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ABSTRACT: 

Food producers need technological solutions because of rising international diets 

requirements as well as environmental responsibility standards. Artificial Intelligence 

technology creates sustainable food systems by enhancing production performance and 

improving quality management systems according to this research study. A structured 

research instrument collected data from 400 stakeholders who belong to both agriculture-

food manufacturing and policy-technology work sectors. Descriptive statistics combined 

with one-sample and paired t-tests and Multi-Criteria Decision-Making (MCDM) through 

Weighted Sum Model (WSM) allowed evaluation of AI impacts on production efficiency 

and quality assurance methods and environmental sustainability elements. The use of AI 

presents significant value by minimizing production waste while utilizing resources to the 

maximum and by monitoring operations in real time along with improving food quality 

through traceable detection systems. At least 70% of research participants confirmed that 

artificial intelligence technology represents a strong instrument for environmental 

betterment in the context of water conservation and minimized agricultural inputs. The 

evaluation rate of 4.23 out of 5 points proves that carefully implemented AI technology 

brings about extensive environmental benefits. The research provides adaptable guidance 

to both leaders in food industries and technology developers together with policymakers 

who need to link AI implementations to global sustainability targets for creating robust 

smart food systems. 

Keywords: Artificial Intelligence, Sustainable Food Systems, Production Efficiency, 

Quality Control, Environmental Impact, Machine Learning, Food Safety, Decision-

Making Models, Traceability, Optimization 

 

INTRODUCTION: 

The existing global food market 

needs to deal promptly with critical 

issues pertaining to human food 

requirements and integrated food safety 

standards along with environmental 

health preservation. Artificial 

Intelligence (AI) technological 
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developments operate as an effective 

instrument to implement Sustainable 

Development Goals (SDGs) SDG2: Zero 

Hunger and SDG12: Responsible 

Consumption and Production and 

SDG13: Climate Action throughout the 

agri-food domain (Singh & Kaunert, 

2023). Modern food production systems 

progress because of AI technology that 

utilizes machine learning with computer 

vision along with neural networks and 

Internet of Things (IoT)-enabled 

systems to optimize resource 

management and quality control and 

production (Ataei Kachouei et al., 2023, 

Chauhan et al., 2022). Through 

automated systems AI transforms 

agriculture into precise farm operations 

which provides fast decision-support 

for managing water resources as well as 

electrical energy efficiency and pest 

management while achieving maximum 

agricultural profits (Balaska et al., 2023; 

Baliuta et al., 2020). Drone monitoring 

in combination with AI tools that 

process soil and meteorological data 

enable farmers to acquire 

comprehensive agricultural data which 

supports better planning methods and 

minimizes environmental challenges 

(Aquino et al., 2023, Spanaki et al., 

2022). Farming techniques applied 

together boost workplace performance 

and minimize air pollution emissions 

and protect land quality to achieve 

worldwide climate objectives. 

The widespread implementation 

of artificial intelligence ensures food 

quality preservation and protection of 

safety throughout supply chain 

networks. Modern machine learning 

inspection technology combined with 

electronic nose sensors enables 

businesses to check food freshness and 

detect contamination as well as safety 

standard compliance during real-time 

monitoring (Anwar et al., 2023; 

Shrimali, 2021). The systems utilize 

data inputs from machine vision 

processing alongside infrared 

spectroscopy and microbial exam 

results to find food quality deviations 

from production through distribution to 

consumption (Chang & Kidman, 2023). 

The continuous advancement of AI-

powered technologies that enhance 

supply chain visibility creates greater 

importance for their roles in fighting 

food-related fraud alongside spoilage 

reduction (Sharma, Saurabh et al., 

2021). Hazard Analysis and Critical 

Control Points (HACCP) systems receive 

data-driven protection through AI to 

automate critical control measures and 

detect contamination earlier than 

traditional methods according to 

Awuchi (2023). These capabilities serve 

as essential requirements for the food 

industry that works to pass strict 

regulatory examinations and eradicate 

waste and defend product integrity. 

AI delivers dual benefits for 

sustainable packaging practices as well 

as logistics operations and inventory 

management by linking with supply 

chain analytics and big data networks. 
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AI-powered smart inventory systems 

use high-accuracy demand pattern 

forecasts to prevent both 

overproduction and underutilization 

which reduces unnecessary energy use 

along with food waste (Sharifmousavi et 

al., 2024). Through intelligent systems 

AI improves transportation route 

programs along with efficient storage 

optimization to decrease emissions in 

distribution networks (Sipos, 2020). 

Food manufacturing processes obtain 

more efficient automation and better 

process control through Fuzzy Logic and 

Neural Networks applications in their 

operations (Baliuta et al., 2020; 

Shanmuganathan, 2016). The 

implementation of intelligent systems 

generates economic opportunities and 

environmental sustainability to 

normalize industrial performance with 

worldwide sustainability aims. These 

innovations demonstrate the wider 

industry transformation to both 

Industry 4.0 concepts and Agri-Food 

Supply Chain 4.0 principles that 

emphasize localized self-governance 

and data-based sustainability. 

(Sharifmousavi et al., 2024; Singh et al., 

2023). 

The food industry doubts the 

implementation of AI technology which 

provides significant improvements to 

both food cultivation and quality control 

methods despite these advancements. 

The intentional implementation of AI 

systems for food production encounters 

challenges due to weak rural digital 

infrastructure while deployment costs 

and skills shortages and security 

dangers and algorithmic openness 

issues persist (Chang & Kidman, 2023; 

Shah et al., 2024). The implementation 

of AI labor substitution needs both 

ethical frameworks and stakeholder-

based innovation procedures to develop 

these frameworks. Widespread 

adoption of AI technology for high-

quality food production faces 

implementation obstacles in developing 

nations which hinders its spread 

through nations. The world requires 

extra analytical studies to verify how AI 

performance affects sustainability 

metrics during typical deployments in 

operational environments. 

This scholarly gap receives 

attention from the research paper 

through its examination of AI 

applications for sustainable food 

production alongside quality 

management systems. The study 

evaluates the effectiveness of AI systems 

through Weighted Sum Model (WSM) 

optimization methods regarding 

different sustainability aspects. The 

study generates quantitative 

assessments demonstrating AI 

performance effects combined with 

sustainability readings that benefits 

stakeholders between food, technology 

and environmental policy frameworks. 

The research builds its foundation 

through detailed explanations from 

actual drone crop management systems 

described by Aquino et al. (2023) and 
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sustainability IoT platforms developed 

by Ataei Kachouei et al. (2023) and 

quality assurance solutions using Anwar 

et al. (2023) electronic noses and 

machine learning techniques. 

Advancements in Artificial 

Intelligence within the food industry 

enable developers to establish 

environmentally sustainable food 

systems which also enhance operational 

performance and maintain food quality 

standards. Technical progress essential 

for complete delivery of these 

possibilities needs systematic changes 

that unite intersectoral sectoral 

teamwork with ethical governance and 

ongoing assessment. This study 

investigates how efficient AI operations 

improve sustainable food system 

management to join ongoing academic 

analysis about addressing current-

century food security and resource 

limitations and environmental changes 

(Shepon et al., 2018; Chauhan et al., 

2022). The research findings can help 

industrial leaders cooperate with 

policymakers and researchers to deploy 

executable solutions which establish 

resilient food infrastructure systems 

with smart technology. 

 

LITERATURE REVIEW: 

The food industry has used AI for 

building optimum manufacturing 

processes and quality management 

systems implementation during the past 

decade. The modern evolution of 

traditional food systems develops 

intelligent sustainable ecosystems 

through AI solutions that employ 

machine learning technology alongside 

IoT and neural networks systems 

(Chauhan et al., 2022; Ataei Kachouei et 

al., 2023). 

Through integration with smart 

automation systems AI dramatically 

enhances production optimality. Deep 

learning drones can use soil monitoring 

to collect time-sensitive field 

information which enables the 

development of better irrigation 

techniques that lead to improved 

agricultural output rates with lower 

resource utilization (Aquino et al., 2023; 

Spanaki et al., 2022). AI technology 

teaming up with robotic systems 

executes crop protection operations 

which reach maximum performance 

levels through minimal human 

intervention according to Balaska et al. 

(2023). Automation platforms enable 

organizations to minimize costs for 

staffing as well as hazardous chemicals 

and water consumption which results in 

environmental protection. 

A fuzzy logic system developed 

by Baliuta et al. (2020) studied food 

manufacturing energy consumptions by 

implementing new analytical 

approaches for evaluation. The study 

proves that factories using AI systems 

operate more efficiently regarding 

energy usage at regular production 

speeds while maintaining financial gains 

along with environmental targets 

achievement. Through their integrated 
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approach Cebi et al. (2019) achieved 

two principal outcomes that merged 

process enhancement with product 

quality advancement using response 

surface and fuzzy models. 

Food quality assessment along 

with safety control entered a 

transformative phase because of AI 

technological advancements. Among the 

most researched applications in 

literature are systems which integrate 

electronic nose technology with 

machine learning for fresh food 

detection (Anwar et al., 2023). 

Advanced inspection methods obtain 

their evolutionary boost by applying 

these technologies to detect superior 

complex odor profiles and microbial 

signs than traditional examination 

methods. PlantifyAI operates through 

the mobile interface with convolutional 

neural networks (CNNs) as fundamental 

technology to detect crop diseases in 

real-time according to Shrimali (2021). 

This technology system prevents 

product deterioration while it 

contributes to superior yield outputs. 

Artificial Intelligence technology 

enhances the value of Hazard Analysis 

and Critical Control Points (HACCP) 

protocols during their implementation. 

Awuchi (2023) demonstrates how AI 

broadens HACCP compliance through 

automated tracking of vital criteria 

where systems monitor temperature 

measurements and both hygiene 

standards and product tracking 

systems. The merged monitoring 

systems function by reducing foodborne 

illnesses while generating long-term 

advantages to public health. A Japan-

based research by Sera et al. (2020) 

demonstrated how AI implementation 

in food processing enables adaptive 

modifications by employing predictive 

analytics. 

The implementation of 

Distributed AI applications generates 

wider impacts on supply chain 

management technologies which 

produces smarter distribution methods 

and improves efficient chilled product 

storage capabilities as described by 

Sharifmousavi et al. (2024). Supplying 

food quality consistency along with 

extended distribution spans becomes 

possible when energy conservation and 

inventory waste reduction methods are 

implemented. Food resources alongside 

supply chain visibility become more 

efficient by combining big data analytics 

with artificial intelligence as described 

by Sharma, Saurabh et al. (2021). 

In their policy analysis Singh and 

Kaunert (2023) demonstrate how AI 

functions as a sustainable technology to 

support food manufacturing in reaching 

international environmental targets. AI 

functions as a core component that 

helps agricultural systems adapt to 

unpredictable environmental conditions 

caused by climate change according to 

the authors. AI automation systems 

according to Shepon et al. (2018) will 

establish an ethical sustainable 

"eudaimonian" food system.   Academic 
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investigations concentrate on how AI 

integration should be implemented in 

legislation combined with ethical 

standards development. Sharma Sachin 

et al. (2024) developed a 

groundbreaking model that combines 

Vedic knowledge integration with AI 

and cybersecurity systems to resolve 

food sustainability issues and world 

legislative regulatory matters. 

Interdisciplinary research shows that 

food governance must include culturally 

suitable AI systems which ensure 

security during implementation. 

The emergence of generative AI 

models in environmental education 

creates both opportunities alongside 

ethical challenges according to Chang 

and Kidman (2023). Shah et al. (2024) 

together with other experts highlight 

how health AI assurance labs need to 

exist to support responsible 

employment of intelligent systems in 

food and healthcare industries. Real-

time feedback is possible between farm 

environments and cloud-based 

assessment systems because of the IoT-

enabled food and plant sensors 

described by Ataei Kachouei et al. 

(2023). Advanced innovations enable 

sustainable practices because of their 

ability to improve resource allocation 

precision and forecasting abilities. Sipos 

(2020) designed a knowledge-based 

software that uses artificial intelligence 

for sustainable fermentation process 

supervision because AI plays an 

increasing role in food biotechnology 

according to his work. The research of 

Singh et al. (2023) demonstrates the 

combination of nanotechnology with AI 

which yields effective solutions for 

enhancing food processing safety and 

extending product lifespan until use. 

The research by Subhan et al. (2022) 

demonstrates how artificial neural 

networks can decipher agricultural 

market price patterns for economic 

forecasting applications between 

producers and policy leadership. 

The literature establishes a clear 

support for Artificial Intelligence as an 

agent of transformation in establishing 

sustainable food systems. Technical 

solutions enabled by AI raise production 

levels by utilizing precise methods as 

well as automatic systems while 

maintaining real-time performance. The 

system also safeguards quality and 

safety through its capability to perform 

intelligent inspection together with 

predictive monitoring and adherence to 

worldwide food standards. The 

integration of new food systems with AI 

depends on the resolution of 

infrastructure gaps and ethical 

constraints and policy integration 

challenges. Further research combined 

with cross-sectoral cooperation is 

necessary to overcome these barriers. 

This research expands existing 

knowledge by experimenting on these 

industry trends before creating an 

optimized AI implementation model for 

food support sustainable outcomes. 
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RESEARCH METHODOLOGY: 

The research examined Artificial 

Intelligence (AI) adoption for 

sustainability improvement in food 

industry production efficiency and 

quality control with a quantitative 

research design. The research method 

focused on collecting quantitative data 

which produced standardized 

information applicable for wide-ranging 

studies about AI's real and predicted 

sustainability outcomes. The 

researchers designed their study to use 

descriptive and analytical methods 

which evaluate stakeholder responses 

in an organized fashion and interpret 

the observed patterns found in these 

responses. The research design matches 

the study's targets because it assesses 

the effect of AI on production efficiency 

measures including quality control 

while examining environmental 

sustainability performance. 

RESEARCH DESIGN: 

This research design describes 

and analyzes how professionals view 

and perform within AI-based 

sustainable food systems. The selected 

approach suits the research purpose 

because it enables description of 

observed phenomena and assessment of 

connections between AI applications 

and production efficiency and quality 

control and environmental impact. 

The study evaluated 

professionals and stakeholders 

representing agriculture, food 

manufacturing, research, AI and 

technology production and public policy 

divisions. The food system professionals 

or stakeholders who demonstrated 

either direct project involvement or 

conceptual understanding with artificial 

intelligence applications in food systems 

were selected through purposive 

sampling. The collected data from 400 

subjects enabled thorough examination 

of the research variables. The research 

sample contained participants from 

multiple sectors who worked in food 

industry operations alongside 

specialists who used AI and 

sustainability researchers and 

policymakers who made decisions about 

food and environmental policy. 

The structured questionnaire 

delivered to respondents measured 

their views of AI effects regarding three 

different aspects: production efficiency 

together with quality control and 

environmental advantage. The 

questionnaire organized itself into five 

parts with demographic information at 

its start and independent Likert-scale 

questions as each separate section with 

scales from 1 = Strongly Disagree to 5 = 

Strongly Agree. Each key variable 

included ten minimum questions in the 

questionnaire while open-ended 

questions sought qualitative data about 

expectations as well as future scenarios. 

Expert testers from academic 

and industry backgrounds in AI 

combined with food sustainability field 

checked the instrument for reliability 

prior to implementation. The reliability 
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assessment using Cronbach’s Alpha 

demonstrated high consistency in all 

scales with values above 0.89. Subject-

matter experts verified the content 

validity of the questionnaire by 

assessing its relevancy along with the 

clarity and conceptual alignment to the 

study plan. 

Descriptive along with inferential 

statistics operated as the analysis tools 

for this research. The descriptive 

measurement tools comprised means, 

standard deviations and frequencies to 

present overall data patterns. The 

research applied one-sample t-tests 

together with paired sample t-tests to 

measure participants' perceptions 

regarding AI's impact on efficiency and 

quality and to analyze present versus 

anticipated future AI effects. A Weighted 

Sum Model (WSM) from the Multi-

Criteria Decision-Making (MCDM) 

approach served the researchers to 

optimize how AI influenced various 

sustainability dimensions. A scoring 

method allowed the AI interventions to 

be evaluated for priority 

implementation while a combined 

sustainability score emerged from 

weighting each criterion. 

 

RESULTS: 

The investigation evaluated how 

Artificial Intelligence assists sustainable 

food system operations by enhancing 

manufacturing quality assessments and 

productivity measures. The study 

explores both resource reduction and 

environmental achievement aspects of 

AI deployment. Researchers surveyed 

four hundred participants who worked 

in food technology fields and possessed 

experience in agricultural sustainability 

and AI technology. The study employs 

descriptive statistics as well as 

sustainability-linked metrics and 

performs cross-tabulated insights to 

generate straightforward analytical 

outcomes. 

1. AI and Sustainable Production 

Efficiency: 

Respondents rated AI tools 

across multiple sustainability-linked 

efficiency metrics such as energy usage, 

resource optimization, and operational 

precision. 

Table 1: Perception of AI’s Impact on 

Sustainable Production Efficiency 

AI-Driven 
Efficiency 
Factor 

Mean Score 
(Out of 5) 

Standard 
Deviation 

Reduction in 
production 
waste 

4.24 0.58 

Optimization of 
water and 
fertilizer usage 

4.31 0.60 

Real-time 
monitoring and 
crop 
forecasting 

4.19 0.65 

Automation in 
repetitive 
production 
tasks 

4.34 0.62 

Minimization of 
energy 
consumption 

4.11 0.72 
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Figure 1: AI’s Impact on Sustainable 

Production Efficiency 

Respondents strongly agreed 

that AI optimizes resource use, 

especially in terms of water, energy, and 

labor, supporting the movement toward 

sustainable agricultural practices. 

2. AI and Quality Control for Safety & 

Sustainability: 

Participants evaluated AI's role 

in reducing quality-related food loss, 

contamination, and ensuring 

traceability. 

Table 2: Role of AI in Sustainable 

Quality Control 

Quality 

Assurance 

Parameter 

Mean 

Score 

Standard 

Deviation 

Early detection 

of contamination 

4.30 0.55 

Real-time 

product 

inspection 

4.26 0.62 

Consistency in 

grading and 

sorting 

4.18 0.64 

Reduction in 

food spoilage 

4.21 0.69 

 

 

Figure 2: Quality Assurance 

Parameter 

AI systems used for inspection, 

defect detection, and traceability are 

seen as key tools in reducing post-

harvest  

3. Environmental Impact of AI-Driven 

Systems: 

Respondents were asked if AI 

contributes to lower environmental 

impact in their operations. 

Table 3: Environmental Benefits 

Reported by AI Adoption 

Environmental 
Aspect 

% 
Respondents 
Agreeing 

Reduced carbon 
footprint in 
production 

68.5% 

Decrease in 
pesticide/chemical 
use 

74.2% 

Reduction in 
transportation 
wastage 

62.7% 

Lower water usage 79.1% 
Better energy 
management systems 

65.3% 
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Figure 3: Environmental Benefits 

Reported by AI Adoption 

A substantial number of 

respondents associated AI with positive 

environmental outcomes, particularly in 

reducing water use and agrochemical 

dependence. 

4. Cross-tabulation: AI Use vs. Sector 

of Work: 

Cross-tabulation revealed 

interesting patterns between 

occupation sectors and perceived AI 

benefits. 

Table 4: Sector-wise Agreement on 

AI's Role in Sustainability 

Sector Strongly Agree 

(AI improves 

sustainability) 

Agriculture/Farming 72% 

Food Manufacturing 65% 

AI/Technology 

Sector 

84% 

Academia/Research 78% 

Food Regulatory 

Bodies 

69% 

 

Figure 4: Sector-wise Agreement on 

AI's Role in Sustainability 

The AI/Tech sector showed the 

highest confidence in AI’s sustainable 

potential, while even traditionally 

slower adopters like agriculture 

reported high agreement, indicating a 

broad industry shift.\ 

5. AI and Sustainable Development 

Goals (SDGs): 

Respondents were asked to link 

AI’s applications to the relevant UN 

SDGs. 

Table 5: AI’s Contribution to SDGs 

Relevant SDG % of Respondents 
Associating AI With 
It 

SDG 2: Zero 
Hunger 

81.5% 

SDG 12: 
Responsible 
Consumption & 
Production 

78.0% 

SDG 13: Climate 
Action 

60.2% 

SDG 9: Industry, 
Innovation, and 
Infrastructure 

86.1% 
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Figure 6: AI’s Contribution to SDGs 

The majority of participants 

recognize that AI contributes directly to 

global sustainability targets, especially 

in ending hunger, promoting efficient 

production, and reducing 

environmental footprint. 

6. Sustainability-Aware Optimization: 

An optimization model was applied 

using environmental and operational 

weights: 

 Production Efficiency = 40% 

 Quality Control = 35% 

 Environmental Impact = 25% 

Table 6: Sustainability-Weighted 

Optimization Score 

Component Mean Weight Weighted 
Score 

Production 
Efficiency 

4.24 0.40 1.70 

Quality 
Control 

4.25 0.35 1.49 

Environmental 
Impact 

4.18 0.25 1.05 

Total 
Optimized 
Score 

— — 4.24 

AI has a balanced, high-impact 

score across all three dimensions—

efficiency, quality, and sustainability. 

 

 

Multi-Criteria Decision-Making 

(MCDM) Theory: 

Used the Weighted Sum Model 

(WSM) — a widely accepted MCDM 

technique — to evaluate and optimize 

AI’s impact across three key 

sustainability dimensions: 

1. Production Efficiency (PE) 

2. Quality Control (QC) 

3. Environmental Impact (EI) 

This allows us to prioritize 

objectives and calculate a composite 

score based on assigned weights. 

 

Application of WSM: 

The normalized performance scores 

(out of 5) and assign priority weights as: 

Table 7: Normalized performance 

scores 

Criterion Normaliz
ed Mean 
Score 

Weight 
(Importanc
e) 

Production 
Efficiency 

4.24 0.40 

Quality 
Control 

4.25 0.35 

Environmen
tal Impact 

4.18 0.25 

 

Table 8: WSM Optimization – AI for 
Sustainable Food Systems 

Criteria Score  
(Out of 5) 

Weight Weighted 
Score 

Production 
Efficiency 

4.24 0.40 1.696 

Quality Control 4.25 0.35 1.4875 
Environmental 
Impact 

4.18 0.25 1.045 

Total 
Optimized 
Score 

— — 4.23 
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 The Total Optimized Score = 4.23 

(on a 5-point scale), indicating very 

high alignment of AI applications 

with sustainability goals. 

 Production Efficiency contributes 

the most due to its higher weight 

and strong performance. 

 Environmental Impact has slightly 

less weight but still scores well, 

confirming that AI supports eco-

friendly practices. 

 This result supports strategic AI 

investment across all three pillars 

to achieve a balanced sustainable 

outcome. 

 

CONCLUSION: 

The study demonstrates that 

artificial intelligence facilitates 

sustainable food systems improvement 

by enhancing production quality and 

achieving better sustainable results 

through improved quality management 

systems. Real-time monitoring together 

with automated inspection systems and 

machine learning sensors assisted by 

artificial intelligence technology brings 

multiple benefits for waste reduction 

while optimizing resources and 

ensuring food security as described by 

optimization modeling and research 

evidence. After implementing the 

Weighted Sum Model with artificial 

intelligence capabilities the system 

attained 4.23 performance points for 

sustainability and delivered extensive 

operational and environmental benefits. 

Stakeholders indicate that AI systems 

can meet worldwide sustainability 

standards because they reduce 

agrochemical needs while saving water 

resources and tracking operations. 

Science establishes AI's prospective use 

yet argues for developing the necessary 

framework of infrastructure and moral 

guidelines and governing systems to 

deliver equitable AI implementation 

possibilities. The research brings 

together financial elements and 

environmental protections with 

technology results to build a data-based 

AI adoption method suitable for the 

food and agriculture sector. 
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