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Abstract: Black soybeans are a necessary raw material for the soy sauce industry in Indonesia, with
the reason being that they are preferred because they have a natural black color and a delicious and
savory taste. As a source of raw material for soy sauce, the industry ensures that the black soybean
supply chain is sustainable and can meet production requirements in quality and quantity. This
research aims to trace the product and supply chain of sustainable black soybeans as raw materials
for soy sauce. The selection of data sources or informants in this study in Indonesia comprised
122 farmer groups that assisted or collaborated with cooperatives that sent black soybeans to be used
as raw materials for making soy sauce; 1 field assistant; and 4 cooperatives that collaborated with the
industry. The data collection techniques used in this study were observation, in-depth interviews,
and documentation. The types of documentation were research notes based on interview guides,
research photos, and official institutional documents. The data analysis method used in this study
was a qualitative approach with the help of QSR NVivo version 12 Plus software. The results of this
study show that traceability in production is necessary to maintain safety, quality, and sustainability.
Product traceability requires a monitoring system and regulations established by the industry that all
stakeholders must follow, starting with farmer groups and cooperatives that supply raw materials to
the industry. A good monitoring system places employees from the industry as agricultural assistants.
As such, it will also determine the sustainability of the economic, social, environmental, technological,
institutional, and infrastructural dimensions. Traceability in the production of black soybeans used as
raw materials for making soy sauce, namely those of the Mallika variety that are round/whole and
unbroken, will be accepted by the industry. The process carried out by farmer groups from planting
to harvesting black soybeans is controlled by agricultural assistants and follows regulations set by
the industry. The cooperative lends black soybean seeds to grade-A-seed-quality farmer groups.
The farmer group repays the loan at harvest time and returns it to the cooperative in cash sums of
10,000 IDR/kg.
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1. Introduction

In the late 1970s, soybeans started to receive attention from organizations in the global
market [1,2], so at that time, many industries began to need soybean supplies [3]. Soybeans
are consumed globally in various forms, such as whole soybeans and processed products [4].
Six percent of soybeans are used as seeds, and the remainder are used in industry, such as
in soy sauce, tofu, tempeh, tacos, milk, yogurt, burgers, and feed [3,5-7].
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In Indonesia, the manufacture of soy sauce uses black soybean as a raw material due
to its preferred natural black color, pleasant taste, and savoriness [8]. As a raw material
for soy sauce, the industry ensures a stable supply chain of black soybeans that can meet
production requirements in quality and quantity [9,10]. To deal with the supply of black
soybeans, preparations are made to increase their production, such as expanding soybean
development on forest land [11] and designing an effective supply chain to meet the
demand for black soybeans [9].

Increasing the production and consumption of black soybeans requires traceability
information from an appropriate, effective, and efficient supply chain network [10]. Leading
multinational food and agribusiness enterprises (F&A MNEs) that need soybean raw
materials, such as Unilever, Hershey, Mars, Cargill, and Nestlé, have designed supply
chains to be effective and efficient [9,10,12]. The consumption of processed products using
GM (genetically modified) raw soybean materials worries consumers [1]. Consumers have
perceptions regarding nutrition, potential health risks, perishable products, and insufficient
food labels as controls for product safety and quality [13-15].

To maintain the quality and safety of soybean products, it is necessary to trace produc-
tion and processing and analyze the basic traceability framework for recording product
information [16], because this traceability can communicate product quality and origin
information for consumer safety [17]. In addition, it is possible to track the stakeholders
involved, such as farmers, distributors, retailers, and consumers [18,19], so that they know
how to handle products and sustainability [20-24]. Thus, product traceability is used to
provide quality and safe food products for consumption [25,26]. It is also used to track
food or food-producing ingredients through all stages of production, processing, and dis-
tribution [27], as well as to maintain detailed information about planting and processing
that it can provide regarding quality problems and for consumers [16]. This traceability
takes the form of systematic records from the supply chain related to food product items
through identification and documentation of how ingredients from food products are
combined [10].

The traceability system is applied as a tool to ensure food safety and quality and
gain consumer confidence [28,29]. Traceability information can effectively help consumers
master purchase details and contribute to the efficient development of various industries,
which can store product names, raw materials, production and processing processes, trans-
portation, and other information in digital form [30]. This digital technology information
is necessary for tracking all kinds of work and data security in various organizations and
institutions [31]. Thus, in the supply chain hierarchy, when there is a manufacturing de-
fect, mislabeling, safety issue, or the product has exceeded its shelf life, a product recall
can be carried out, and both time and additional costs can be calculated [32]. The use
of digital information, such as watermarking or cloud computing, can provide owner
identification, transaction tracking, access control, authentication, tamper-proofing, and
even persistent item identification, resulting in efficiency, cost-effectiveness, flexibility, and
scalability [33,34]. Digital information with the Internet of Things (IoT) requires detailed
access control, so data security is essential for transferring data over the Internet [35].

It can be used to determine the whereabouts of several actors and production volumes
to facilitate decision-making [36], and traceability is based on reports from various actors
involved in the supply chain (including production, shipping, and processing systems)
until the product is received in the industry [37,38]. It is an effective solution, acting as a
management tool to ensure product safety and quality in the supply chain [39]. Traceability
concerns the verification of a product’s authenticity to ensure its safety and quality, such as
a true statement of geographic origin, variety, or cultivation [40,41], and provides valuable
and timely information for various stakeholders and decision-makers, from planting to
harvesting to crop production forecasting [42].

Product traceability can also review black soybean supply chain sustainability through
the economic, social, environmental, technological, institutional, and infrastructural di-
mensions [23]. Economically, it can reduce losses, increase income, minimize risk [36,37],
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and allocate resources efficiently [13,17]. In addition, it can maximize the expected profits
from supply chain actors and improve product quality so that the higher the product
quality, the lower the return [14,43], and it can increase asset value and business profits by
reducing the risk of costs that will occur [11,28,44]. Socially, traceability can effectively re-
duce performance bottlenecks and improve the communication of supply chain actors [45].
However, government support, consumer support, vendor support with management, and
effective communication [20,29,46] are required to create strong trust and transparency
among supply chain actors [31,47].

The environmental dimension can be addressed with waste management [20], pest and
disease control [48], the availability of fertilizers and pesticides [24,29,40,49], and sustain-
able water management [38]. Waste management considers the benefits of reusing /recycling
waste materials [50]. Furthermore, the technological dimension ensures sustainability un-
der climate change by adopting plant breeding seed technology to achieve high production
and increased productivity [48,51]. Field use of seeds needs to be tracked [40], as seeds
have a direct impact on production [52]. Traceability examines the institutional dimension;
supply chain stakeholders make internal governance arrangements, and external stakehold-
ers seek to influence supply chain activities [48]. There has been proactive development
of various innovation institutions and regulations for supply chain sustainability, such as
codes of conduct, product information, and eco-branding [14]. Sustainability in the infras-
tructure dimension has increased, such as for roads, product storage, product conditions,
irrigation development, and port improvements [30].

This study aims to trace the product and supply chain of sustainable black soybeans as
raw materials for soy sauce using a qualitative approach with the help of QSR NVivo ver-
sion 12 Plus software. Traceability can be realized by several companies, such as the Great
Northern Wilderness People Organic Food Co., Ltd., which made their organic soybean
production traceable [16]. The European Food Safety Agency (EFSA) enforced stricter trace-
ability for the food industry in Europe to avoid bovine spongiform encephalopathy (BSE),
foot-and-mouth disease (FMD) [17,19], and issues relating to the use of GMO products in
food [25,28], and the European Commission sponsored the TRACE project to deal with var-
ious food safety and health issues [10]. Soybean production companies in Brazil, such as in
the states of Mato Grosso, Parand, and Rio Grande do Sul, apply traceability to manage seed
use through distribution [30]. The contribution of this article is product traceability, starting
from seedling, planting, harvesting, pest control, and sustainability (Table 1). Sustainability
is examined in six dimensions: economic, social, environmental, technological, institutional,
and infrastructure. Product traceability in the description above has several research gaps,
namely in seeds; seeds and planting; planting and harvesting; and planting, pests, and
diseases. Likewise, with sustainability, there are gaps in one-dimensional, two-dimensional,
or three-dimensional research. Therefore, this article combines various articles on product
traceability with four topics to be discussed, namely seeding, planting, harvesting, and
pest control, and six dimensions of sustainability.

Several literature searches in Table 1 are classified regarding article period, product
traceability (food/soy), discussion of product traceability (seed, plant, harvest, pest, and
disease), sustainability, approaches, and models. The sustainability of this article has six
dimensions: economic (eco), social (soc), environmental (env), technological (tech), institu-
tional (inst), and infrastructure (infra). In this article, 21 pieces of literature were obtained
from 2006 to 2022 using quantitative (quan) and qualitative (qual) approaches. Models
found in the literature include XML-PML (eXtensible markup language-physical markup
language), XML, RFID (radio frequency identification), RFID TQM (RFID total quality
management), UML (unified modeling language), SEI-PCS (spatially explicit information
on production to consumption systems), ERP (enterprise resource planning), blockchain,
blockchain-IoT (blockchain-Internet of Things), GEE (Google Earth engine), logit, and
websites. The symbols Y and N, representing yes and no, respectively, indicate whether a
given article falls within the predefined classification.
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Table 1. Summary of existing works and this article.

Product . . . . -,
o, Discussion of Product Traceability Sustainability
Article Traceability
Source Period
(Year) Food Sov (Y/N) Seed Plant Harvest ]I;ei:z::ei Eco Soc Env Tech Inst Infra Approach Model
(Y/N) y (Y/N) (Y/N) (Y/N) (Y/N) (Y/N) (Y/N) (Y/N) (Y/N) (Y/N) (Y/N)
[11] 1998-2009 Y N N N N N N N N N N N Quan XML
= uan ebsite
[12] 2001-2007 N Y N Y Y Y N N N Y N N Q Websi
[13] 1995-2005 Y N N N N N N N N N N N Qual XML-PML
- - uan
[14] 1973-2003 Y N N N N N N N N N N N Q RFID
[15] 1989-2009 Y N N N N N N N N N N N Quan Website
[16] 1998-2009 N Y Y Y N N N N N N N N Quan UML
[17] 1994-2013 Y N N N N N N N N N N N Quan RFID TQM
[18] 2007-2014 N Y N N N N Y Y Y N N N Quan SEI-PCS
] — uan
[19] 2008-2016 N Y N Y Y N N N N N N N Q ERP
[20] 1998-2017 Y Y N Y Y N Y Y Y N N N Qual N
- uan ockchain
[21] 2005-2018 Y N N N N N N N Y N N N Q Blockchai
[22] 2001-2018 N Y Y Y Y N N N N N N N Quan Blockchain
- ua ockchain
[23] 2009-2018 Y N N N N N N N Y Y N N Qual Blockchai
[24] 2009-2018 Y N N N N N N Y N N N N Quan Dematel
[25] 2000-2019 Y Y N Y Y N N N N N N N Quan GEE
[26] 2002-2020 Y N N N N N Y N N N N N Quan Blockchain
[27] 1967-2020 Y N N N N N Y Y Y Y N N Quan Blockchain
[36] 2005-2019 N Y N N N N Y N N N Y N Qual Logit
[37] 1989-2021 N Y N N N N Y Y Y N Y Y Quan N
[38] 2003-2021 Y N N N N N Y N N N N N Quan BIOCIIECT}“"““'
[39] 1992-2022 Y N N N N N Y Y Y Y N N Quan Blockchain
This NVivo 12
Article 1998-2023 N Y Y Y Y Y Y Y Y Y Y Y Qual Plus
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2. Materials and Methods
2.1. Study Area

The locations in this study were places where farmer groups are assisted by or collabo-
rate with cooperatives that supply Mallika black soybeans to be used as raw materials for
making soy sauce. The research locations were in Indonesia, in Bantul Regency, Kulonprogo
Regency, Pacitan Regency, Blitar Regency, Trenggalek Regency, Nganjuk Regency, Madiun
Regency, and Banyuwangi Regency (Figure 1). The informants in this study were (1) farmer
groups working with cooperatives that supply Mallika black soybeans to the soy sauce
industry; (2) field assistants; and (3) cooperatives working with the soy sauce industry.

Madiun  Nganjuk
U Regency Regency

Banyuwangi

| ﬁ -
Kulonprogo .
Regency Bantul Pacitan Trenggalek A
Regency Regency Regency Blitar

Regency

Figure 1. The research study area in Indonesia.

The main use of black soybeans is as a raw material for making soy sauce [51]. They
are preferred because they give it a natural black color and a delicious taste [52]. As a
source of raw materials for soy sauce, Unilever ensures a stable black soybean supply chain
and can meet production requirements in quality and quantity [9,10,53]. The supply of
black soybeans must be maintained for the sustainability of the soysauce industry [54].

2.2. Participants

There were 122 farmer group informants in this study. Specifically, there were
5 groups in Bantul Regency, 6 groups in Kulonprogo Regency, 17 groups in Pacitan Re-
gency, 12 groups in Blitar Regency, 13 groups in Trenggalek Regency, 8 groups in Nganjuk
Regency, 6 groups in Madiun Regency, and 55 groups in Banyuwangi Regency. There was
1 field assistant informant and 4 cooperatives, namely the Mekar Mas Lendah, the Agro
Bina Mandiri, Business Development, and Sinar Agro Solusi cooperatives.

Figure 2 above shows that the average age of black soybean farmer group informants
is 46-50 years old, with an average number of dependents of 4 people and 51-100 farmer
group members. It can be concluded that the age of black soybean supply chain actors
at the upstream level is the productive age, which is between 15 and 64 years, while the
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unproductive ages are under 15 years and 65 years and over [55]. For the dependents of
black soybean supply chain actor families, there are four people at most, meaning that
the burden of responsibility is greater to meet the needs of the family, and the maximum
number of farmer group members is between 51 and 100 people, so there are many roles for
increasing black soybean farming. The higher the number of family dependents, the greater
the amount of income needed, so if the income from black soybeans is not enough, the
farmer groups will look for additional income [56]. Groups that have more members will
motivate their members to be more active and play a role in various activities to improve
their farming [57].

70

60
50
40
30
20
10
APy
0

Age FD 2 V[FG Age FD 3 MFG Age FD4 MFG Age FD5 MFG Age FD6 MFG
35-40 0-50 41- 51-100  46-50 101-150  51-55 151-200  56-60 201-250

Person

Figure 2. Age, family dependents (FD), and members of farmer group (MFG) informants.
2.3. Data Analysis

In this study, data analysis was performed using a qualitative approach with the help
of QSR NVivo version 12 Plus software. Qualitative research data are very rich, coming
from various sources with various data collection techniques, and can be analyzed in QSR
NVivo version 12 Plus software [58]. At first, the data were organized into the same themes
and subthemes by coding, where themes were generated based on research questions and
recorded [59]. The data sources analyzed were internal and external research data sources,
as well as researchers’ notes during the study. Data were collected and coded in separate
classified files [60].

The theme categories that the researcher analyzed during the coding process were
stored in nodes. Nodes were created for black soybean seeds, plant, harvest, production,
and the SAC (Table 2). Nodes are ‘containers’ where researchers store themes, participants,
research settings, and research organizations [61]. Within these nodes, there are parent
nodes and child nodes. To make it easier to make nodes, parent nodes, and child nodes
were made [61]. We created nodes by using the word frequency query feature to search for
these nodes” words, and we explored it further with the text search query feature.

Table 2. Defined themes, and coding derived from thematic analysis.

Reference Code
Coding Theme from NVivo Descriptive Coding
Version 12 Plus

We use black soybean seeds that were recognized by

Nodes black soybean seeds 89 the Ministry of Agriculture
Parent Nodes  loaned soybean seeds and money 47 Farmer groups were siven black soybea.n seed .1(.)&.ms
and money to buy agricultural production facilities
Parent Nodes using Mallika soybean seeds 231 We use the Mallika variety of black soybean seeds
Nodes Plant 323 We empower local farmers to plant black soybeans
Parent Nodes land processing 124 Before planting, we cultivate the land for

black soybeans
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Table 2. Cont.

Reference Code

Coding Theme from NVivo Descriptive Coding
Version 12 Plus
Parent Nodes Fertilizer 266 Farmer groups use fertll.lzers that do not damage
the environment
Parent Nodes Irrigation 215 Black soybeans are 1rr1.gate.d using pumps due to
erratic rainfall
Pest control does not use chemicals because it is not
Parent Nodes pest control 286 allowed by the industry
Child Nodes carry out weed 129 To reduce weeds, we carry out weed clearing so that
the black soybean plants grow well
Parent Nodes planting tools 99 We use planting tools
Nodes Harvest 263 The farmer group harvests black soybeans
Parent Nodes Drying 132 The farmer group is drying the black soybean yields
to reduce the water content
Parent Nodes harvesting tools 371 We use harvesting tools
Nodes Production 203 We use Mallika black soybean production from local
farmer groups
Parent Nodes production grades 119 Black soybean production has a grade that will
be accepted
Grade A has a moisture content of 11%, 3%
. damaged seeds, and 3% dirt for IDR 10,000/kg. The
Child Nodes grade A 89 production of Mallika soybeans with grade A is used
as seeds
. Grade B has a moisture content of 13%, 4% damaged
Child Nodes grade B 15 seeds, and 6% dirt for IDR 8500/kg
. Grade C has a moisture content of 14%, 5% damaged
Child Nodes grade C 8 seeds, and 9% dirt for IDR 4500/kg
. Grade D has a moisture content of 14%, 10%
Child Nodes grade D ? damaged seeds, and 10% dirt for IDR 3000/kg
Parent Nodes Productivity 100 Black soybean p.roductlwty according to
planting treatment
For black soybean production from farmer groups,
Parent Nodes Sorting 144 we do the sorting and cleaning with a
blower machine
Damaged seeds from the sorting results are collected
Child Nodes broken seeds 4 to be used as animal feed in the surrounding
environment or sold to feed traders or others
Child Nodes Dirt 6 The dirt is collected and used as fertilizer or feed
Parent Nodes Stripping 128 We separate the pods and seeds by machine
We pack the black soybeans that are sent to the
Parent Nodes Packaging 5 industry. The sacks must be good, with no traces of
fertilizer or anything else
Soybean production received by industry is black,
Parent Nodes received production 8 Mallika, whole/round seeds, and
unbroken/damaged seeds
Delivery of black soybeans using a truck with a load
Parent Nodes Delivery 9 of sixteen tons, and costs one thousand rupiahs
per kilo
Nodes SAC 149 The SAC must be followed by black
soybean suppliers
Parent Nodes controlled by field assistants 8 Black soybean.supphe.zrs are controlled by
field assistants
There are 3 groups of SAC codification in
Parent Nodes SAC codification 16 agriculture, namely plantmg and fertilizing
management; control of pests, diseases, and weeds;
and land management
Parent Nodes SAC principle 6 The SAC principles as sustainability standards

handled by the soy sauce industry
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400
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3
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Economy

We coded nodes for black soybean supply chain sustainability. The dimensions
of sustainability were economic, social, environmental, technological, institutional, and
infrastructural. The number of references for coding these nodes on the QSR comes from
the type of research documentation presented in Figure 3.

Infrastructure Institutional Environment Social Technology

Figure 3. References nodes on the sustainability of the black soybean supply chain.

In Figure 3 above, the nodes formed have an average of 125 files, with an average
reference of 447 for each piece of information from informants. Production, use of seeds,
and farmer groups participating in planting were the nodes that were most often conveyed
by informants. It can be seen that informants more often disclosed about products received
by the cooperative or received by the soy sauce industry, namely grades A, B, C, and D.
Informants also often informed me that grade A Mallika black soybean seeds were used. In
addition, informants often expressed enthusiasm among farmer groups for participating in
the planting of black soybeans.

In coding economic nodes, parent nodes are income, farm expenses, and loans. Coding
infrastructure nodes created parent nodes, namely farm roads and irrigation lines. For
coding institutional nodes, the parent nodes are the number of farmer group members
participating in farming, the number of farmer groups participating in farming, and group
capital. Parent nodes for water availability, fertilizer availability, and pest control are for
coding environmental nodes. Social nodes are parent nodes for group meetings and labor
(social service). Parent nodes for harvest area, planting area, seed use, production, and
productivity are for coding technology nodes.

Table 2 above was derived from the documentation imported into QSR NVivo version
12 Plus. Four folders were created: interview recordings, interview results from the
questionnaire, official institutional documents, and research photos, as shown in Figure 4.
The descriptive coding above is the sentence that appears the most in the coding. We
used the research data collection techniques of observation, in-depth interviews, and
documentation. The observation technique used was indirect. This kind of observation
was made to explain, provide, and detail everything that happened. There are two types
of observation: (1) indirect observation, an observation in which a researcher does not
enter the community, can only see with their eyes about activities and objects, or is assisted
by other tools, such as a camera; and (2) participant observation, a direct observation
performed by involving oneself in the activities of the community being studied [58,61].
The type of documentation technique performed consisted of recording information based
on interview guides, official institutional documents, and research photographs. Interviews
were carried out systematically by compiling an interview guide. In interviews, researchers
could conduct face-to-face or telephone interviews with participants or be directly involved
in focus group discussion interviews consisting of six to eight participants per group [58,61].
There were two ways to collect interview data: with a voice recorder or a Google Form.
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Imported research data

. interview recordings

. interview results from the
questionnaire

. official institutional documents
. research photos

The Google Form comprised questions according to the interview guide and information
on how to retrieve data using Google Board, which are saved to Google Drive.

¥ Parent and child nodes

Audal coding LZ. cooperatives |
Case classifications I I —————

1. age

2. gender

3. dependents

4. family members

5. education

6. side job

7. district

8. name of the cooperative

Upload files NVIVO 12 Open coding

PLUS

Selective coding

v

the matrix coding query

the hierarchical diagram

the cluster analysis

the coding comparison query features

oW

Figure 4. Imported research data to QSR NVivo version 12 Plus.

After data were collected, they were processed by means of data reduction, presenta-
tion, and conclusion. Data reduction techniques comprise open coding, axial coding, and
selective coding [61]. In QSR NVivo version 12 Plus, we conducted the data reduction with
open coding, which consists of nodes, cases, and case classifications. Furthermore, axial
coding techniques comprise the coding and classification of cases. In the coding of cases,
we created two categories, namely farmer groups and cooperatives. For case classifications,
we created eight attributes, namely age, gender, dependents, family members, education,
side job, district, and name of the cooperative. After creating open coding and axial coding,
we performed selective coding by clicking features in the open coding and axial coding
that had been created previously. The result was the matrix coding query, the hierarchical
diagram, the cluster analysis, and the coding comparison query features. A matrix coding
query is a data structure that can represent information, where the data structure comes
from nodes and cases that have been made [61-63]. A hierarchical diagram is a chart that
shows hierarchical data as a set of graded rectangles of various sizes [60-62]. Hierarchical
diagrams scale best according to available space, so rectangle sizes should be considered
relative to each other, not as absolute numbers [61-63]. The widest area is shown at the top
left of the graph, while the smallest area is shown at the bottom right [61]. Cluster analysis
on NVivo QSR is an analysis of data sources or nodes that have a higher level of similarity
based on the occurrence and frequency of words that are displayed in groups; analyses
of data sources or nodes that have lower levels of similarity based on the occurrence and
frequency of words are displayed further [61-63]. This coding comparison query feature
provides two ways to measure the reliability of qualitative research: measuring the level
of agreement among users by calculating the percentage of agreement or measuring the
reliability between users through Cohen’s Kappa coefficient. The Cohen’s Kappa coefficient
test is carried out because one of the fundamental things that every qualitative researcher
needs to know is how to measure the accuracy or consistency of qualitative research [62,63].
The Kappa coefficient is interpreted using guidelines: if a Kappa value is less than 0.40, it
means it is not good enough; a Kappa value of 0.40-0.75 means fairly good; and a Kappa
value of more than 0.75 means very good [62,63].
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3. Result
3.1. Results of Analysis with QSR NVivo Version 12 Plus

Before obtaining the results of this analysis, we performed an analysis of the connect-
edness of the encoded concepts between nodes and cases using the matrix coding query
feature in QSR NVivo version 12 Plus, as shown in Figure 5. In this study, several different
responses from informants regarding the product traceability and sustainability of the black
soybean supply chain are based on the reality of what they do. Thus, this matrix-coding
query is useful.

Matrix Coding Query - Results Preview Matrix Coding Query - Results Preview
black soybean . Economy
= 70% seed
é gg;ﬂ Dlnfrastructure
830 o .Institutional
S 20% 8 20%
8 10% @ 10% .Environment
£ i duction g o i
2 cooperatives farmer groups .pro e cooperatives farmer groups [Esocal
3 £
2 .SAC E .Technology
(a) (b)
Figure 5. Matrix coding query for traceability of black soybeans (a) and sustainability of the black
soybean supply chain (b).

By making this matrix coding query, we can already see the visualization in the form
of a hierarchy diagram (Figure 6). The size indicates the amount of coding on nodes or the
number of references to coding.

p'ant fertilizer land farmer groups
processing participants
h = production
pe: st control arvesting tools

weeding | fiication planting
tools

use of seeds productivity

farmer group m... |farmer group. |

labor (social service)

(a) (b)

Figure 6. Hierarchy diagrams for traceability of black soybeans (a) and sustainability of the black
soybean supply chain (b).

After producing this hierarchy diagram, we wanted to know the alignment or con-
sistency of the coding. We performed cluster analysis on the NVivo QSR based on word
similarity, meaning that the words contained in the selected data sources or nodes were
compared. Based on this analysis, it was found that seven pairs of nodes had similarities in
the traceability of black soybeans. This result is supported by correlations that fall into the
moderate-to-high category. The seven pairs of nodes are black soybeans according to grade,
black soybean seeds grown from borrowed Mallika soybean seeds, planting and harvesting
black soybeans, and SAC codification on Mallika. This information indicates that (1) the
traceability of the black soybeans was adjusted according to the grade; (2) the traceability
was known from the Mallika variety seeds lent by the cooperative; (3) the traceability was
determined by planting and harvesting black soybeans; and (4) the traceability of black
soybeans was carried out by the SAC, with the SAC codification on Mallika provided by
the soy sauce industry.
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For the analysis of black soybean supply chain sustainability, fourteen pairs of nodes
were similar, and this result is supported by moderate-to-moderately high correlations. The
correlations indicate that (1) the dimensions of black soybean supply chain sustainability
(technological, infrastructural, institutional, environmental, economic, and social) are very
influential; (2) there are group meetings that are often held by black soybean farmer groups
to inform each other; (3) black soybean productivity was maximized by groups to achieve
their desired production levels; (4) the availability of fertilizer for black soybean planting
was maintained, as well as the availability of water; (5) there are loans made by cooperatives
to black soybean farmer groups to use Mallika seeds; and (6) workers among farmer groups
help each other (social service) with pest control.

After we carried out the analysis using the matrix coding query feature, the hierarchical
diagram feature, and the cluster analysis feature, we found out the results. We used the
coding comparison query feature. This feature measures the reliability of qualitative
research in two ways: it measures the degree of agreement among users by calculating
the percentage of agreement, or it measures the reliability between users through Cohen’s
Kappa coefficient.

Based on the results of the coding comparison query analysis, the traceability of
black soybeans had a total Cohen’s Kappa coefficient value of 0.83, and black soybean
supply chain sustainability had a total Cohen’s Kappa coefficient value of 0.76, as shown in
Figure 7. Therefore, the results of the analysis of the two codes are interpreted as being in
excellent agreement.
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Figure 7. Cohen’s Kappa coefficient value for traceability of black soybeans (a) and sustainability of
the black soybean supply chain (b).

3.2. Traceability of Black Soybeans

Traceability is needed for decision-makers to determine the time to plant and har-
vest soybeans [24]. The type of technology also needs to be mapped from planting to
harvest in order to find out what needs to be achieved regarding production and pro-
ductivity [18]. It is necessary to adopt black soybean cultivation technology to improve
planting or harvesting [62]. The practice of adopting seed technology allows for long-
term genetic acquisition, thereby achieving improved productivity and coproduction with
nutrients [46,48]. The use of seeds in the field needs to be tracked [22] because they directly
affect production and productivity [49].

The visualization results of the project map for cooperatives and farmer groups are
shown in Figure 8. From this, it is known that the groups who planted black soybeans
used Mallika soybean seeds (grade A) that were lent by the cooperative, with a spacing of
35 cm (cm) x 10 cm, 35 cm x 15 cm, 40 cm X 10 cm, or 40 cm x 15 cm, and two Mallika
seeds were given per hole, with a planting hole size of £10-15 cm. Before planting black
soybeans, the farmer groups carried out soil processing using hoes because the land was
hard and the group members did not have mechanized tools such as hand tractors. On
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average, Mallika soybean land is rainfed lowland owned by farmer group members, with
an average land area of 0.25 hectares (ha). In cultivating this land, members of the farmer
groups use family labor.

= controlled by field
SAC pnncple e

Figure 8. Traceability of black soybeans (result of NVivo version 12 Plus).

The average irrigation conditions for Mallika soybeans are those of nontechnical
irrigation. Farmer groups irrigate 14 times per month, depending on climatic conditions
and soil type. There is an irrigation fee that must be paid by each farmer group: on
average, IDR 705,574 per month, or specifically, IDR 10,000 per month from each member
of the group. This irrigation fee is for electricity costs because a pumping machine is used.
From this pump, irrigation is carried out on each farmer group member’s land using a
water pump hose that flows to the tertiary network (made by the group itself) or to the
land directly.

The fertilization of Mallika soybeans was carried out by the farmer groups twice
(during planting and 2 weeks after planting), and the group members only used family
labor. The types of fertilizers given by the groups were the fertilizers made by the groups
themselves (sugar cane, water used to wash rice, and probiotics) and manure/compost.
This manure/compost came from fertilizer collected by the groups themselves (animal ma-
nure or organic waste around the groups’ environment) and manure/compost purchased
directly. The money for the purchase of manure/compost was money lent by the coopera-
tive and returned at harvest. Fertilizer is an important ingredient in farming systems to
improve the quality and quantity of the harvest [63].

To control pests, diseases, and weeds on Mallika soybeans, farmer groups do not
use pesticides because they are prohibited by the SAC team from the Netherlands (this
team conducts surveillance once a year), and pest problems often arise namely rats. The
information conveyed by the SAC team to the farmer groups was that pesticides had been
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applied to rice plants, so they did not cross the threshold. The farmer groups’ way of
controlling rats is through social service; they call it ‘gropyokan’, and plant corn on the
outskirts of the Mallika soybean fields. For weed control, weed cleaning is carried out 15,
30, and 55 days (if there is still a lot of grass/weeds) after planting, and members of the
farmer group use family labor.

Mallika soybean harvesting is carried out when the plants have fallen off and the pods
are yellow/brown and dry. The average harvest starts at around 9 a.m., or when the dew is
gone. Harvesting is performed by scything plant stems. Mallika soybeans are harvested by
farmer groups from the land, tied with fine twigs/bark, and collected at the edge of the
land or put in woven baskets. After that, they are carried on their backs to a cart tied to a
motorbike or to a pick-up truck to be taken to the cooperative.

The activities from planting to harvesting Mallika soybeans are carried out by farmer
groups and controlled by field assistants according to the SAC document. Mallika soybeans
are brought by the groups to the cooperative for weighing. After that, payments are made
directly to the groups by calculating the loans of seeds and money that have been given
by the cooperative. The cooperative uses tarpaulin to reduce the water content of the
soybean harvest.

Mallika soybeans are purchased by the cooperative from farmer groups; after drying,
the next stage is cleaning with a blower to separate impurities such as dry stems, dry leaves,
gravel, and used soybean pods that were stripped with a power thresher. In this blower
machine, a large bucket/sack/tarpaulin is placed to reduce losses. After that, sorting is
performed to separate the damaged seeds or dirt; it is carried out manually with an average
workforce of young men/women.

The Mallika soybeans received by the cooperative are based on product specifications,
namely grades A, B, C, and D. Grade A products are 11% water, 3% damaged seeds, and 3%
dirt, with a purchase price of IDR 10,000, and are lent to farmer groups for use as seed. For
grade B, the water content is 13%, damaged seeds are 4%, and dirt is 6%, with a purchase
price of IDR 8500. Grade C is 14% water, 5% damaged seeds, and 9% dirt, with a purchase
price of IDR 4500. Grade D is 14% water, 10% damaged seeds, and 10% impurities, with a
purchase price of IDR 3000. The cooperative writes to farmer groups every year regarding
the purchase of Mallika soybeans.

Damaged seeds from sorting are collected to be used as animal feed in the surround-
ing environment or sold to feed traders or others. The manure is collected and used as
fertilizer or feed. The sorted Mallika soybeans are collected in new sacks rather than used
ones at the client company’s request. The soybeans received by the company are black,
whole/round, and unbroken/damaged Mallika seeds. The cooperative carries out these
activities according to the SAC, and they are controlled by field assistants.

Based on this information, the traceability of black soybeans is shown in Figure 9.
Cooperatives that have branches, such as Mekar Mas Lendah and Agro Bina Mandiri,
will send Mallika black soybeans directly to client companies with the aim of being more
effective and efficient in terms of cost, time, and effort since Mallika black soybeans have a
dormancy period. Companies demand whole/round, unbroken soybeans. The cooperative
sorts through the packaging, using new sacks, and sends them to the companies. In
addition to lending Mallika soybean seeds to farmer groups, cooperatives lend money to
purchase manure/compost, and the groups return the loan at harvest time in the form
of money.
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- Grade D: water content (14%); damaged seeds 10%; dirt 10% => purchase price IDR 3000

Figure 9. Mallika black soybean supply chain flow.

3.3. Sustainability for the Black Soybean Supply Chain

In the black soybean supply chain that occurs between farmer groups and cooperatives,
there are interrelated dimensions of sustainability, namely economic, social, environmental,
technological, institutional, and infrastructural dimensions (Figure 10). All of these dimen-
sions exist in farmer groups, but in cooperatives, the infrastructural dimension does not
exist, as it concerns farming roads and irrigation.
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Figure 10. Sustainability in the black soybean supply chain (result of NVivo version 12 Plus).
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The determinants of the dimensions of supply chain sustainability are in line with
the opinion of Anwar et al. [40], who say that traceability in supply chain sustainability
can affect these dimensions. The economic, social, environmental, and technological
dimensions are among the determinants of an effective, sustainable supply chain [26].
In the institutional dimension, stakeholders make governance arrangements for internal
and external agencies seeking to influence supply chain activities [46]. An increase in
infrastructural dimensions such as road repairs, product storage areas, irrigation, and ports
can determine a better supply chain [46].

In line with another opinion, sustainability that is not followed up will have the
risk of affecting the economic, environmental, and social dimensions [64]. Traceability in
the economic dimension can reduce losses, increase income, and minimize risks [36,37].
The technological dimension can track products in the supply chain [65]. Institutional
governance is an important factor in adjusting consumer perceptions [27]. Institutional
developments and regulatory innovations for supply chain sustainability include labeling,
codes of conduct, procedures, product information systems, procurement guidelines, and
brands [66]. Infrastructural support is needed in the soybean supply chain network [67].

The black soybean supply chain occurs between farmer groups and cooperatives
in the economic dimension, i.e., loans and income, while expenditures in farming only
occur in farmer groups. The cooperative lends money and seeds to the farmer groups,
and later, when the black soybeans are harvested, the groups will return them in the form
of money, where the soybeans are given a price of IDR 10,000 per kilogram. The farmer
group’s income is obtained after the black soybean harvest is purchased by the cooperative
according to production specifications, of which there are four: the production price for
grade A—IDR 10,000; grade B—IDR 8500; grade C—IDR 4500; and grade D—IDR 3000.

The economic dimension refers to the economic value of an organization, and the
main long-term focus is economic prosperity [68]. An indicator of the economic dimension
of sustainability is that there are profits/income derived from an organization’s expenses,
whether these expenses are for the purchase of capital raw materials or providing loans
to members to improve the quality of organizational services [69]. In implementing sus-
tainable supply chains, the economic dimension takes the form of benefits derived from
organizational expenditure and has an impact on the quality of the organization [70].

The soybean supply chain is a complex network for creating economic benefits, and
there are expenditure risks in soybean farming [67]. Stakeholders in an organization
improve supply chain performance by providing loans [71]. Companies must achieve
good performance to obtain maximum profit by minimizing expenses to reduce losses and
minimize risk [36,37,72] or by allocating resources efficiently [19,27].

The environmental dimension includes pest control, water availability, and fertilizer
availability, as well as waste management and emission control [69]. In pest control, farmer
groups carry out ‘gropyokan’ to overcome rat pests. Cooperatives inform and monitor
farmer groups’ efforts to control pests to comply with the SAC and minimize negative
environmental risks. Groups that work with cooperatives must comply with the rules
listed in the SAC, namely the procedures for controlling pests, diseases, and weeds and the
application of plant protection products.

For water availability, farmer groups use water pumps because rain is difficult to
predict. Irrigation conditions on the land used by black soybean farmer groups are non-
technical. If there is a damaged pump hose, the group repairs/buys it using their capital
or by borrowing money from the cooperative. The group’s crops are purchased by the
cooperative based on the availability (content) of water in the black soybeans, namely 11%
for grade A, 13% for grade B, and 14% for grades C and D. If more than 14% is not accepted
by the cooperative, the farmer group must first dry the soybeans. The soybeans are dried
in the sun to reduce the water content to 11%, producing good black soybean seeds to send
to companies.

With regard to providing fertilizer, farmer groups use manure/compost or self-made
fertilizers (‘water used to wash rice’, molasses, and probiotics). For the availability of
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fertilizer, groups are given loans by the cooperative; these will be returned when the
black soybeans are harvested. Fertilizers used by farmer groups must comply with the
SAC’s principles. The SAC document mentions integrated fertilization management with
codifications F1-F7 and the application of fertilizers, manure, compost, and other plant
nutrients with codifications F8-F10. Cooperatives, as suppliers of industrial raw materi-
als, are required to follow the SAC so that they can inform and monitor black soybean
farmer groups.

The social dimension includes group meetings and labor (social service). In farmer
groups, there are farmer and labor group meetings (social service), but in cooperatives,
there are only farmer group meetings. Farmer group meetings among members are held
two or three times a month to discuss Mallika black soybean planting. Meetings between
cooperatives and farmer groups are held twice a year: at the beginning of planting and
during the harvesting of black soybeans. When planting is about to start, an agreement
is made with the cooperative regarding the ability to plant and the needs of the farmer
groups related to harvest yields and farmer group loan repayments. The alignment of the
social dimension with sustainability is realized because there are stakeholder meetings at
the upstream level to produce safe and quality raw materials [73].

Meetings are also held when there are field assistants or when the SAC team checks
the condition of the farmer group’s land. The meetings are attended by cooperatives, field
assistants, extension workers, and farmer groups at the start of planting. Meetings attended
by the SAC team, cooperatives, field assistants, extension workers, and farmer groups
are held when the SAC team visits Indonesia and monitors the groups’ land, which is
usually every two years, but during the COVID-19 pandemic, there was no visit from the
SAC team.

Labor (social service) carried out by farmer groups starts with land preparation,
followed by planting, fertilizing, weeding, pest control, irrigation, harvesting, stripping,
drying, and sorting. The workforce uses family labor. Social service is carried out for
pest control, namely ‘gropyokan” to reduce rat pests or repair irrigation. The company
establishes sustainable supply chain governance in the social dimension to encourage the
production workforce of upstream actors, namely farmers [73].

The technological dimension occurs in farmer groups; there are planting areas, harvest
areas, the use of seeds, productivity, and production, but only productivity is absent in
cooperatives. The cooperative instructs the farmer groups to adjust to the SAC principles,
which can produce planting areas while maintaining the lowest possible quality of product
and input and reducing the adverse effects of soil fertility. The cooperative knows about the
planting, so the total area and black soybean harvest schedule that will occur in the future
are known. The cooperative lends black soybean seeds—specifically of the Mallika variety,
in accordance with requests from within the industry—to farmer groups. Governments
and nongovernmental institutions have implemented various technological innovations to
improve the sustainability of the soybean supply chain [74], such as planting technology,
harvesting, productivity, production, and the use of seeds [18,37,46,48,62].

The institutional dimension occurs in farmer groups; specifically, farmer group mem-
bers participate in planting and the use of capital, but cooperatives do not. The company’s
internal stakeholders in supply chain sustainability make governance arrangements for
their agencies and for external stakeholders seeking to influence supply chain activities [46].
Companies provide capital assistance or loans to strengthen institutions for supply chain
sustainability [62,69,75]. Cooperatives provide capital loans to farmer groups in the form
of Mallika black soybean seeds and money to buy production inputs such as fertilizer.
Farmer groups that work with cooperatives have production targets so that the number of
groups participating in planting will be known by the cooperative, achieving production
and meeting the need for production facilities.

The infrastructural dimension occurs only in farmer groups and includes farm roads
and irrigation. The soybean supply chain requires many supporting services, such as
infrastructure and processing [67]. Infrastructure is used as an indicator of sustainability
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that can trigger production growth [69]. The infrastructural dimension of supply chain
sustainability includes roads, product storage conditions, irrigation construction, and port
repair [47]. Improvements to farm roads and irrigation are carried out by farmer groups
using their capital. Farming roads and irrigation canals support Mallika black soybean
cultivation by farmer groups. Farmer groups carry out repairs to farm roads and irrigation
channels in cooperation with fellow group members. Irrigation routes in the eight research
districts are in good condition and include nontechnical irrigation. For farming roads,
namely, those in Bantul, Kulonprogo, Nganjuk, Madiun, and Banyuwangi Regencies, the
land and roads for transporting cars are not too far away. Meanwhile, Pacitan, Trenggalek,
and Blitar regencies need motorbikes to transport crops from the fields.

4. Discussion

Traceability information improves data collection, flow control production, and prod-
uct quality assurance [40]. Product supply chain traceability is defined as the capability
to trace the history of a product, from the production chain, planting, and harvesting to
transportation, storage, processing, distribution, and sale [14]. Companies have three objec-
tives that are key for using a food product traceability system: to facilitate traceability for
food safety and quality, to differentiate and market foods with subtle or quality attributes
that are not detected, and to improve supply chain management [36,62,69,75]. Regattieri,
Gamberi, and Manzini [14] describe a traceability system product based on four pillars:
product identification, data to track, product routing, and tracking tools.

Local farmers supply raw materials to Unilever [9,10]. To ensure the continuity of
this raw material supply, Unilever collaborated with local farmers in the provinces of
Yogyakarta, Central Java, and East Java in 2017 and developed SAC-certified Mallika
black soybean seeds in 2019 [76,77]. This step was taken as a form of preparing for
the supply of products sustainably and maintaining quality because the sustainability
of an industry is achieved by managing the supply chain of a product it sells [78-80],
and the product requires the availability of stable raw materials in quantity and quality to
maintain its safety [81-83]. The solution offered by Pancino et al. [84] is a vertical agreement
(upstream to downstream) and a feasible contractual formula. Horton et al. [85] added
that a new approach is needed that integrates aspects from planting and harvesting to
processing. Therefore, the continuity of the producer’s business is maintained by increasing
the number of consumers who want to buy agricultural products from a sustainable supply
chain [86,87].

Unilever has a policy of purchasing black soybean raw materials from local sources
and complying with procurement standards set out in the responsible sourcing policy (RSP),
good agricultural practice (GAP) guidelines, and the SAC [88]. This SAC has been carried
out by Unilever from 2010 until now in order to codify important aspects of sustainability
in agriculture and implement them in Unilever’s supply chain. Unilever’s SAC principles
are: (1) producing high-yielding plants, maintaining quality, and keeping input resources
as low as possible; (2) minimizing adverse effects on soil fertility, water quality, air quality,
and biodiversity; (3) optimizing the use of renewable resources and minimizing the use
of nonrenewable resources; and (4) encouraging local (farmer) communities to protect
and improve welfare and the environment. These SAC principles are the sustainability
standards handled by Unilever, as well as the right combination of economic development,
environmental protection, and social improvement [88]. SAC 2017, which was published
by Unilever, codifies groups as follows: (1) planting and fertilizing management; (2) control
of pests, diseases, and weeds; (3) land management; (4) water management; (5) biodiversity
and ecosystems; (6) energy and greenhouse gases; (7) waste management; (8) society;
(9) animal husbandry; (10) the value chain; (11) continuous improvement; and (12) Unilever’s
responsible sourcing policy [88].

Suppliers and farmers are responsible for implementing the SAC in a manner that is
consistent with the criteria applied to it. There are three types of SAC criteria: (1) mandatory,
meaning that non-compliance with these requirements cannot be accepted by Unilever;



Sustainability 2023, 15, 13453

18 of 23

(2) expected, meaning that requirements are expected to be complied with and noncompli-
ance can only be accepted for certain requirements, even though in early 2010, the SAC
was classified as mandatory to comply; and (3) leading, meaning that it has the potential to
become a mandatory requirement (expected) in the future, even though in the initial 2010
SAC, it was classified as expected to comply. In addition, there are also criteria for farmers
(code F) and suppliers (code S). Criteria with the keywords “business”, “environment”,
and “people” are coded in blue, green, and red, respectively [88].

In the SAC codification of agriculture, there are three groups: (1) supply and fertiliza-
tion management; (2) control of pests, diseases, and weeds; and (3) land management [80].
There are two subgroups of cultivation and fertilization management, namely (1) integrated
fertilization management (codification F1-F7) and (2) the application of fertilizer, manure,
compost, and other plant nutrients (codification F8-F10). There are two subgroups of pest,
disease, and weed control: (1) pest, disease, and weed control (codification F11-F19); and
(2) the application of plant protection products (codification F20-F24). Soil management
has no subgroups (codification F25-F35) [88].

Mallika black soybeans, which are raw materials for making soy sauce, are produced
in collaboration with cooperatives. Initially, Unilever collaborated with several coopera-
tives to supply these soybeans, but in 2016, it only collaborated with four cooperatives,
namely Mekar Mas Lendah, Agro Bina Mandiri, Bina Usaha, and Sinar Agro Solusi. Each
cooperative has a farmer group that always supplies the soybeans. Production of these
soybeans in the Bantul and Kulonprogo Regency farmer groups is managed by the Mekar
Mas Lendah cooperative in Kulonprogo, through which the soybeans are sent to Unilever.
Soybean seeds that are lent to farmer groups are produced in Pacitan Regency, or vice versa.
Soybean production in the Trenggalek Regency farmer group is managed by the Agro
Bina Mandiri cooperative in Trenggalek, through which the soybeans are sent to Unilever.
Soybean seeds that are lent to farmer groups are produced in Blitar Regency, or vice versa.
Soybeans in Nganjuk and Madiun Regencies are sent directly to Unilever from the Bina
Usaha cooperative in Nganjuk Regency. The supply of soybeans in Banyuwangi Regency
is a supporting area of the Bina Usaha cooperative in Nganjuk Regency. In November
2014, Banyuwangi Regency started a Mallika black soybean partnership involving only
eight farmers. This partnership continued to develop until March 2016, when Banyuwangi
Regency was asked to form and register an independent partnership with Unilever. Finally,
Sinar Agro Solusi was formed by applying social enterprise principles. Currently, Sinar
Agro Solusi has 10 permanent employees and 16 casual employees, 637 active sorting
mothers, and £1200 Mallika black soybean farmers [89].

The results of this study are also supported by correlations that fall into the moderate-
to-high category. The fourteen pairs of nodes are technology with infrastructure (correlation
value 0.79), institutions with infrastructure (correlation value 0.77), group meetings with
several members (correlation value 0.77), environment and economy (correlation value
0.76), environment with infrastructure (correlation value 0.72), infrastructure with the
economy (correlation value 0.70), productivity and production (correlation value 0.68),
technology and environment (correlation value 0.67), society and environment (correlation
value 0.67), a planted area with the harvested area (correlation value 0.66), technology
with institutions (correlation value 0.66), loans with the use of seeds (correlation value
0.56), fertilizer availability with water availability (correlation value 0.54), and labor (social
service) with pest control (correlation value 0.53). Hamrouni and Akkari [90] state that if
there is no correlation, then the Pearson coefficient is 0. A value of 1 is a perfect correlation;
0.75-0.99 is a very strong correlation; 0.50-0.75 is a strong correlation; 0.25-0.50 is a moder-
ate correlation; and 0.00-0.25 is a very weak correlation.

The correlation information indicates that (1) the dimensions of black soybean supply
chain sustainability, namely the technological, infrastructural, institutional, environmental,
economic, and social dimensions, are very influential; (2) there are group meetings that
are often held by black soybean farmer groups of to inform each other; (3) black soybean
productivity is maximized by farmer groups to achieve the desired production, (4) the
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availability of fertilizer and water for black soybean planting is maintained; (5) there are
loans given by cooperatives to black soybean farmer groups to use Mallika seeds; and
(6) workers help each other (social service) among black soybean farmer groups for pest
control. In addition, it can also be indicated that (1) the tracking of soybean production was
adjusted to the grade of the soybeans; (2) the tracking of soybean production was known
from the Mallika variety seeds lent by the cooperative; (3) the tracking of black soybean
production was known from planting and harvesting black soybeans; and (4) the tracking
of black soybean production was carried out by the SAC codification on Mallika provided
by Unilever.

5. Conclusions

This study investigates the traceability of black soybeans that are used as raw ma-
terials for making soy sauce, with the requirements demanded by the industry of being
round/whole, unbroken Mallika black soybeans. The process from planting to harvest is
controlled by field assistants and farmer groups, according to the SAC. The cooperative
loans black soybean seeds to farmer groups with grade A seed quality. The loan is repaid
at harvest time and returned in the form of money, where the price is IDR 10,000/kg.

Product traceability can determine the dimensions of sustainability of the black soy-
bean supply chain by looking at income, farming costs, and loans (the economic dimension);
the availability of water, fertilizers, and pest control (the environmental dimension); group
meetings and labor (the social dimension); the use of seeds, planted areas, harvested ar-
eas, productivity, and production (the technological dimension); the number of farmer
groups and members participating in planting, as well as group capital (the institutional
dimension); and farming roads and irrigation (the infrastructural dimension).

Based on the correlation value, the sustainability of the black soybean supply chain,
which is very influential, starts with the technological, infrastructural, institutional, envi-
ronmental, economic, and social dimensions.

The implications of the research results for management are that product traceability
is necessary to maintain safety, quality, and sustainability. Product traceability requires
monitoring and regulatory systems established by the industry and must be followed by
all stakeholders, starting with farmers and cooperatives that supply the industry. A good
supervisory system places employees from the industry as field assistants. Regulations
are made by the industry from the upstream to the downstream level. Thus, this can
have an impact on the economic, social, environmental, technological, institutional, and
infrastructural dimensions of sustainability.

The limitations of this article are that it does not review the actions of government and
consumer stakeholders. Regarding the distribution of seeds and finished products, there are
regulations made by the government that can track the safety and quality of products made
by the industry, from seeds to finished products. Therefore, the government’s political
policies also need to be reviewed in terms of traceability to ensure the sustainability of a
product. In addition, government regulations regarding good processing are also regulated
to produce safe products. Consumer perceptions are needed regarding food nutrition as
a product safety control. This research also has a weakness, namely that the cooperative
is a provider of seeds for farmer groups and distributors who send them directly to the
industry. The processing and distribution stages need to be detailed based on existing
stakeholders’ concerns about product quality and safety issues.
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