. Response
surface analysis (RSA) was used to analyze the data of these experiments. The optimum range of fermentation
parameters were obtained, the addition of mashed potatoes was 20%-22%; the fermentation time was 38 min-50
min; and the fermentation temperature was 29-32 °C. The optimum fermentation parameters were obtained by
validation experiments, the addition of mashed potato was 20%, the fermentation time was 50 min, and the
fermentation temperature was 32 °C. Under these conditions, the specific volume was 2.35 ml/g, the sensory
evaluation was 77, the whiteness was 75.7, and the stickiness was 9.53 J.

Keywords: Steamed bread, Dough rheological properties, Tensile properties, Fermentation parameters
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. Introduction

Potato, an annual herbal crop of Solanaceae, is food and vegetable crops, which has high nutritional
value and medicinal value[1]. There are many nutrients in fresh potatoes with 9-20% starch content, 1.5-2.3%
protein content, 0.1-1.1% fat content, 0.6-0.8% crude fiber content[2]. Nutritional components of potatoes per
100 g includes 66-113 J calorie, 11-60 mg calcium, 15-68 mg phosphorus, 0.4-4.8 mg iron, 0.03-0.07 mg
thiamine, 0.03-0.11 mg riboflavin, 0.4-1.1 mg nicotinic acid[3]. Besides, carotene and ascorbic acid, an
important ingredient to human body, are are rich in them. From the nutritional point of view, potatoes can
provide a lot of energy to the human body, which is not provided by rice and flour.

Steamed bread is a kind of pasta with Chinese traditional characteristics. It is made by fermentation of
flour and steaming[4]. There are many kinds of steamed bread, such as miscellaneous grain steamed bread,
truffle and brown sugar steamed bread. As one of the main foods in our daily life, steamed bread made from
wheat flour plays an indispensable role in China[5]. Accompanying the more attention of healthy diet and the
attraction of coarse food grain, there is the prosperous of potato steamed bread with whole flour. Steamed
mashed-potato bread has a unique advantage that cannot be achieved by potato whole flour steamed bread[6, 7].
It has higher safety, similar taste with white steamed bread, the fragrance of potatoes and costs relatively low. In
this study, mashed potatoes were used as raw materials, and the orthogonal method was used to optimize the
transportation of steamed mashed-potato bread. This research breaks through the traditional food production
methods in the production technology and affords theoretical basis on the application of fresh potatoes. Mashed
potatoes were used to make steamed bread, which enriched the types of steamed bread, provided a favorable
means for the industrial production of new staple foods, and made it possible to increase economic benefits.

In this study, the main factors (the addition amount of mashed potato, fermentation time, fermentation
temperature) in the fermentation process of steamed mashed-potato bread were tested by single factor test. The
specific volume, color difference, glue and sensory evaluation of steamed mashed-potato bread were used as the
evaluation indexes to study the better technology of steamed mashed-potato bread. On this basis, three factors,
five levels and two times were carried out on steamed mashed-potato bread. The fermentation process of
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Abstract

WPPF was added into the wheat flour (WF) flour with different addition amount (0%~50%) to study the
influence of whole purple potato flour (WPPF) on dough properties and quality of steamed bread. Result
revealed that the WPPF addition significantly influenced the dough properties and quality of steamed bread. The
water absorption, the maximum height of the gas release, total volume of CO, release and the hardness of
steamed bread significantly increased with the increase of WPPF addition amount, while decreased the dough
stability, the maximum height of dough, the gas holding capacity and the specific volume. Moreover, peak
viscosity, final viscosity and setback value had a remarkable decrease when 10% WPPF added, but increased
following the addition of WPPF. Considering the sensory evaluation, the steamed bread with 20% WPPF is
acceptable. Appropriate addition amount of WPPF improves the nutrition value and variety of steamed bread and
did not effect on the quality of the quality of dough and steamed bread.

Keywords: whole purple potato flour, pasting properties, fermentation properties, texture properties, sensory
evaluation

1. Introduction

Purple potato is a cross-breed potato variety native to South America and introduced to China in recent
years(Gan, Xin, & Yun, 2017).Purple potato has a high nutritional value due to the large amount of starch,
dietary fiber, amino acids, minerals and vitamins. Each 100 grams of fresh purple potato contains about 11.0 mg
of calcium, 1.2 mg of iron, 343.0 mg of potassium, 22.9 g of magnesium, 16.0 mg of vitamin C and 40
mganthocyanins(Qiu, Wang, Song, Deng, & Zhao, 2018), which can effectively compensate for the deficiencies
of traditional staple foods(Gan et al., 2017).

Compared with other major crops potato has stronger adaptability to barren drought, severe climate and has
higher production per units, it’s part for human consumption up to 85% (Lutaladio, Castaldi, & Lutaladio,
2009).1n 2015, the Ministry of Agriculture of China proposed a strategy of potato staple food, and promoted the
potato into a staple food such as steamed bread, noodles and synthetic rice. The potato will become another
staple food other than rice, wheat and corn. Comparing with the consumption model of international China's
potato is mainly used for fresh food, starch raw materials, and feed raw materials and so on. Increasing the
consumption of potato in China can improve the fulfillment of the nutritional needs of the residents and promote
the sustainable development of agriculture(Wang, Liu, & Zhao, 2016).

Lack of gluten in the respective products leads to weak dough structure and deterioration of crumb quality,
therefore, potato food products are made from a mixture of potato flour and wheat flour, both to solve the
problem of whole potato powder poor processing performance, and can remedy the nutritional limitations of
potato flour.

The addition of whole purple potato flour changed the proportions of starches, protein and other components.
Their presence influences water absorption, pasting properties and farinograph properties of the dough as well as
texture and staling of the steamed bread, which allows the manufacture of products with strictly designed and
controllable properties(Zhu, 2014).

In this research, the quality characteristics of steamed bread with high proportion of purple potato powder were

122
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Design and Experiment of Potato Harvester Using Double Cushions
for Low Laying Separation Technology

WEI Zhongcai' LI Hongwen' SU Guoliang’®  SUN Chuanzhu®*  LIU Wenzheng' LI Xuegiang®’

(1. College of Engineering China Agricultural University Beijing 100083  China
2. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255091 China
3. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment Dezhou 253600 China
4. School of Mechanical Engineering Shandong University of Technology Zibo 255091 China
5. Shandong Xicheng Agricultural Machinery Science and Technology Co. Lid. Dezhou 253600 China)

Abstract: To reduce the losses of bruising and damage an appropriate available potato-soil separation
technology is essential during the potato harvesting process. Combined with the agronomic techniques of
potato cultivation in the north of China a potato harvester with double cushions at low position laying
stage was designed which was developed with the potato-soil-impurity separation technology of vibration
separation double cushions and low position laying. The harvester was mainly composed of excavating
device soil loosening and depth limiting device low position laying and separation device 2-evel
vibration device soil cutting and seedlings cutting device double cushions soil compacting and flatting
device and other parts. The kinetic models were established at the low position laying stage and
structural parameters of primary components were determined. The potato—soil separation device was
divided into vibration separation stages and low position laying separation stage with double cushions to
improve the harvesting efficiency and reduce the harvesting losses. The loosening and depth limiting

device was improved to reduce the bruising and damage. Simultaneously the soil compacting device

1 20190708 : 20199725
: (2017CXGCO219) ( LINY201615) .
(2016YFD0701603-02) (2016YF034)
(1990—) E-mail: weizc2011sdut@ 163. com

(1968—) E-mail: lhwen@ cau. edu. cn
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Design and Experiment of Multi-reflux Variable
Spraying Control System

WANG Xiangyou' HU Zhouxun' LI Xueqiang® LI Shaochuan' GAI Jinxing® WANG Faming’
(1. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255000 China
2. Shandong Xicheng Agricultural Machinery Science and Technology Co. Lid. Dezhou 253600 China)

Abstract: In order to solve the problems of unreasonable pesticide application methods and relatively
simple control methods in the spraying process of large-scale wide-width spraying machine a multi—weflux
variable spraying control system was designed based on the 3WP-200 spraying rod spraying machine with
22 m spraying width. The control system could adjust the proportional control valve according to the
running speed of the sprayer which realized the variable spraying by changing the spray flow rate caused
by the opening of return port. The control system was divided into five paths to control all sprinklers and
each path could be controlled separately. When one or more routes were disconnected the corresponding
return port could be opened so that the spraying quantity of the other sprinklers would not change without
changing the flow rate of the system. At the same time its multi-reflux control method made the system
pressure more stable and control precision higher. Moreover the hardware and software of the system
were designed and the liquid level calibration and spray accuracy test of the control system were carried
out. In the liquid level calibration test the liquid volume corresponding to different liquid levels was
calibrated and the determination coefficient R* of the calibration model was 0. 994. In the flow control
accuracy test the target flow rate of a single sprinkler had little difference from the actual flow rate and
the relative error was not more than 4. 1% . In the spraying control test the spraying flux could vary with
the speed but the actual spraying flux was almost the same as that of the set spraying flux and the
relative error was within 6% . These experimental results showed that the system could achieve variable
spraying with high control accuracy.

Key words: wide-width sprayer; variable rate spraying; multiteflux; control system

1 20184047 020184223
: ( LINY201615)
(1961—) E-mail: wxy@ sdut. edu. cn



EE IES) ki hEEA
AN CHWERT o0kl aEmA IE5KH roop-rIEE

_.; * :'...- ﬁ

: g g N LI L IT 0 e

‘S .:;-_k oty LAp—— i ch o
Y BT EAR S

SRR TR B

® U4 1

NONGYE JIXIE XUEBAO

Tranzactione aof the Chiness focisty
for agriculltural Machimery

50 &



Administrator
图章


B Ee T ER I Tl 5iEEE R ESEEE 15-21
BRI

ST Mask R-CNNHIEZE S MaigiETiREISEE FEE TS nE s 22-30469
FEEER R

SHEHEREEHFENESIT S & Hm AR B EENE, RS T 31-42
Eif;

SETEHESlEs ST EEE SRS I ST 43-51
FEEIrE

S o iEs | B e adiEfme T SEss HI5HS, S TCHANDI 52-58
O F A5 BRI

ETES N SEDEMARA R E DS Sam - eEiT ol e ==t Al 59-69
ER.HarErE:

b A e I e BT =) k| D = A B FESFE S 70-80+116
AR A

ETCFD-DEMASERT,. S iEEE e E St o ET R R 81-89
EIERAER

HTTAEEEE L ESaE T ST E FElEEFEEFET 90-96
s

EENEETEERTREALE TSRS FElESF=EF=51 97-106
= ;

nEEHEFTERNTEEEERNREESTE B O ElE ST T 107-116
e S s o i

IR ER R S e s EST HERESI=LER 117-122
BB srERL

=tiEkESEEEET SRR FREFESFE R 123-130
=

EETEET S EERLOiMEIEERESNt EFE=HERET 131-139
s TE

T B St E T S 2 LR ENEE T 140-147

R RE A



Administrator
图章


2019 8 50 8

doi: 10. 6041 /j. issn. 10004298. 2019. 08. 008

12 12 12 23 12 12
(1. 100083; 2. 253600,
3. 253600)
( )
o 5 km/h 4.6% 5.6%
89. 8% 96. 5% o
1 8223.2 A : 10004298(2019) 08-6070-1 1

Design and Experiment of Vibration-arranging Based Seeder
for Potato Micro-seed

LIU Wenzheng' > HE Jin' > LI Hongwen'® LI Xueqgiang’® WEI Zhongcai' > LIU Peng'’

(1. College of Engineering China Agricultural University ~Beijing 100083 China
2. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment
Dezhou 253600 China
3. Shandong Xicheng Agriculiural Machinery Science and Technology Co. Lid. Dezhou 253600 China)

Abstract: Aiming at enhancing the mechanization level of potato micro-seed planting a vibration—
arranging based seeder for potato micro-seed was designed. The seeder consisted of seeding device seed
dropping adjustment mechanism ditching device and soil and ridging device which can complete
several working procedures in a single pass such as ditching seeding soil covering and ridging. Based
on the principle of forced vibration potato micro-seeds were arranged and seeded in single row and some
seeds failed to arrange in single row were reseeded by vibration plate. The key structural and working
parameters of seeding device were confirmed according to the physical characteristics of potato micro-seed
and agronomy requirements. An adjusting plate with reciprocating motion of high frequency and low
amplitude was applied to micro-change the size of seed-dropping mouth in dynamic conditions. By this
way the stored seeds forming arch in seed box would be avoided. Furthermore discrete element
simulation was used to clarify the reasonable vibration frequency and revolving speed of adjusting plate
and driving shaft respectively. Ditching device soil covering and ridging device were arranged from
front to back so as to sequentially complete ditching soil covering and ridging. Key parameters of the
ditching opener and double-disc were determined by theoretical analysis. As indicated in the field
experiment at the working speed of 5 km/h the multipleseeding index miss—seeding index qualified—
seeding index and qualifiedseeding depth rate were 4. 6% 5.6% 89.8% and 96.5% respectively.

Results showed that performance indexes of the seeder all met the relevant work quality evaluation
specification requirements. The research can provide reference for the development of mechanical planting
of potato micro-seed.

Key words: potato; seeder; vibration-arranging; soil covering and ridging; field experiment
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Design and Experiment of Potato Combined Harvester Based on
Multi-stage Separation Technology

WEI Zhongcai' LI Hongwen' SUN Chuanzhu®® LI Xuegiang”* SU Guoliang”® LIU Wenzheng'
(1. College of Engineering China Agricultural University Beijing 100083  China
2. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment Dezhou 253600 China
3. School of Mechanical Engineering Shandong University of Technology Zibo 255091 China
4. Shandong Xicheng Agricultural Machinery Science and Technology Co. Lid. Dezhou 253600 China
5. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255091  China)

Abstract: The main technical problem of potato mechanical partition harvest is the large workload for
farmers to pick up high labor intensity and low harvest efficiency. A potato combined harvester based on
multi-stage separation technology was developed on the basis of planting patterns and agronomic
requirements. It could implement digging potatosoil separation soil cleaning and potato gathering
simutaneously under the condition of double ridge and double row. The harvester was worked by the
tractor” s traction the key parts of the harvester included depth control device of loosing soil device of
cutting soil and seedings device of digging shaking device of potato-soil separation device of transition
separation device of removing soil and impurities and collecting device. The harvester adopted multi—
stage separation technology which could effectively improve the separation efficiency of potato-soil

reduce impurity content and labor intensity significantly. Field tests showed that loss rates were 1. 64%
and 1.59% damage rates were 1. 72% and 1.48% and bruising rates were 2.31% and 1. 92% and
the productivity were 0.41 hm’/h and 0.54 hm’/h when the harvesting speeds were 3. 17 km/h and

1 2018-0723 20180901
: (2016YFD0701603-02) . ( LINY201615)
(2017CXGC0219) (2016YF034)
(1990—) E-mail: weizc2011sdut@ 163. com
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Intelligent Building Fire Control System Based on Internet of Things

Guangliang Pan', Jun Li'", Tingting Sun?

1.School of Electronic and Information Engineering (Department of Physics ), Qilu University of Technology (Shandong Academy of
Sciences),Jinan 250353,China
E-mail: 1535173658@qq.com
2.Weihai Ocean Vocational College,Weihai 264300,China
E-mail: 779606786(@qq.com

Abstract:Nowadays, the Internet of Things technology is very mature and widely used in fire control. Aiming at the nee
ds of modern building intelligence, an intelligent building fire control system based on Internet of Things technology wa
s designed. The system consists of two parts: the upper computer and the lower computer. It combines various external
sensors to realize the fire linkage function. The MCGS configuration touch screen for PLC is applied to the fire control
system, it is used as the host, and the STM32F103RBT6 microcontroller is used as the slave to realize the master-slave
control function. The ASP.NET MVC framework is used to design the host computer cloud platform to remotely mon
itor and control the real-time status of the lower computer, and visualize the fire status of the entire building.

Key Words: Internet of things technology; Intelligent building; MCGS; ASP.NET MVC

1 INTRODUCTION

Internet of Things technology is a new technology after
the emergence of the Internet. However, with the develop
ment of technology, people's understanding of the concept
of "smart building" is more and more profound. Because p
eople need more intelligent devices that are convenient for
their lives to ensure the safety of life and property,so the
research and design of intelligent control systems is of gre
at significance[1-3]. Traditional intelligent devices are rela
tively independent individuals. They are not connected wit
h other devices. Even if they are connected together, the fu
nctions implemented are not comprehensive enough. The a
ccumulation of too many devices causes waste of resourc
es. Intelligent building fire control system remotes monitor
ing through uniting all the single devices and using the Int
ernet of Things technology to display the fire protection st

Host Computer

atus of the entire building on a computer, facilitating peopl
e's lives[4-5]. Firstly, this paper puts forward the overall de
sign scheme of the system, then introduces the Modbus co
mmunication protocol in detail and how to use the Modbus
communication protocol to achieve the fusion of MCGS ¢
onfiguration touch screen and STM32 single-chip microco
mputer. The hardware circuit is designed according to the
system framework. Finally, the objectivity function is reali
zed through the cloud platform based on the ASP.NET MV
C framework.

2 DESIGN OF THE OVERALL SYSTEM

The intelligent building construction fire control system
is mainly composed of intelligent fire control box (lower
position machine), remote monitoring cloud platform (host
computer), external detection and control module[6-7].
The overall framework of the system is shown in Fig 1:

Cloud Platform :

Smoke Sensor

Remote Control
Module

Detection And Control Module

Screen

MCGS Touch

Wind And Rain
Sensor Main Control DC Motor Power
o Board | | Drive Board Window
Switch 4
Modbus-RTU

Intelligent Fire Control Box

Fig. 1. System overall framework

*Corresponding author.E-mail address: rogerjunli@sdu.edu.cn

This work is supported by Shandong Province Higher Education Technology Development Plan Foundation under Grant J14LN04
This work is supported by Shandong Provincial Ship Control Engineering and Intelligent System Engineering Technology Research

Center Foundation under SSCC-2019-0007.
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harvester with two segment of vibration and wave separation[J]. Transactions of the Chinese Society of Agricultural Engineering
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Calibration of Simulation Parameters for Potato Minituber
Based on EDEM

LIU Wenzheng' > HE Jin' > LI Hongwen'®> LI Xueqgiang’® ZHENG Kan'®> WEI Zhongcai'

(1. College of Engineering China Agricultural University ~Beijing 100083 China
2. Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment Dezhou 253600 China
3. Shandong Xicheng Agricultural Machinery Science and Technology Co. Lid. Dezhou 253600 China)

Abstract: In order to study the discrete element simulation physical parameters of potato minituber the
combination methods of experiment and simulation were used to calibrate contacting parameters of particle
discrete simulation. The simulation experimental model was built in EDEM by using coefficient
measurement model of restitution particle-steel friction coefficient measurement model and particle—
particle coefficient friction measurement model. The corresponding contacting parameters of particle
discrete element was used as independent variable the data which was measured by simulation model was
used as evaluation index and then curve fitting equation was built by changing the independent variables
to obtain the corresponding evaluation index value in the simulation model. Finally the factors measured
in the real test model were substituted into curve fitting equation as the simulation target values to obtain
the discrete element simulation contact parameters of potato minituber. The simulation experiment was
verified through repeated simulation experiments. The particle discrete element simulation target
parameters were obtained as the particle-steel coefficient of restitution was 0.523 the particle-particle
coefficient of restitution was 0. 478 the particle-steel coefficient of static friction was 0. 644 the particle—
steel coefficient of rolling friction was 0. 0221 the particle—particle coefficient of static friction was 0. 325
and the particle-particle coefficient of rolling friction was 0. 030 0. The calibrated physical parameters of
the potato minituber were simulated by EDEM. The result showed that the calibrated particle stacking

0 201742-01 20180103

: ( LINY201615) ( IRT13039)
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Potato Processing Quality Characteristics Prediction Based on
Multivariate Nonlinear Regression Analysis

XU Yingchao WANG Xiangyou YIN Xiang YUE Rencai HU Zhouxun SUN Jingbin
( School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255049 China)

Abstract: Aimming to accurately detect potato processing quality the distribution of processing quality
index dry matter and reducing sugar in potato were investigated. It was concluded that potato dry matter
had the ellipsoid distribution in potato and the minimum value was in the center part. The experimental
data was analyzed by using quasi-Newton algorithm combined with universal global optimization method

and the regression model of dry matter content of Xisen 3 and Xisen 6 potato about testing point
coordinates x y and z was received. The determination coefficients of regression models about dry
matter content of Xisen 3 and Xisen 6 potato were 0.909 9 and 0.912 3 respectively and regression
models can effectively predict the potato dry matter content. The content of reducing sugar in the center of
potato was the highest and the reducing sugar content from the center to the epidermis was decreasing.
The reducing sugar content in the stem of potato was lower than that on the top of potato. The
determination coefficients of multivariate nonlinear regression models about two kinds of potato reducing
sugar content were 0. 833 6 and 0. 824 6 respectively. The regression models could predict the contents
of reducing sugar in potato. According to the analysis of experimental data the potato close to the
epidermis was higher in dry matter and lower in reducing sugar which was suitable for processing potato
chips and French fries. The average content of dry matter of Xisen 6 potato is more than 20% and the
average content of reducing sugar is less than 0. 1%  which is suitable for processing. This research can
help processors for effective utilization of potato for various types of processing products viz. chips

French fries and flour and provide a theoretical basis for NIR nondestructive detection of potato
processing quality.

Key words: potato; processing quality; dry matter; reducing sugar; multivariate nonlinear regression

analysis
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Visualization Spatial Assessment of Potato Dry Matter

XU Yingchao WANG Xiangyou YIN Xiang HU Zhouxun YUE Rencai
( School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255049 China)

Abstract: In order to visualize the spatial distribution of potato dry matter the internal dry matter content
of potato was studied by using visible/near-infrared hyperspectral imaging ( HSI) and a detection model
of dry matter of potato was established. The reflectance spectra of sliced potatoes which were extracted
from the regions of interest of HIS were performed with different pretreatments. The standard normal
variable ( SNV) combined with Savitzky-Golay smoothing ( SG) and the first derivative ( SNV-SG¥D)
was the optimal pretreatment. Based on optimal pretreatment competitive adaptive reweighted sampling
( CARS) combined with successive projections algorithm ( SPA) was used to select variables of the
spectrum and obtained 22 variables. Three regression models based on principal component regression
(PCR)  support vector regression ( SVMR) and partial least squares regression ( PLSR) were
established. The best performance was achieved by PLSR model its determination coefficient ( R})  root
mean square error for prediction and relative percent difference were 0.849 0.878% and 2.312
respectively. The PLSR model based on 22 variables was superior to the full-spectrum model. An imaging
processing algorithm was developed to transfer each pixel in potato dry matter content with the SNV-SG¥+D-
CARS-SPA-PLSR model. The imaging showed the distribution of dry matter within the potatoes. Tt
showed that the potato dry matter was mainly distributed between the inner pith and vascular bundle and
the inner pith had the lowest dry matter content. It was gradually increased from the inner pulp to the
outer. Dry matter content was 12. 16% in inner pith and the outer layer reached up to 24.62% . The
results show that the visible near infrared hyperspectral imaging is a useful tool for rapidly and effectively
visualizing detecting spatial distribution of potato dry matter.

Key words: potato; dry matter; spatial distribution; visualization; hyperspectra
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Effects of sampling depth on near infrared spectroscopy model of

potato dry matter

Yingchao Xu, Xiangyou Wang’, Xiang Yin, Jingbin Sun, Zhouxun Hu, Rencai Yue

Shandong University of Technology, Zibo 255000, China

Abstract: To improve the detection accuracy of the near infrared spectroscopy model of potato dry matter, near infrared
spectroscopy models of the peeled and unpeeled potatoes were investigated. Potato slices with 5-13 mm sampling depths were
obtained by Fourier transform infrared spectrometer with fiber optic. The optimal spectral data under each condition were
extracted after different pretreatments. Then, effective wavelengths were selected via genetic algorithm (GA) and partial least
squares regression (PLSR), and least square-support vector machine (LS-SVM) was applied to construct models that predicted
the dry matter content in potato. The results showed that prediction models established with GA selected effective
wavelengths were better than full-spectrum models.
for unpeeled potato with 7 mm sampling depth can nondestructively determine the dry matter content of potato, and the
prediction correlation coefficient and relative percent deviation were 0.920 and 1.465, respectively. The PLSR model
achieved the best performance for peeled potato with 11 mm sampling depth, and the prediction correlation coefficient and
relative percent deviation were 0.930 and 1.818, respectively. This research provides a basis for online inspection and further
development of portable equipment of potato dry matter content.

Keywords: near infrared spectroscopy; genetic algorithm; potato; dry matter; sampling depth

The LS-SVM model built by using near infrared spectroscopy with GA

Citation: Xu, Y., Wang, X., Yin, X., Sun, J., Hu, Z., & Yue, R. (2018). Effects of sampling depth on near infrared spectroscopy

Vol. 27, No. 1

model of potato dry matter. International Agricultural Engineering Journal, 27(1): 208-216.

1. Introduction

As the fourth-largest grain crop in the world, potato
boasts both high yield and wide plantation. In 2016, the
planting area for potato was 85.26 million mu, and the
total output reached 92.01 million tons in China (Yang,
Guo, & Sun, 2017). The potato is also an important
industrial raw material that plays a central role in
people’s lives; and the high-quality modern lifestyle has
led to higher stress on the potato processing industry
stress to increase the quality of potato preprocessing. The
content of dry matter provides an important index for
2015a). Traditionally, the
proportion method (Helgerud et al., 2015) has been

potato (Rady & Guyer,

adopted to measure the dry matter content, but it takes a
long measurement cycle, which makes it unsuitable for

Received date: 2017-11-09 Accepted date: 2018-03-04

* Corresponding author: Wang, X., professor, doctoral
supervisor, focusing on agricultural products processing technology
and equipment researches. Email: wxy@sdut.edu.cn.

the rapid testing that is required in production. Therefore,
realizing both rapid and nondestructive testing of the dry
matter content in potato, while increasing the testing
precision are of great significance for the development of
the potato processing industry.

Research shows that near infrared spectroscopy (NIR)
has research

gradually become a hotspot  of

nondestructive testing in recent years due to its

advantages of convenience, speed, efficiency, and
non-destruction of samples (Balabin & Smirnov, 2011)
Quantitative model needs to be built to test the content of
the components of fruits and vegetables with NIR
(Magwaza et al., 2012; Pu, Feng, & Sun, 2015). Sampling
depth has a major influence on the testing precision of the
guantitative mode. This is because the content of the
components within fruits and vegetables is unevenly
distributed (Mo et al., 2017; Zhu et al., 2016), while NIR
is poor in penetration; therefore, only surface information
can be obtained (Wu et al., 2014). Hence, only when the

depth of spectroscopy for obtaining information and the
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Design and Experiment of Potato Cleaning and Sorting Machine

WANG Xiangyou' SUN Jingbin' XU Yingchao' LI Xueqiang® CHENG Pengfei’
(1. School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255000 China
2. Shandong Xicheng Agricultural Machinery Science and Technology Co. Litd. Dezhou 253600 China
3. School of Mechanical Engineering Shandong University of Technology Zibo 255000 China)

Abstract: In order to solve the problems of poor separation effect high damage rate and low working
efficiency of the existing potato cleaning and sorting machine a poking roller shoving type potato cleaning
and sorting machine was designed. The working mechanism of the potato cleaning machine was
described and the structural parameters of the cleaning device and the sorting device were determined.
And the mechanical properties of potato during cleaning and sorting process were analyzed. The
orthogonal test was carried out with the unit speed feeding amount and unit lifting angle as experimental
factors the damaged rate and sorting cleaning rate as experimental indexes. The test results were
analyzed by using the data processing software and it showed that the primary and secondary factors
influencing the damaged rate were as follow: unit lifting angle rotating speed and feeding amount; and
the factors affecting the sorting cleaning rate were as follow: feeding amount unit speed and unit lifting
angle. According to the principle of low damage rate and good cleaning rate the optimum experimental
parameters combination were as follow: the unit speed of 145 r/min the feeding account of 20 t/h and
the unit lifting angle of 12°. And verifying test results were as follows as follow: the damage rate of potato
was 0. 773% and the sorting cleaning rate was 95.42% which met the requirement of potato cleaner.
The research provided a reference for further reducing the damage rate and optimizing the parameter of
potato sorting machine.

Key words: potato; sorting machine; shifting roller; mechanical analysis; orthogonal test
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(1961—) E-mail: wxy@ sdut. edu. cn
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The Effects of Mashed Sweet Potato on Rheological Quality of Dough and Quality of Steamed Bread
ZHANG Feng—jie' > ZHANG Tian—yu'? CAO Yan—fei'? YANG Zhe'? ZHANG Hai—jing'> LI Hong—jun'?"
1. Laoling Xisen Potato Industry Group Co. LTD. Dezhou 253600 Shandong China

2. School of Agricultural Engineering and Food Science Shandong University of Technology
Zibo 255049 Shandong China

Abstract The effects of mashed sweet potato on the rheological properties of dough and the quality of steamed
bread were investigated by means of a farinograph an extensograph a texture analyzer and a color—difference
meter.The results showed that the water absorption rate dough development time  stability time and farinograph
quality number of flour decreased with the increase of mashed sweet potato content and degree of softening
increased. With the mashed sweet potato adding the area stretch curve tensile resistance and stretching ratio
of dough were increased and the extensibility decreased and the longer the waking time the greater the
change trend. Compared with the steamed bread with white flour the addition of mashed sweet potato reduced
the specific volume and sensory score of the steamed bread increased its stickiness reduced the brightness and
darkened the color of the steamed bread and the steamed bread had a strong sweet potato flavor.

Key words mashed sweet potato dough rheological quality steamed bread sensory evaluation

. [J]. 2020 41 6 1-5
ZHANG Fengjie ZHANG Tianyu CAO Yanfei et al.The Effects of Mashed Sweet Potato on Rheological Quality of Dough and
Quality of Steamed Bread[J]. Food Research and Development 2020 41 6 1-5
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Optimization of processing technology of sweet potato puree steamed
bread by response surface method
ZHANG Feng-jie'?, ZHANG Tian-yu'?, CAO Yan-fei'*, YANG Zhe'?, ZHANG Hai-jing'*, LI Hong-jun'~
(1. Laoling Xisen Potato Industry Group Co., LTD, Dezhou Shandong 253600; 2. School of Agricultural
Engineering and Food Science, Shandong University of Technology, Zibo Shandong 255049)

Abstract: With 20% sweet potato purece and wheat flour as raw materials, the effects of knead times,
fermentation time and fermentation temperature on the quality of sweet potato puree steamed bread were
studied.On the basis of single factor test, sensory evaluation was selected as the evaluation index, and
response surface analysis was used to optimize the processing technology of sweet potato puree steamed
bread.The results showed that the optimum technological formula of sweet potato puree steamed bread was
as follows: 14 times of kneading, 18 min of fermentation and 33 C of fermentation temperature. With
special sweet potato flavor, the quality of sweet potato puree steamed bread is better under this condition.

Key words: sweet potato puree; response surface method; steamed bread quality; process optimization
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Technology 2020 34( 1) : 58-63.
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Automatic Recognition of Signal Modulation Based on Deep Learning

*

SUN Yudin LI Jun"

( ) 250353
School of Electrical Engineering and Automation Qilu University of Technology( Shandong Academy of Sci-—
ences) Jinan 250353 China

(DL) .

GPU VGGNet Tensorflow MPSK  MQAM 10
o 5dB 96.7% o

(DL); S

Abstract: Deep learning( DL) shows great vitality in all areas but it rarely involves wireless communication.
This paper proposes an automatic signal modulation recognition method based on deep convolutional neural network
to solve common problems in wireless communication.The algorithm automatically extracts various feature details of
images through deep learning deep convolutional neural networks rather than the huge engineering of manual design
features to achieve accurate identification of signals and noise under various signal-o-noise ratio conditions. The
method uses the image processing GPU to construct VGGNet and automatically recognizes 10 kinds of modulated
signals in MPSK and MQAM under the deep learning architecture Tensorflow.The simulation results show that when
the signal-to-noise ratio is 5dB the minimum recognition accuracy of various signals is 96.7%.This method is better
than other methods.

Key words: Deep learning( DL) ; neural network; modulation; wireless communication
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QIAO Y J LI J.Design of Intelligent Control System for Liquid Level of Industrial Water Tank J .Journal of Qilu
University of Technology 2019 33( 6) : 59-63.
- TP274 TA
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Design ofIntelligent Control System for Liquid Level of Industrial Water Tank

QIAO Yuan-Jian LI Jun
( ) 250353
School of Electrical Engineering and Automation Qilu University of Technology ( Shandong Academy of
Sciences) Jinan 250353 China

STM32F103 o

; ; STM32F103

Abstract: In view of the problems such as weak real —time performance poor visibility and unsatisfactory
economic efficiency reflected by the liquid level of industrial water tank in modern industrial production this study
designs an intelligent control system of industrial water tank liquid level composed of industrial touch screen and
STM32F103 series single—chip microcomputer.The system is mainly composed of touch screen configuration picture
design and a variety of hardware circuit design.Data visualization and rapid data reception and instruction execution
functions have been achieved.It not only meets the humanized requirements but also improves the economic benefits
of industrial production.

Key words: water tank level; industrial touch screen; STM32{103

PLC o
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Development of High Additive Amount of Purple Potato Whole Flour Steamed Bread
ZHANG Tian-yu' CAO Yan—fei' ZHANG Feng—jie' REN Yan—yan' LI Hong—jun'?*"
School of Agriculture Engineering and Food Science Shandong University of Technology Zibo 255000

Shandong China 2.Laoling Xisen Potato Industry Group Co. Ltd. Laoling 253600 Shandong China
Abstract Steamed bread was made from purple potato whole flour PPWF —wheat flour blend and the effects
of different PPWF on the quality of steamed bread were studied. Results showed that the purple color of steamed
bread gradually deepened with the increase of PPWF proportion and the steamed bread had a better aroma of
potato. When PPWF proportion more than 30 % the specific volume of steamed bread decreased significantly
with increased viscosity hardness and chewiness internal structure became worse and the quality of steamed
bread gradually declined. Added gluten into steamed bread with the additive amount of PPWF proportion more
than 30 % to improve the quality of steamed bread. When the proportion of PPWF was 30 % 40 % and 50 %
the additive amount of PPWF was 8 % 14 % and 17 % respectively the hardness specific volume and sensory
evaluation of steamed bread reached the level of traditional wheat flour steamed bread the better quality PPWF
steamed bread can be made.
Key words purple potato whole flour high additive amount texture properties sensory evaluation vital

wheat gluten

[J]. 2019 40 7 84-89
ZHANG Tianyu CAO Yanfei ZHANG Fengjie et al. Development of High Additive Amount of Purple Potato Whole Flour
Steamed Bread [J].Food Research and Development 2019 40 7 84-89
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Effect of Different Modifiers on Rheological
Properties of High Contents Potato Whole Flour
ZHANG Feng-jie' REN Yan-yan' ZHANG Tian-yu' CAO Yan-fei' LI Hong—jun'’"

(1.School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255049 China;
2.Laoling Xisen Potato Industry Group Co. Ltd. Dezhou 253600 China)

Abstract: To improve the quality characteristics of high potato flour dough wheat flour and potato flour were used as the raw
materials and the effects of adding three different modifiers on the rheological properties of the dough containing 50% of total
potato whole flour were studied in this study.The results showed that with the increasing contents of wheat gluten egg white
powder and sodium alginate the tensile stress of dough first increased and then decreased. Respectively the tensile stress
reached the maximum when the adding proportion was 4.5% 7% and 0.6% . The rheological test revealed that both the
elasticity modulus and viscosity modulus of dough after adding the modifier increased with the frequency increasing and the
elastic modulus of all samples was higher than the viscous modulus. Compared with the controls the viscoelasticity of mixed
system increased obviously after adding modifiers.In addition the tand value of the group after addition of the modifier was less
than 1 which indicated the solid properties and mechanical strength of the dough were increased by adding modifier.
Key words: potato whole flour; wheat gluten; egg white powder; sodium alginate

:TS213.2 A 11002-0306(2019) 11-0023-05
doiz10. 13386/j. issn1002 - 0306. 2019. 11. 005

2019 40( 11) :23-27.
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Effects of wheat bran on properties of potato starch and potato powder

WANG Chenjie', DONG Fangzi', LI Yanjie', LI Hongjun"*

(1.School of Agricultural Engineering and Food Science, Shandong University of Technology,
Zibo 255000; 2.Laoling Xisen Potato Industry Group Co., Ltd., Laoling 253619)

Abstract: The aim of this study was to add wheat bran to potato starch and potato powder respectively,
and to explore the effect of wheat bran on potato starch and whole powder. The results showed that the
light transmittance and swelling power decreased with the addition of wheat bran. In terms of chromaticity,
the wheat bran increased the L*, a and b" values of the potato starch system, and the a and b values of
the potato flour system increased while the L value decreased. The freeze-thaw stability of potato powder
could be improved with the addition of wheat bran, while there was no significant difference between that
of potato starch system. The agglomeration of potato starch was enhanced with the addition of wheat
bran, while there was no significant difference between that of potato powder system. Moreover, wheat
bran could be well mixed with potato starch and potato powder evenly by observation from scanning
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Optimization of Fermentation Process for Potato Pulp Steamed Bread by Response Surface
Methodology
CAO Yan—fei' ZHANG Feng—jie! ZHANG Tian—yu' CHEN Shan—feng'? LI Hong—jun'?"

1.School of Agricultural Engineering and Food Science Shandong University of Technology Zibo 255049

Shandong China 2.Laoling Xisen Potato Industry Group Co. Ltd. Laoling 253600 Shandong China
Abstract Steamed bread was produced by ordinary flour and potato pulp as raw materials. The response surface
method was used to optimize the five factors of potato pulp addition water addition yeast addition fermentation
time and fermentation temperature. Quadratic orthogonal rotating combination design of five factors and five
levels was employed to ptimize parameters of fermentation making and obtained by SAS 9.1. Optimal condition
was as following potato pulp added amount was 21 % water amount was 68 % yeast added amount was 0.9 %
fermentation time was 52 min fermentation temperature was 35 °C  and steamed bread sensory score was 89
with this condition.

Key words potato steamed bread fermentation process response surface methodology sensory quality

[J]. 2019 40 8 32-39
CAO Yanfei ZHANG Fengjie ZHANG Tianyu et al. Optimization of Fermentation Process for Potato Pulp Steamed Bread by
Response Surface Methodology[J].Food Research and Development 2019 40 8 32-39
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Effect of fresh sweet potato pulp on dough characteristics and
quality of steamed bread

REN Yanyan', ZHANG Fengjie', ZHANG Tianyu', CAO Yanfei', LI Hongjun"?, CHEN Shanfeng"

(1.School of Agricultural and Food Engineering, Shandong University of Technology, Zibo
255049; 2.Laoling Xisen Potato Industry Group Co., LTD., Laoling 253600)

Abstract: This work was to investigate the effect of the amount of sweet potato pulp added on the
rheological properties of dough and the quality of steamed bread, so as to expand the application scope of
sweet potato in traditional staple food and provide some theoretical support for future practical production.
In this study, the fresh sweet potato pulp were added into the wheat flour at the levels of 0% ~50% to
determine of the sweet potato bread dough’s flour properties, tensile properties and dynamic rheological
properties, as well as texture, color difference and sensory evaluation of the steamed bread. The results
suggested that the flour and stretching capacity of the dough decreased with the increase of the amount
of sweet potato pulp. The dynamic rheological properties of dough G’, loss G’ and tangent of loss angle
both decrease with the increase of sweet potato pulp. In addition, adding sweet potato pulp can increase
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Quality improvement of 50% potato whole flour steamed bread

ZHANG Fengjie', ZHANG Tianyu', CAO Yanfei', YANG Zhe', ZHANG Haijing', LT Hongjun"*"

(1.School of Agricultural Engineering and Food Science, Shandong University of Technology,
Zibo 255049; 2.Laoling Xisen Potato Industry Group Co., LTD., Laoling 253600)

Abstract: In order to improve the high content of potato whole flour steamed bread production problems,
such as difficult to form and ferment, poor taste, enhance the quality of potato whole flour steamed bread
with high content, wheat flour and potato flour were used as raw materials, and based on the single factor
experiment, three kinds of food additive formulation optimization was optimized by response surface
analysis to obtain the best recipe for steamed bread with 50% potato flour. The results showed that the
optimal formula was wheat gluten 4.5%, egg white powder 7%, sodium alginate 0.6%, and 92.62 sensory
score of the potato whole flour steamed bread was obtained. The study could provide a certain data
reference for developing potato staple food products.

Key words: potato whole flour; wheat gluten; egg white powder; sodium alginate; quality improvement
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Research on the Intelligent Control of Potato Precision Planter

LI Xuegiang' > WANG Faming”® SUN Chuanzhu® > SU Guoliang' >

WEI Zhongcai®* WANG Xiangyou’ > WANG Shijun®’
( 1.Shandong Xicheng Agricultural Machinery Science and Technology Co. Lid. Shandong Dezhou 253600;

2.Shandong Provincial Intelligent Engineering and Technology Research Center for Potato Production Equipment

Shandong Dezhou 253600; 3.School of Mechanical Engineering Shandong University of Technology Shandong Zibo 255091,
4.College of Engineering China Agricultural University Beijing 100083; 5.College of Graduate Students Shandong University of

Technology Shandong Zibo 255091 China)

Abstract: In order to solve the problems of low seeding precision difficult row spacing and amplitude adjustment of
potato planter this experiment installed intelligent row spacing devices on existing potato planter. The device of
intelligent row spacing would auto—correct the electro-hydraulic servo valve to correct speed of hydraulic motor when
it detected the change in planter speed etc. messages so as to assure the qualification rate of row spacing within a
permissible range. When the device detected more than one potato seed message or did not detect any message
would adjust the conveyor belt and vibration intensity of potato seed bowl classifler. The result showed the actual
missing rate £, was 6.4% ~7.9% and resetling rate £, was 8.2% ~10.1% and the better allowed missing rate ¢, was
6.0% ~ 8.0%. This intelligent controlled potato precision drill could effectively improve the seeding accuracy and

operation efficiency. At the same time it also improved its adaptability to different areas and different potato varieties.

Key words: intelligent control; precision planting; potato; row spacing, resetting and missing; planter
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Analysis of Potato Mechanical Damage in Harvesting
and Cleaning and Sorting Storage

WEI Zhongcai' > LI Xueqiang”® SUN Chuanzhu®**  LIU Wenzheng' > ZHANG Yufan'’
( 1.College of Engineering China Agricultural University Beijing 100083; 2.Shandong Provincial Intelligent Engineering
and Technology Research Center for Potato Production Equipment Shandong Dezhou 253600;
3.Shandong Xicheng Agricultural Machinery Science and Technology Co. Ltd. Shandong Dezhou 253600,
4.School of Mechanical Engineering Shandong University of Technology Shandong Zibo 255091 China)

Abstract: Aiming at solving the problems of potato damage during the mechanization of harvesting cleaning sorting
storage and grading this article summarized and analyzed the multiple injury factors such as mechanical working
parts farmland soil conditions potato planting habits etc. and pointed out problems needed to be solved. The paper
thought some new anti—damage material and high frequency low amplitude vibration separation technology should be
used in potato harvesting. The paper also discussed the theory of soil cutting and pressing optimized and added the
device to reduce the damage and analyzed the mechanical properties of potato by combining the elastoplastic theory
and contacting mechanics model. It was of important significance to develop and improve the warehousing equipment
for potato harvesting cleaning and grading. Based on these the paper put forward suggestions and measures to further
enhance the control ability of damage simulation and detection in various production processes so as to realize the
integrated control of broken peel in mechanization production and reduce mechanical damage. Thus the paper
provided useful reference for achieving low damage harvest and fine chemical cleaning and grading.

Key words: potato; harvest; sorting and grading; mechanization; damaged potato
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