Pre prints.org

Article Not peer-reviewed version

Estimation of Processing Times and
Economic Feasibility to Produce
Moringa Oleifera Lam. Capsules in
Mexico.

Elizabeth Delfin-Portela , Roberto Angel Meléndez-Armenta , Maria Eloisa Gurruchaga-Rodriguez,,
Oscar Baez-Santies , Miguel Josué Heredia-Roldan , Juan Manuel Carrion-Delgado ,

Erick Arturo Betanzo-Torres ~

Posted Date: 30 May 2024
doi: 10.20944/preprints202405.2000v1

Keywords: Modeling in agriculture; Zero Hunger; value-added agriculture; food processing; simulation; food
supplements; rural development

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/570492
https://sciprofiles.com/profile/3605772
https://sciprofiles.com/profile/1236317

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2024 doi:10.20944/preprints202405.2000.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Estimation of Processing Times and Economic
Feasibility to Produce Moringa Oleifera Lam.
Capsules in Mexico

Elizabeth Delfin Portela 2+, Roberto Angel Meléndez-Armenta ?,
Maria Eloisa Gurruchaga-Rodriguez 3, Oscar Baez-Santies 3, Miguel Josué Heredia-Roldan 3,
Juan Manuel Carrion Delgado * and Erick Arturo Betanzo-Torres »*+

! Tecnolégico Nacional de México / ITS de Misantla, Km 1.8 Carretera a Loma del Cojolite, Misantla,
Veracruz. CP. 93821, México; 202TO643@itsm.edu.mx (E.D.P); eabetanzo@itsm.edu.mx (E.A.B.-T.);
ramelendeza@itsm.edu.mx (R.A.M-A)

2 Universidad Euro Hispanoamericana, Av. de los Alamos 1, La Pradera, C.P 91097 Xalapa-Enriquez,
Veracruz. delfin.elizabeth270@ueh.edu.mx (E.D.P)

3 Tecnoloégico Nacional de México/Instituto Tecnologico de Orizaba, Avenida Oriente 9, No 852, Orizaba,
Vercaruz, CP 94290, México; eloisa.gr@orizaba.tecnm.mx (M.E.G.-R.); oscar.bs@orizaba.tecnm.mx (O.B.-S);
miguel. hr@orizaba.tecnm.mx (M.].H.-R)

* Tecnoloégico Nacional de México/Instituto Superior de Xalapa, Seccién 5A Reserva Territorial S/N, Xalapa,
Veracruz, CP 91096, Mexico; carriodel@hotmail.com(].M.C.-D.)

* Correspondence: eabetanzo@itsm.edu.mx

t These authors contributed equally to this work.

Abstract: The production of Moringa oleifera capsules has emerged as a promising agricultural
activity in Mexico, driven by the plant’s well-documented health and nutritional benefits. In
response, farmers have begun producing Moringa oleifera as a dietary supplement, using artisanal
methods with minimal production controls. This study aimed to estimate the processing times of
the Moringa oleifera production system using simulation modeling with Arena® software, and to
evaluate the economic feasibility of capsule production. Methodologically, it was approached as a
case study in the state of Veracruz, processing times were estimated through systematic sampling
and modeled with Arena simulation software. Three simulation scenarios were considered to select
a technically and economically viable alternative for agricultural producers: one with a 200-capsule
encapsulator (1E200C), another with two 200-capsule encapsulators (2E200C) and a third with an
800-capsule encapsulator (1E800C). For the initial diagnosis a research stay was conducted for 180
days, and the production capacity was set at 24,000 capsules due to raw material limitations. Results
indicated that the 1E800C scenario reduced processing time by 60% compared to thelE200C
scenario, and by 35% compared to the 2E200C scenario. Additionally, the 1E800C model required
only 2 days (16 hours) of work, while the 2E200C required 4 days (32 hours), and the 1E200C
required 7 days (56 hours). In terms of production costs per unit of 90 capsules, the 1E200C was 3.93
USD the 2E200C 3.64 USD and the 1E800C 3.45 USD The study concluded that due to raw material
limitations, the company can produce 12,800 units per year of 90 capsules. It is recommended to
adopt the 1E800C encapsulator, which would lower overall production costs by 12.23%,
representing 0.48 USD per unit produced, resulting in an additional profit of 6,150.50 USD Over a
five-year evaluation period, the benefit-cost ratio was 5.03, the NPV was 922,370.11 and the IRR was
42.09%, indicating that this type of agribusiness in Mexico is both technically and economically
feasible.
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1. Introduction

In engineering sciences, simulation is used as a tool for decision-making at different scales, and
its applications have generally been oriented towards manufacturing and services in the field of
industrial engineering and quantitative methods for management to analyze a wide variety of
systems and organizations [1,2]. A simulation model provides insight into the operation of a real
system, with the purpose of understanding the behavior of the business system [3]. Simulation has
advantages that are relevant for existing systems, making it an effective tool for planning production
systems [4] including: reducing system development time, experimenting artificially with the system,
low development costs, the model can be used multiple times, it is easier to use than certain analytical
techniques, allows for controlled simulation, its development does not affect the real system, and it
is useful in compressing the time of the company’s operation process [5].

Process simulation in empirical evidence has been applied in various scientific disciplines and
is still in development [6]. Cases have been reported for modeling and analyzing the behavior of
complex systems, understanding their dynamics, and predicting results [7,8]. Simulations of
production lines in a factory, [9] simulating workflow and resource allocation [10] to improve
efficiency and productivity [11]. Furthermore, within the simulation of customer service systems,
customer flow was analyzed in a service system environment. On the other hand, simulation in
customer service systems, the flow of customers in a service system has been analyzed [12,13] as well
as evaluating staffing strategies [14-16] waiting times [17,18] and resource distribution to optimize
customer satisfaction [19,20] as well as in logistics systems [21,22]. Another area widely studied with
simulation is vehicle flow systems in a transportation network [23-25] modeling traffic and
intersections [26-31], and modeling public transportation systems [32-36], as well as health systems
[37,38].

In the agricultural sector, models such as the Integrated Farm Systems Model DairyMod [39],
DyNoFlo [40] and SIMS (DAIRY) [41] and the Ruminant Farm Systems Model (RuFaS) [42] have been
developed. Other dynamic models found in empirical evidence applied to livestock include
Ruminant [43,44]; LiveSim [45]; CNCPS [46], Grazplan [47], and GLEAM [48]. Adittionally, some
agricultural system models reported are IMPACT-HHM [49-51]; APSFARM [52], and FARMSIM
[49,53]

In agriculture, Tensi et al. [54] used Monte Carlo simulation to evaluate the capacity of microbial
applications to improve the sustainability of Dutch potato production. In aquaculture, the Energy
Plus simulator was used as a Building Performance Simulation (BPS) tool to model a fish farm with
a focus on energy efficiency [55]. Another method called Computational Fluid Dynamics (CFD) was
used to simulate ammonia distribution in a livestock farm [56],. The finite element numerical
approach with COMSOL Multiphysics software was used to simulate groundwater flow and salinity
in a rice field adjacent to a marine shrimp farm [57].

To analyze systems with simulation, various software programs have been developed, including
the Arena®simulation developed by Rockwell Automation. This software allows researchers to create
discrete event simulation models to study behavior over time and analyze different scenarios. The
flexibility and detailed modeling capabilities of Arena® make it suitable for a wide range of
applications in engineering and system management [58].

Problem Statement

Although not all research has focused on the use of visual interface simulators for modeling and
analysis, this work stands out in its relevance because simulation of processes on small-scale
agricultural farms is lacking in information and has received little attention. Limited studies address
solving problems associated with these agricultural production systems that seek to transform their
products [37,59]. On the other hand, no evidence was found for their modeling using discrete
simulation with Arena in the agricultural sector. Therefore, this work addresses a knowledge gap in
the agricultural sector, which is useful for farmers interested in generating value-added products
such as dietary supplements to optimize manufacturing efficiency and make them financially feasible
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for development in this new normality. This is because the demand for products that help improve
health is appreciated by consumers [60].

The problem addressed by this research focused on the 83% of small agro-industrial companies
where agricultural CEOs market dietary supplements made from moringa oleifera leaves [61] and lack
technical knowledge for product transformation using quantitative methods. Despite this, they
embarked on capsule production and other products empirically, without any production control,
with the aim of diversifying their income [62]. The driving force behind this research was the
connection between academia and the company, which faced a greater demand for products when
entering new markets, needing to increase its production capacity. Regarding its design, the
processing facilities of its production system were divided into distant workstations, which resulted
in low production process efficiency.

The Justification for this work involves the fact that moringa oleifera has become popular in
Mexico and around the world as a dietary supplement due to its nutritional properties [63-67].
Moringa oleifera is a tree native to subtropical and tropical regions of South Asia, although it is also
grown in other parts of the world due to its climatic adaptability [68]. Moringa oleifera leaves contain
high levels of vitamins, minerals, antioxidants, and proteins, including iron, calcium, and potassium,
as well as essential amino acids [69-73], some studies have reported its bioactive components and
health benefits [74].

In Mexico, plantations of moringa oleifera are reported in five states and eleven municipalities,
covering 428 hectares, with a yield of 1,206 tons valued at 704,500 USD, Michoacéan is the main
producer of Moringa oleifera, accounting for 98.7% of the total volume, with Huetamo being the
municipality responsible for 98% of the national production [75]. In the state of Veracruz, there is no
official data on commercial plantations of moringa oleifera. Mota-Fernandez et al. [61]reported
plantations in the municipalities of Tierra Blanca, Soledad de Doblado, and Puerto de Veracruz,
totaling less than 10 hectares. Their main purpose is to produce dietary supplements from the leaves,
intending to offer Mexican consumers an alternative to complement their diet due to the health
benefits it provides [62,77]. Recently, Carrién et al. [78]determined the agroecological potential of
Moringa oleifera cultivation in the state of Veracruz, highlighting its high productive potential at the
national level. Olson et al.[79] determined that Mexico has a wide extension of ideal climate for its
cultivation.

Moringa oleifera powder can be added to fortify food as a nutritional supplement due to its easy
ingestion [80]. Therefore, the market for companies producing quality supplements is high, as the
demand for dietary supplements is increasing. This is why the company BD Moringa® was
established, offering a dietary supplement based on Moringa oleifera to this potential market, due to
the health benefits reported in specialized literature [67,81] Therefore, generating reliable and low-
cost products will be essential to compete in this industry, which offers opportunities for farmers
[74,82].

The relevance of this research lies in the underutilized uses of the parts of Moringa oleifera tree,
the seeds can be used for animal fed, soap and cosmetic production, insecticides, water treatment,
coagulant, and oil, the root and bark are used for their nutritional properties in human food, while
the leaves are used as fodder for farm animals and human consumption, as well as fertilizer[82]. The
stems and shoots are used as livestock feed [83-85] These aspects highlight the agro-industrial
potential of Moringa oleifera as a business with a future, and their innovation and development need
to be investigated more deeply at the enterprise level.

The social value of this work offers three aspects. Firstly, according to [86], there are 500 million
small farmers worldwide cultivating less than five acres. To improve the lives of small farmers, it is
essential to develop specific solutions for each market. In this context, processing their products
through previous studies, modeling, and analyzing each stage of the manufacturing process of
dietary supplements, from raw material reception to final product packaging, is feasible. Secondly,
increasing sales make this market more vulnerable to dishonest producers. Therefore, it is necessary
to avoid safety and quality issues [87]. Finally, malnutrition is a widespread problem worldwide
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affecting people of all backgrounds and ages [88]. Moringa oleifera leaf protein has been reported by
nutritionists and consumers to treat nutritional deficiencies [89].

For these reasons, its practical implication is significant because simulating the production
processes of dietary supplements in agricultural companies becomes a valuable tool for optimizing
efficiency and process quality. By modeling and analyzing different scenarios, small agricultural
entrepreneurs can make informed decisions to improve the productivity and profitability of their
operations and projects without the need for large investments in new or existing systems.

The theoretical contribution of this work focuses on the engineering sciences in the fields of
simulation, agronomy, and agricultural economics, complementing quantitative methods, economic
engineering, and innovation in the context of agro-industrial processing of Moringa oleifera, where no
similar studies exist. Therefore, the objectives of this work were, first, to estimate the processing times
of the Moringa oleifera production system using a simulation model with Arena, as well as to evaluate
the economic feasibility of Moringa oleifera capsule production in Mexico, comparing three simulation
scenarios to select a technically and economically viable alternative for agricultural producers.
Finally, we defend the hypothesis that process simulation with Arena in small agricultural companies
producing Moringa oleifera capsules is appropriate for estimating processing times and that its
production is technically and economically viable. This is supported by the fact that some studies in
agriculture and livestock have used simulation with other methods for their evaluation [90].

2. Materials and Methods

2.1. Study Site

BD Moringa®is the commercial brand of the company “Ingenieria Agropecuaria del Papaloapan
S.P.R de R.L.”, located in Tierra Blanca, Veracruz, Mexico. It has a production system characterized
by low technology. Currently, the company has a total of 1,150 four-year-old moringa trees in
production (Figure 1).

MORINGA OLEIFERA

COMPLEMENTO ALIMENTICIO
S 100% MORINGA OLEIFERA PURA
i CONT. NETGY

B copmoncpmoo 0 B I

0

(500mg C1U)

Figure 1. Location of the Study Site.

2.2. Stage 1: Analysis of the Current Situation of the Study Area.

Characterization of the Process: The production system under study was mapped using process
flow diagrams [91], Value Stream Mapping (VSM) [92], plant layout design [93], and flowcharts [94].

Identification of Study Variables:

The variables analyzed during the research were as follows: For VSM: effective capacity, cycle
time, and TAKT TIME (Time required to complete one unit to meet demand) in the production
process. Descriptive statistics (mean and standard deviation in minutes) were obtained for each stage
of the process. For the simulation model: the average global manufacturing time in minutes was
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calculated as the total finished product with the batch size restriction of 12 kg of raw material powder.
Daily production of 90- capsule bottles was also determined. Production costs were calculated
monthly, including raw material procurement, processing costs, indirect costs, inputs, advertising,
and administrative expenses. The economic analysis included net present value, internal ratio of
return, benefit-cost ratio, and payback period. Unit analysis involved calculating production costs
per bottle, capsule processing per hour, labor costs, and the required personnel for the production
process for the three simulation scenarios.

2.3. Stage 2: Analysis of the Key Process, Encapsulation

During the research stay, the process was characterized, and 10 activities were identified for the
development of the final product. The focus was on analyzing the encapsulation process, as it was
determined to be the key process affecting the production system, acting as a bottleneck. The process
flow diagram was developed following the elements established [95].

Analysis of technology used in the process: The production process was identified and analyzed in
each of its components through interviews with staff and non-participant observation to understand
the processes and equipment in detail [96].

Process simulation: For the development of the simulation, the methodology of [97] was used
(Figure 2), using Arena Software (Simulation software version 16, Rockwell Automation, Milwaukee,
WI, USA).

Experiment design

Problem formulation

Data collection and
model definition program run

Analysis of results

—

Documentation and
implementation of
results

L

Pilot tests

Program
construction

Figure 2. Development of Simulation Models [97,98].

Data collection; For data sampling, a record of encapsulation process times was made at different
times during a workday, recorded in minutes. To collect this time data, visits were made over a period
of 90 days, during which 50 samples were taken according to the different activities required for the
encapsulation production process (Table 1).

Table 1. Methodological Record for Time Recording.

Sampling Technique: Random Sampling
Instrument: Time Recording Table

Units produced in

T

Type of instrument Time Sheet arget . the production
Population

process
. Number of daily

Study Representativeness Local Sample Frame lots, 24 hours
Sampling

Number of Sampling Points 10 method Unit Systematic

Selection
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6
Number of Data per Point 50 I\D/[zt;(():ccl)llectlon Digital Stopwatch
Phasel March
(2022)
Total Number of Samples 50 Dates O,f Data Phase 2 April
Collection
(2022)
Sampling Design, E.D.-P., E.A.B.-T. R AM-A, Confidence
Measurement Instrument, JM.C.-D., M.].H-R., M.E.G.-R Level % 95%
Capture, and Analysis. and O.B.-S
OperatTv'or de campo, ED-P 1:/Iargen de error 59
supervision Jo

Data Sampling;:

The sampling frame consisted of sampling units equivalent to the minutes and seconds of a day
of production. The unit of observation for quality characteristics corresponded to the time at each
workstation according to the production process flow diagram. It was decided, in conjunction with
the factory personnel, to take the times using systematic sampling [99] at 10 sampling points on the
production line, at 30-minute intervals, forming a pilot sample of 50 records, which correspond to
20% of the shift time. We began with the first sampling point randomly during one shift, following
the procedure below:

1.-The sampling frame was divided into segments, where # is the desired sample size. The size
of these segments will be K=N/n, where K is called the interval or elevation coefficient.

2.-Starting number: A random integer, , less than or equal to the interval was obtained. This
number corresponds to the first subject we will select for the sample within the first segment into
which we have divided the population.

3.-Selection of the remaining n-1 individuals: The individuals were selected starting from the
randomly selected individuals, using an arithmetic sequence, selecting individuals from the
remaining segments into which the sample was divided, occupying the same position as the initial
subject. This is equivalent to selecting individuals with the following equation:

r,r+ K r+2K, r+3K, ..., r+(n-1)K 1)

This method was chosen because it is commonly used in inspection and quality control due to
its high speed and low variance [100]. The optimal sample size was determined to be 50 data points
taken during a full day of work. Given the nature of the process, it was not feasible to select large
simples during the process [101]. Additionally, the production line is continuous, meaning that once
the process starts, products are generated continuously. Therefore, the sampling units are ordered
sequentially, in line with [102] suggestion for choosing the sample size, “some amount of empirical
judgement is required”. On the other hand, [103-105] suggest the application of monitoring, in which
the expert selects a sample of process observations ordered over time, historical data, for parameter
estimation.

Field instrument; An Excel database was designed to capture the input data for the variables for
each activity, based on Shewart control charts [106]. The data were collected during March and April
2022, where a random sample of data was obtained for each activity of the production process.

Determination of the type of distribution to which the data fit: Romero-Saldana [107], states that
goodness-of-fit tests are used to verify that the data obtained from the sample fit a particular known
probability distribution. For this purpose, the software (Stat::Fit Student Version, 3.1.2.1, Geer
Mountain Software Corp, Pinehurst, NC, USA) was used to determine the type of distribution that
the data fit, and to determine the specific probability distribution that best fits each operation.

The Kolmogoérov-Smirnov and Anderson-Darling tests were applied to determine which curve
the data fit, and the mean and standard deviation were obtained for each stage of the process, in
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order to obtain sufficient statistical evidence to assert that the data fit some probability distribution,
which will be the basis for programming in each of the stages of the simulation model [108].

Model validation: Is a mathematical procedure whose importance lies in ensuring that the data
generated by the simulation are statiscally similar to those of the real system, thus providing a model
capable of emulating the real system and being an effective tool in decision-making. For validation,
the paired t-test was used, with the following null hypothesis:

Ho. There is no significant difference between the data from the simulator and those from the real

system.

Hi. There is a significant difference between the data from the simulator and those from the real

system.

To do this, it is assumed that X1, X2...Xx are observations from a real system, and y1, y2, ...y1 are
data produced by a simulation model. It is necessary to compare the data in data sets to determine if
the model is a valid representation of the system.

The procedure used to perform this validation was as follows: m independent sets of data from
the system and 7 sets of data from the model are collected. Let xj be the average of the observations
in the J-th set of the system and let yj be the average of the observations in the j-th set of data from the
model. The xj’s are IID (Independent and identically distributed) random variables with mean
px=E(xj), and the yj’s are IID random variables (assuming that the n sets of data were obtained from
different replications) with mean uy=E(yj). Therefore, the model was compared with the system by
constructing a confidence interval for:

Z=px-py ()
Formulas for the paired t-test:
Zi=X Y ®)
The observed difference between p

Zny = Xi=1 2
n

Zi=1[Zi ~Zwl’ 5)

nn-—1)

4)

Var[Z(n)] =

The confidence interval is 100 (1-x):

Ziny £ tho11-ay2 ’var(z(n)) (6)

Let1 (a) and pi(cr) be the lower and upper confidence limits respectively. If o0 ¢ [l(a), ,u(a)] then
the observed difference between px and py:

Xam) = Yy )
It is stated that it is statistically significant at level a. This is equivalent to rejecting the null
hypothesis:
Hy: py = Hy

In favor of the alternative:
Hy:py # pyA = mr?

If 00 € [l(a), U], any observed difference between px and Ly is not statistically significant at
level a and can be explained by random fluctuations, thus accepting that the model is valid.

Number of replications: To ensure that the output data from the simulation are as accurate as
possible, the initialization bias in the runs was considered and to ensure that the number of obtained
data is sufficient [108]. Since a terminal-type simulation was used, the initialization bias was not
considered regarding the number of runs (replicas). For models with highly varied output data, more
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than five replicas are needed to obtain satisfactory results. Therefore, to make decisions, once the
simulation is validated, it is necessary to know the number of replications (independent simulations).
For this purpose, the procedure for estimating the mean p=E(x) with a specific error was used after
the model has been validated. If the estimator X is such that |X — p| = B, then it is said that X has
an absolute error (. If replications of the same simulation are made until half of the confidence
interval given by:

_ s2(n)
Xn t tn—l,l—a/z

®)

n

Is less than or equal to f (where >0, and f is the absolute error), then:

1-—a=~pX —half < pu <X+ half)
=p(Ix — p| < half)
SpX —u< p)

Therefore, X has an absolute error of f with a probability approximately 1-a.

In other words, if 100 independent confidence intervals are constructed at 90%, it is expected
that X has an absolute error of f in 90 cases; around 10 intervals, the absolute error would be
greater than (. A confidence interval for u based on a fixed number of replications n was
constructed. Assuming that the estimator of the population variance does not change appreciably as

the number of replications increases, an approximate expression for the total number of replications
n* (f) required to obtain an absolute error of f is given by:

s%(n)

n* (ﬁ){l 2Nniti11-a/2 ; <P

It is possible to determine n*( §) by increasing i by one until a value of i is obtained for which:

s?(n)

{tic11-ay2 ; <B )

2.4. Stage 3: Analyzed Simulation Scenarios

To make a decision that allows improving the process situation, three scenarios were designed,
suggested by the company’s manager. The first scenario consisted of comparing:

1.-Maintaining the natural conditions of the model, one encapsulator producing 200 capsules
with one operator.

2.-Increasing to an additional encapsulator with the same characteristics as the existing one,
which will require two operators.

3.-An encapsulator with a capacity of 800 capsules, operated by one person.

This decision was made because it was determined that the key process was encapsulation.

Economic Evaluation: Economic and Financial Indicators

The economic variables for the financial evaluation of the production process of Moringa oleifera
leaf powder capsules were calculated according to the methodology established by [109] for
evaluating investments projects, regarding the internal rate of return (IRR), the benefit-cost ratio
(B/C), and the net present value (NPV).

3. Results and Discussion

The processing times and the feasibility analysis of the production of Moringa oleifera capsules
require a comprehensive analysis that started with the process characterization. In the empirical
evidence in the field of Moringa oleifera knowledge, economic data and production processes have not
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been reported, despite the wide range of studies about this tree with other types of study variables
[110], these findings are pioneering in studying the variables of interest for implementing small
capsule production factories. Within the existing knowledge, no previous studies were found in the
field of simulation, engineering, and agronomy.

3.1. Process Characterization

To deeply understand the production process, the creation of the process flow diagram (Figure
3) and the Value Stream Mapping (VSM) (Figure 4) showed a vision of the information flow during
the production process of Moringa oleifera encapsulation. With VSM, the activities that are functioning
correctly were identified, as well as those activities that do not add value to the production process

and can be corrected to improve the process.

Reception of
rawvw material
Basic Cleaning

Leaf Selecticn
Basic Sterilized

éProduct to
encapsulate ?

Sprayed

met

Secondary
sterilized

Encapsulated

Fill

Enterprise
product
labeling

Figure 3. Process Flow Diagram of Moringa oleifera Leaf Encapsulation.

3.2. Analysis of Study Variables in VSM:

The previous VSM of the company indicated that, during an 8-hour period, production starts
with an inventory of 5,000 grams of raw material, allowing the processing of 62 units of 200 capsules
in a working day. Therefore, it is necessary to work 10 hours, achieving 6.2 units per hour, and each
finished unit is produced in 9.67 minutes.

To obtain the current situation of the company, it was necessary to complement the VSM with
three important concepts: effective capacity, cycle time, and TAKT TIME (time required to complete
one unit to meet the demand) [111]. It can be observed that the company’s effective capacity is 63%,
capable of satisfactorily fulfilling 63 out of 100 units. The process efficiency is 43%, relatively low.
Therefore, it is common to require extra time on days of increased production and the hiring of
temporary personnel to meet market demands. The current cycle time of the company to produce
two units is 25,820 seconds. The TAKT time is 221.76 seconds, indicating that this is the time within
which a customer can acquire a product or service from the company. In other words, the production
rate should be adjusted as close as possible to the TAKT time. Overall, the VSM identified areas for
improvement in raw material reception, raw material selection, sterilization, and the grinding-
pulverizing process.
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3.3. Analysis of the Key Process, Encapsulation.

The encapsulation process is critical to the system. During this process, the pulverized raw
material reaches a manual encapsulator, operated by one worker. This manual encapsulator
interrupts the continuous flow of the process due to its limited capacity of 200 capsules. Therefore,
this stage was identified as the bottleneck of the system (Figure 6). For this reason, the simulation
scenarios focused on analyzing the replacement of this encapsulator model, considering the following
criteria:

1.-Maintaining the natural conditions of the model, using a 200-capsule encapsulator with one
worker.

2.-Increasing to an additional encapsulator with the same characteristics as the existing one,
requiring two workers.

3.-An encapsulator with a capacity of 800 capsules, with one operator.

Figure 6. Moringa oleifera leaf powder encapsulation.

3.4. Simulation Model Description:

In Figure 7, the simulation model is depicted, where modules available in the simulator were
used to create entities and assign them the corresponding attributes. Programming initiation began
with a “create” module named “raw material supply” to track the arrival of raw material, every 14
days. The “create” window, which is a constant expression set to 14 days with a maximum of 120
created entities.

The second module is a batch named “6-kilogram”, functioning as a grouping mechanism within
the simulation model. Batches can be grouped permanently or temporarily; in this case, they are
permanently grouped in 6-kilogram batches. The third module, named “raw material reception”, is
performed using a process module, which is used to occupy and release a resource. In this case, 6 kg
batches are received and passed on to the next module. The following modules are processes named:
basic cleaning, leaf selection, sterilization, crushing, grinding, and secondary sterilization.

The time for each process is added to the corresponding entity in each module. Once the
assigned time is completed, it is released to the next module. For instance, in the leaf selection process
module, an average time in minutes (58.7), a standard deviation (.583), and a process type (standard)
are determined.

After the process modules, a “routel” is observed in the model, which is used for direct
translation from one station to another. An output station is not required for this module as it
automatically connects to the next station. The clock in the animation toolbar is an important addition
and configuration as it helps identify exact moments where anomalies in the system might occur.
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The next module is “station1”, which together with “routel”, is used to transfer from one station
to another. Following this module, there is a component called separate, referred to as
“approximately 100 grams”. It is used to replicate incoming entities into multiple entities or to divide
a previously grouped entity. It was used to group 100 grams of raw material. In the next three
modules, we have process modules, which are grouped to receive and release the resource. They
receive the specified quantity within the programmed time and release it to the next module. After
these three modules, there is a record module named “count”, which was used to keep track of how
many orders are processed within a programmed time.

The following module is “decidel”, which is the last packet (pkt), this one is used to decide
whether to proceed to the next module or return to the previous one in the model’s path. This module
has two entity outputs, one true and one false. When analyzing the model and using the true output,
it indicates that the packets are finished, and a product output is generated. In the case of a negative
decision in the simulation, it records the completed packets and returns to the previous module until
new packets arrive. This process continues until the programmed number of packets is completed.

The second “decidel” module was necessary to generate a report on the daily production,
creating a multiple output report. For example, if it is within the first 8 hours of the process, it is
considered the first day. If it is between 8 and 16 hours, it is the second day, and if it is between 16
and 24 hours, it corresponds to the third day, and so on. All these times are measured in minutes.

3.5. Determination of the Type of Distribution to Which the Data Fit:

In Table 2. The Kolmogdrov-Smirnov and Anderson-Darling tests were applied to determine
which curve the data fit, and the mean and standard deviation were obtained for each stage of the
process, in order to obtain sufficient statistical evidence to assert that the data fit some probability
distribution, which will be the basis for programming in each of the stages of the simulation model
[108].
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Figure 7. Simulation model of the Moringa oleifera leaf powder encapsulation process.
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Table 2. Data Obtained from the Goodness Fit Test of Observed Data from the Production Process.

Measures of Central Tendency Test Statistic e . . . ey . ..
) - - Data Distribution Fit Theoretical distribution statistics.
Process Stage (minutes) Kolmogorov-Smirnov Anderson-Darling
X s  StatisticKS Alpha P  StatisticAD 1-a P Minimum value u o

Raw Material Reception 39.99 3.663 116 005 477 1.3 .005 .232 Log normal 30 225 .39
Basic Cleaning 3.78 310 137 005 275 1.99 .005 .934 Log normal 3 -320 496
Leaf Selection 58.87 .583 131 005  .329 1.51 005 .174 Uniform 58.02
Primary Sterilization 4.79 116 125 005  .382 73 .005 .534 Log normal 4.49 -223 014
Crushing 39.02 2.66 158 .005 0.145 2.18 .005 .073 Log normal 33.895 1.66 .582
Pulverization 40.00 3.94 175 .005  .008 2.25 .005 .004 Log normal 30 223 0.51
Secondary Sterilization 120.12 142 102 .005  .635 427 .005 .821 Log normal 119.81 .0097 .129
Encapsulation 21.84 1.55 .00973 005  .694 418 .005 .831 Log normal 19.49 907  .540

Business Labeling 4.51 .570 .168 005  .106 1.44 .005 .192 Log normal 3.45 329 441
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3.6. Model Validation

For the validation, the paired t-test was applied to the model. This was done to verify the results
obtained from the simulation with real data, using the time it takes to produce 120 batches, 24,000
capsules. The following working hypothesis was tested:

X=The time in minutes it takes to produce 120 batches (24,000 capsules) in the real process.

Y=The time in minutes it takes to produce 120 batches (24,000 capsules) in the created simulation
model.

The results of the 2-week, 10-day runs shown in Table 10, for which a 95% confidence interval
was considered for Z where Z] =X]J-Y]. The results of the 2-week 10-day runs are shown in Table 10.
A 95% confidence interval was considered for Z where Z] =X]J-Y]. Applying the formulas described
in the previous section for the paired t-test, the results are shown in Table 3.

Table 3. Two-week simulation runs.

Real Simulated
Runs Xj Y;j Zi=X; - Yj (Z] — 715)2

1 3,465.66 3,469 -3.34 76.38
2 3,490 3,467.97 22.03 276.55
3 3,485.22 3,439.94 45.28 1,590.41
4 3,460.81 3,448.79 12.02 43.82
5 3,440.12 3,434.99 5.13 0.07
6 3,450.23 3,450.19 0.04 28.72
7 3,445.30 3,476.31 -31.01 1,325.68
8 3,463.12 3,470.78 -7.66 170.56
9 3,459.15 3,461.51 -2.36 60.21
10 3,449.51 3,448.08 1.43 15.76
11 3,455.28 3,456.14 -0.86 39.18
12 3,482.27 3,444.58 37.69 1,042.64
13 3,443.08 3,444.25 -1.17 43.16
14 3,462 3,465.90 -3.9 86.49
15 3,463.23 3,455.42 7.81 5.8

Total 81.13 4,805.43

Average 54
5.40
15 5
Z. [z = Zas]” 480543
Var[Z(n)] = =L =22.88

15(15—1)  (15)(14)

Zwy * tacra-asz [Var(Zm)

—5.40 + t140075V22.88
—5.40 + 2.145+/22.88
—5.40 +10.26
(-15.66, +4.86)

It is observed that the resulting interval includes zero; therefore, the null hypothesis cannot be
rejected. Thus, it is concluded that with a 95% confidence level, the model is valid and representative
of the real system. Any observed difference between ux and py is statistically negligible and can be
explained by random fluctuations.
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3.7. Number of Replications:

To make decisions once the simulation model has been validated, it is necessary to know the
number of replications (independent simulations). For this purpose, the procedure for estimating the
mean with a specific error was used, as shown in Table 4.

Table 4. Replications carried out and their average manufacturing time.

Replications or runs Average manufacturing time (min)

1 3,469

2 3,467.97

3 3,439.94

4 3,448.79

5 3,434.99

6 3,450.19

7 3,476.31

8 3,470.78

9 3,461.51

10 3,448.08

11 3,456.14

12 3,444.58

13 3,444.25

14 3,465.9

15 3,455.42

Average 3,455.59

Standard Deviation 12.4949

For the calculation of the number of replications, a sample of 15 data points of the average time
between each production process was used, with an absolute error of 5.4 seconds and a confidence
level of 95%. Substituting the obtained values into the equation, the input data are as follows:

X =3455.59,5 = 156,4=5.4,a = 0.1

min{i > 15: t; o5 f% < 5.4}

For 15 replications, the equation is as follows: =15

1.660 11—556 =5.3 < 5.4 the condition is met.

Therefore, it is determined that the simulation model is statistically valid with an optimal
number of replications of 15 runs.

3.8. Analyzed Simulation Scenarios.

Table 5 compares the simulated times considering three simulation scenarios, which included:
one encapsulator of 200 capsules (1E200C), two encapsulators of 200 capsules (2E200C), and one
encapsulator of 800 capsules (1E800C). It is clearly observed that the 1E200C encapsulator requires
the most time to complete the batch. In scenario 1E200C, the processing time in hours was 57.5
minutes, with 2E200C it was 37.7 minutes, and with 1E800C it was 23.5 minutes. The production
capacity was set at 24,000 capsules due to raw material limitations. As for the reduction in time, it is
noteworthy that the model 1E200 (35%), 2E200C (24%) and 1E800C (60%) show significant reductions.
Furthermore, with the 1E800C model, only 2 working days (16 hours) are required, while 4 working
days (32 hours) are needed with 2E200C, and 7 working days (56 hours) are needed with 1E200C.
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Table 5. Comparison of the 3 simulation scenarios for the encapsulation stage.
Simulation Scenario Total Time Encapsulation = Personnel Occupied Worked Hours Worked Days Time Reduction (%) Downtime (Hours)
Minutes Hours Working Days CapsulesBatches Kg
1E200C 3,455 57.5 7 24,000 120 12 1 56 7 35 0
2E200C 2,263 377 4 24,000 120 12 2 32 4 24 24
1E800C 1,415 235 2 24,000 120 12 1 16 2 60 35
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The results indicated that the working days of the different scenarios show a reduction in
working days based on the model. Thus, it is evident that with the 1IES800C model, only 23.5 hours (2
days) are required, with 2E200C it is 37.7 (4 days), and with 1E200C it is 57.5 (7 days). This indicates
that with this model, the labor cost is high because personnel are required throughout the week.
However, with the 1E800C and 2E200C models, it is noticeable that personnel are only partially
occupied. Therefore, raw materials would need to be increased, and idle times of 24 and 35 hours per
week, respectively, would need to be eliminated if these models are implemented.

On the other hand, in Table 6, the cost comparison of the three scenarios shows that with 1ES800C,
the production cost per bottle is 58.11This is because fewer personnel hours are required to meet the
quota of 24,000 capsules (266 units of 90 capsules) per week. Currently, with the 1E200C model, the
production cost amounts to 3.93 USD, as 7 working days per week are required to meet the quota.
Finally, with 2E200C, the cost was 3.64 USD with 4 working days required to complete the quota.
These results confirm that increasing production capacity reduces production costs, but the
alternative of producing more raw materials must be sought to avoid downtime or hiring personnel
only for the days worked and thus avoid losses.

Regarding the waiting lines (Table 6), it is confirmed that the encapsulation process is critical in
the production process, as the average waiting times in the queue in the system for the 120 batches
to be processed were 57.52 hours for 1E200C, 37.7 hours for 2E200C, and 23.5 hours for 1E800C,
indicating that with this last model, the average waiting time is reduced by 60%.
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Table 6. Cost comparison of the three scenarios of the simulation of the whole production process.

Simulation Total Process Time Limit o Simulation Model Due to  Larger Queue in Personnel Labor Cost Days Occupied Production Cost
Scenario Raw Material Limitation per Week System (USD) per Week  per Bottle (USD)
Minutes Hours Working Days Capsules Batches Kg
1E200C 3,455 57.5 7 24,000 120 12 Encapsulation 1 830.51 7 3.93
2E200C 2,263 37.7 4 24,000 120 12 Encapsulation 2 474.58 4 3.64
1E800C 1,415 23.5 2 24,000 120 12 Encapsulation 1 237.29 2 3.45
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3.9. Moringa Oleifera Capsule Production Costs and Financial Evaluation.

Once the simulation of the base case has been carried out and the results of the main technical-
economic indicators of the process in question have been obtained, the technical characteristics of the
equipment used. The selling price of bottles of 90 capsules of Moringa oleifera is set at an average of
10.68 USD The economic study was carried out by calculating the NPV, IRR and B/C, among other
indicators that are shown in the income statement (Table 7).

Table 7. Comparison of production costs of Moringa oleifera leaf powder capsules and financial
evaluation (USD).

Costs Unit of Measure Unit Cost Quantity Year1
Raw Material Reception
Disinfection Month 148.31 12.00 1,779.66
II. Processing
Labor Month 0.18  12,000.00 8,542.37
II. Indirect Costs
Energy Month 332.20 12.00 3,986.44
Water Month 24.32 12.00  291.86
Telephony Month 71.19 12.00  854.24
IV. Supplies
Raw Material per month Kgs 1.42 1,200.00 20,501.68
Packaging Material Batch 0.65  12,800.00 8,276.61
Advertising
Digital Media Month 711.86 1.00 711.86
Transportation and Hauling Freight 0.059 12,000.00 711.86
Distributable Kgs $0.45 12,000.00 316.78
Total Costs 45,973.36
Production Cost per Bottle of 90 capsules 3.59
Gross Profit 227,382.41
Administrative Expenses 593.22
Fees 88.98 Month 1,067.80
Stationery and Desk Supplies 29.66 Month 29.66
Depreciation and Amortization 3,707.63
Total Costs and Expenses 50,274.21
Net Operating Income 22,3081.57
Final production cost per bottle of 90 capsules 3.93
Final production cost per capsule 0.043

The Financial Evaluation reflects the performance of the project and is of particular interest for
making sound decisions by the stakeholders of this proposal. The evaluation will be based on the Pro
Forma financial statements, which are projections of future expenses and revenues, based on the
company’s experience and future plans. The financial analysis aims to study the return and
profitability on the investment of the project, among the aspects to be evaluated will be: The net
present value (NPV), internal rate of return (IRR) and the benefit-cost ratio (B/C). Table 8 shows the
results of the main process indicators.

Table 8. Financial indicators of the production process for the model.

Financial indicators
B/C ratio 5.03 USD
NPV 922,370.11 USD
IRR 502.60% 42.09%



https://doi.org/10.20944/preprints202405.2000.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 May 2024 doi:10.20944/preprints202405.2000.v1

21

Benefit-Cost Ratio (B/C): This indicator measures the relationship between the project’s revenues
and the costs incurred over its useful life, including the total investments. It takes the net present
revenues and expenses from the income statement to determine the benefits for every peso invested
in the Project [112]. Possible results of the Benefit-Cost ratio are described below: (a) If the B/C ratio
is greater than one, the project is acceptable because the benefits outweigh the costs 5.03. (b). If the
B/C ratio is les tan one, the model should be rejected because there is no benefit. (c). If the B/C ratio
is equal to one, it is indifferent to carry out the project because there is no profit or loss. The business
idea shows that for every USD dollar invested, it generates an additional 5.03 USD.

The positive Net Present Value (NPV) reflects that the project is profitable (it is financially
feasible). Therefore, the decision that must be made is to execute the initiative. A positive NPV means
that the project can generate enough money to recover the investment and make a profit.[113]

On the other hand, the Internal Rate of Return (IRR) represents the annual percentage rate that
reduces the net present value of the project to zero. It shows investors the maximum interest rate at
which they should take out loans without incurring future financial failures. [114] To achieve this,
the rate that applied to the net cash flow generates an NPV equal to zero is sought. The model shows
an average annual Internal Rate of Return (IRR) of 42,09%. This indicates that despite the limitations,
the company is viable since it meets the minimum profitability expectations. This is mainly due to
the low productions costs.

3.10. Potential Application of the Work.

The simulation of processes in the agricultural sector is necessary. While applications in the
manufacturing and service sector are commonly addressed, this work studied a real production
system. The results contributed to improving productivity in the processing of Moringa Oleifera
capsules, addressing an area of knowledge with limited research. This modeling can be used by new
companies intending to invest in this area of agricultural products for human consumption. The
results indicated that its production is feasible at a commercial level.

5. Conclusions

This work reaffirms the importance of applying modeling with Arena software in small
businesses and linking with the productive sector of research institutions. The evidence presented
determined that the waiting times in the queues of the simulation model showed the highest times
in the encapsulation stage, identifying a bottleneck in this process. A simulation model was
developed with Arena, which was validated by the plant manager. The model was designed and
statistically validated, obtaining information that allowed for decision-making evidence. It was found
that the company has a raw material limitation that allows it to produce 12,800 units per year of 90
capsules. It is recommended to establish the 1E800C encapsulator, as it reduces processing times by
60%. Additionally, it will reduce overall production costs by 12.23%, which represents 0.48 USD per
unit produced. Economically, this will allow for an additional profit of 6,150.50 USD.

With the financial engineering calculations, the profitability of this new type of agribusiness in
Mexico was confirmed. However, work should be done on the development of a business plan that
allows for the commercialization of the product through various distribution channels to guarantee
the proper sale of the product and with a higher volume. Furthermore, with the data presented, the
hypothesis proposed is accepted, which states that process simulation with Arena in small
agricultural business producing Moringa oleifera capsules is suitable for estimating processing times,
and its production is technically and economically viable.

In this case study, despite the deficiencies in the production process of Moringa oleifera capsules,
it is economically profitable. Therefore, it is recommended that other producers undertake the
production of Moringa oleifera capsules due to its profitability, which is above banking reference rates
and inflation, in addition to the low operating costs as indicated by the cost-benefit ratio.
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Future Lines of Research: During the development of this work, the following lines of research are proposed in
the field of moringa oleifera knowledge, where information is limited: (1) Evaluate drying systems for Moringa
oleifera leaves to ensure the permanence of nutrients and incorporate a quality and traceability control in the
system that involves both the field and the factory. (2) Determine the optimal size of plots planted with Moringa
oleifera trees to design optimal plant sizes. (3) Determine the production capacity of green Moringa oleifera leaf
material and define the number of kilograms that can be produced under different soil conditions under rainfed
and irrigation conditions for processing. Finally, in the primary sector, simulation can be used to model and
optimize quality control processes, including raw material inspection, process monitoring, and evaluation of the
quality of the final product to ensure compliance with quality and food safety standards. In addition, in
production scheduling and management, simulation can optimize resource allocation and production costs of
other products based on Moringa oleifera and mitigate risks associated with the production of food supplements,
including cross-contamination, process variability, and regulatory compliance.
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