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Abstract 
The application of Artificial Intelligence (AI) to create sustainability for non-halal food and beverage (F&B) businesses offers significant strategic and operational advantages. These benefits promote environmental, economic and social sustainability, enabling businesses to remain competitive while adhering to worldwide sustainable development goals. This article focuses on a survey of   362 business operators in the Melaka and Penang World Heritage Sites, examining how AI can support sustainability in non-halal F&B operations and the challenges facing them. The findings indicate that AI empowers non-halal F&B businesses to achieve sustainability objectives while increasing efficiency, compliance, and consumer trust. By automating processes and facilitating data-driven decision-making, AI contributes to long-term viability in an increasingly competitive and sustainability-focused global market. However, the challenges faced by non-halal F&B businesses can be categorised into three main areas: perceptions (both from business owners and customers), cost factors and intense market competition. Despite the challenges, AI enables non-halal F&B firms to achieve sustainability objectives through improving efficiency, compliance, and consumer confidence. In general, the article highlights the study’s achievement in realising the Sustainable Development Goal (SDG) 12 (Responsible Consumption and Production) and SDG 13 (Climate Action), while aligning with the 13th Malaysia Plan (RMK-13) strategies on green growth and sustainable economic development.

Keywords: Artificial Intelligence (AI), Malaysian World Heritage Sites', non-halal food and beverage (F&B), sustainability
Introduction
Artificial Intelligence (AI) has been applied across industries for several decades. According to Radanliev (2024), its development has evolved from simple rule-based systems to sophisticated machine learning and deep learning models capable of addressing complex problems. In recent years, AI has emerged as a powerful intelligent driver of organisational sustainability, increasing profitability and competitiveness while optimising resource use and production costs. Within the Non-Halal Food and Beverage (F&B) sector, the integration of AI can revolutionise the way businesses address challenges, implement strategies, and make decisions, enabling them to operate more efficiently and respond proactively to changing market dynamics. Beyond increasing efficiency, AI facilitates predictive trend analysis, quality monitoring, and advanced data processing to uncover hidden opportunities and risks. These transformative capabilities   not only strengthen business competitiveness but also support long-term sustainability by aligning operations with strategic goals. The application of AI to sustainability in non-halal food and beverage (F&B) businesses at Malaysian World Heritage Sites has the potential to revolutionise the industry by optimising resource management and reducing waste. Through leveraging data analytics and machine learning, these businesses can enhance their operational efficiency while promoting environmentally responsible practices that align with the cultural heritage of these sites.
These benefits encompass environmental, economic, and social dimensions, enabling such businesses to remain competitive while aligning with global sustainable development goals (Du Phuong Ta et al., 2024). From an environmental perspective, AI can reduce food waste, improve supply chain transparency, prevent overproduction, and ensure the timely distribution of perishable goods. In addition, AI-powered monitoring systems, supported by  the Internet of Things (IoT), can track energy and water consumption, at every stage of production. IoT networks of sensors and connected devices allow data to be exchanged automatically or through manual control, facilitating more precise resource management.  This integration supports reduce fuel consumption and greenhouse gas emissions while encouraging the adoption of eco-friendly packaging alternatives that comply with environmental regulations and meet consumer expectations. By leveraging such technologies, non-halal F&B businesses can significantly reduce their environmental footprint while maintaining operational efficiency and compliance with sustainability standards.
As is widely recognized, the operation of World Heritage Sites is highly activated, fostering community engagement, cultural preservation, and consumer trust. AI-enabled customer relationship management systems can analyse consumer preferences and feedback to deliver personalized services, thereby enhancing customer satisfaction and loyalty among both tourists and local patrons. By leveraging these feedback systems, businesses can refine their offerings, adapt to evolving consumer expectations, and influence purchasing decisions, including those related to non-halal products, by ensuring transparency, ethical sourcing, and cultural sensitivity. Furthermore, AI-powered quality control systems can verify that products consistently meet stringent safety requirements, uphold food ethics, and respect religious considerations, ultimately reinforcing trust and encouraging repeat patronage. The remainder of this article is structured as follows: The   literature review is discussed in the next section. Section Three to Five, respectively present the research methodology, results and discussion, and implication of the study. The final section provides the concluding remark.
Literature Review
The integration of artificial intelligence (AI) in the tourism and hospitality sector has attracted increasing scholarly interest over the past decade. Existing studies have predominantly focused on areas such as smart tourism, hotel management, personalized travel experiences, and digital marketing (Gretzel et al., 2015; Tussyadiah, 2020). However, research on the adoption of AI within food and beverage (F&B) operations, particularly those serving niche markets such as non-halal offerings in Muslim-majority countries, remains limited.
In Malaysia, heritage tourism plays a pivotal role in attracting both domestic and international visitors, especially to designated World Heritage Sites such as George Town and Melaka. These sites host a diverse range of cultural and culinary experiences, including non-halal F&B establishments that primarily cater to non-Muslim tourists. Despite their contributions to cultural diversity and tourism revenues, non-halal operators often face operational constraints arising from regulatory, cultural, and religious sensitivities (Hashim et al., 2018). 
AI technologies have shown potential in enhancing business performance across multiple dimensions. For example, AI-enabled customer service tools, such as chatbots and recommendation systems, have improved consumer satisfaction and engagement in hospitality settings (Ivanov & Webster, 2019). Similarly, predictive analytics and demand forecasting have helped streamline operations and reduce waste in food service businesses (Lu et al., 2020). Nonetheless, limited research has focused on how these technologies can be strategically deployed to support non-halal businesses operating in sensitive socio-religious environments. 
   This gap in the literature presents an opportunity to explore the role of AI in empowering non-halal F&B operators in World Heritage Sites to remain competitive, sustainable, and culturally sensitive. Understanding how AI can be effectively implemented in such contexts contributes not only to tourism innovation literature but also to broader discussions on inclusive and ethical technology use in multicultural societies.
In the F&B sector, AI technology can offer solutions to challenges such as inventory management, financial budgeting, and waste reduction through learning algorithms that integrate computer vision and machine learning. These challenges are particularly evident in non-halal F&B operations, where products such as pork and alcohol cannot be disposed of indiscriminately due to ethical, religious and regulatory considerations. The disposal of alcohol in the F&B sector for example, presents strict restrictions, as it presents flammability risks (Wu et al., 2024) and therefore requires specialized handling and certified disposal processes. This makes waste prevention strategies especially valuable. The same applies to pork, which cannot be discarded carelessly. By-products of meat processing, such as pork bones, fat and meat, are recognized as difficult and costly to manage, necessitating specialized handling and disposal methods. As highlighted by Jayathilakan et al. (2012), these inedible components pose environmental and regulatory challenges, underscoring the need for more strategic and innovative approaches to waste disposal in this sector.
Given the complexity and high stakes of managing waste and resources in non-halal F&B businesses, AI-powered technologies present a viable pathway to enhance sustainability and operational efficiency. A key application lies in effective inventory management and waste reduction. AI-powered systems can accurately forecast demand through analysing historical sales data alongside external factors such as weather patterns and public holidays. This predictive capability prevents overproduction and reduces food spoilage, which are two critical challenges for sustainability in the F&B industry. For example, AI-driven inventory software such as Winnow utilizes computer vision technology to monitor and minimize food waste in commercial kitchens. Such systems contribute to significant reductions in food loss, lower operational costs, and decreased landfill emissions, ultimately promoting more sustainable business practices (Winnow Solutions, 2022).
Additionally, F&B operations in heritage tourism areas can benefit significantly from optimising energy and resource use. Non-halal operations located within Malaysian World Heritage Sites, such as George Town and Melaka, often operate in heritage buildings or culturally sensitive zones where infrastructure limitations and preservation requirements pose challenges to energy efficiency (Mat Naro, 2024). These businesses, particularly those handling products such as pork and alcohol, often rely on energy-intensive processes, including refrigeration for meat preservation, brewing for alcoholic beverages, and specialised processing for various products. Such activities not only consume substantial amounts of electricity and water but also raise concerns over excessive resource use in areas committed to protecting environmental and cultural integrity. According to Deepan (2024), artificial intelligence can enhance the efficiency of these operations by optimizing machinery performance and regulating energy loads through predictive maintenance techniques. This enables businesses to significantly reduce power and water consumption, thereby lowering greenhouse gas emissions and contributing to environmental sustainability. 
AI also plays a pivotal role in enhancing supply chain transparency and efficiency by tracking products from sourcing to final delivery and providing real-time visibility across every stage of the procurement process. This capability is relevant to non-halal F&B businesses in Malaysian World Heritage Sites, where supply chains often extend beyond local borders to include imported products such as premium pork cuts, alcoholic beverages, or specialty ingredients. In such cases, AI-powered platforms can verify origin of raw materials, assess supplier sustainability credentials, and identify eco-friendly producers that align with both environmental goals and regulatory requirements. By leveraging advanced analytics, AI can optimize transportation routes, fuel consumption, and refrigeration requirements for perishable goods, thereby reducing carbon emissions and operational costs. This is crucial in heritage cities, where, as King (2012) and Fan et.al. (2024) stated, narrow roads, limited loading areas, and preservation zones may restrict delivery schedules or vehicle access. Platforms such as IBM Watson demonstrate how AI can evaluate carbon footprints, monitor ethical sourcing practices, and ensure compliance with environmental standards, thereby fostering corporate accountability. For non-halal F&B businesses operating in culturally sensitive areas, such transparency not only reduces environmental impact but also strengthens trust with both tourists and local consumers, who are increasingly aware of sustainability issues (Utomo et.al., 2019)
Similarly, sustainable packaging and product development can be enhanced through AI-driven analytics that integrate both market insights and compliance requirements. Afzal et. al. (2025); Hussain et.al. (2024) agree that, by processing consumer behavior data alongside regulatory requirements, AI tools such as Optiwatt and Eco Impact can recommend biodegradable materials or innovative eco-friendly product formulations. Within Malaysian World Heritage Sites, these insights help businesses operating within heritage zones that may be subject to stringent waste management regulations and heightened public scrutiny due to the cultural and environmental sensitivities of such areas. Leveraging AI in this way not only helps businesses reduce plastic and packaging waste but also ensures alignment with sustainability goals, compliance with environmental standards, and the ability to meet the expectations of increasingly environmentally conscious consumers (Zghair & Konathala, 2025).
In addition, AI facilitates predictive maintenance and operational efficiency by continuously monitoring the condition of equipment such as fryers or brewing systems. Early detection of potential faults enables timely repairs, extending equipment lifespan, reducing downtime, and preventing energy loss associated with malfunctioning systems (Shah, 2024). At the same time, the automation of sustainability reporting and compliance is becoming increasingly vital for non-halal enterprises operating under stricter environmental regulations. AI tools can streamline Environmental, Social, and Governance (ESG) reporting processes by automating data collection, analysis, and visualization, which not only enhances reporting accuracy but also ensures alignment with both local and international sustainability frameworks (Rane, 2024).
Lastly, AI can significantly improve customer engagement and brand image through advanced data analytics and personalized marketing strategies. Through segmenting customers according to their environmental values, purchasing habits, and cultural preferences, AI can identify customer groups that prioritise sustainability (Zyminkowska & Zachurzok, 2025). For instance, Acatrinei et. al. (2025) note that identifying environmentally conscious consumer groups, enables businesses to design targeted campaigns that showcase their sustainable initiatives, such as the adoption of renewable energy sources, the implementation of waste reduction programs, or the use of biodegradable packaging. These strategies are particularly valuable for non-halal businesses operating in culturally sensitive markets, where public perception and ethical considerations strongly influence business success. Yang et al. (2020) highlighting transparent sustainability practices, not only mitigates potential ethical concerns but also reinforces a brand’s credibility and commitment to responsible operations. Over time, such tailored engagement fosters deeper emotional connections with customers, enhances trust, and cultivates long-term brand loyalty. In competitive heritage city markets for non-halal businesses, where cultural preservation and community relations are highly valued, AI-driven customer engagement can serve as a strategic differentiator that positions businesses as both innovative and socially responsible (Leong et. al., 2024).
However, despite these advantages, the adoption of AI in the non-halal F&B sector, especially within Malaysian World Heritage Sites, presents several challenges that must be addressed to ensure successful implementation. Farmanesh et al. (2025) and Mohib et. al. (2025) highlights the high initial investment in AI infrastructure, which can be a financial burden for small and medium-sized enterprises operating in heritage zones where operational costs are already elevated due to preservation requirements. Technical limitations, such as outdated building infrastructure and limited space for installing advanced equipment, may further impede AI integration. Moreover, AI systems require skilled personnel for operation and maintenance, yet there is often a shortage of workers trained in both AI technologies and heritage-sensitive business practices (Lu et. al. 2022). Data privacy and cybersecurity risks also pose significant concerns, particularly when handling sensitive consumer information or proprietary business data. Moreover, there is the challenge of aligning AI-driven operations with stringent heritage conservation regulations, which may restrict certain technological modifications to heritage buildings (Alauddin et. al., 2022). Addressing these challenges is essential for ensuring that AI not only enhances sustainability but also respects the cultural, environmental, and regulatory context of heritage site operations.
Overall, the reviewed literature highlights that while AI adoption in the tourism and hospitality sector has expanded substantially, its application in non-halal F&B operations within Malaysian World Heritage Sites, remains underexplored. Existing studies highlight AI’s potential to improve sustainability, operational efficiency, and customer engagement through innovations such as predictive analytics, inventory optimization, energy management, supply chain transparency, and sustainable packaging. These technologies can assist non-halal businesses address distinctive challenges related to waste disposal, cultural sensitivities, and resource constraints. However, the literature also underscores significant barriers, including high implementation costs, infrastructure limitations, regulatory restrictions, and shortages of skilled personnel. Overcoming these constraints requires a balanced approach that integrates technological innovation with the preservation of cultural heritage and environmental integrity. Furthermore, ethical considerations such as data privacy, cybersecurity, and community trust, are equally vital to ensure AI integration supports inclusive and responsible business practices. By bridging the existing research gap, future studies can provide valuable insights into strategies that enable non-halal F&B operators to thrive within sensitive socio-cultural environments. Ultimately, a deeper understanding of AI’s role in this niche domain can contribute to both academic discourse and practical advancements in sustainable heritage tourism.
[bookmark: _heading=h.ao1b323y8ult]
Research Methodology
This research employed the quantitative approach as the primary method of data collection. A structured questionnaire was distributed at the Malacca and Penang World Heritage Sites. The questionnaire was provided in two languages, namely English and Mandarin, as many non-halal food and beverage premise owners constitute the respondent group. A total of 362 non-halal food and beverage operators in Malacca and Penang were surveyed. This section is divided into three subsections: Population and Sample, Research Instrument and Data Analysis. A detailed discussion of each section is presented below.
Population and Sample
Purposive sampling was used to examine and understand factors influencing non-Muslim operators’ decision to produce non-halal food and beverages in Malacca and Penang World Heritage Sites. Primary data collection involved   surveys with owners or persons in charge (supervisors) of the non-halal food and beverage operations. In addition, semi-structured interviews were conducted with the selected owners or supervisors who voluntarily agreed to participate. The questionnaire used in this study underwent human ethics approval, which was granted by Universiti Pendidikan Sultan Idris (UPSI). This ensured that the research adhered to ethical standards for studies involving human participants.
Research Instrument
Survey
To achieve the research objectives, primary data will be collected through a questionnaire distributed to the owners or supervisors of non-halal food and beverage premises in Malacca and Penang World Heritage Sites. Questionnaire forms were available in both English and Mandarin. A total of 362 non-halal food and beverage premises or operators, including stalls, hawkers and restaurants, were invited to participate in the survey. Questionnaires were distributed by appointed enumerators, selected from non-Muslim social groups to ensure effective engagement with the respondents and a clear understanding of the study objectives.
Data Analysis
The data analysis process began with preliminary assessments to ensure the suitability and quality of the dataset. Descriptive statistics, including means, standard deviations, skewness, kurtosis, minimum, and maximum values, were computed to evaluate the distribution and normality of each questionnaire item. These tests helped identify any potential issues such as non-normality or outliers that could affect subsequent analyses. Next, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s Test of Sphericity were conducted to verify the appropriateness of the data   for factor analysis. KMO values above 0.80 and significant Bartlett’s tests indicated that the correlation matrix was appropriate for identifying underlying factor structures.
Following these preliminary tests, Confirmatory Factor Analysis (CFA) was conducted to validate the measurement model of the key constructs: Decision on Purchasing Non-Halal (DOPNH) and Challenges in the Non-Halal Food and Beverage Business (CINHFABB). CFA assessed the extent to which the observed data fitted the hypothesized factor structure, thereby ensuring construct validity. The analysis also examined the total variance explained confirming that the extracted factors accounted for a substantial proportion of the variance. All analyses were conducted using IBM SPSS Statistics software (version 12), with results interpreted at a significance level of 0.05. This rigorous analytical procedure ensured that the constructs employed in the study were both reliable and valid, providing a robust foundation for further exploration of the role of artificial intelligence in sustainability strategies within Non-Halal Food and Beverage sector.
Results and Discussions
To assess the validity and reliability of the measurement constructs, Confirmatory Factor Analysis (CFA) was conducted. Prior to CFA, preliminary analyses were performed, including descriptive statistics (means, standard deviations, skewness, kurtosis, minimum, and maximum values) to evaluate data distribution and normality. Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s Test of Sphericity were also applied to confirm the suitability of the dataset for factor analysis (Hair et al., 2010). Additionally, the total variance explained was further examined to ensure that the extracted factors accounted for a substantial proportion of the variance. These procedures were applied to evaluate the measurement properties of two key dimensions: Decision on Purchasing Non-Halal (DOPNH) and Challenges in Non-Halal Food and Beverage Business (CINHFABB), which are central to understanding the impact of AI on sustainability strategies within Non-Halal F&B businesses (Table 1.1). Establishing the reliability and validity of these constructs is essential for accurately capturing consumer behaviour and operational challenges, thereby providing a robust foundation for subsequent analyses related to AI-driven sustainability interventions, including validating the measurement model within the CFA framework. 
Table 1.1
Descriptive Statistics for DOPNH and CINHFABB

	Item
	Min
	Max
	Mean
	Std. Deviation
	Skewness
	Kurtosis

	
	
	
	
	
	Statistic
	Std. Error
	Statistic
	Std. Error

	DOPNH1
	1
	5
	4.04
	0.924
	-1.164
	0.128
	1.749
	0.255

	DOPNH2
	1
	5
	3.99
	0.949
	-1.051
	0.128
	1.172
	0.255

	DOPNH3
	1
	5
	4.02
	0.886
	-0.848
	0.128
	0.854
	0.255

	DOPNH4
	1
	5
	3.93
	0.912
	-0.829
	0.128
	0.738
	0.255

	DOPNH5
	1
	5
	4.12
	0.877
	-0.929
	0.128
	0.771
	0.255

	CINHFABB1
	1
	5
	3.65
	1.222
	-0.829
	0.128
	-0.139
	0.255

	CINHFABB2
	1
	5
	3.57
	1.153
	-0.568
	0.128
	-0.439
	0.255

	CINHFABB3
	1
	5
	3.47
	1.138
	-0.443
	0.128
	-0.485
	0.255

	CINHFABB4
	1
	5
	3.58
	1.081
	-0.560
	0.128
	-0.190
	0.255

	CINHFABB5
	1
	5
	3.63
	1.149
	-0.544
	0.128
	-0.458
	0.255



Table 1.1 presents the descriptive statistics for the constructs Decision on Purchasing Non-Halal (DOPNH) and Challenges in Non-Halal Food and Beverage Businesses (CINHFABB). For DOPNH, the mean scores ranged from 3.93 (DOPNH4) to 4.12 (DOPNH5), indicating that respondents generally expressed a high level of agreement with the items, based on the response range from 1 (strongly disagree) to 5 (strongly agree). The standard deviations ranged between 0.877 and 0.949, suggesting relatively low variability in responses and a consistent perception among participants. Skewness values (–1.164 to –0.829) were negative, indicating a slight left skew, meaning responses were concentrated toward higher levels of agreement. Kurtosis values (0.738 to 1.749) were positive and within the acceptable threshold of ±7 (Byrne, 2010), suggesting moderately peaked distributions. For CINHFABB, mean scores ranged from 3.47 (CINHFABB3) to 3.65 (CINHFABB1), reflecting a moderate level of agreement between respondents. The standard deviations (1.081 to 1.222) were slightly higher than those of DOPNH, indicating greater variability in responses. Skewness values (–0.829 to –0.443) were also negative, showing a general tendency toward agreement, though less pronounced compared with DOPNH. Kurtosis values (–0.485 to –0.139) were close to zero, suggesting relatively normal distributions. Overall, all skewness and kurtosis values for both constructs were within recommended thresholds (skewness: ±2; kurtosis: ±7), confirming that the data met the normality assumption required for subsequent analyses such as Confirmatory Factor Analysis (CFA).	
The Kaiser-Meyer-Olkin (KMO) and Bartlett’s Test of Sphericity were conducted to assess the suitability of the data for factor analysis (Table 1.2). For the DOPNH construct, the KMO value was 0.813, which, according to Kaiser’s (1974) classification, is considered meritorious. This indicates sufficient sampling adequacy and suggests that a substantial proportion of variance among the variables is common variance, making them suitable for structure detection. The Bartlett’s Test of Sphericity for DOPNH yielded a statistically significant result (χ² = 456.666, df = 10, p < 0.001), thus rejecting the null hypothesis that the correlation matrix is an identity matrix (Table 1.3). This confirms that the variables were significantly correlated and appropriate for factor extraction. Similarly, for the CINHFABB construct, the KMO value was 0.866, also falling within the meritorious range, which reflects a high degree of common variance and excellent suitability for factor analysis. Bartlett’s Test of Sphericity for CINHFABB was likewise significant (χ² = 875.180, df = 10, p < 0.001), further supporting the presence of adequate correlations among the variables. Hence, the results demonstrate that both DOPNH and CINHFABB possess strong psychometric properties, with satisfactory sampling adequacy and significant inter-item correlations, making them appropriate for exploratory factor analysis.
Table 1.2
Results of KMO and Bartlett's Test for DOPNH
	KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy
	.813

	                                                   Approx. Chi-Square
	456.666

	Bartlett's Test of Sphericity          df
	10

	                                                  Sig.
	.000


	
    Table 1.3
    Results of KMO and Bartlett's Test for CINHFABB

	KMO and Bartlett's Test

	Kaiser-Meyer-Olkin Measure of Sampling Adequacy
	.866

	                                                   Approx. Chi-Square
	875.180

	Bartlett's Test of Sphericity          df
	10

	                                                  Sig.
	.000



For the DOPNH construct, the results of the Total Variance Explained analysis indicated that the first extracted component had an eigenvalue of 2.691 and accounted for 53.823% of the total variance (Table 1.4). This value exceeds the commonly accepted minimum threshold of 50% for social sciences, suggesting that a substantial proportion of the variance in the dataset can be explained by a single factor. The remaining components each explained less than 15% of the variance, with cumulative percentages reaching 68.599% for the second component, 80.403% for the third, 90.758% for the fourth, and 100% for the fifth. These findings suggest that while additional components contribute to explaining the variance, the majority of the meaningful variance is concentrated in the first component, thereby supporting the unidimensionality of the DOPNH construct. For the CINHFABB construct however, the first extracted component had a notably high eigenvalue of 3.363, accounting for 67.259% of the total variance (Table 1.5). This result demonstrates an even stronger concentration of explained variance within the primary factor compared with DOPNH, indicating a very high level of internal consistency among the items. The second through fifth components explained relatively small additional proportions of variance (10.242%, 9.132%, 6.972%, and 6.395%, respectively), bringing the cumulative variance to 100%. Collectively, these results reinforce the adequacy of both constructs for factor analytic procedures and confirm their empirical robustness for subsequent statistical modelling.
Table 1.4
Results of Total Variance Explained for DOPNH 

	

Component
	Rotation Sums of Squared Loadings

	
	
Total
	%
of Variance
	Cumulative
%

	1
	2.691
	53.823
	53.823

	2
	0.739
	14.776
	68.599

	3
	0.590
	11.804
	80.403

	4
	0.518
	10.354
	90.758

	5
	0.462
	9.242
	100.000





Table 1.5
Results of Total Variance Explained for CINHFABB

	

Component
	Rotation Sums of Squared Loadings

	
	
Total
	%
of Variance
	Cumulative
%

	1
	3.363
	67.259
	67.259

	2
	0.512
	10.242
	77.501

	3
	0.457
	9.132
	86.634

	4
	0.349
	6.972
	93.605

	5
	0.320
	6.395
	100.000


[bookmark: _heading=h.emraccmqz16h]Implications of the study
The findings of this study have several practical and theoretical implications. Firstly, from a practical perspective, the research underscores the potential of AI to support non-halal F&B operators in enhancing service delivery, optimizing operations, and navigating socio-cultural challenges. By adopting AI tools such as customer analytics, automated ordering systems, and multilingual chatbots, businesses can tailor their offerings to diverse tourist profiles, thus improving both customer satisfaction and operational efficiency (Tussyadiah, 2020).
Secondly, the study has implications for tourism stakeholders and policymakers. The integration of AI into non-halal food businesses within heritage tourism areas may encourage more inclusive tourism planning and development strategies. Policymakers could consider supporting digital transformation initiatives that are sensitive to the needs of minority business owners, thereby promoting economic diversity without undermining cultural values (Gretzel et al., 2015).
On a theoretical level, the research contributes to the growing discourse on AI adoption in culturally complex tourism environments. It bridges a gap in the literature by highlighting how technological innovation intersects with cultural identity, religious practices, and tourism sustainability. This insight provides a basis for future studies to examine other under-represented segments in heritage tourism and hospitality sectors and how such groups can leverage technology for resilience and growth (Ivanov & Webster, 2019).
In summary, the study demonstrates that AI adoption in non-halal F&B operations within heritage tourism settings delivers both practical and theoretical value. Practically, it empowers businesses to enhance service quality, operational efficiency, and cultural adaptability through targeted technological solutions. For policymakers, the findings highlight the importance of fostering inclusive digital transformation strategies that respect cultural sensitivities while promoting economic diversity. Theoretically, the research advances understanding of how AI can be applied in culturally complex contexts, bridging gaps between technology adoption, cultural identity, and sustainability in tourism. By focusing on an underexplored niche, the study provides a foundation for further scholarly inquiry into technology-enabled resilience in heritage tourism sectors. This dual contribution demonstrates the potential for AI to strengthen business competitiveness while supporting broader goals of inclusive and sustainable tourism development.
Conclusions
The emergence of artificial intelligence (AI) as a catalyst for advancing sustainability strategies in the Non-Halal Food and Beverage business represents a significant development that is reshaping industry practices to address pressing environmental concerns while meeting evolving consumer demands. This study’s detailed examination of two key data constructs: Decision on Purchasing Non-Halal (DOPNH) and Challenges in Non-Halal Food and Beverage Business (CINHFABB), provides robust empirical evidence that AI-driven innovation is significantly influencing consumer behavior and effectively addressing operational challenges in the sector. By leveraging AI technologies such as predictive analytics, supply chain optimization, waste reduction. and product innovation, businesses can improve sustainability outcomes without compromising efficiency or profitability. AI enables precise resource management through real-time monitoring and optimization of energy and water usage, reduces food waste by refining production and demand forecasting, and supports sustainable sourcing practices by assessing suppliers’ environmental impacts. Collectively, these applications contribute to lowering carbon footprints and operational costs, while simultaneously enhancing environmental sustainability and strengthening competitive advantage. Such contributions directly support Sustainable Development Goal (SDG) 12 (Responsible Consumption and Production) as well as SDG 13 (Climate Action), and align with the strategic thrusts on green growth and sustainable economic development as outlined in the 13th Malaysia Plan (RMK-13).
Furthermore, the empirical findings of this study confirm the significance of both DOPNH and CINHFABB as key factors influenced by AI integration. The Confirmatory Factor Analysis (CFA) validated the reliability and construct validity of these dimensions, underlining the robustness of the measurement model. This validation supports the premise that AI not only shapes consumer purchasing decisions by increasing transparency and trust but also mitigates operational challenges through increased process efficiency and predictive capabilities. These results reinforce the important role of AI in fostering sustainable business practices that are aligned with both market expectations and environmental responsibility, further contributing to Malaysia’s RMK-13 agenda on leveraging digital technology for sustainable, inclusive, and innovation-driven growth. In conclusion, the study offers a substantive contribution to the evolving discourse on the integration of AI within sustainability initiatives in the Non-Halal F&B sector. The results offer valuable implications for industry practitioners seeking to harness advanced technologies to facilitate sustainable development. It is imperative that future research continues to explore this domain, both to enhance theoretical understanding and to drive innovations that effectively reconcile economic objectives with environmental stewardship.
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