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ABSTRACT

Food packaging encompasses the topical role of preserving food,
hence, extending the shelflife, while ensuring the highest quality and safety
along the production chain as well as during storage.Intelligent food packaging
further develops the functions of traditional packages by introducing the
capability of continuously monitoring food quality during the whole chain to

assess and reduce the insurgence of food-borne disease and food waste. To

this purpose, several sensing systems based on different food quality indicators
have been proposed in recent years, but commercial applications remain a
challenge. This review provides a critical summary of responsive systems
employed in the real-time monitoring of food quality and preservation state.
First, food quality indicators are briefly presented. and subsequently, their
exploitation to fabricate intelligent packaging based on responsive materials is
discussed. Finally, current challenges and future trends are reviewed to

highlight the importance of concentrating efforts on developing new functional
solutions
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CHAPTER 1
INTRODUCTION

The article discusses the importance of food quality and safety, highlighting

& significant number of illnesses and deaths related to foodborne contamination

ach year. The food industry has recognized the need for real-time monitoring of
DOd preservation and quality to ensure consumer health, and efforts have been

nade to develop innovative packaging technologies that can provide this
nformation,

Traditional packaging technologies act as passive barriers to prevent oxygen,
oisture, and contaminants from coming into contact with food products. In contrast,
nnovative packaging technologies are active and intelligent, providing real-time
)quality insights and actively working to preserve food quality. These new materials

have the potential to improve food safety, enhance food quality, and minimize food

waste.

Active packaging technologies are an extension of traditional packaging
systems, while intelligent packaging technologies evaluate food products and their
surrounding environment in real-time, providing quality indicators such as pH,
humidity, temperature, and specific chemicals. Optical sensors are increasingly
being investigated as a low-cost, easy-to-read solution that can be used by untrained
operators such as distribution chain operators and consumers. Optical sensors can
be based on colorimetric assays, fluorogenic receptors, photonic structures, or
plasmonic particles, and offer a promising solution for the real-time monitoring of

food quality,

Despite the potential benefits of intelligent packaging technologies, the
development of sensing technologies that can be used for industrial applications is
still a challenge due to high costs, sophisticated instrumentation requirements, and
integration issues with existing packaging materials. The article concludes with a
discussion of the current challenges and future perspectives for the dawlupmant nf
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CHAPTER 2
LITERATURE SURVEY

IS section discusses the merits and demerits of the works which are done already
2lated to the proposed work,

In [1]When conducting a literature review on the topic of food safety, it is

portant to first define your research question. This could involve exploring a

specific aspect of food safety, such as the impact of packaging on foodborne
linesses. To gather relevant literature, search academic databases and government

eports using relevant keywords related to your research question. Once you have
dentified potential

sources, evaluate them by reviewing their abstracts and reading
the full

text of relevant sources. Analyze the sources you have collected, looking for
common themes, findings, and limitations. Finally, synthesize the information you

have gathered to draw conclusions and make recommendations for future research
or policy.

Kotsanopoulos, et al. investigating and calculating the impact of foodborne

diseases on global health. The report provides an overview of existing data on

foodborne diseases and estimates of their consequences, including both morbidity
and mortality rates [2].

Zhou, L.; Zhang, C, et al. analyses auditing, food safety, and food quality
standards are all crucial factors in the food industry. By implementing these
standards, food companies can improve their processes, prevent foodborne

ilnesses, and produce high-quality products that meet the expectations of
consumers [3].

The article titled "Application of Deep Learning in Food: A Review" by Zhou
et al. provides a comprehensive review of the use of deep learning in the food
industry. the authors provide a valuable review of the current state of deep learning
in the food industry and suggest potential areas for future research and
development. This article is a useful resource for researchers and practitioners
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eresled in the applications of deep

'earmning in the food industry|4]

other stakehold
ers in ens
ensuring the safety and quality of the food suppl
supply chain [5)
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methods for detecting and preventing food fraud. To thi
B e s 55 aud. Tothis end, multivanate gualitative
e

B promising approach for identifying patlerns and

e nplex data sets.In this literature review, we provide an overvie

of the key multive = e

e y multivariate qualitative methods that are currently being used for food

raud detecti : ' : v o

: tion. These methods include soft independent modeling of class analogy

(SIMCA inci ' * i
), principle component analysis (PCA), partial least squares discnminant

analysis (PLS-DA), and Bayesian networks (BNs)[6].

Yousefi says there has been a growing interest in intelligent food packaging,
which involves incorporating sensors and other technologies to monitor food guaiity

and safety.This review highlights the significant potential of smart sensing

technologies in the field of food packaging, and we discuss some of the challenges

that must be addressed in order t0 fully realize this potential. We also provide some

recommendations for future research in this area[7).

s a comprehensive Overview of the recent
in the area of active and intelligent food
challenges and opportunities in this field,
longer shelf-life, and improved
e and intelligent packaging

Dobrucka et. Al present

advancements and emerging trends

g. The authors discuss the current
need for enhanced product salely,

ricle highlights the role of activ
ese demands by incorporating functionalities such as

rs, antimicrobial agents, and temperalure sensors. The
| of these technologies to communicate important

packagin
including the
quality control.The &
technologies in meeting th

moisture and oxygen barrie
authors also discuss the potentia




e  The literature review discusse

information. s .
. Such as freshness indicators 1o consumers(s)

Hebbar

o
Proposes a system that uses ol sensors aned machine learrung 1o
detect the freshness of food. The

p—
erature review discusses existing techriques and

their limitations, highlighting the

need for more efficient and reliable methods The
Proposed system shows promise in reducin

safety[9].

g food wastage and improving food

Hui et al proposes a fuzzy-based storage assignment systern for packaged

food warehousing that use

s intelligent techniques for optimal storage assignment
S existing methods and their limitations righlighting
the need for a more efficient and flexible approach. The proposed system uses fuzzy
logic to assign storage locations based on various factors and cutperformed a rule-

]

based system in experiments. The proposed system shows promise in improving

the efficiency of packaged food warehousing[10].

Jedermann et al discusses the use of smart sensors for intelligent containers in
the context of the Internet of Things (loT). The literature review high ights the
challenges of ensuring the quality and safety of goods during transportation and the
need for real-time monitoring of environmental conditions. The proposed solution
uses smart sensors to monitor environmentail conditions during transportation and
transmit the data to a central system for analysis. The paper aiso discusses e

7] e

potential benefits of the proposed sclution, such as reducing waste. Improving

i ey Plais i =il
product quality, and increasing efficiency in logistics and supply cna

management|[11].

Gustavasson et al reviews on global food losses and food waste. It r:n:era
the extent of food losses and waste across the food supply chain, the causes of food
losses and waste, and potential solutions to address this issue. The authors aiso
discuss the role of technology and innovation in addressmglfoud lcsses and @e
Overall, the paper stresses the need for collaboration and sustainabiity

considerations in food systems planning and policy-making[12].

_ " -
Jassen et al reviews on two underestimated threats in food transponation



impact of moid and acceleration on food
qualty and safety, as well as the current methods for detection and prevention. The
authors emphasize the

| ‘mpotance of considering these threats in food
ransporiation and highlight the need for research and collaboration among

stakeholders in the food Supply chain to ensure the safety and gquality of food during
transportation|13).

Jedermann et al discusses the need for decision support systems in M2M
networks for efficient and safe transportation of goods, especially in domains such
as logistics and food transportation. The authors propose using smart dynamic
software components to enable decision support in M2M networks and demonstrate
their effectiveness in a simulated food transportation scenario[14].

Dannies et al explores the need for decision support systems in M2M
networks for efficient and safe transportation of goods. particularly in logistics and
food transportation. The authors propose using smart dynamic software
components to facilitate decision support in M2M networks, demonstrating their
effectiveness in a simulated food transportation scenario. The paper provides
insights into the potential of M2M networks and highlights the need for efficient and

safe transportation, offering an innovative approach with practical applications in

various domains [15].

Cevikcan et al says warehouse storage policies in logistics, their challenges,

and proposes a multi-objective assessment framework using fuzzy information

axiom to handle uncertain and vague information. The framework is demonstrated

to be effective in a case study, providing practical solutions for optimizing space

utilization, accessibility, and cost-effectiveness [16].

and B. Guo et al proposes a high precision food detection

J. Wang, X. Ding, i
etection network. The authors discuss the limitations

method using a deep object d |
of traditional methods for food detection and provide an overview of the proposed

method's architecture, dataset, and experimental results. They also provide a brief
mdmmfmmdatacﬁm and highlight the need for more
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he paper by [ P,

ande : : : i
U A By et al. proposes an object dotection method using b‘ﬁ?
" - . L | 'f{. “ :}Hi‘.l I'[" W ' ¥ -
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platters. The authors explain the i el

challenges in food detection and provide a delailed
al results,

methodology and axpariment

They also briefly discuss the limitations of

existing methods for food detection [18]

Ihe pape : gt
1@ paper by D, M. Chiang et al. proposes an adaplive approach for storage

ASSI ) : - - - I
dgnmentin distnbution centers using data mining techniques. The authors explain

the limitations of (raditional methods, provide a detailed explanation of their

| proposed  approach, and present  experimental  results demonstrating its
effectiveness. In terms of literature review, the authors highlight the importance of
efficient storage assignment and briefly discuss existing methods, emphasizing the
need for more effective approaches. Overall, the paper contributes to the literature
by proposing an adaptive approach that can potentially improve efficiency and

reduce coslts[19].

K. Choy et al. proposes an RFID-based storage assignment system to
improve the efficiency of order picking in warehouses. The authors explain the
limitations of traditional methods and provide a detailed description of their proposed
system, including the use of RFID tags, readers, and an assignment algorithm.
Experimental results show the system's effectiveness. In terms of literature review,
the authors highlight the potential benefits of RFID technology, briefly discuss
existing research, and emphasize the novelty of their proposed system. Overall, the

paper contributes to the literature by proposing an innovative sysitem that can

potentially improve warehouse operations [20].

Henrichs et al. propose a novel system for monitoring food quality in real-time
s the continuous monitoring of various food

using smart sensors. The system involve
followed by the analysis of

quality parameters such as lemperature and humidity,
chine learning algorithms. The authors suggest that this adaptive

jution to overcome the current limitations of
ever, the system is still in its

the data using ma
system could be a promising SO

traditional food quality monitoring methods. How |
developmental phase and requires further validation pefore its implementation in




A=y
e L Ry A e .
1 LS t 1 |.'|J -I.I L ] g g I-I-|.- ¥ i 1-.' Tag% v Ul ! » '-"l""-'l‘ = sy qf- -
T 4 =
L1 - ¥ T — It E
" w b 'k""l.l'l'l'- = T Cuslleaebascd A sl oyt i i i "
Lo L ] Yy g x B
——— YL R D WO o WaRle Mmaagenns

y |
2w ki e R T X 5
x a4 3 T T T + oz =
L = LS ] i h,.‘”u'. rrlull-nll_..].; il ol iy 3 ! [ T3 -|_,r-.,!
arg .l-,{: T T RO - i i
W RN WasTey WHNT Tems nd housaholds with moors
—_ o
] = -"."l (1] =\-'--E ke TRTeT | T
e e 0aa he studv also exypioras detarmmnants of oo

a1 *.": -\.1"\;:1.‘-. Lj-\:u,:"l.t" 'i:l

re -
LA L Cl"'l,:. \:Ir1'1‘1 r"_\l.!“{\__'?'c_ﬁll.' - :,!'1, l"'lf-‘ [-‘,._-ll-‘nr -E"m["l'l'f-\:-_'i'-l-\:

""'\:}"'I":" - T | -y B 5 .
ese3 S POy interventions to reduce food waste and promote

o be o I i
Which can help achieve

ve global development goals|22)

-

nchs et al. examines the challenges and limitations of digital
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UChn as data pnvacy concems and the requiremant for spacialized

experuse e authors conclude that digital twin techni logy has the potential o
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ove food quality and safety and revolutionize food production. This analysis
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iwin technology in the food industry, which can inform further research and

development in this emerging field [23]

The paper by fathi et al. examines the potential use of chipless radia
frequency identification (RFID) sensors in food packaging applications. The paper
also discusses the challenges and limitations of chipless RFID technology and offers
potential solutions to address these challenges. Overall, this review provides a

comprehensive analysis of the potential use of chipless RFID sensors in food

packaging applications and offers insights into the current state-of-the-art and future

research directions in this area [24].
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Dala Anvalylics  Anothienr agien probilers i intelbigent pead king is the davelopment of
effoclive dala analytics melhods that can process the large volumes of data
goniaraled by he sensor the analysis of this data requires sophisticated
algotithims thal can delect pattemns, predicl future rends, and identify potential

(i olalesing

fdegeation of ot  The ntedgeation of 0T technologies is also a major challenge in

imtelligent packing. The diferant components of the packing system must be able 1o
cammunicata with each other seamlessly, and data must be transmitted in real-time.

the developmeant of standard protocols for loT Integration is essential to ensure

interoperability and reliability

Security and Privacy Anolher open problem in intelligent packing is ensuring the

rity and privacy of data. The use of loT and Al technologies can potentially
o develop robust security mechanisms 10

HEC L
expose sensitive dala, and it is essential t
prevent unauthorized access and data breaches.

Cost-Effectiveness. Finally, the development of cost-effective solutions is also an

open problem in intelligent packing. The integration of various technologies and the
fve, and it s essential to {
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CHAPTER 3

REQUIRE My NT ANALYSIS

1 FEASIBILITY S TUDIES

IH . 5
ISK ANAL YSIS OF T PROJECT

: w1l P l'll-||llr

CEMING 100 [
. ine sensivity O°
4 Ir‘_"lr.lr.rrll ']f W P - .
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=il i

aiminc Achiewve

while regucing 1000 waste
ng imiing costs . Specifically
O User, mnciuding ine arinied

StecCironics via the gepostion of conguct

OSiraies are expecied

tavor the mtegration of inteligent ser

5
e L

5 maienals. nowever, 1 is
noteworthy tha! the lack of standardized ang comprehensivé toxiCity evaluation

methods as well as the often limited stability of the developed sensors, could

generate the migration of substances in the food products. This poses a challenge
. the large-scale fabncahon and use of inteligent packages. Hence, the
gevelopment and validaton of standardized tests conceming the salety of fulure
mielhgen! packages represents one of the main issues 1o be addressed before ther
efiective large-scale usability. Moreover, il 1S critical 10 ensure that intelligent
is sustainable in terms of apphcation. design, and production. This is vital

the food supply chain but also to reguce
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environmental burden related 1o petroleum-derived - -
of packaging prod . rived plastics imposes the enrichment
products with eco-friendly features. H
devices such as col ’S. However, to dale, intefligent
: -olonmetric and optical tags and especially RF
often not yet designed oo S SRCBOOR e
signed in respect of recyclability and/or sustai .
since their main ' - e
purpose is to Improve food shelf-life h-"r hping as cheap and
functional a " ; - .
S possible. Hence, naturally occurring polymers based on renewable
resources g -
. Such as cellulose and chitosan may represent considerable areas of
Innovat '
vation and exciting opportunities for the inexpensive, safe, and sustainable
fabrication of eco-friendly intelligent packaging materials. In conclusion, this review
critically discusses the most common optical approaches and emerging
technologies for real-time food monitoring and addresses topics related to their
future development for large-scale food packaging applications. These are usually
based on different types of food quality indicators (i.e., pH, 02, CO2, temperature,

etc.) and can provide information for consumers as regards product safety.

3.2 SOFTWARE REQUIREMENTS SPECIFICATION DOCUMENT

To implement the FQMS following are the requirements:

3.2.1 Hardware needed

mega328P micro controller which has 14

1) Arduino Uno poard: This board has AT
programmable with the Arduino

GPIO pins, 6 PWM pins,6 analog Input pins and is
run on USB power. This board allows many different external peripheral

IDE. it can
connections like Wi-Fi. Bluetooth and Fthernet.

y consists of two parts a capacitive humidity
g data to digital signal which indicates

2) DHT11 Sensor. This sensor mainl
hermistor. It converts the analo

sensor and t
the humidity and temperature

resence of alcohol using Sno2 as the

| the p
It is used 1O sense | .
s in the environment increases

3) MQ3 Sensor.
ncentration of alcohol ga

sensitive material. The cO
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4) MQ2 Sensor; MQ
2 Sensor is used to detect the presence of gas or smoke. It

detects it by the
y change of resistance in sensing material when there is a prese
nce

of smoke in the surrounding.

5) Load cell Sensor: It |
) or: It is a transducer that converts force into an electrical signal

Any change in the force causes a change in the output electrical signal.

?;.i ESP8266 Wifi Module: It is a system on chip (SoC) module that is preprogrammed
with TCP/IP protocol stack which gives an access for the microcontroller to a Wifi

network. It is mostly used for various loT applications.

3.2.2 Web platforms needed

1) Thing speak: It is a free source that uses HTTP protocol to store or retrieve dala
from things. The information can be used for further analysis in loT application.

It is a web application that allows the developer to create
is easy to build fully functional apps as

2) MIT app inventor:
application software for operating systems. It

it uses block- based programming.

3.2.3 Software needed

1) Arduino IDE: It is free source Arduino software that helps to write codes and
Arduino board. This software IS compatible with any type of Arduino
are. which is used 10 write and

o IDE is an open-source softw
uino boards. The IDE application is suitable for different
Mac OS X, and Linux. It supports the

d Development

program
board. The Arduin
upload code 10 the Ard

operating systems such as Windows,

++, Here, IDE stands for Integrate
en in the Arduino IDE is often called as

no and Arduino board with the |IDE to

programming languages candC
program of code writl

connect the Genui

Environment.The
sketching. We need 10

"
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Fig 4.5 ESP8266 Wifi Module

LECTED METHODOLOGY OR PROCESS MODEL
ood safety and hygiene is a major concern in order to prevent the food
». The Quality of the food needs to be monitored and it must be prevented
ing and decaying by the atmospheric factors like temperature, humidity and
herefore. it is useful to deploy quality monitoring devices at food stores.
8 quality monitoring devices keep a watch on the environmental factor that
8 or pace up decay of the food. Later, the environmental factors can be

- con led like by refrigeration, vacuum storage etc.

' In this project, a similar food quality monitoring device will be designed that

keep walch of environmental factors like temperature, humidity, alcohol content

and exposure to light. The device is built on Arduino UNO which is a popular
oty ping board. The Arduino board is interfaced with various sensors like DHT-
onitor temperature and humidity, MQ3 to detect alcohol content and LDR to
asure exposure to light. This is an loT device and sends the measured sensor
o an loT platform. The ESP8266 Wi-Fi Modem is interfaced with the Arduino
nect it to the internet via Wi-Fi router. The sensor data is also displayed on a
ter LCD interfaced with the Arduino UNO. The loT platform used for logging
\onitoring of sensor data is Freeboard.io. With the power of Internet of Things,
nvironmental factors affecting the food storage can be monitored from

ere, anytime and from any device.




Ny such devices can be installed at a location for better monitoring and

irol. The Arduino Sketch running over the device implements the various

ities of the project like reading sensor data, converting them into strings,

) them on character LCD and P@ssing them to the [oT platform. The Sketch s wrnitten,

ped loaded using the Arduine 1DI

e project consists of sensors and Arduino as micro controller
ng, Tracking, Controlling Proposes a system using Bluetooth Low Energy

echnology, to trace the food quality throughout the circulation by using an
c tag.

no Uno board:

8 Arduino Uno is a micro controller board that utilities the ATmega328P
pcessor. It 1s one of the most popular Arduino boards and is extensively
in @ wide range of projects. from basic hobby projecls to complicated
@l applications. The board contains 14 digital input/output pins, 6 analogue
a quartz crystal with a frequency of 16 MHz, a USB conneclion, a power
itor, an |ICSP header, and a reset button. The Arduino Integrated
ipment Environment (IDE) is a simple and user-friendly platform for creating
loading code to the board that may be used to programme it. The adaptability
Arduino Uno board is one of its pnmary strengths.
be used to control various sensors, motors, and other electronic components,
b it a popular choice for robotics projects, home automation systems, and
tive art installations. The board can also be easily connected to other devices
stems, such as smartphones, computers, and the internet, using various
nication protocols and interfaces.Overall, the Arduino Uno board is a
| and flexible tool for electronics enthusiasts and professionals alike, and its
arity is a testament to its reliability, ease of use, and versatility.

T11 Sensor:The thermistor and capacitive humidity sensor make up the
of this sensor. It transforms analogue data into a digital signal that displays




re and humidity
yensor:

S Used to sense the presence of alcohol using SnO2 as the sensitive

The concentration of alcohol gas in the environment increases the

ity of the sensing material, using which the alcohol presence in the
2nt can be determined.

D EenNsor:

e presence of gas or smoke is detected by the MQ2 Sensor. It detects

the surroundings by altering the resistance of the sensor material.

8266 Wifi Module:

is a system on chip (SoC) module preprogrammed with a TCP/IP protocol

at allows the microcontroller to connect to a WiFi network. It is typically
or various loT applications.

yspeak.
hingSpeak is an Internet of Things (loT) analytics platform that allows users
t, analyze, and visualize data from sensors or other loT devices. It provides

based platform that enables users to store and analyze their loT data, as

huild applications based on that data.
heak is a powerful tool for collecting and analyzing data from loT devices,

y users to gain insights and make data-driven decisions based on their data.

he three sensors in this project - Dh11, MQ2, and MQ3 - are all capable of
g certain properties of food that can help to identify when it has spoiled and
ger safe to eat.

he Dh11 sensor can measure both temperature and humidity levels in the
wding environment. When food spoils, it often undergoes a change in
ature and humidity due to the growth of bacteria and other microorganisms.
itoring these changes with the Dh11 sensor, it may be possible to detect
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pNsing system combines the features of intelligent sensor, wireless

iIcation and radio frequency identification (RFID) technology. Therefore

of things is feasible in establishing a visibility and traceability system in

perishable food. In basic sensors such as temperature, humidity and light
are used to monitor different parameters that causes food spoilage and then
is sent to the cloud. The user is notified about the quality changes using loT
ogy and can control the spoilage of food manually or automatically.
es a system using Bluetooth Low Energy and loT technology, to trace the
ality throughout the circulationby using an electronic tag. Uses an loT system
an infrared camera to capture images of leafy food in the field. The data is

snt to an Arduino processor via a Wifi module and a decision is made based
data.
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CHAPTER 6

RESULTS AND DISCUSSION

ults of an intelligent packing system for real-time monitoring of food would

al-time monitoring of food quality: The system will provide real-time data on

quality of the food being monitored. including temperature, humidity, gas
mposition, and pH levels.

ly detection of spoilage: The system will detect any signs of spoilage or

tamination early, allowing for prompt action to be taken to prevent further
@amage.

dduced food waste: By monitoring food quality in real-time, the system can

pvent food waste by alerting users to any issues before the food becomes
oiled.

proved efficiency: The system can help improve the efficiency of the food

pply chain by providing real-time data on food quality, allowing for better
anning and management of inventory.

5sion:

An intelligent packing system for real-time monitoring of food can provide
al benefits, including improved food safety, reduced waste, and improved
ncy. By detecting spoilage and contamination early, the system can help
nt foodborme illnesses and reduce the amount of food that is wasted due to
ge. In addition, real-time monitoring can help improve the efficiency of the food
y chain by providing accurate data on food quality, allowing for better inventory
yement and reducing the risk of overstocking or understocking.

or, the implementation of such a system can be challenging and requires
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consideration of factors such as sensor accuracy, data analytics, and

. The reliability and accuracy of sensors used in the system is crucial to
that the data collected is accurate and reliable. Data analytics tools are also
al to analyze the data collected by the sensors and identify potential issues

A\dditionally, security measures must be implemented to protect the system
ber threals and ensure the privacy of user data.

Overall, an intelligent packing system for real-time monitoring of food has the

al to provide significant benefits to the food industry. By improving food safety,

g waste, and increasing efficiency, such a system can help address several
ges facing the industry today.
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delay(1000);
ser.print(getStr);

Serial.printin(getStr);

/I thingspeak needs 15 sec delay between updates

delay(3000);
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