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Editorial

This volume covers a range of topics within the broad field of engineering, including
payment transaction security, physicochemical food analysis, fixed-wing aerial
vehicles, brain signal integration with virtual reality, and fault detection in motors

using artificial intelligence.

Blockchain technology has transformed transaction methods and is of great collective
interest due to its security benefits, such as data protection, immutability,
decentralization, authentication, and transparency. These features enhance
transaction security and trust. The first paper examines the security aspects of
implementing blockchain technology in payment gateway transactions in Ecuador.
Blockchain’s decentralized nature reduces the risk of cyber-attacks on centralized
servers, and its immutability ensures transaction integrity. Moreover, authentication
mechanisms like digital signatures and smart contracts ensure that only authorized

parties can participate in and validate transactions.

Food security is another critical area in engineering. This journal acknowledges the
importance of research aimed at improving and optimizing food production. The
second paper evaluates how storage conditions and container types affect
blackberries (Rubus Glaucus). Two temperatures were analyzed: ambient (19 °C) and
refrigeration (4 °C), and three types of containers: low-density polyethylene (LDPE),
polypropylene (PP), and polylactic acid (PLA). The results indicated that refrigeration
is the best option for maintaining blackberry quality, with PLA excelling in weight

preservation and stability, while LDPE was most effective in inhibiting mold growth.

In robotics, fixed-wing aircraft generate lift and propulsion through forward motion,
unlike helicopters, which use rotors. Fixed-wing aircraft offer advantages such as

greater range, higher speeds, stability in turbulence, and lower operating costs. The
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third paper presents a method for improving the smoothness of fixed

wing aircraft control using LQG control and PI filter compensation. The paper details
experiments conducted through a flight simulator (FlightGear), which allows for
testing control algorithms before conducting real-world experiments, providing an

efficient and cost-effective development method.

In healthcare, acquiring electroencephalographic signals can be crucial for developing
cutting-edge solutions. The fourth article discusses the successful integration of
Emotiv EPOC and Unity for real-time visualization of brain signals, significantly
advancing the understanding and interaction with brain activity. Real-time
visualization offers opportunities in neuroscience, brain-computer interfaces, and
cognitive therapy. The paper establishes a robust methodology for acquiring,
processing, and graphically representing brain signals in 2D, with results and
implications for BCI and cognitive therapy. It also proposes exploring integration
with wvirtual reality and clinical validation to advance real-time brain activity

applications.

Finally, integrating artificial intelligence across various fields is essential for
developing sophisticated solutions to industrial problems. The fifth paper employs a
neural network for early fault detection in the motors of a paper machine within a
simulated environment. The study analyzes the torque control loop and collects data
to train and validate the model using Direct Torque Control (DTC) simulation of an
AC motor in Simscape within Simulink. It considers both normal and faulty operation

modes, setting different speed points to gather the necessary data for the model.

These diverse works aim to address gaps in the current state of the art, enriching the

literature through the contributions published in this new issue of INJEI.

Dr. Guillermo Palacios
Editor in chief - International Journal of Engineering Insights
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Abstract: This paper explores the security aspects in-
volved in implementing blockchain technology in pay-
ment gateway transactions within the Ecuadorian con-
text. Blockchain technology offers numerous security
benefits such as data security, immutability, decentral-
ization, authentication, and transparency. These fea-
tures contribute to enhancing the overall security and
trustworthiness of payment transactions. The decen-
tralized nature of blockchain reduces the risk of cy-
ber attacks targeting centralized servers, while its im-
mutability ensures the integrity of transactions. Addi-
tionally, authentication mechanisms such as digital sig-
natures and smart contracts help ensure that only au-
thorized parties can participate in and validate trans-
actions. Furthermore, blockchain’s transparency facil-
itates auditing and compliance with financial regula-
tions. This paper discusses how leveraging blockchain
technology can significantly improve security in pay-
ment gateway transactions in Ecuador and provides in-
sights into the potential challenges and opportunities
associated with its implementation.

Keywords Blockchain - Payment - Security - Trans-
actions - Ecuador

1 Introduction
1.1 Motivation

Currently, payment gateways have certain limitations
in terms of security and efficiency compared to solu-
tions based on blockchain. Payment gateways typically
centralize transaction data on servers controlled by the
entity operating the gateway. This can be a point of
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vulnerability, as if these servers are compromised by
attackers, there is a risk of financial information and
personal data of users being stolen [I].

Traditional payment gateways may be exposed to fraud-
ulent attacks and unauthorized charges. Attackers could
exploit vulnerabilities in authentication systems or in-
tercept credit card data to carry out fraudulent trans-
actions [2].

It’s important to mention that security in traditional
payment gateways has significantly improved over the
years, and many companies have implemented robust
security measures to protect transactions and user data.
However, blockchain technology has the potential to
revolutionize the security and efficiency of transactions
in payment gateways. Additionally, it offers features
such as immutability, transparency, and decentraliza-
tion that can address some of the challenges mentioned
earlier in the context of online transactions [3].

The implementation of blockchain in payment gate-
ways can bring several significant benefits to society
[4]. These benefits stem from the unique characteristics
of blockchain technology and its ability to enhance se-
curity, efficiency, and transparency in online financial
transactions. The primary beneficiaries of this proposal
are users who make purchases of goods or services on-
line and use their bank cards to complete the order and
acquire the goods [5].

In particular, this proposal focuses on Sustainable De-
velopment Goal number nine, closely related to innova-
tion, which is considered key to finding a lasting solu-
tion that provides security, efficiency, and trust to peo-
ple when making an online purchase. Additionally, it
stimulates innovation in the financial services sector. It
can lead to the development of new technological so-
lutions and business models that leverage the security
and efficiency features of blockchain.

1.2 Related Works

For the present article, references are taken from var-
ious research sources related to the security and pro-
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tection of banking information, as well as documents
that detail in-depth fundamental concepts of blockchain
and its application in different areas. Initially in [0], the
authors describe blockchain as a technology that goes
far beyond Bitcoin and cryptocurrencies. Although Bit-
coin was the first successful application of blockchain,
this technology has a wide range of use cases in vari-
ous industries and fields. Based on the authors’ opinion,
this statement leads to further exploration of the pro-
posed topic and uncovering the potential of blockchain
in payment gateways. Furthermore, in [7], the author
examines how blockchain is transforming business mod-
els and provides an overview of the practical applica-
tions of this technology. There are also proposals for an
electricity billing system based on Ethereum blockchain
technology and Google’s Firebase mobile application
development platform. The system aims to enhance ef-
ficiency and transparency in the electricity billing pro-
cess, leveraging the security and decentralization fea-
tures of Ethereum and the rapid application develop-
ment capabilities of Firebase [§]. Finally, in [9], the au-
thors describe a blockchain design solution emphasizing
the unique features offered by blockchain, such as de-
centralization, transparency, and security.

The analysis of this solution is closely related to
the present work due to the assessment of the needs
of implementing blockchain to contribute to the digital
transformation of the public sector in Ecuador.

The document is organized as follows: Section 1 in-
cludes the Introuction, Section 2 the Methodology, Sec-
tion 3 the Proposal and Section 4 the Conclusions.

2 Methodology
2.1 Focus

A bibliographic, analytical, and direct observational in-
vestigation is conducted aiming to identify and compre-
hend the techniques and strategies employed by pay-
ment gateways, while also devising action plans to ad-
dress the impacts of attacks and prevent future inci-
dents [10].

The aim is to create a proposal that facilitates the adap-
tation and integration of blockchain technology to en-
hance transaction security. This proposal aims to ensure
that transactions accurately reflect the corresponding
information regarding users’ actual consumption, while
maintaining immutable real-time data records without
the need for intermediaries. The methodology also aims
to streamline each stage of the process, ensuring effi-
ciency, profitability, and continuous measurement, while
preventing fraud. Additionally, it seeks to provide com-

plete and transparent visibility of the process for all
parties involved.

2.2 Analysis

According to the research and methodology described
above, the proposal to implement blockchain technol-
ogy in payment gateways in Ecuador, as well as in any
other country, is deemed feasible. The analysis con-
ducted through direct observation method entails de-
tailed observation of the processes involved in online
payment transactions to identify potential weak points
and security risks. The vulnerabilities and threats de-
tected through this method are described below.

Sensitive data leaks: By observing the data input
processes in payment gateways, possible vulnerabilities
in the protection of sensitive information, such as ad-
dresses and personal data, were revealed. The inadver-
tent exposure of this data could result in identity theft
or financial fraud.

Intermediary attacks: Communication between
the user, the payment gateway, and the payment ser-
vice provider can uncover potential points of vulnera-
bility where attackers could intervene and manipulate
information during transmission. This could lead to in-
termediary attacks, such as data interception or iden-
tity impersonation.

Authentication vulnerabilities: When observ-
ing the user authentication process, effective mecha-
nisms can be evidenced. Nevertheless, with blockchain,
the utilization of decentralized digital identities stored
in the blockchain can be implemented, ensuring the in-
tegrity and immutability of authentication information.

Software security flaws: When examining the user
interaction with the payment gateway interface, it is de-
termined that there may be vulnerabilities in the under-
lying software, such as security breaches, injections of
malicious code, or weaknesses in session management.

Social Engineering Attacks: Observing the in-
teractions between the user and the payment gateway
reveals potential social engineering tactics used by at-
tackers to deceive users and obtain confidential infor-
mation, such as login credentials or credit card details.

This analysis enables proactive steps to be taken to
mitigate risks and enhance system security. The pro-
posed implementation of blockchain offers various tools
and techniques that can be utilized to improve authen-
tication and mitigate vulnerabilities in this critical se-
curity process. By implementing measures such as au-
thentication based on blockchain, multifactor authen-
tication, and decentralized identity management, it is
possible to create a more robust authentication system
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resistant to attacks. Figure[I]depict the flow of sensitive
information in an online payment process.

k.arhyE & halmail. com

s Ecuador v 095 922 3343
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41 [ VISA
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Fig. 1 Interface of a payment gateway ready for data entry
and online payment.

Figure[2]shows the metadata generated when a trans-
action is carried out, allowing us to highlight the low
level of security maintained by these processes.

card: {
nunber: ' GEREEESSEEIEEE
bin: "411111',
type: 'wi',
transaction_tefersnce: 'DF-522547',

status: '

token: '*

2038,

expiry_month; '11',

origin: ‘Paymentez’

expiry_yaar:

I

[utilsforder.js] Transaction marked as pald, shopifyTransactionOb] {"transactio
n®:{"id" : 6744106130821, *order_id" : 4B409T5328041, “kind" : *sale”  "gateway”: "Tarjeta
de crédito o débito","status®:"success", "message” :null, "created_at":"2024-93-117
12:49:25-05:8@" , "test":true "authorization®: "DF-522547 wW 1EEtIp" , "location_1d®:n
ull, *wger_id*:null, "parent_id*:6@848341262590 “procesgsed_at®:"2024-03-11T12:49: 325
-@5:00" , "device_id":null, "error_code" :null, "source_name": "G943675", "receipt”:
{3}, "amaunt” ; *97 . 40" ‘ourrency”:"USD® , payment_1d":"#1041 2" “total_unsettled se
t*:{"presentment_money" :{"amount®:*@.0" "currency":"USD*}, “shop_monay* : { “amoun
t":"0.0", "curTency”: "USD"}}  "manual_payment_gateway”:true, "admin_graphal _api. ®

Fig. 2 Recording a successful transaction through a payment
gateway.

3 Proposal
3.1 Current Payment Gateway Phases

Considering the research among payment gateway prov-
iders operating in the country, it has been identified
that the operational process of a payment gateway in-
volves a series of phases to facilitate a secure online
transaction between a buyer and a seller [II]. These
phases are detailed below. Figure [3] shows the current
operation of a payment gateway.

Transaction initiation: When a customer decides
to make an online purchase, they select the products

or services they wish to purchase and proceed to the
payment screen.

Choice of payment gateway: The user chooses
the payment method they wish to use, such as credit
card, debit card, or other methods accepted by the mer-
chant.

Redirection to the payment gateway: Once the
payment method is selected, the customer is redirected
to the payment gateway screen, where they enter their
information to complete the transaction.

Information processing: The payment gateway
processes the information provided by the customer and
verifies its validity.

Authorization: The payment gateway communi-
cates with the card issuer bank to request authorization
and verify if the customer has sufficient funds to make
the purchase.

Approval or rejection in the transaction: The
card issuer bank or digital wallet provider responds to
the payment gateway’s authorization request, indicat-
ing whether the transaction is approved or rejected.

Transaction confirmation: The payment gate-
way sends a confirmation message to the merchant’s
website or application, indicating whether the transac-
tion was successful. If successful, a purchase confirma-
tion is displayed to the customer.

Transaction recording: The payment gateway rec-
ords the transaction in its system, generating an elec-
tronic receipt with details such as the amount, date,
merchant, and transaction information.

Settlement and deposit: The payment gateway
initiates the settlement process, transferring funds from
the customer’s account to the merchant. This process
may occur immediately or according to a predetermined
schedule, depending on the payment gateway and the
commercial agreement.

3.2 Blockchain Payment Gateway

The operation of a blockchain payment gateway in-
volves several steps that combine blockchain technology
with traditional payment processes [I2]. The general
components are:

Transaction initiation: The process begins when
a customer makes an online purchase and chooses to
pay using a payment gateway.

Transaction generation: Once the user selects
the payment option, a transaction is generated on the
blockchain containing relevant information about the
purchase, such as the amount, seller, and buyer.

Digital signature: The buyer digitally signs the
transaction using their private key, ensuring the authen-
ticity and integrity of the transaction.
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(Checkout)

Liquidation of
funds

Transaction
status
notifications

Issuing bank

Fig. 3 Operation of an online payment gateway.

Transaction validation: The transaction is trans-
mitted to the blockchain network, where it is validated
by network nodes using consensus algorithms. Nodes
verify the validity of the transaction and its compliance
with the predefined rules of the blockchain.

Inclusion in a block: Once validated, the trans-
action is included in a block along with other pending
transactions. This block is then added to the existing
blockchain, creating an immutable record of the trans-
action.

Payment confirmation: After the block has been
added to the blockchain, the transaction is considered
confirmed, and the payment process is completed. Con-
firmation can take several minutes or more, depending
on the speed and capacity of the blockchain network
used.

Merchant notification: Once the transaction is
confirmed, the seller is notified that the payment has
been successfully made, and authorization is granted
for the delivery of the product or service to the buyer.

Permanent record: The transaction is recorded
on the blockchain permanently, providing a transparent
and verifiable record of all transactions conducted.

The operation of a payment gateway with block-
chain security involves the generation, signing, valida-
tion, inclusion, and confirmation of transactions in the
blockchain, providing a secure, transparent, and effi-
cient way to process online payments. Figure [4] shows
the Payment flow of a blockchain gateway.

Data sent

Payment gateway

Start transaction

Acquiring bank

Verify transaction
data

Check availability of
funds.
Carry out the charge

Payment system

payment

Payment
= u settlement

Payment
processor

N———

Fig. 4 Payment flow of a blockchain gateway.

3.3 Proposal Structure

A payment gateway plays a crucial role in the online
purchasing process, ensuring that financial information
is transmitted securely, transactions are authorized, and
funds are transferred appropriately between the involved
parties. Below is the proposal for the adaptation and
implementation of blockchain aimed at securing the
transaction process of e-commerce businesses, focusing
on data security fundamentals using blockchain tech-
nology. Every event or modification of data is written
as a new block in a chain, thus creating a certified, set-
tled record, ensuring its integrity and availability [13].
Additionally, if the content is encrypted, reliability is
ensured. Figure [5] illustrates the stages comprising the
current proposal that will enable the achievement of the
objective.

It is proposed to utilize smart contracts and a de-
centralized network to ensure payment integrity and re-
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Training and Blockchain Designing the
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Fig. 5 Proposal designed for blockchain implementation.

duce risks associated with fraud and data manipulation.
Additionally, the aim is to eliminate unnecessary in-
termediaries and streamline settlement processes. This
implementation will benefit both merchants and con-
sumers, providing a more secure and reliable payment
experience.

3.4 Proposal validation

The proposal was carried out with the support and as-
sessment of two specialists in the field of data security
and cybersecurity. The experts believe that a proposal
to implement blockchain in payment gateway trans-
actions is a valuable idea. Blockchain technology of-
fers several advantages that could significantly enhance
the security, transparency, and efficiency of transac-
tions in payment gateways. However, it is important to
note that the successful implementation of blockchain
in payment gateways will require careful planning, de-
velopment, and collaboration among various stakehold-
ers. Additionally, challenges such as scalability, interop-
erability, and regulation need to be addressed to ensure
the long-term success of this proposal. In conclusion,
although there are challenges to overcome, the appli-
cation of blockchain in payment gateway transactions
has the potential to generate significant value for the in-
dustry and users. The experts validated indicators such
as: impact, applicability, conceptualization, relevance,
technical quality, feasibility, and relevance, through a
scale of 1 - 5, with an average score greater than 4 con-
sidered positive, thus validating the proposal and its
future implementation in real scenarios.

4 Conclusions

The theoretical foundations on security and blockchain
uncovered during the research development enable us
to appraise the proposal as it provides a high level of
confidence by drawing upon expert sources and books
delving into the application of blockchain across various
areas beyond the realm of Bitcoin.

The vulnerabilities and threats detected in the flow
of a bank transaction through a payment gateway have
allowed us to understand that currently, companies pro-
viding this service face significant challenges and possi-
bilities of being attacked due to handling sensitive and
valuable user information in e-commerce. By design-
ing a proposal that promotes the implementation of
blockchain as a security technique in the online pay-
ment transaction process, we have paved the way for
enhancing security and trust in digital commerce. This
proposal not only offers an innovative and effective so-
lution to address security challenges in online transac-
tions but also paves the way for increased adoption and
acceptance of blockchain technology in the financial and
commercial sectors.

Conflict of interest

The authors declare that they have no conflict of inter-
est.

References

1. M. Di Pierro, “What is the blockchain?” Computing in
Science € Engineering, vol. 19, no. 5, pp. 92-95, 2017.

2. Sumanjeet, “Emergence of payment systems in the age
of electronic commerce: The state of art,” in 2009 First
Asian Himalayas International Conference on Internet.
IEEE, 2009, pp. 1-18.

3. D. S. W. Khan, “Cyber security issues and challenges in
e-commerce,” in Proceedings of 10th international con-
ference on digital strategies for organizational success,
2019.

4. S.-I. Kim and S.-H. Kim, “E-commerce payment model
using blockchain,” Journal of Ambient Intelligence and
Humanized Computing, vol. 13, no. 3, pp. 1673-1685,
2022.

5. Y. Hu, A. Manzoor, P. Ekparinya, M. Liyanage,
K. Thilakarathna, G. Jourjon, and A. Seneviratne, “A
delay-tolerant payment scheme based on the ethereum
blockchain,” IEEE Access, vol. 7, pp. 33 159-33 172, 2019.

6. D. Tapscott and A. Tapscott, Blockchain revolution: how
the technology behind bitcoin is changing money, busi-
ness, and the world. Penguin, 2016.

7. W. Mougayar, The business blockchain: promise, prac-
tice, and application of the mext Internet technology.
John Wiley & Sons, 2016.

8. K. M. Hlaing and D. E. Nyaung, “Electricity billing
system using ethereum and firebase,” in 2019 Interna-
tional Conference on Advanced Information Technolo-
gies (ICAIT). I1EEE, 2019, pp. 217-221.

9. A. R. Ramos Rodriguez, “Analisis de pertinencia de una
soluciOn de disefio de bloques de seguridad en transac-
ciones descentralizadas para el gobierno electrénico ecua-
toriano.” Master’s thesis, Quito, Ecuador: Editorial UIS-
RAEL, 2023.

10. N. Gali Espelt and J. A. Donaire, “Direct observation as
a methodology for effectively defining tourist behavior,”
© e-Review of Tourism Research (eRTR), 2010 (Enter
2010 Short papers), vol. 1, 5 p., 2010.

B SCHTHOTH



International Journal of Engineering Insights, (2024) 2:1

11. M. A. Hassan, Z. Shukur, and M. K. Hasan, “An effi-
cient secure electronic payment system for e-commerce,”
computers, vol. 9, no. 3, p. 66, 2020.

12. U. Bodkhe, P. Bhattacharya, S. Tanwar, S. Tyagi, N. Ku-
mar, and M. S. Obaidat, “Blohost: Blockchain enabled
smart tourism and hospitality management,” in 2019
international conference on computer, information and
telecommunication systems (CITS). IEEE, 2019, pp.
1-5.

13. I. Yaqoob, K. Salah, R. Jayaraman, and Y. Al-Hammadi,
“Blockchain for healthcare data management: opportu-
nities, challenges, and future recommendations,” Neural
Computing and Applications, pp. 1-16, 2022.

License

Copyright (2024) © Kerly Naranjo Paez and Renato
M. Toasa.

This text is protected under an international Cre-
ative Commons| 4.0 license.

(©MOoM

You are free to share, copy, and redistribute the ma-
terial in any medium or format — and adapt the docu-
ment — remix, transform, and build upon the material
— for any purpose, even commercially, provided you
comply with the conditions of Attribution. You must
give appropriate credit to the original work, provide a
link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in
a way that suggests endorsement by the licensor or ap-
proval of your use of the work.

License summary - Full text of the license

B SCHTHOTH


https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/deed.es
https://creativecommons.org/licenses/by/4.0/legalcode

https://doi.org/10.61961 /injei.v2il.14

International Journal of Engineering Insights: (2024) Vol. 2, Nro.1, Regular Paper

Analysis of Degradability of Blackberry (Rubus glaucus)
Subjected to Different Storage Conditions

Eduardo Teneda-Ramos -
Escudero-Villa -

Lorena Céaceres-Miranda -
Esteban Fuentes-Pérez - José Varela-Aldéas

Pedro

Received: 10 Feb 2024 / Accepted: 24 April 2024 / Published: 15 May 202/

Abstract: The purpose of this study was to assess how
different storage conditions and types of containers af-
fect blackberries (Rubus glaucus), fruits that are partic-
ularly susceptible to post-harvest deterioration. Com-
parisons were made between two temperature condi-
tions: room temperature (19°C) and refrigeration (4°C),
and three types of container materials: low-density

polyethylene (LDPE), polypropylene (PP), and poly-
lactic acid (PLA). The findings indicated that refrig-
eration is the most effective strategy for maintaining
the quality of blackberries during storage. This method
significantly preserved the weight and stability of the
fruit, with PLA standing out in this respect. Addition-
ally, a considerable reduction in microbial activity was
observed under refrigeration, with LDPE proving to be
the most effective at inhibiting mold growth. These re-
sults underscore the importance of properly controlling
both temperature and container materials type to ex-
tend shelf life and preserve the quality of blackberries,
which is crucial not only for the food industry, where
maintaining freshness and flavor is imperative, but also
for consumers who seek high-quality fruit products.
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1 Introduction

The growing demand for fresh, high-quality, and long-
lasting foods has significantly boosted research and de-
velopment in this area [1,2]. Fresh fruits and vegeta-
bles, vital sources of vitamins, minerals, and antioxi-
dants, suffer physical and microbial deterioration, caus-
ing losses of up to 30% during post-harvest and stor-
age stages [3,4]. Specifically, crops such as roots, tu-
bers, and oilseeds experience the highest loss rates at
all stages of the supply chain due to their high perisha-
bility [5,6]. Fruits, highly susceptible to physiological
and physicochemical changes such as weight loss, res-
piration, transpiration, pulp softening, and alterations
in sugar and acidity levels, see their shelf life reduced
[7]. In other words, the period during which fresh foods
remain suitable for sale and human consumption is lim-
ited [8].

Fruits are classified into two categories based on
their behavior towards ethylene during ripening: cli-
macteric and non-climacteric [9,10]. Climacteric fruits
can continue to ripen after harvest and are capable of
producing ethylene, a gas that triggers biochemical and
physical changes resulting in complete ripening [11,12].
On the other hand, non-climacteric fruits do not pro-
duce ethylene and thus have limited ability to soften or
change flavor after harvest, also being more prone to
damage during transport and having a shorter shelf life
compared to climacteric fruits [13].

Currently, a variety of materials are used to package
fresh products, with the use of Polyethylene Tereph-
thalate (PET) and Polystyrene (PS) for rigid contain-
ers, and polyolefins for bags, PS for foam trays, and
Polyvinyl Chloride (PVC) for wraps standing out [14].
All these materials are derived from petroleum poly-
mers [15] and are essential for ensuring product quality
during transport, storage, sale, and use [16]. The pack-
aging industry is currently focused on developing solu-
tions that extend the shelf life of foods, ensuring their
nutritional, microbiological, and organoleptic quality[17,
18,19].
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The Blackberry (Rubus glaucus) is a non-climacteric
fruit valued for its nutritional and antioxidant proper-
ties, pleasant color and flavor, and the health benefits it
provides to humans [20,21,22,23]. However, its quality
rapidly deteriorates after harvest, and it has a shelf life
of only 3 to 5 days, with losses that can reach up to 70%
due to its high water content and active metabolism, as
well as its susceptibility to mechanical damage and mi-
crobial attack, requiring special care during storage [24,
25,26,27,28|.

Various post-harvest initiatives have been proposed
to improve the conservation of blueberries, raspberries,
and blackberries throughout the entire supply chain
[29]. These include physicochemical methods such as
heat treatments, ultraviolet radiation application, sani-
tization, and edible coatings, as well as packaging solu-
tions such as Modified Atmosphere Packaging (MAP)
and active packaging with ethylene control [30]. The
combined application of these technologies has
contributed to extending the shelf life of berries, meet-
ing the growing global demand, and improving con-
sumer satisfaction [31,32].

The use of various packaging materials, both bio-
based and petroleum-derived, oriented polylactic acid
(OPLA) and biaxially-oriented polystyrene (OPS), has
been suggested [33] to reduce the mechanical impact
on “Cancaska” and “Chester” blackberry varieties. Al-
though these fruits lost weight, altered their solid con-
tent and pH, their nutritional characteristics, according
to US standard No. 1, remained suitable for commer-
cialization for more than 12 days at 3 °C [14].

In contrast to using single-material packaging, ini-
tiatives have also been explored to assess the impact on
the quality and shelf life of blackberries stored at 4 °C
for 20 days in packaging with a prebiotic edible coat-
ing based on starch with nystatin addition [34,35,36].
This coating has reduced microbial contamination com-
pared to the control blackberries and those coated with
starch only. The starch and starch-nystatin coatings
have proven effective in delaying pH increase, maintain-
ing firmness, and the anthocyanin content of the fruits,
which has improved their market acceptance [37].

With the goal of assessing the degradability of Black-
berry in polymeric packaging, this study experimentally
investigated the fruit’s characteristics under different
environmental and packaging conditions. The effect of
storing the fruit in Low-Density Polyethylene (LDPE),
Polypropylene (PP), and Polylactic Acid (PLA) pack-
aging under laboratory and refrigeration conditions was
analyzed. Analyses of the fruit’s physicochemical and
microbiological properties were conducted. The docu-
ment is organized as follows: Section 1 includes the In-
troduction, Section 2 the Methodology, Section 3 the

Begin

t

Reception and
weighing of fruit

v

Physical and chemical
characterization

Meet?

yes
v
Packing
(LDPE,PP,PLA)

\ 4

not

[nputs for secondary)
products

Storage

A 4
Measurement of

physical and chemical
parameters

not

End

yes

Fig. 1 General outline of the experiment.

Results, Section 4 the Discussion, and Section 5 the
Conclusions.

2 Material and Methods

The methodology used in this research starts with the
harvesting process, followed by weighing, characteriza-
tion, packaging, and concludes with a physicochemical
analysis after the experiment. Figure 1 shows a general
schematic of the procedure.

2.1 Description of the experiment environment

The Basic Sciences Laboratory at Universidad Indoamérica

served as the venue for conducting the experiment on
the ripeness index of the Blackberry. This study fo-
cused on assessing the fruit’s response under two differ-
ent storage conditions: in a laboratory setting at 19.0
degrees Celsius with a relative humidity of 59%, and in
a refrigeration chamber at 4 degrees Celsius with a rel-
ative humidity of 97%. These conditions aim to mimic
real storage scenarios, allowing for the analysis of the
fruit’s behavior in both contexts [38,39]. The lighting
in the laboratory was maintained constant at 500 lux,

B SCHTHOTH
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ensuring an appropriate environment for all necessary
measurements, which contributed to the reliability and
validity of the results obtained.

2.2 Reception and weighing

For the harvest, Blackberries at ripeness levels 3 and 4
were selected, all of uniform size and free from physical
damage or microbial contamination [40]. These black-
berries were picked during the early hours of the exper-
iment day to ensure their freshness and prevent chemi-
cal or microbiological changes that could influence the
results. The harvesting was conducted by berry pro-
ducer associations in Canton Tisaleo, Ecuador. Con-
tainers with a capacity of 7 kg were used to transport
the product from the cultivation area to the laboratory,
taking an average time of 30 minutes.

2.3 Physicochemical characterization

As initial physicochemical parameters of the blackber-
ries, titratable acidity was determined using the po-
tentiometric method in accordance with the methodol-
ogy established by ISO 750:1998, Fruit and vegetable
products - Determination of titratable acidity - ISO
750:1998, and the results were expressed as a percentage
of citric acid (%). Soluble solids were measured follow-
ing the instructions of ISO 2173:2003, Determination of
soluble solids - Refractometric method ISO 2173:2003
, using a refractometer. The maturity index was calcu-
lated by the ratio of soluble solids to acidity [43].

2.4 Packaging

To begin the study, the blackberries were packaged in
three different types of containers: LDPE, PP, and PLA
as seen in Figure 2. In addition, the characteristics of
the containers are detailed in Table 1.

3 Results
3.1 Morphological analysis

The Blackberry can reach lengths of up to 3.5 cm and
diameters of up to 2.3 cm, with a weight ranging be-
tween 6.1 and 7.8 g. These fruits are generally conical
in shape. The seed, wedge-shaped with a reticulated
surface, measures between 4 and 6 mm in length and
about 2 mm in width. Each fruit contains around 70-
85 drupes, with yields that can reach up to 15 t/ha

de
W W

Fig. 2 Experiment containers: A). LDPE, B). PP, C). PLA

eoe®
oNolioNo

Fig. 3 Colorimetry according to the state of maturity of the
Blackberry.

C- @

[44,45]. In Ecuador, the cultivation of blackberries, pri-
marily represented by Rubus glaucus and other species
of the Rubus Genus, is spread throughout the Inter-
Andean valley, specifically at altitudes ranging from
2000 to 3100 meters above sea level. This crop plays
a significant role in the local economy due to its high
demand both for fresh consumption and processing [46,
47]. Blackberries are cultivated in the provinces of Tun-
gurahua, Cotopaxi, Bolivar, Chimborazo, Pichincha, Im-
babura, and Carchi, with average annual yields increas-
ing from 2.19 t/ha in 2000 to 6.80 t/ha in 2016, pri-
marily destined for fresh consumption and the agro-
industry. Although producers are interested in varieties
that offer high fruiting, yield, and quality, blackberry
cultivation has not yet reached the desired development
in the country, partly due to the lack of promising ma-
terials that improve or complement traditionally culti-
vated ones [48,49,50].

According to Ecuatoriana Nte Inen 2204, the color
of the Blackberry, based on its ripeness, follows a color
scale ranging from 0 to 4, as detailed in Table 2.

In this research, blackberries in color scale 3 and 4
were used; Figure 3 Ecuatoriana Nte Inen 2204, shows
the colorimetry of the blackberries.

B SCHTHOTH
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Table 1 Storage materials specifications

Material Description

Dimensions (mm)

Weight (g) Closed type

LDPE This material is notable for its flexibil-
ity, impact resistance, and translucence,
attributes that stem from its branched-
chain structure. This structure gives it
a low density, making it lightweight and
easily moldable. Its widespread use in
the production of bags, containers, and
toys is due to its versatility and excel-
lent chemical resistance [41].

10.95x95,00x61.00

18.28 Lid with pressure

and hinge

PP It is a type of thermoset plastic known
for its strength, lightness, and versatil-
ity. Commonly used in packaging, tex-
tiles, and automotive components, its
durability and malleability make it ex-
tremely popular across various indus-

tries [42].

10.95x95.00x61.00

19.10 Lid with pressure

and hinge

PLA PLA is a bioplastic derived from renew-
able sources such as cornstarch or sugar-
cane. It is noted for its biodegradability
and compostability, making it an envi-
ronmentally friendly option. Its versatile
properties make it suitable for the man-
ufacture of packaging, 3D printing fila-
ments, and disposable products.

Diameter 1: 99.00 x Di-
ameter 2: 112.00 x 120.00

19.38 Lid with pressure

and hinge

Table 2 Color scale according to state of maturity.

Color Description

0 Full green fruit or with few brown dru-
pes because of exposure to light with
well-formed drupes.

1 Light green fruit with some pink or red
drupes.

2 Red fruit with some yellow drupes.

3 Intense red fruit with some purple dru-
pes.

4 Dark purple, almost black fruit.

3.2 Physicochemical evaluation

Figure 4 displays the results of the weight of the black-
berries according to the type of packaging and stor-
age temperature. It is observed that blackberries stored
at refrigeration temperature (4°C) maintain a slightly
higher weight compared to those stored at laboratory
temperature (19°C). This suggests that lower temper-
atures help to slow down weight loss in blackberries, a
phenomenon associated with a decrease in respiration
rate and fruit degradation.

Figure 5 shows the results of the weight variable ac-
cording to the type of study environment. Under labo-

ratory temperature conditions (19°C), blackberries stored

in LDPE and PLA tend to maintain a higher weight
compared to those stored in PP. However, under refrig-
eration conditions (4°C), the weight differences between
the different types of packaging are less significant. This

suggests that low temperatures may minimize the dif-
ferences in air permeability and moisture between dif-
ferent types of packaging.

Figure 6 presents the results of the Maturity Index
according to the type of packaging and storage temper-
ature. A decrease in the maturity index over time is
observed under both temperature conditions. However,
blackberries stored at refrigeration temperature (4°C)
tend to maintain a slightly higher maturity index com-
pared to those stored at laboratory temperature (19°C).
This suggests that refrigeration helps to slow down the
degradation process of the blackberries.

Figure 7 presents the results of the Maturity In-
dex according to the type of study environment. It was
observed that PLA outperformed other materials such
as LDPE and PP in terms of fruit stability, particu-
larly under refrigeration conditions. This suggests that
PLA has effective barrier properties against moisture
and gas loss, which is beneficial for fruit preservation.
At room temperature, LDPE maintained a higher ma-
turity index, indicating a greater ability to delay fruit
degradability.

3.3 Microbiological evaluation
Figure 8 displays the microbiological results according
to the type of study environment. Optimal storage con-

ditions for blackberries were evaluated in relation to
microbial activity. The results highlighted how temper-
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Fig. 4 Weight variation results: A.) LDPE, B.) PP, C.) PLA.

ature and the type of packaging influence this activity.
At room temperature, the conditions favor the devel-
opment of microbial activity, primarily due to the bar-
rier properties of the polymer used. In contrast, under
refrigeration conditions (4°C), all packaging materials
demonstrated a significant reduction in microbial ac-
tivity.

Fig. 5 Results of weight variation according to the type of
environment: A.) Environment, B.) Refrigeration.

4 Discussion

When comparing temperatures, it was found that re-
frigeration (4°C) is more effective for preserving the
quality of blackberries compared to laboratory temper-
ature (19°C). This is due to the reduction in the res-
piration and transpiration rates of the fruit, which is
crucial for non-climacteric fruits that do not experi-
ence a peak in enzymatic activity during ripening [51].
Nonetheless, these enzymatic activities persist and can
influence changes in the texture and flavor of the fruit
[62,53]; lower temperatures slow these reactions.

Under refrigeration conditions, PLA outperformed
other types of packaging (LDPE and PP) in terms of
weight retention and maturity index stability. This in-
dicates that PLA possesses superior barrier properties
against moisture and gas loss, benefiting fruit preser-
vation [54]. At room temperature, although LDPE and
PP had similar performance in weight retention [55],
LDPE maintained a higher maturity index, suggesting
a better ability to delay ripening [56].

The high relative humidity in refrigeration (97%)
helped reduce weight loss due to the smaller difference
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