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Abstract: A huge amount of data is being produced in the food industry, but the application of
big data—regulatory, food enterprise, and food-related media data—is still in its infancy. Each data
source has the potential to develop the food industry, and big data has broad application prospects in
areas like social co-governance, exploit of consumption markets, quantitative production, new dishes,
take-out services, precise nutrition and health management. However, there are urgent problems in
technology, health and sustainable development that need to be solved to enable the application of
big data to the food industry.

Keywords: food industry; big data; application prospect; sustainable development

1. Introduction

Consumers are no longer satisfied with having enough to eat; food quality has be-
come a key factor in determining consumer choice [1], and their demands and prefer-
ences change with the season, time, weather, mood, and other factors [2]. However,
food choice is a luxury not every person enjoys. The Food and Agriculture Organiza-
tion (FAO) of the United Nations reported that 88% of countries face a serious malnu-
trition burden and so has issued healthy dietary guidelines that cover a wide range of
food and nutrition (http://www.fao.org/nutrition/education/food-dietary-guidelines/
regions/countries/united-states-of-america/en/(accessed on 2 September 2021)). Tradi-
tional food science has been unable to satisfy increasing demand for food in a world where
“healthy nutrition” has overtaken “well-fed” as the predominant paradigm of consumption
(https://baijiahao.baidu.com/s?id=1681293145359468742&wfr=spider&for=pc (accessed
on 2 September 2021)) [3]. However, big data offers food science a new means of scientific
analysis [4].

The food supply chain is composed of economic stakeholders from primary producers
to consumers. It has the characteristics of large volume, many links, wide distribution,
diverse types, and scattered data, and it is becoming more complex. Millions of tons of
food move around the world every year, so no enterprise can promise that every risk
node on the production line is absolutely safe. Any flaw in the supply chain could bring
a disaster and huge regulatory difficulties for government departments. However, big
data provides a solution to regulatory difficulties [5] by helping enterprises understand
consumer demand better and uncover food industry trends through big data analysis. The
food industry collects large datasets through real-time monitoring and can improve food
safety if analyzed in conjunction with sample data [6]. When industry data is combined
with data on consumer dietary behavior, food enterprises can optimize their investment
and adjust the direction of research and development in a timely manner. [7].

This paper uses bibliometrics to analyze the research progress of big data in the
food field. According to Bradford’s Law, a small number of core journals collect enough
information to reflect the latest and most important advances in science and technology.
The database of Web of Science Core Collection contains more than 12,000 core journals
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from more than 250 subject areas. It defined the search topic “Food & Big Data” and
selected 1672 papers from its database. The research progress of big data on food is
shown in Figure 1 It has increased significantly since 2014 because USD 35.8 billion was
invested in global agrifood from 2010 to 2019, and after 2014 the scale of financing grown
rapidly (https://agfunder.com/research/agfunder-agrifood-tech-investing-report-2019/
(accessed on 2 September 2021)). This increased capital investment promoted research
into big food data, and the rapidly rising trend is from 2010 to 2021 is shown in Figure 2.
China’s food industry has attracted global attention since 2012 because the country’s new
government leaders stressed that they would pay more attention to food safety (http:
//www.xinhuanet.com/politics/2017-01/03/c_1120239001.htm (accessed on 2 September
2021)). As the second largest economy and the world’s largest trading country, China has
great international influence. (https://www.brookings.edu/research/chinas-influence-
on-the-global-middle-class/ (accessed on 2 September 2021)). Big data has been one of
the focuses of research since 2013, mainly in food safety, food security and agriculture. Its
application to food safety may still be in its infancy, but it is affecting the entire supply
chain. The literature contains analyses on the feasibility and need for big data in the food
industry [4,6], but there are no in-depth analyses. Therefore, this paper will mainly discuss
the following three aspects in depth.

• The major sources of big data in food industry and its challenges.
• The market application trends of big data in the food industry.
• The main challenges to applying big data.

Figure 1. Research progress of data in the food field. From 1990 to 2010, the research papers of big data on food grew at a
rate of 100% every five years, and since 2010 it has grown by nearly 300% every five years.

https://agfunder.com/research/agfunder-agrifood-tech-investing-report-2019/
http://www.xinhuanet.com/politics/2017-01/03/c_1120239001.htm
http://www.xinhuanet.com/politics/2017-01/03/c_1120239001.htm
https://www.brookings.edu/research/chinas-influence-on-the-global-middle-class/
https://www.brookings.edu/research/chinas-influence-on-the-global-middle-class/
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Figure 2. Analysis of the research direction of the data from 2010 to 2021 in the food field. Since 2013, food security and
big data have become a focus of researchers interested in the potential value of big data on food. The research focuses on
IoT-based data collection and its application to smart farming, supply chain management, food nutrition, and sustainable
development.

The authors of this paper hope to help researchers develop a deeper understanding
of the research progress of big data in the food field and to provide guidance for further
research.

2. Big Data in Food Industry

Big data sources of food mainly include regulatory, food enterprise (including data
generated at every link of the industrial chain from planting to restaurants) , and media
data (including food-related news, video, pictures and audio). High-quality big data
analysis can help develop the food industry, whereas analyses from low-quality data can
adversely affect managers’ prediction of market demand [8], and social stability [9].

2.1. Food Regulatory Data

Food regulatory data usually includes department regulatory and product sampling
data. Marvin [4] has detailed public information about food safety supervision and sam-
pling inspection in various countries. This information includes, reports on animal and
plant disease monitoring, hazards, food-borne diseases, which provided support for re-
searchers of deep-risk information. Rapid Alert System of Food and Feed (RASFF) is a
commonly used online food safety database for industry and scientific research in the Eu-
ropean Union (EU). Food safety databases in other countries include the Import Rejection
Report (IRR) and the Inspection Classification Database (ICD) in the U.S. and the State
Administration for Market Regulation (SAMR) alerts in China [5]. With the increasingly
close connection between countries, the trend of “table globalization” has become increas-
ingly prominent. In 2017, the amount of food China imported from Australia, the United
States, Japan, Germany, Southeast Asia, and other countries exceeded RMB 1.5 trillion
(https://www.askci.com/news/chanye/20171212/084457113784.shtml (accessed on 2 May
2021)). As shown in Table 1, the SAMR usually shares its sampling inspection results of
imported and exported food on government websites, which allows consumers to know
the quality of food on the market. The U.S. government shares food sample analysis reports
through the FSIS system. The EFSA database contains data on food consumption habits
and patterns across the European Union. Such statistical data allows users to quickly
screen long-term and acute exposures to potentially hazardous substances in the food
chain. In addition, the World Health Organization (WHO) established the Global Envi-
ronmental Monitoring System (GEMS/Food) in 1976, in which participating institutions
submit data on food pollutant concentrations and set up data centers to help govern-
ments, the Codex Alimentarius Commission(CAC) and other institutions to assess trends

https://www.askci.com/news/chanye/20171212/084457113784.shtml
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in food contaminants [10]. In 2015, the WHO integrated data from the fields of agriculture,
food, public health and economics to build a big data services platform for food safety
(https://www.who.int/foodsafety/foscollab/en/ (accessed on 2 May 2021)) to improve
risk monitoring.

Table 1. The public regulatory database.

Database Database Type Data Description Country Organization Link/Source

Import and export
food sampling Alerts/notifications Results of

food sampling China NMPA https://www.cfsn.cn/

Food sampling report Alerts/notifications Food sampling report USA FSIS https://www.fsis.usda.gov/science-data/sampling-program
European Food

Consumption Database Alerts/notifications
European food

consumption habits European EFSA
https://www.efsa.europa.eu/en/data-report/

efsa-food-composition-db

Import food sampling Alerts/notifications Results of
food sampling Japan MHLW https://www.mhlw.go.jp/content/11135200/000663987.pdf

Challenges. The sharing and circulation of data among food regulatory departments
is conducive to the construction of intelligent supervision of the food supply chain [11].
However, there are several challenges.

• Limited shared data. Government departments have not been able to fully disclose
detailed monitoring and sampling data, leading to the repeated testing of product
quality indicators by enterprises, which has resulted in serious waste of social re-
sources and increased operating costs. How to encourage various departments to
share data is an important research direction.

• Lack of system standards. Due to a lack of system standards, the independence of
departments leads to the relative independence of food supervision system. In addition,
the limitation of responsibilities further intensifies the independence of departments.
So, it is urgent that a new mode of interdepartmental data sharing be explored.

• Due to inconsist food standards, there are differences in the names and categories
of the same food, which is an obstacle to data sharing. The Estonian government has
proposed X-Road architecture of data sharing among the basic sectors [12], and a few
European governments will also be involved in international data sharing [13].

2.2. Food Enterprise Data

The food industry chain is composed of enterprises from agriculture, fishing, pro-
cessing and restaurant and is characterized by many links and wide distribution. At
present, all agricultural machinery is electronically controlled to improve operational per-
formance [14,15]. Cloud computing, the Internet of Things, big data and blockchain can
integrate isolated production lines in the food supply chain into data-driven interconnected
intelligent systems. Through semantic active technology, each operation is automatically in-
tegrated, improving the efficiency of precision agriculture and enterprise management [16].
Using sensors and drones to collect data on weather, geography, and animal and crop
behavior can help farmers optimize crop planting and animal growth cycles. Intelligent
devices capture actionable data and make decisions that reduce equipment downtime [17].

In recent years, research on the IoT in the food industry has promoted the diversifica-
tion of the IoT platform to address market needs, [18,19] different monitoring models [20],
and unbalanced energy consumption [21]. IoT-integrated applications will help food com-
panies create new data sources. Industry 4.0 not only promotes the rapid development of
Agriculture 4.0, but also enables enterprises to transmit real-time information to identify
and meet the changing demands of stakeholders [15]. According to the Eurostat report
(https://www.brookings.edu/research/chinas-influence-on-the-global-middle-class/ (ac-
cessed on 2 September 2021)), the application of smart agriculture will save 4–6% of
agricultural costs and increase market value by 3% by 2026. The application of big data
can not only enable businesses to deal with challenges in food production, but also to
obtain more affordable raw materials to reduce production costs [14]. It also promotes the
development of smart agriculture, which helps save water [22], preserve soil, limit carbon

https://www.who.int/foodsafety/foscollab/en/
https://www.cfsn.cn/
https://www.fsis.usda.gov/science-data/sampling-program
https://www.efsa.europa.eu/en/data-report/
efsa-food-composition-db
https://www.mhlw.go.jp/content/11135200/000663987.pdf
https://www.brookings.edu/research/chinas-influence-on-the-global-middle-class/
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emissions [23] and improveproductivity [24]. Smart agriculture provides an opportunity
for farmers, service providers, government and other stakeholders (such as financial insti-
tutions, investors, traders) to share their experiences in optimizing the agricultural supply
chain with the production sustainability [25].

Challenges. The food industry can benefit from big data services, but there are
challenges that need to be addressed, including data fairness such as the searchability,
accessibility, interoperability, and reusability of shared data, and a lack of information
standards and data processing technology.

• Lack of Information standards. (a) The lack of standardized protocols has created
incompatibilities among information management systems [26]; (b) The development
of the IoT is still in its initial stages. As IoT manufacturers develop independently, the
data generated may be difficult to interpret and share. In addition, there are other
problems such as IoT security in food safety. Any insecure IoT node in the food supply
chain can be a weak link in the entire system.

• Immature processing of food big data. Although cloud computing has been used by
many organizations, its appplication to big data regarding food safety is still in its
infancy. There as also problems such as system scalability, data fairness, data security,
and legal issues, which have not been adequately addressed. Blockchain technology
is expected to bring a safer and more transparent food supply chain, but it is still
immature and difficult to apply. Currently, the blockchain applicationa to food safety
is limited to traceability, and issues such as data integrity and data governance still
need research.

• Improved supply-chain decision-making. There is still a need to help farmers make
effective decisions in Agriculture 4.0, maintain effective connections among different
complex networks, and identifythe dynamic needs of stakeholders.

2.3. Media Data

Social media has become the main way for users to obtain and share food informa-
tion [27,28]. According to a statistical report on China’s Internet Network Information
Center, the number of Internet users in China has reached 854 million, and 88.8% [29].
Social networks have gradually become the mainstream platform for disseminating infor-
mation, a constant strem of videos, news, and other types of data [30]. Purcell et al. [31]
found that two-thirds of Internet users get their news from Facebook and share news
through social media. Through research into the generation, and promotion of social
events on the Internet, the mode and characteristics of information transmission can be
discovered, which provides support for practical application scenarios. In 2009, Google
successfully predicted the spread of the H1N1 virus based on query data in its search
engine and brought the public valuable time to prevent an outbreak [32]. Combining
the real-time advantage of big data with the conventional and available advantages of
traditional data will enable effective response to the transmission of public health events
such as COVID-19 [33]. Singh et al. discovered supply chain management problems by
using Twitter data to improve supply chain management in food industry [34].

The public participates in the discussion of events by different media, and it expresses
clear opinions and attitudes in the form of public opinion [35]. The report (https:// baijiahao.
baidu.com/s?id=1617643364060321280&wfr=spider&for=pc (accessed on 2 September
2021)) shows that food safety and food rumors were first among hot food events in 2018,
and the topic has become one of the prime targerts for media rumors, and social media’s
intensification of rumors can create a widespread crisis [35]. By analyzing and understand-
ing the trend of food incidents based on social media data, regulators can formulate timely
countermeasures like enhancing public awareness through science education and shaping
public opinion [36–38]. However, the field of media data has its challenges that need to be
overcome.

• Multi-source heterogeneous data fusion. Media data on Twitter, Facebook, YouTube
and various information portals have complex formats and multiple sources, and

https://
baijiahao.baidu.com/s?id=1617643364060321280&wfr=spider&for=pc
baijiahao.baidu.com/s?id=1617643364060321280&wfr=spider&for=pc
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there is a lack of technology to identify relevant data in one sources and link it to
others. In the absence of a "fusion technology" for multi-source heterogeneous data
further study is urgently needed to address social media rumors and their negative
impact on public security.

• Rumor detection. Network rumors seriously impair the public’s ability to recognize
authentic of network information. The generation, influence, and propagation mech-
anism of network rumors have been studied [35–38], but there is still no answer to
the problem of improving the public’s abiity to evaluate network information. The
ability to perceive a risk has a positive impact on users’ attitudes, but social media
undermines it. Authoritative information on refuting rumors, such as government
notices and mainstream media news, have a significant effect on reducing the public’s
acceptance of network rumors and improving the willingness to identify network
rumors.

• Rumor control. Many studies based on communication science and psychology an-
alyze food rumors by the way they are transmitted, but there is a lack of relevant
research on government management. Existing food rumors detection technology
is mostly simulation, which rarely considers the responsibilities of government in-
stitutions. It will be necessary to consider the role of the government, social media,
and human networks to establish an efficient, and authoritative information platform
to dispel rumors in time. This will improve public risk and prevention awareness,
strengthen and punishment mechanisms for rumormongers, and strengthen legal
education and behavioral guidance for the public [35]. The study of social network
interaction patterns will be used to explore how to promote and change the public’s
perception, attitude, and behavior on rumors concerning food, health or other fields.

3. Application of Big Data in Food Industry

The food supply chain is from farm to table, where the main links are planting and
breeding, storage, processing, circulation (transportation) and consumption [39]. The
discovery of value information on original data needs to go through a continuous cycle:
of “discrete data—integrated data—knowledge understanding—mechanism extraction—
application effect analysis”, from which the potential value of data sets can be mined.
The processing system of big data application in food industry is shown in Figure 3. It is
composed of five modules: big data collection of food industry, big data processing and
fusion, big data mining and analysis, big data view and big data security. Each module is
closely connected, and its functions are briefly described as follows.

• Big data collection of the food industry. Based on sensors, web crawlers, near-
infrared detection instruments, food-related data is collected from different sources.

• Multi-source data processing and fusion. The collected data contaiins a considerable
anount of redundant and dirty data [40], but through cleaning and conversion
they can be removd and the data can be put into a standardized format. Then data
features are extracted, and fusion is performed using probability statistics [41], logical
reasoning and machine learning [42].

• Big data mining and analysis. This is a discovery mode of mining valuable knowl-
edge from massive data that can accuratetly predict activities through scaled data [43].
Some big data technology, including SVM(Support Vector Machine) [44], Random For-
est [45] and Naive Bayes [46], are used to analyze fused dataset to discover potential
patterns to create social value [47,48].

• Big data view. Due to the characteristics of the complexity and multidimensional
of data, it is necessary to generate a data view that can be easily expressed and
understood by users. These are usually parallel coordinate, scatter graph, and scatter
graph matrix methods [49,50].

• Big data security. In the lifecycle of big data on food, there are security risks in each
processing stage [51], so research into big data security technology has become an
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important research topic. This module provides security technical support for all big
data processing to ensure the safety, reliability, and controllability of data.

3.1. Social Co-Governance in the Food Industry

Social co-governance in the food industry provides a feasible solution to the issues
of food security and food quality by using public wisdom [52]. Social co-governance
is usually based on crowdsourcing to cooperate with consumers or experts to create
value [53]. The failure rate of new food product development exceeds 40%, and the
failure of new products usually affects the continued operation of small and medium-sized
enterprises [3]. Large food companies have tried to collect consumer preference data
through crowdsourcing, and have decided the direction of product development based
on an analysis of big data. The Danone company encouraged consumers to vote for a
creamy dessert flavor, and the 400,000 participants in 2006 more than doubled to 900,000
in 2011. Lay’s used the wisdom of crowds to develop more than 245,825 flavors of potato
chip [54]. Procter & Gamble, Starbucks and Unilever sought better product design based on
collective intelligence [55]. Employees often have a wealth of heterogeneous expertise, and
companies can gain insight from their workforce to help improve economic performance.
In addition, crowdfunding is another form of social co-governance, sharing business risks
and alleviating capital pressure through mutual assistance [56]. Social co-governance has
great potential for food security. Combining the mobile data of consumer groups with
food shelf life, the intelligent control of food inventory can be realized to prevent food
spoilage and waste [57]. Social co-governance can also be applied to monitoring foodborne
diseases [32], identfying contaminated products, reducing the risk rate of food rumors and
enhancing food safety [58].

Figure 3. The processing model of big data in food.

Although social co-governance can enable food enterprises to obtain consumer de-
mand information through diversified channels, it is still difficult to obtain effective infor-
mation in time due to the limitation of enterprise resources [53]. In addition, there is a lack
of an incentive or fair evaluation method in the food industry to convince consumers to
participate.
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3.2. Exploit Consumption Markets

There is a huge amount of food-related data both inside and outside the food supply
chain, and the collection and analysis can promote enterprises to expand their markets [59]:
(1) By collecting commodity and retail information for analysis, they can appraise the
market situation, grasp the business dynamics of their competitors, and define the market
positioning of products, thereby grasping market opportunity. (2) Collecting consumer
information (purchase lists and channels, commodity preferences, usage cycle, family
information, working condition, values) will establish a customer database that can give
enterprises portraits of their customers that reveal their preferences, consumption tendency,
value orientation and commodity reputation. With this information, enterprises can de-
velop efficient marketing strategies and develop trust, so they can continue to compete
effectively. (3) Data clustering analysis of consumers’ food evaluations (advantages and
disadvantages, quality, nutritional value) from social platforms such as Facebook, Twitter
and Sina Weibo, allows enterprises to anticipate potential problems and optimize the
quality of goods and services.

3.3. Quantitative Production

By predicting future commercial demand based on historical sales’ data, agricultural
and livestock products can be planned to reduce the probability of “cheap vegetables
hurting farmers”. In addition, big data analysis can help predict weather more accurately,
helping farmers and herdsmen to prepare for natural disasters. Analyses based on con-
sumption and crop growth data help farmers decide which crops varieties to increase and
which to reduce, improve crop yield, facilitate rapid sales,and achieve a return on capital.
Big data can also optimize grazing area for local herdsmen and improve the usage rate of
pasture. Fishermen can scientifically arrange fishing moratoria and locate fishing areas
based on the results of big data analysis.

Consumption trends and habits provided by big data, enable governments to provide
accurate guidance for agricultural and animal husbandry production, suggest production
levels according to demand, and avoid unnecessary waste of resources and social wealth
caused by excess capacity. When combined with drones, big data can promote the develop-
ment of precision agriculture by allowing farmers to collect information on the growth of
crops, diseases, and pests, at a much lower cost and with much higher accuracy than by
hired aircraft [60].

3.4. New Dishes New Experience

In 1992, chefs Heston Blumenthal and Francois Benzi were deciding which ingredients
with similar flavors would work well together, when someone created a combination
of white chocolate and caviar. Due to the chemical differences, it tasted terrible. Today,
because of food sciecne, there is a large amount of information about food chemicals [61]
and how they make food taste. Consequently, Ahn et al. [62,63] developed a flavor network
of ingredients connected by shared flavor compounds, in which flavors were limited
by the type of raw materials. Garg et al. developed a flavor database with richer food
materials [64]. Simas et al. promoted a flavor network and constructed the food-bridging
network [65]. However, some well-known food combinations such as red wine and beef,
do not share chemical compositions or flavor compounds, yet they are still very popular.
Therefore, food pairings need to be seen in a broader spctrum, not just based on flavor
compounds or chemical composition.

The future of food flavor design could be traced to 2019 when the company McCormick
partnered with IBM to use Artificial Intelligence and big data to generate new flavor
combinations by analyzing data from millions of datasets to meet the changing consumer
demand.
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3.5. Take-Out Service

In China, the number of online takeout users accounts for more than 44% of sales, and
the scale has exceeded 398 million people (https://www.qianzhan.com/analyst/detail/22
0/200512-65621d53.html (accessed on 2 September 2021)). The take-out markets with its
large number of users and rapid growth has generated a huge amount of takeout data. The
takeout big data service platform not only helps the government supervise the industry, but
also creates huge economic and social value. First, it predicts and informs customers of the
delivery time, thereby avoiding disrupting consumers’ daily plans and helping restaurants
establish a good reputation. Second, it helps the take-out enterprise understand consumer
demand. Third, the take-out big data platform promotes the transparency of the supply
chain, which is conducive to establishing and improving customers’ trust. Fourth, the
overall running of the city can be clearly understood by analyzing the take-out dataset [66].

Since take-out data involves sensitive private information (the customer’s location,
preference, bank, identity, and communication), ensuring data security in the take-oout big
data platform is a serious challenge.

3.6. Precise Nutrition and Health Management

The development of big data provides technical support for the processing of massive
data, and scientific guidance for human nutrition and health management. In the past, peo-
ple usually learned nutrition information from experts, books, and the Internet. However,
there was a lack of accurate nutrition and health management for individuals because of
the difference in individual health conditions [67]. In an example of applying big data to
the people’s daily diet Teng et al. proposed to use a recipe recommendation algorithm to
determine which food ingredients were necessary [68]. Grace et al. combined case-based
reasoning and a deep learning algorithm to generate new recipes [69,70]. However, it
may also generate "dark cuisine" due to the the uncertain factor of deep learning. Some
scholars, like Freyne et al., focused on a diet therapy. They developed a personalized
recipe recommendation system for obese people based on the suggestions from medi-
cal professionals and research on obese people [71]. In anoher instance, Yoshida et al.
proposed a personalized recipe recommendation based on users’ food preferences [72].
Zeevi et al. broke with traditional experience-based nutritional recommendations by using
machine-learning algorithms to combine data (e.g., blood parameters, dietary habits, and
gut microbiota) to formulate personalized diets that optimize postprandial glucose levels
and metabolites [73]. The combination of big data with Artificial Intelligence will provide
a new approach for the research of precision nutrition.

4. Challenges

While the food supply chain can benefit from big data, the following challenges need
to be addressed.

• Low data collection efficiency and poor data quality. Due to the lack of effective
data collection technology, there are problems with applying big data to food: missing
or insufficient data, and difficulties with data forensics. Therefore, it is of great
significance to study the collection and verification methods of multisourced big data
on food. In the future, edge computing technology will be used to link the food
supply chain thereby superseding traditional collection, which is hard to apply to a
complex collection environment and collection requirements. Intelligent web crawler
technology can be used to collect public opinion data from the Internet, and associate
it with data from the physical world to form a complete big data view of food safety. It
will solve the dilemma of the separation between physical world and public opinion
data found in traditional methods.

• Data islands. There is one are in the food industry where data is not shared: govern-
ment. Since regulatory data usually involve state secrets, and enterprise data may
involve trade secrets, they reluctance to share these data seriously hinders the applica-
tion and promotion of big data. Moreover, the independent management systems of

https://www.qianzhan.com/analyst/detail/220/200512-65621d53.html
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enterprises and government creates poor system compatibility, which inhibits data
circulation. Therefore,a new business model is urgently needed, for example: the
establishment of an incentive mechanism to explore new methods of data fusion to
establish an effective privacy protection method and encourage data owners to share
data.

• Data security. Private information, such as consumer activity and social relationships,
is hidden in food data. For example, based on the user’s location, there are connections
to tracking data (such as order and logistical data and a location picture), so consumers
can be tracked through association analysis, which may represent a risk to the their
security [74]. In the life cycle of big data, there are security threats and privacy leakage
risks at each processing stage [51,75,76]. The security protection analysis of big data
for food is shown in Table 2. Data encryption is one of the effective methods for
protecting data security. Rivest [77] proposed a privacy homomorphic encryption
that would delegate part of a complex operations to a third party, directly operating
on the ciphertext, who would return the results without disclosing of information.
Yao et al. [78] proposed a secure multiparty computing scheme (SMC), in which all
participants realize collaborative computing, and the privacy of all parties is protected,
which eliminates the need for trusted third parties. However, ciphertexts have a
serious impact on data readability. The strongly robust blockchain has anti-network
attack, anti-eavesdropping, anti-tampering and anonymity features, that can protect
the security and reliability of data [79]. Combining blockchain with an access control
algorithm, Uchibeke et al. [80] proposed that data owners independently manage
their data and prevent data leakage. However, blockchain technology still needs to
be studied for security and work efficiency [81]; thus, research into big data security
and privacy protection technology has become an important research area in the food
field.

Table 2. Analysis of data security protection technology in the whole life cycle of food data.

Life Cycle Challenges Protection Technology

Data collection
Data corruption, data loss, data

leakage and data forgery Data encryption [82]

Data storage Illegal intrusion and data disclosure Storage encryption [83], blockchain [79]
Data transmission Data leakage and data corruption Data encryption [84], privacy protection [85], blockchain [81]

Data usage Information leakage and data abuse
Access control [86], SMC [78], data encryption [77],

differential privacy protection [87]
Data Destruction Privacy disclosure, destruct the data media Data trusted deletion [88]

• Security risks of crowdsourcing services. On one hand, food enterprises have a
large amount of enterprise data, but it is difficult to discover the potential value of the
information. On the other hand, in crowdsourcing, consumers are not enthusiastic
enough to participate, and there is a risk that the crowd will get out of control. In
the take-out market, unlicensed crowdsourcing deliverers have become the biggest
uncontrollable factor in takeout distribution, and it is a serious risk for take-out food
safety. (1) Since the equipment of deliverers is self-regulated, it is difficult to control
whether delivery safety standards can be achieved. (2) It is difficult to guarantee
the hygiene and health of the people involved in the delivery. If a deliverer carries
an infectious disease or the food is contaminated on the way, food safety cannot be
guaranteed at all. (3) Take-out deliverers increase the management difficulty of the
platform. Recently, the platform can only discipline deliverers through a user account
ban. But the deliverer only needs to register with a new mobile phone number and
borrow a person’s ID card for real name authentication, and then he can continue to
deliver. Therefore, the establishment of a fair, incentive, and perfect crowdsourcing
service mechanism will be one of the important research topics.

• Healthy and sustainable development of the food industry. By 2050, the world’s
population will exceed 9 billion, and only through a healthy and sustainable food in-
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dustry can global food demand be met. [89]. However, resource waste and foodborne
diseases are key factors restricting this sustainable development: excessive chemical
residue in crops from the of chemical fertilizers and pesticides [90]; perishable food
loss in developing countries and enormous food waste in developed countries [91];
high energy consumption and pollution from food processing and transportation; and
the discarding of potentially contaminated food because of the iinability to quickly
and efficiently trace the source of a contamination. Therefore, the economic and
environmental sustainability of stakeholders are the core factors for promoting the
sustainable development of the food industry chain.

5. Conclusions

Because big data can provide a large amount of effective business information, the
development of data-driven industries has attracted attention from all countries [92]. In
2012, the United States promoted big data as a national strategy to promote the formation
of new economic growth and enhance national competitiveness [93]. Subsequently, EU
member states formulated big data development strategies to transform traditional national
governance models [94]. Big data to promote the development of the food industry has
become a main research topic. This paper introduced the application of big data in food
industry and showed that the main data sources are regulatory, enterprise, and media
data. The results showed the great potential for big data for the food industry. Big
data has particularly broad application prospects in social co-governance of the food
industry, quantitative production, exploitation of consumption markets, new dishes, take-
out services, and precise nutrition and health management. But, to exploit this full potential
of big data, technical, social, and health and sustainable development issues require further
research.

Author Contributions: Q.T.: Conceptualization, Methodology, Software, Validation and Writing—
Original Draft & Review & Editing. H.D.: Investigation. H.W.: Validation and Writing—Review. X.C.:
Supervision, and Funding acquisition. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors would like to acknowledge the support provided by the National Key R&D
Program of China (No. 2018YFC1604000).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable for this article.

Conflicts of Interest: The authors have no competing interest to declare.

References
1. Angowski, M.; Jarosz-Angowska, A. Importance of Regional and Traditional EU Quality Schemes in Young Consumer Food

Purchasing Decisions. Eur. Res. Stud. J. 2020, 23, 916–927. [CrossRef]
2. Kearney, J. Food consumption trends and drivers. Food Consum. Trends Drivers 2010, 365, 2793–2807. [CrossRef]
3. Palacios, M.; Martinez-Corral, A.; Nisar, A.; Grijalvo, M. Crowdsourcing and organizational forms: Emerging trends and research

implications. J. Bus. Res. 2016, 69, 1834–1839. [CrossRef]
4. Marvin, H.J.; Janssen, E.M.; Bouzembrak, Y.; Hendriksen, P.J.; Staats, M. Big data in food safety: An overview. Crit. Rev. Food Sci.

Nutr. 2017, 57, 2286–2295. [CrossRef]
5. Jin, C.; Bouzembrak, Y.; Zhou, J.; Liang, Q.; van den Bulk, L.M.; Gavai, A.; Liu, N.; van den Heuvel, L.J.; Hoenderdaal, W.; Marvin,

H.J. Big Data in food safety-A review. Curr. Opin. Food Sci. 2020, 2020, 24–32. [CrossRef]
6. Wilesmith, J.W.; Ryan, J.; Atkinson, M. Bovine spongiform encephalopathy: Epidemiological studies on the origin. Vet. Rec. 1991,

128, 199–203. [CrossRef]
7. Srinivasan, K.; Nirmala, R. A Study on Consumer Behavior towards Instant Food Products (With Special References to

Kanchipurm Town). IOSR J. Bus. Manag. 2014, 16, 17–21. [CrossRef]
8. Garcia-Bernardo, J.; Takes, F.W. The effects of data quality on the analysis of corporate board interlock networks. Inf. Syst. 2018,

78, 164–172. [CrossRef]

http://doi.org/10.35808/ersj/1906
http://dx.doi.org/10.1098/rstb.2010.0149
http://dx.doi.org/10.1016/j.jbusres.2015.10.065
http://dx.doi.org/10.1080/10408398.2016.1257481
http://dx.doi.org/10.1016/j.cofs.2020.11.006
http://dx.doi.org/10.1136/vr.128.9.199
http://dx.doi.org/10.9790/487X-161131721
http://dx.doi.org/10.1016/j.is.2017.10.005


Foods 2021, 10, 2203 12 of 15

9. Hu, Y.; Pan, Q.; Hou, W.; He, M. Rumor spreading model with the different attitudes towards rumors. Phys. A Stat. Mech. Its
Appl. 2018, 502, 331–344. [CrossRef]

10. Moy, G.G.; Vannoort, R.W. Total Diet Studies. 2013. Available online: https://link.springer.com/content/pdf/bfm%3A978-1-441
9-7689-5%2F1.pdf (accessed on 2 September 2021).

11. Tao, Q.; Cui, X.; Huang, X.; Leigh, A.M.; Gu, H. Food safety supervision system based on hierarchical multi-domain blockchain
network. IEEE Access 2019, 7, 51817–51826. [CrossRef]

12. Willemson, J. Pseudonymization service for X-road eGovernment data exchange layer. In Proceedings of the International
Conference on Electronic Government and the Information Systems Perspective, Toulouse, France, 29 August–2 September 2011;
Springer: Berlin/Heidelberg, Germany, 2011; pp. 135–145. [CrossRef]

13. Freudenthal, M.; Willemson, J. Challenges of Federating National Data Access Infrastructures. In Proceedings of the International
Conference for Information Technology and Communications, Bucharest, Romania, 8–9 June 2017; Springer: Cham, Switzerland,
2017; pp. 104–114. [CrossRef]

14. Lezoche, M.; Hernandez, J.E.; Díaz, M.d.M.E.A.; Panetto, H.; Kacprzyk, J. Agri-food 4.0: A survey of the supply chains and
technologies for the future agriculture. Comput. Ind. 2020, 117, 1–10. [CrossRef]

15. Lasi, H.; Fettke, P.; Kemper, H.G.; Feld, T.; Hoffmann, M. Industry 4.0. Bus. Inf. Syst. Eng. 2014, 6, 239–242. [CrossRef]
16. Mondino, P.; González-Andújar, J.L. Evaluation of a decision support system for crop protection in apple orchards. Comput. Ind.

2019, 107, 99–103. [CrossRef]
17. Spiegel, R. Plant Data Everywhere and Anywhere. Des. News 2015, 70, 30–33.
18. Lee, J.; Park, G.I.; Shin, J.H.; Lee, J.H.; Sreenan, C.J.; Yoo, S.E. SoEasy: A software framework for easy hardware control

programming for diverse IoT platforms. Sensors 2018, 18, 2162. [CrossRef]
19. Choi, J.; In, Y.; Park, C.; Seok, S.; Seo, H.; Kim, H. Secure IoT framework and 2D architecture for End-To-End security. J.

Supercomput. 2018, 74, 3521–3535. [CrossRef]
20. Prathibha, S.; Hongal, A.; Jyothi, M. IoT based monitoring system in smart agriculture. In Proceedings of the 2017 IEEE

International Conference on Recent Advances in Electronics and Communication Technology (ICRAECT), Bangalore, India, 16–17
March 2017; pp. 81–84. [CrossRef]

21. Ilie, M. Internet of things in agriculture. In International Conference on Competitiveness of Agro-Food and Environmental Economy
Proceedings; The Bucharest University of Economic Studies: Bucharest, Romania, 2018.

22. O’Connor, N.; Mehta, K. Modes of greenhouse water savings. Procedia Eng. 2016, 159, 259–266. [CrossRef]
23. Ochoa, K.; Carrillo, S.; Gutierrez, L. Energy efficiency procedures for agricultural machinery used in onion cultivation (Allium

fistulosum) as an alternative to reduce carbon emissions under the clean development mechanism at Aquitania (Colombia). IOP
Conf. Ser. Mater. Sci. Eng. 2014, 59, 012008. [CrossRef]

24. Mayer, J.; Gunst, L.; Mäder, P.; Samson, M.F.; Carcea, M.; Narducci, V.; Thomsen, I.K.; Dubois, D. Productivity, quality and
sustainability of winter wheat under long-term conventional and organic management in Switzerland. Eur. J. Agron. 2015,
65, 27–39. [CrossRef]

25. Annosi, M.C.; Brunetta, F.; Monti, A.; Nati, F. Is the trend your friend? An analysis of technology 4.0 investment decisions in
agricultural SMEs. Comput. Ind. 2019, 109, 59–71. [CrossRef]

26. Bouzembrak, Y.; Klüche, M.; Gavai, A.; Marvin, H.J. Internet of Things in food safety: Literature review and a bibliometric
analysis. Trends Food Sci. Technol. 2019, 94, 54–64. [CrossRef]

27. Aertsen, T.; Gelders, D. Differences between the public and private communication of rumors. A pilot survey in Belgium. Public
Relat. Rev. 2011, 37, 281–291. [CrossRef]

28. Wang, H.; Xu, Z.; Fujita, H.; Liu, S. Towards felicitous decision making: An overview on challenges and trends of Big Data. Inf.
Sci. 2016, 367, 747–765. [CrossRef]

29. CNNIC. The 44th China Statistical Report on Internet Development. 2019. Available online: http://www.cac.gov.cn/pdf/201908
29/44.pdf (accessed on 12 May 2021).

30. Soon, J.M. Consumers’ Awareness and Trust Toward Food Safety News on Social Media in Malaysia. J. Food Prot. 2020,
83, 452–459. [CrossRef]

31. Chua, A.Y.; Banerjee, S. To share or not to share: The role of epistemic belief in online health rumors. Int. J. Med. Inform. 2017,
108, 36–41. [CrossRef]

32. Ginsberg, J.; Mohebbi, M.H.; Patel, R.S.; Brammer, L.; Smolinski, M.S.; Brilliant, L. Detecting influenza epidemics using search
engine query data. Nature 2009, 457, 1012–1014. [CrossRef]

33. Liu, T.; Jin, Y. Human Mobility and Spatio-temporal Dynamics of COVID-19 in China: Comparing Survey Data and Big Data.
Popul. Res. 2020, 44, 44–59.

34. Singh, A.; Shukla, N.; Mishra, N. Social media data analytics to improve supply chain management in food industries. Transp.
Res. Part E Logist. Transp. 2018, 114, 398–415. [CrossRef]

35. Li, D.; Ma, J. How the government’s punishment and individual’s sensitivity affect the rumor spreading in online social networks.
Phys. A Stat. Mech. Its Appl. 2017, 469, 284–292. [CrossRef]

36. Yuan, J.; Lu, Y.; Cao, X.; Cui, H. Regulating wildlife conservation and food safety to prevent human exposure to novel virus.
Ecosyst. Health Sustain. 2020, 6, 1–12. [CrossRef]

http://dx.doi.org/10.1016/j.physa.2018.02.096
https://link.springer.com/content/pdf/bfm%3A978-1-4419-7689-5%2F1.pdf
https://link.springer.com/content/pdf/bfm%3A978-1-4419-7689-5%2F1.pdf
http://dx.doi.org/10.1109/ACCESS.2019.2911265
http://dx.doi.org/10.1007/978-3-642-22961-9_11
http://dx.doi.org/10.1007/978-3-319-69284-5_8
http://dx.doi.org/10.1016/j.compind.2020.103187
http://dx.doi.org/10.1007/s12599-014-0334-4
http://dx.doi.org/10.1016/j.compind.2019.02.005
http://dx.doi.org/10.3390/s18072162
http://dx.doi.org/10.1007/s11227-016-1684-0
http://dx.doi.org/10.1109/ICRAECT.2017.52
http://dx.doi.org/10.1016/j.proeng.2016.08.172
http://dx.doi.org/10.1088/1757-899X/59/1/012008
http://dx.doi.org/10.1016/j.eja.2015.01.002
http://dx.doi.org/10.1016/j.compind.2019.04.003
http://dx.doi.org/10.1016/j.tifs.2019.11.002
http://dx.doi.org/10.1016/j.pubrev.2011.03.009
http://dx.doi.org/10.1016/j.ins.2016.07.007
http://www.cac.gov.cn/pdf/20190829/44.pdf
http://www.cac.gov.cn/pdf/20190829/44.pdf
http://dx.doi.org/10.4315/0362-028X.JFP-19-415
http://dx.doi.org/10.1016/j.ijmedinf.2017.08.010
http://dx.doi.org/10.1038/nature07634
http://dx.doi.org/10.1016/j.tre.2017.05.008
http://dx.doi.org/10.1016/j.physa.2016.11.033
http://dx.doi.org/10.1080/20964129.2020.1741325


Foods 2021, 10, 2203 13 of 15

37. Mou, Y.; Lin, C.A. Communicating food safety via the social media: The role of knowledge and emotions on risk perception and
prevention. Sci. Commun. 2014, 36, 593–616. [CrossRef]

38. Rutsaert, P.; Pieniak, Z.; Regan, Á.; McConnon, Á.; Kuttschreuter, M.; Lores, M.; Lozano, N.; Guzzon, A.; Santare, D.; Verbeke,
W. Social media as a useful tool in food risk and benefit communication? A strategic orientation approach. Food Policy 2014,
46, 84–93. [CrossRef]

39. Tao, Q.; Cui, X.; Zhao, S.; Yang, W.; Yu, R. The Food Quality Safety Management System Based on Block Chain Technology and
Application in Rice Traceability. J. Chin. Cereals Oils Assoc. 2018, 33, 102–110.

40. Liu, C. Maximum likelihood estimation from incomplete data via EM-type Algorithms. Adv. Med. Stat. 2003, 1051–1071._0028.
[CrossRef]

41. Ling, W.; Dong-Mei, F. Estimation of missing values using a weighted k-nearest neighbors algorithm. In Proceedings of the 2009
IEEE International Conference on Environmental Science and Information Application Technology, Wuhan, China, 4–5 July 2009;
Volume 3, pp. 660–663.

42. Li, J.; An, Y.; Fei, R.; Wang, H.; Yan, Q. Activity recognition method based on weighted LDA data fusion. Intell. Autom. Soft
Comput. 2017, 23, 509–517. [CrossRef]

43. Hill, M.; Connolly, P.; Reutemann, P.; Fletcher, D. The use of data mining to assist crop protection decisions on kiwifruit in New
Zealand. Comput. Electron. Agric. 2014, 108, 250–257. [CrossRef]

44. Saunders, C.; Stitson, M.; Weston, J.; Holloway, R.; Bottou, L.; Scholkopf, B.; Smola, A. Support vector machine. Comput. Sci.
2002, 1, 1–28.

45. Arumugam, A. A predictive modeling approach for improving paddy crop productivity using data mining techniques. Turk. J.
Electr. Eng. Comput. Sci. 2017, 25, 4777–4787. [CrossRef]

46. Tan, K.; Ma, W.; Wu, F.; Du, Q. Random forest–based estimation of heavy metal concentration in agricultural soils with
hyperspectral sensor data. Environ. Monit. Assess. 2019, 191, 1–14. [CrossRef]

47. Li, D.; Wang, X. Dynamic supply chain decisions based on networked sensor data: An application in the chilled food retail chain.
Int. J. Prod. Res. 2017, 55, 5127–5141. [CrossRef]

48. Zhang, Q.; Huang, T.; Zhu, Y.; Qiu, M. A Case Study of Sensor Data Collection and Analysis in Smart City: Provenance in Smart
Food Supply Chain. Int. J. Distrib. Sens. Netw. 2013, 9, 382132. [CrossRef]

49. Inselberg, A. The plane with parallel coordinates. Vis. Comput. 1985, 1, 69–91. [CrossRef]
50. Viau, C.; McGuffin, M.J.; Chiricota, Y.; Jurisica, I. The FlowVizMenu and parallel scatterplot matrix: Hybrid multidimensional

visualizations for network exploration. IEEE Trans. Vis. Comput. Graph. 2010, 16, 1100–1108. [CrossRef] [PubMed]
51. Chen, H.; Yan, Z. Security and privacy in Big data lifetime: A review. In Proceedings of the International Conference on Security,

Privacy and Anonymity in Computation, Communication and Storage, Zhangjiajie, China, 16–18 November 2016; Springer:
Cham, Switzerland, 2016; pp. 3–15. [CrossRef]

52. Soon, J.M.; Saguy, I.S. Crowdsourcing: A new conceptual view for food safety and quality. Trends Food Sci. Technol. 2017, 66, 63–72.
[CrossRef]

53. Simula, H.; Ahola, T. A network perspective on idea and innovation crowdsourcing in industrial firms. Ind. Mark. Manag. 2014,
43, 400–408. [CrossRef]

54. Djelassi, S.; Decoopman, I. Customers’ participation in product development through crowdsourcing: Issues and implications.
Ind. Mark. Manag. 2013, 42, 683–692. [CrossRef]

55. Lutz, R.J. Marketing Scholarship 2.0. J. Mark. 2011, 75, 225–234. [CrossRef]
56. Castellion, G.; Markham, S.K. Perspective: New Product Failure Rates: Influence of A rgumentum ad P opulum and Self-Interest.

J. Prod. Innov. Manag. 2013, 30, 976–979. [CrossRef]
57. Pollard, S.; Namazi, H.; Khaksar, R. Big data applications in food safety and quality. Encycl. Food Chem. 2019, 356–363. [CrossRef]
58. Goel, P.; Datta, A.; Mannan, M.S. Application of big data analytics in process safety and risk management. In Proceedings of the

2017 IEEE International Conference on Big Data (Big Data), Boston, MA, USA, 11–14 December 2017; pp. 1143–1152. [CrossRef]
59. Lister, C. Easily accessible food composition data: Accessing strategic food information for product development and marketing.

Food N. Z. 2018, 18, 1–17.
60. Murugan, D.; Garg, A.; Singh, D. Development of an Adaptive Approach for Precision Agriculture Monitoring with Drone and

Satellite Data. IEEE J. Sel. Top. Appl. Earth Obs. Remote Sens. 2017, 10, 5322–5328. [CrossRef]
61. Zhang, W.; Ji, X.; Yang, Y.; Chen, J.; Gao, Z.; Qiu, X. Data fusion method based on improved DS evidence theory. In Proceedings

of the 2018 IEEE International Conference on Big Data and Smart Computing (BigComp), Shanghai, China, 15–17 January 2018;
pp. 760–766. [CrossRef]

62. Ahn, Y.Y.; Ahnert, S.E.; Bagrow, J.P.; Barabási, A.L. Flavor network and the principles of food pairing. Sci. Rep. 2011, 1, 1–7.
[CrossRef]

63. Osowski, S.; Linh, T.H.; Brudzewski, K. Neuro-fuzzy network for flavor recognition and classification. IEEE Trans. Instrum. Meas.
2004, 53, 638–644. [CrossRef]

64. Garg, N.; Sethupathy, A.; Tuwani, R.; Nk, R.; Dokania, S.; Iyer, A.; Gupta, A.; Agrawal, S.; Singh, N.; Shukla, S.; et al. FlavorDB: A
database of flavor molecules. Nucleic Acids Res. 2018, 46, 1210–1216. [CrossRef]

65. Simas, T.; Ficek, M.; Diaz-Guilera, A.; Obrador, P.; Rodriguez, P.R. Food-bridging: A new network construction to unveil the
principles of cooking. Front. ICT 2017, 4, 14. [CrossRef]

http://dx.doi.org/10.1177/1075547014549480
http://dx.doi.org/10.1016/j.foodpol.2014.02.003
http://dx.doi.org/10.1142/9789812388759_0028
http://dx.doi.org/10.1080/10798587.2016.1220133
http://dx.doi.org/10.1016/j.compag.2014.08.011
http://dx.doi.org/10.3906/elk-1612-361
http://dx.doi.org/10.1007/s10661-019-7510-4
http://dx.doi.org/10.1080/00207543.2015.1047976
http://dx.doi.org/10.1155/2013/382132
http://dx.doi.org/10.1007/BF01898350
http://dx.doi.org/10.1109/TVCG.2010.205
http://www.ncbi.nlm.nih.gov/pubmed/20975148
http://dx.doi.org/10.1007/978-3-319-49145-5_1
http://dx.doi.org/10.1016/j.tifs.2017.05.013
http://dx.doi.org/10.1016/j.indmarman.2013.12.008
http://dx.doi.org/10.1016/j.indmarman.2013.05.006
http://dx.doi.org/10.1509/jmkg.75.4.225
http://dx.doi.org/10.1111/j.1540-5885.2012.01009.x
http://dx.doi.org/10.1016/B978-0-08-100596-5.21839-8
http://dx.doi.org/10.1109/BigData.2017.8258040
http://dx.doi.org/10.1109/JSTARS.2017.2746185
http://dx.doi.org/10.1109/BigComp.2018.00145
http://dx.doi.org/10.1038/srep00196
http://dx.doi.org/10.1109/TIM.2004.827057
http://dx.doi.org/10.1093/nar/gkx957
http://dx.doi.org/10.3389/fict.2017.00014


Foods 2021, 10, 2203 14 of 15

66. Hao, J.; Liu, J.; Wu, W.; Tang, F.; Xian, M. Research on the Influence of O2O Take-out Chinese User Satisfaction on Continuous
Intention: The Moderating Effect of User Habit. J. China Stud. 2018, 21, 101–120. [CrossRef]

67. Zeevi, D.; Korem, T.; Zmora, N.; Israeli, D.; Rothschild, D.; Weinberger, A.; Ben-Yacov, O.; Lador, D.; Avnit-Sagi, T.; Lotan-Pompan,
M.; et al. Personalized Nutrition by Prediction of Glycemic Responses. Cell 2015, 163, 1079–1094. [CrossRef] [PubMed]

68. Teng, C.Y.; Lin, Y.R.; Adamic, L.A. Recipe recommendation using ingredient networks. In Proceedings of the 4th Annual ACM
Web Science Conference, Evanston, IL, USA, 22–24 June 2012; pp. 298–307.

69. Grace, K.; Maher, M.L.; Wilson, D.C.; Najjar, N.A. Combining CBR and deep learning to generate surprising recipe designs.
In Proceedings of the International Conference on Case-Based Reasoning, Atlanta, GA, USA, 31 October–2 November 2016;
Springer: Cham, Switzerland, 2016; pp. 154–169. [CrossRef]

70. Li, H.C.; Ko, W.M.; Chung, S.C. Personalized Meal Planning Mehtod and System Thereof. U.S. Patent Application No 12/009,695,
11 June 2009.

71. Freyne, J.; Berkovsky, S. Recommending food: Reasoning on recipes and ingredients. In Proceedings of the International Confer-
ence on User Modeling, Adaptation, and Personalization, Big Island, HI, USA, 20–24 June 2010; Springer: Berlin/Heidelberg,
Germany, 2010; pp. 381–386.

72. Kawahara, T.; Yoshida, M.; Tanaka, M.; Ido, S.; Nakano, H.; Adachi, N.; Abe, Y.; Nagatomo, W. Automated CD-SEM recipe
creation technology for mass production using CAD data. In Proceedings of the Metrology, Inspection, and Process Control for
Microlithography XXV, San Jose, CA, USA, 27 February–3 March 2011; Volume 7971, pp. 170–177.

73. Wolever, T.M.S. Personalized nutrition by prediction of glycaemic responses: Fact or fantasy? Eur. J. Clin. Nutr. 2016, 70, 411–413.
[CrossRef] [PubMed]

74. Scott, T.; Jonathan, S.; Carl, L.; Agarwal, H.S.; Kohno, T. Devices That Tell On You: Privacy Trends in Consumer Ubiquitous
Computing. In Proceedings of the 2007 USENIX Security Symposium, Boston, MA, USA, 6–10 August 2007; pp. 55–70.

75. Abouelmehdi, K.; Beni-Hessane, A.; Khaloufi, H. Big healthcare data: Preserving security and privacy. J. Big Data 2018, 5, 1–18.
[CrossRef]

76. Mehmood, A.; Natgunanathan, I.; Xiang, Y.; Hua, G.; Guo, S. Protection of big data privacy. IEEE Access 2016, 4, 1821–1834.
[CrossRef]

77. Rivest, R.L.; Adleman, L.; Dertouzos, M.L. On data banks and privacy homomorphisms. Found. Secur. Comput. 1978, 4, 169–180.
78. Yao, A.C. Protocols for secure computations. In Proceedings of the IEEE 23rd Annual Symposium on Foundations of Computer

Science (sfcs 1982), Chicago, IL, USA, 3–5 November 1982; pp. 160–164.
79. Li, H.; Li, Z.; Tian, N. Resource Bottleneck Analysis of the Blockchain Based on Tron’s TPS. In Proceedings of the International

Conference on Natural Computation, Fuzzy Systems and Knowledge Discovery, Kunming, China, 20–22 July 2019; Springer:
Cham, Switzerland, 2019; pp. 944–950. [CrossRef]

80. Uchibeke, U.U.; Schneider, K.A.; Kassani, S.H.; Deters, R. Blockchain access control Ecosystem for Big Data security. In Proceed-
ings of the 2018 IEEE International Conference on Internet of Things (iThings) and IEEE Green Computing and Communications
(GreenCom) and IEEE Cyber, Physical and Social Computing (CPSCom) and IEEE Smart Data (SmartData), Halifax, NS, Canada,
30 July–3 August 2018; pp. 1373–1378.

81. Tao, Q.; Chen, Q.; Ding, H.; Adnan, I.; Huang, X.; Cui, X. Cross-Department Secures Data Sharing in Food Industry via
Blockchain-Cloud Fusion Scheme. Secur. Commun. Netw. 2021, 2021, 6668339. [CrossRef]

82. Blakley, G.R. Safeguarding cryptographic keys. In Proceedings of the International Workshop on Managing Requirements Knowledge;
IEEE Computer Society: New York, NY, USA, 1979; p. 313.

83. Huang, X.; Tao, Q.; Qin, B.; Liu, Z. Multi-authority attribute based encryption scheme with revocation. In Proceedings of the
2015 IEEE 24th International Conference on Computer Communication and Networks (ICCCN), Las Vegas, NV, USA, 3–6 August
2015; pp. 1–5. [CrossRef]

84. Hsu, C.; Zeng, B.; Zhang, M. A novel group key transfer for big data security. Appl. Math. Comput. 2014, 249, 436–443. [CrossRef]
85. Dwork, C. Differential privacy: A survey of results. In Proceedings of the International Conference on Theory and Applications

of Models of Computation, Xi’an, China, 25–29 April 2008; Springer: Berlin/Heidelberg, Germany, 2008; pp. 1–19.
86. Hu, V.C.; Grance, T.; Ferraiolo, D.F.; Kuhn, D.R. An access control scheme for big data processing. In Proceedings of the 10th

IEEE International Conference on Collaborative Computing: Networking, Applications and Worksharing, Miami, FL, USA, 22–25
October 2014; pp. 1–7. [CrossRef]

87. Lv, D.; Zhu, S. Correlated Differential Privacy Protection for Big Data. In Proceedings of the 2018 IEEE 32nd International
Conference on Advanced Information Networking and Applications (AINA), Krakow, Poland, 16–18 May 2018; pp. 1011–1018.
[CrossRef]

88. Hao, J.; Liu, J.; Wu, W.; Tang, F.; Xian, M. Secure and fine-grained self-controlled outsourced data deletion in cloud-based IoT.
IEEE Internet Things J. 2019, 7, 1140–1153. [CrossRef]

89. Godfray, H.C.J.; Beddington, J.R.; Crute, I.R.; Haddad, L.; Lawrence, D.; Muir, J.F.; Pretty, J.; Robinson, S.; Thomas, S.M.; Toulmin,
C. Food security: The challenge of feeding 9 billion people. Science 2010, 327, 812–818. [CrossRef] [PubMed]

90. Walter, A.; Finger, R.; Huber, R.; Buchmann, N. Opinion: Smart farming is key to developing sustainable agriculture. Proc. Natl.
Acad. Sci. USA 2017, 114, 6148–6150. [CrossRef] [PubMed]

91. Parfitt, J.; Barthel, M.; Macnaughton, S. Food waste within food supply chains: Quantification and potential for change to 2050.
Philos. Trans. R. Soc. B Biol. Sci. 2010, 365, 3065–3081. [CrossRef] [PubMed]

http://dx.doi.org/10.20288/JCS.2018.21.3.101
http://dx.doi.org/10.1016/j.cell.2015.11.001
http://www.ncbi.nlm.nih.gov/pubmed/26590418
http://dx.doi.org/10.1007/978-3-319-47096-2_11
http://dx.doi.org/10.1038/ejcn.2016.31
http://www.ncbi.nlm.nih.gov/pubmed/27050901
http://dx.doi.org/10.1186/s40537-017-0110-7
http://dx.doi.org/10.1109/ACCESS.2016.2558446
http://dx.doi.org/10.1007/978-3-030-32591-6_103
http://dx.doi.org/10.1155/2021/6668339
http://dx.doi.org/10.1109/ICCCN.2015.7288431
http://dx.doi.org/10.1016/j.amc.2014.10.051
http://dx.doi.org/10.4108/icst.collaboratecom.2014.257649
http://dx.doi.org/10.1109/AINA.2018.00147
http://dx.doi.org/10.1109/JIOT.2019.2953082
http://dx.doi.org/10.1126/science.1185383
http://www.ncbi.nlm.nih.gov/pubmed/20110467
http://dx.doi.org/10.1073/pnas.1707462114
http://www.ncbi.nlm.nih.gov/pubmed/28611194
http://dx.doi.org/10.1098/rstb.2010.0126
http://www.ncbi.nlm.nih.gov/pubmed/20713403


Foods 2021, 10, 2203 15 of 15

92. Gobble, M.M. Big data: The next big thing in innovation. Res.-Technol. Manag. 2013, 56, 64–67. [CrossRef]
93. Tabesh, P.; Mousavidin, E.; Hasani, S. Implementing big data strategies: A managerial perspective. Bus. Horizons 2019, 62, 347–358.

[CrossRef]
94. Salas-Vega, S.; Haimann, A.; Mossialos, E. Big data and health care: Challenges and opportunities for coordinated policy

development in the EU. Health Syst. Reform 2015, 1, 285–300. [CrossRef] [PubMed]

http://dx.doi.org/10.5437/08956308X5601005
http://dx.doi.org/10.1016/j.bushor.2019.02.001
http://dx.doi.org/10.1080/23288604.2015.1091538
http://www.ncbi.nlm.nih.gov/pubmed/31519092

	Introduction
	Big Data in Food Industry
	Food Regulatory Data
	Food Enterprise Data
	Media Data

	Application of Big Data in Food Industry
	Social Co-Governance in the Food Industry
	Exploit Consumption Markets
	Quantitative Production
	New Dishes New Experience
	Take-Out Service
	Precise Nutrition and Health Management

	Challenges
	Conclusions
	References

