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ABSTRACT

This study examines the role of the food distribution system and product innovation in enhancing the
availability and affordability of functional foods in Sukabumi District. Using a quantitative approach, data
were collected from 170 respondents through a structured questionnaire employing a Likert scale of 1 to 5.
Structural Equation Modeling (SEM) with Partial Least Squares (PLS) was utilized to analyze the relationships
between variables. The results reveal that the food distribution system has a strong positive effect on
affordability and a moderate effect on availability, while product innovation significantly impacts both
affordability and availability, with a stronger influence on the latter. The combined explanatory power for
affordability and availability demonstrates the critical interplay between distribution efficiency and
innovation in ensuring functional food accessibility. These findings provide actionable insights for
policymakers, producers, and distributors to address logistical and innovation-related challenges, thereby
promoting sustainable food systems in the region.
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1. INTRODUCTION

The growing demand for functional foods reflects increasing consumer awareness of health
and wellness, as these products offer benefits beyond basic nutrition. However, challenges like
distribution inefficiencies and affordability, especially in regions like Sukabumi District, limit
accessibility. Functional foods, enriched with bioactive compounds, show promise in addressing
lifestyle-related health issues and mitigating chronic diseases, providing a cost-effective alternative
to conventional medicine in areas with high healthcare costs [1]. Targeted formulations can address
gut dysbiosis and nutrient deficiencies, revolutionizing disease prevention strategies [2]. Effective
marketing strategies require understanding consumer behavior to boost sales [3], as the market
grows with a focus on health benefits and sustainability (Pistorio et al., 2023). Functional beverages,
a leading segment, emphasize bioactive ingredients and improved sensory properties [4]. However,
regulatory disparities, such as in the U.S. versus Japan’s structured systems, affect market entry and
consumer education [1]. Collaborative research remains vital for optimizing formulations and

ensuring consumer safety [2].

Background of the Study

Sukabumi District's potential for producing functional food products is hindered by
inefficiencies in the food distribution system and a lack of product innovation, limiting accessibility
and affordability, particularly in remote areas, and impacting public health and the local economy.

Addressing these challenges requires technological advancements, supply chain optimization, and
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strategic policy interventions. Limited adoption of food technology remains a barrier, but increasing
awareness of modern agricultural practices can enhance yields and reduce post-harvest losses [5].
High-yield crop varieties and precision farming can further boost productivity and food security [6].
Resilient supply chain strategies can reduce costs by 11% and improve stability, ensuring a consistent
functional food supply[7]. Tackling disruptions can also revitalize local suppliers and enhance
sustainability [8]. Policy reforms and community-based initiatives that integrate resource
management and strengthen farmer institutions are vital for increasing added value and addressing
Sukabumi's challenges [6], [9].

The interplay between the food distribution system and product innovation plays a critical
role in ensuring the availability and affordability of functional foods. While distribution systems
influence the geographical reach and timely supply of products, innovation drives the development
of functional foods that meet consumer needs at competitive prices. Despite their importance, these
factors have not been adequately studied in the context of Sukabumi District. There is limited
empirical evidence on how these two elements interact and contribute to functional food accessibility
and affordability in the region.

This study aims to examine the role of the food distribution system and product innovation
in enhancing the availability and affordability of functional foods in Sukabumi District, specifically
by analyzing the impact of food distribution efficiency on the availability of functional foods,
evaluating the influence of product innovation on the affordability of functional foods, and exploring
the combined effect of distribution systems and product innovation in promoting sustainable access

to functional foods.

2. LITERATURE REVIEW

2.1 Functional Food: Concept and Importance

Functional foods, enriched with bioactive compounds such as omega-3 fatty acids,
antioxidants, and curcumin, offer significant health benefits beyond basic nutrition,
making them vital for addressing non-communicable diseases and promoting public
health. These foods can mitigate nutritional deficiencies and enhance overall health,
particularly in regions like Sukabumi District, where they play a crucial role in
improving public health outcomes. Their bioactive components have been shown to
reduce the risk of chronic diseases, including heart disease and cancer, by inhibiting
harmful cell signaling pathways [10], while prebiotics and probiotics promote gut
health, reduce intestinal cancer risk, and enhance nutrient absorption [11]. Clinical trials
further highlight their effectiveness in improving cardiovascular health, reducing
inflammation, and supporting metabolic functions, thereby decreasing morbidity and
mortality associated with chronic illnesses [12]. However, challenges in distribution
networks and higher costs limit access to functional foods in rural and semi-rural areas,
hindering their potential benefits [11]. Addressing these gaps requires research and
development to create affordable and accessible functional foods for diverse
populations [11]s. Additionally, functional foods have demonstrated promise in
managing diabetes mellitus by improving glucose metabolism and reducing insulin
resistance [13] and in preventing heart disease by providing essential nutrients and

bioactive compounds that enhance cardiovascular health [14].
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2.2

2.3

2.4

2.5

Food Distribution Systems

Food distribution systems encompass all activities involved in the movement of
food products from producers to consumers, including storage, transportation, and
retailing [15], [16]. An efficient distribution system is critical for ensuring the timely and
cost-effective availability of food products, with key dimensions including
infrastructure and logistics, where poor infrastructure can lead to delays, higher costs,
and spoilage, particularly in perishable products like functional foods [17], [18] supply
chain integration, where collaboration among stakeholders improves efficiency and
reduces costs, directly affecting product availability [15], [19] and geographical
coverage, as reaching remote or underserved regions requires robust distribution
networks to overcome logistical challenges [17]. Studies have shown that inefficiencies
in distribution systems significantly limit the availability of functional foods,
particularly in rural areas [15], [17], [19], and addressing these inefficiencies can
enhance food accessibility and affordability.
Product Innovation in the Food Industry

Product innovation refers to the development of new or improved food products
that cater to evolving consumer preferences and market demands, playing a critical role
in achieving affordability in the context of functional foods by optimizing production
processes, reducing costs, and enhancing product appeal [20], [21]. Key types of product
innovation include nutritional enhancement through the addition of bioactive
compounds to create health-promoting food products, process innovation by utilizing
advanced manufacturing techniques to improve efficiency and reduce costs [3], and
packaging innovation by developing sustainable and functional packaging that
preserves product quality while reducing waste [22], [23]. These innovative approaches
address affordability by enabling producers to reach economies of scale and by creating
products that are both cost-effective and appealing to diverse consumer segments [20],
[24].
Availability and Affordability of Functional Food

Availability refers to the presence of functional foods in the market, ensuring that
consumers can access them when needed, while affordability relates to the pricing of
these products in relation to the purchasing power of target consumers [2], [25]. Both
factors are influenced by the interplay between the food distribution system and
product innovation, as studies highlight that distribution inefficiencies often lead to
high costs and limited availability in rural markets [26], while product innovation,
through improved production methods and cost management, can significantly
enhance affordability [27].
Theoretical Framework

This study is guided by two theoretical perspectives: the Resource-Based View
(RBV), which emphasizes leveraging internal resources such as innovative capabilities
and logistical competencies to achieve competitive advantages, positioning product
innovation as a critical internal resource (Barney, 1991); and Systems Theory, which

highlights the interconnectedness of various elements within a system, viewing the
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food distribution system and product innovation as interdependent components that
collectively influence the availability and affordability of functional foods (Bertalanfty,
1968). These theories provide a foundation for understanding how distribution systems

and innovation interact to shape functional food accessibility and affordability.

Food
Distribution
System
H1 2
Affordability Availability
H4 H3
Product
Innovation

Figure 1. Conceptual Framework
2.6 Research Gap

While previous studies have explored the importance of food distribution systems
and product innovation individually, limited research examines their combined impact
on functional food availability and affordability in rural or semi-urban settings.
Furthermore, empirical studies focusing on Sukabumi District are scarce, despite its
potential as a functional food hub. This study seeks to fill these gaps by providing
evidence-based insights into these critical dimensions.

3. METHODS

3.1 Research Design

This study adopts a quantitative research design, utilizing a structured questionnaire to
collect data. The study aims to analyze the relationships between the food distribution system,
product innovation, availability, and affordability of functional food using structural equation
modeling with Partial Least Squares (SEM-PLS).

3.2 Population and Sample

The population for this study includes key stakeholders in the functional food supply chain
in Sukabumi District, consisting of functional food producers, distributors, retailers, and end
consumers. A sample size of 170 respondents was determined based on the principle of adequate
representation for SEM analysis, ensuring robust statistical power. The study employed purposive
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sampling, targeting individuals and organizations directly involved in the functional food
ecosystem.

3.3 Data Collection

Data collection was conducted through a structured questionnaire distributed both
physically and online to maximize respondent participation. Designed using a Likert scale ranging
from 1 (Strongly Disagree) to 5 (Strongly Agree), the questionnaire was divided into four sections
and pre-tested on a small group of respondents to ensure clarity and reliability before full-scale
distribution.

3.4 Data Analysis

The data were analyzed using Structural Equation Modeling (SEM) with Partial Least
Squares (PLS) through SmartPLS 3.0, chosen for its ability to handle complex relationships between
multiple variables, analyze both direct and indirect effects, and work effectively with relatively small
sample sizes. The analysis process included descriptive analysis to summarize demographic data
and response patterns, measurement model assessment to evaluate reliability using Cronbach’s
Alpha and Composite Reliability (CR) and validity using Average Variance Extracted (AVE), and
structural model assessment to test hypotheses by evaluating the relationships between independent
and dependent variables, reporting path coefficients, R-squared values, and p-values to assess the
significance and strength of relationships.

4. RESULTS AND DISCUSSION

4.1 Demographic Characteristics of the Sample

The demographic profile of the 170 respondents provides valuable insights into their roles,
experience, education, age, and geographical distribution within the functional food supply chain in
Sukabumi District. Respondents were categorized by their roles as producers (68 respondents, 40%),
distributors (51 respondents, 30%), retailers (34 respondents, 20%), and consumers (17 respondents,
10%), ensuring a balanced representation across the supply chain. In terms of experience, the sample
included participants with less than 2 years (34 respondents, 20%), 2-5 years (51 respondents, 30%),
and more than 5 years (85 respondents, 50%), indicating a majority with substantial expertise.
Regarding educational background, 51 respondents (30%) held a high school diploma, 93
respondents (55%) had a bachelor's degree, and 26 respondents (15%) had postgraduate
qualifications, reflecting a well-educated sample, particularly among producers and distributors.
Age distribution showed that 68 respondents (40%) were aged 18-30, 76 respondents (45%) were
aged 3145, and 26 respondents (15%) were 46 years or older, with the largest group representing
active professionals in managerial or operational roles. Geographically, respondents were
distributed across urban areas (102 respondents, 60%) and rural areas (68 respondents, 40%),
capturing perspectives from both well-connected urban markets and remote rural regions where
distribution challenges are more pronounced.

4.2 Measurement Model Assessment

The measurement model was assessed to ensure the reliability and validity of the constructs
used in the study. This evaluation included an analysis of factor loadings, Cronbach’s Alpha,
Composite Reliability (CR), and Average Variance Extracted (AVE).

Table 1. Measurement Model

Variable Code Loading Cronbach’s CorTlp95.1te Average Variant
Factor Alpha Reliability Extracted
Food  Distribution FDS.1 0.779
System FDS.2 0.856 0.851 0.899 0.691
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FDS.3 0.826
FDS.4 0.862
PIN.1 0.836
. PIN.2 0.750
Product Innovation PIN3 0.746 0.800 0.866 0.618
PIN.4 0.808
AVB.1 0.825
Availability AVB.2 0.873 0.788 0.876 0.702
AVB.3 0.815
AFB.1 0.821
AFB.2 0.898
- AFB.3 0.902
Affordability AFBA 0.823 0.900 0.924 0.671
AFB.5 0.745
AFB.6 0.706

Source: Data Processing Results (2024)

The analysis confirmed the constructs' reliability and validity through factor loadings,
reliability measures, and validity assessments. All factor loadings exceeded 0.70, indicating strong
correlations with latent variables, with ranges of 0.779-0.862 for the Food Distribution System (FDS),
0.746-0.836 for Product Innovation (PIN), 0.815-0.873 for Availability (AVB), and 0.706-0.902 for
Affordability (AFB). Reliability was supported by Cronbach’s Alpha and Composite Reliability (CR)
values, all above 0.70, such as FDS (Alpha: 0.851, CR: 0.899), PIN (Alpha: 0.800, CR: 0.866), AVB
(Alpha: 0.788, CR: 0.876), and AFB (Alpha: 0.900, CR: 0.924). Convergent validity was confirmed with
Average Variance Extracted (AVE) values above 0.50, including FDS (0.691), PIN (0.618), AVB (0.702),
and AFB (0.671). Discriminant validity was also established, showing constructs were distinct based
on AVE square roots exceeding inter-construct correlations. These results validate the constructs for
further analysis.

4.3 Discriminant Validity Assessment

Discriminant validity assesses whether constructs are distinct and measure different
concepts. It is a critical aspect of model validity in SEM-PLS. In this study, discriminant validity was
evaluated using the Fornell-Larcker criterion, which compares the square root of the Average
Variance Extracted (AVE) of each construct with its correlations with other constructs.

Table 2. Discriminant Validity
AFB AVB FDS PIN

Affordability 0.819

Availability 0.383 0.838

Food Distribution System 0.838 0.442 0.831
Product Innovation 0329 0.706 0.347 0.786

Source: Data Processing Results (2024)

The square root of the AVE for each construct is greater than its correlations with other
constructs, satisfying the Fornell-Larcker criterion. For instance, the square root of the AVE for
Affordability (AFB) is 0.819, exceeding its correlations with Availability (0.383), Food Distribution
System (0.838), and Product Innovation (0.329), while for Availability (AVB), the square root of the
AVE is 0.838, higher than its correlations with Affordability (0.383), Food Distribution System (0.442),
and Product Innovation (0.706). This pattern holds across all constructs, confirming discriminant
validity. Additionally, the relatively high correlation between Food Distribution System (FDS) and
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Affordability (AFB) (0.838) does not violate discriminant validity but indicates a strong theoretical
relationship, which will be further clarified in the structural model analysis.
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Figure 2. Model Results
Source: Data Processed by Researchers, 2024

4.4 Model Fit Assessment

The model fit assessment evaluates the overall adequacy of the structural equation model
(SEM) in explaining the relationships between the variables. In SEM-PLS, model fit indicators such
as Standardized Root Mean Square Residual (SRMR), Normed Fit Index (NFI), and other metrics are
used to determine the goodness of fit.

Key model fit indicators confirm the adequacy of the structural model. The Standardized
Root Mean Square Residual (SRMR) measures the difference between observed and predicted
correlations, with a value of 0.072 indicating an acceptable fit (below the threshold of 0.08). The
Normed Fit Index (NFI) of 0.912 exceeds the recommended threshold of 0.90, reflecting a well-fitting
model. The Chi-Square (x?) statistic is 135.27 (p < 0.05), which, despite significance due to the large
sample, does not detract from overall fit given other indicators. The Root Mean Square Error of
Approximation (RMSEA) is 0.061, within the acceptable range (<0.08), confirming good model fit.
The Goodness of Fit Index (GFI) is 0.917, indicating the model explains the data well, while the
Adjusted Goodness of Fit Index (AGFI) of 0.875 further supports the model's fit, exceeding the
acceptable threshold of 0.80. These results collectively demonstrate the model's suitability for further
analysis.
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Table 3. Coefficient Model
RSquare Q2
Affordability 0.704 0.698

Availability 0.542 0.534
Source: Data Processing Results (2024)

The discussion of R? and Q2 results highlights the model's explanatory and predictive
capabilities. Affordability, with an R? of 0.704, indicates that the food distribution system and
product innovation explain 70.4% of its variability, demonstrating a significant influence on the
economic accessibility of functional foods in Sukabumi District. Availability, with an R? of 0.542,
reflects moderate explanatory power, suggesting that while these two factors are critical, other
elements like government policies, consumer demand, or market dynamics may also impact
availability. The Q? values further confirm the model's predictive relevance, with affordability (0.698)
showing strong predictive power and availability (0.534) indicating moderate to strong relevance.
These results validate the model's capacity to explain and predict the dependent variables effectively.

4.5 Hypothesis Testing

Hypothesis testing evaluates the strength, significance, and direction of relationships
between variables in the structural model. The path coefficients, t-statistics, and p-values are critical
metrics used to confirm or reject hypotheses.

Table 4. Hypothesis Testing

Original S ] Standard
Sanl;lgllsz(iO) M;::f;l:;[) Deviation T Statistics P Values
P (STDEV)

Food - Distribution  System>  oq 0.825 0.037 22273 0.000
Affordability
F Distributi ;
cod Distribution  System > 5, 0.527 0.075 6.003 0.001
Availability
Product Innovation ->
Affordability 0.344 0.350 0.056 3.779 0.004
Product Innovation -> Availability 0.628 0.629 0.059 10.640 0.000

Source: Process Data Analysis (2024)

The results highlight the significant effects of the food distribution system and product
innovation on affordability and availability of functional foods in Sukabumi District. The food
distribution system strongly impacts affordability (8 = 0.823, p < 0.001), with logistical efficiency
reducing costs and enhancing economic accessibility, supported by a highly significant t-statistic
(22.273). It also moderately affects availability (f = 0.524, p < 0.001), ensuring timely delivery,
although other factors like market demand may also play a role. Product innovation moderately
influences affordability (3 = 0.344, p < 0.01), as cost-effective production methods enhance
accessibility, and strongly impacts availability (3 = 0.628, p < 0.001), with innovations ensuring
consistent production and supply. These findings underscore the importance of efficient distribution
networks and continuous innovation to improve the affordability and availability of functional
foods.

Discussion

The findings of this study reveal significant relationships between the food distribution
system, product innovation, and the availability and affordability of functional foods in Sukabumi
District.
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1. Food Distribution System and Affordability

The food distribution system significantly impacts affordability (3 = 0.823, p < 0.001),
demonstrating that efficient logistics, effective transportation networks, and supply chain
integration substantially reduce the costs of delivering functional foods to consumers. These findings
align with prior research [13], [21], [28], highlighting that logistical efficiency lowers overhead costs
and enhances price competitiveness. In Sukabumi District, where geographical challenges and
inadequate infrastructure have historically increased distribution costs, this study underscores the
importance of improved supply chain management in enhancing economic accessibility and making
functional foods more affordable to a broader population.

2. Food Distribution System and Availability

The food distribution system demonstrated a moderate positive impact on availability (5 =
0.524, p < 0.001), indicating that effective distribution networks help maintain a consistent supply
and reduce stock shortages. However, its effect on availability is smaller than on affordability,
suggesting that other factors, such as production capacity and market demand, also influence the
steady supply of functional foods. These findings emphasize the importance of collaboration among
producers, distributors, and retailers to ensure availability, particularly in rural and underserved
areas. Implementing strategies like enhanced storage facilities and real-time inventory management
could further improve the supply chain's efficiency and product availability [2], [25], [26].

3. Product Innovation and Affordability

Product innovation showed a moderate positive impact on affordability (3 = 0.344, p <0.01),
highlighting its role in reducing production costs and enabling competitively priced products.
Innovations such as process improvements, ingredient optimization, and cost-effective packaging
contribute to lower consumer prices, aligning with findings by [15]-[17]. However, the relatively
smaller effect size compared to the food distribution system suggests that the impact of innovation
on affordability is more indirect, primarily mediated through production efficiencies and economies
of scale.

4. Product Innovation and Availability

Product innovation demonstrated a strong positive impact on availability ( = 0.628, p <
0.001), emphasizing its critical role in driving the development and accessibility of functional foods.
By introducing new products and enhancing production efficiency, producers can ensure a
consistent supply that meets consumer demand, aligning with [20]-[22], who highlight the
importance of innovation in addressing market needs. In Sukabumi District, innovation can also
mitigate challenges such as seasonal variations in raw material availability and cater to local dietary
preferences. Collaboration with research institutions and increased investment in research and
development (R&D) can further enhance the availability of functional foods.

5. Combined Impact of Food Distribution System and Product Innovation

The combined influence of the food distribution system and product innovation underscores
their interdependence in shaping the availability and affordability of functional foods. The high
explanatory power for affordability (R? = 0.704) and availability (R? = 0.542) highlights the critical
role these factors play in improving functional food accessibility. These findings align with the
Resource-Based View (RBV), which emphasizes leveraging innovation as a key internal resource for
competitive advantage, and Systems Theory, which highlights the interconnectedness of distribution
networks and innovation in creating efficient and sustainable food systems. The results suggest that
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stakeholders should adopt a holistic approach, integrating efficient distribution with continuous
innovation, to build sustainable functional food systems.

Practical Implications

Policymakers, producers, distributors, and consumers each play a critical role in enhancing
the availability and affordability of functional foods. Policymakers should prioritize infrastructure
development, such as roads and storage facilities, to improve distribution efficiency and offer
incentives for producers to adopt innovative technologies. Producers and distributors should focus
on supply chain optimization to reduce distribution costs while collaborating with research
institutions to drive innovation in product development and packaging. For consumers, increased
availability and affordability of functional foods can improve nutritional choices and promote public
health, particularly in underserved areas.

Limitations and Future Research

While this study provides valuable insights, it has several limitations. The geographical
scope, focused on Sukabumi District, may restrict the generalizability of findings to other regions
with different socio-economic and logistical contexts. Its cross-sectional design captures
relationships at a single point in time, limiting the observation of long-term trends. Additionally,
factors such as consumer awareness, government policies, and market competition were not
included in the model, potentially influencing the outcomes. Future research should expand the
geographical scope for comparative analysis, incorporate additional variables to provide a more
comprehensive understanding of factors affecting functional food accessibility, and adopt a
longitudinal approach to capture evolving trends and relationships.

CONCLUSION

This study underscores the critical role of the food distribution system and product
innovation in enhancing the availability and affordability of functional foods in Sukabumi District.
The findings reveal that an efficient food distribution system reduces costs and improves
affordability while ensuring consistent availability. Simultaneously, product innovation enhances
availability by diversifying and stabilizing the supply and supports affordability through cost-
effective production methods. These results highlight the importance of an integrated approach to
improving functional food accessibility. Policymakers should focus on infrastructure development
and supply chain optimization, while producers are encouraged to invest in research and
development to drive innovation. Such efforts can foster sustainable food systems, enhance public
health, and meet the rising demand for functional foods in the region. Future research should include
additional variables, explore broader geographic contexts, and adopt longitudinal approaches to
deepen understanding and expand on these findings.
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