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Forward 

 
This report paints a well-considered picture of the future ð a 

future where artificial intelligence (AI) transforms the Australian 

food system. These findings come from a collaborative effort, 

informed by experts across industry, government, and 

academia, and explores AI's impact across the entire food 

supply chain, from farm to fork to consumers. The report 

highlights exciting possibilities: AI-powered tools that tackle 

complex challenges like optimising agricultural productivity, 

improved food safety and design foods preferred by 

consumers. Imagine robots working alongside humans in food 

production, processing and services, or AI algorithms 

predicting consumer preferences and guiding innovative food 

design. 

 

However, the report also recognises the need for responsible 

implementation. Recommendations include establishing clear 

policy settings and fostering transparency to build consumer 

trust. Collaboration is key, with partnerships between agri-food 

scientists, businesses, and AI experts crucial for unlocking AI's 

potential. 

 

The Australian government has a vital role to play. While the 

government is consulting in broader AI ethics, there is a need 

for specific direction for this transformative technology in our 

food system. By supporting FaBA's recommendations, we can 

ensure AI becomes a recipe for success in the Australian food 

system. Let us invest in scalable AI solutions that prioritise 

sustainability, productivity, health, value, and trust. By 

embracing responsible AI, we can ensure Australian food and 

beverage remains at the forefront of the new technological 

era. Let us not leave this opportunity on the table. 
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From the editors 
This white paper, an initiative of FaBAõs Innovation Pathways program, resulted from a 

roundtable comprising 65 contributors from industry, government, and academia across 

a range of disciplines, on the impact of AI on the food and beverage sector. 

The seven chapters cover the supply chain from agricultural production, innovative food 

design, manufacturing, to distribution and logistics, through to food services, consumer 

experiences to designing responsible and resilient food systems. Each chapter provides 

key challenges, opportunities, and recommendations for embracing AI across the food 

and beverage supply chain. 

A total of 37 recommendations are provided to guide the implementation of AI which 

can be summarised into the following 10 key areas: 

 

Å encourage collaboration between food scientists, industry, businesses, and 

   experts in AI to design new food and beverage options; 

Å utilise AI to predict consumer preferences; 

Å harness AI to improve food safety and management; 

Å leverage complementarities between AI data processing and human  

   capabilities; 

Å incorporate AI-enabled technologies working with humans to deliver food and  

   beverages; 

Å invest in scalable AI solutions, prioritising sustainability, and ethical practices; 

Å build transparency and trust across the supply chain; 

Å co-design frameworks, guidelines, and guardrails for AI implementation; 

Å enhance AI literacy; and 

Å design policies that encourage the integration of AI technologies across the 

   ecosystem. 
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Introduction 

 
Producing food in Australia has always 

been challenging due in part to highly 

variable weather conditions from 

season to season (Chenu et al., 2013). 

Many innovations have contributed to 

the historical progress of Australiaõs 

agricultural industries. Looking forward, 

continuing, and even increasing food 

productivity is projected to become 

increasingly challenging because of 

climate change and growing pressure 

to reduce the environmental footprint 

of food production to achieve a 

circular bioeconomy (Messina et al., 

2022). While many of these challenges 

are global, some are emerging sooner 

and likely to be more pervasive for 

Australia than for other countries. The 

challenge of profitable food 

production is further complicated by 

fluctuating global markets and 

changing consumer preferences in 

relation to health and sustainability 

awareness when it comes to the food 

products, they consume (Brea et al., 

2023).  

 

This section of the white paper 

considers roles for artificial intelligence 

(AI) in the transformation of Australiaõs 

food production. Particular attention is 

drawn to the challenges and 

opportunities associated with the 

effective utilisation of AI to better 

inform the design of future crop and 

animal products. Better design should 

enhance the productivity, profitability, 

and sustainability of food production.  

 

 

While components of todayõs òAI 

toolkitó have been around for some 

time (Negusa et al., 2024), and 

continue to offer promising advances 

in many domains of food production, 

we argue there is untapped potential 

to use AI to identify and accelerate 

multiple promising nascent 

opportunities for optimisation across 

the agri-food sector to improve the 

productivity, profitability, and 

sustainability in the future. 

 

Challenges  

 

Agriculture is critical for the Australian 

economy, with major contributions 

from industries such as beef and veal 

production ($14.6 billion), wheat 

production ($12.4 billion), and 

horticultural production ($13.8 billion) 

(ABARES, 2023). Recent events such as 

the global pandemic, the Ukraine-

Russia war, and the consequences of 

anthropogenic drivers of climate 

change, highlight the importance of 

implementing strategies to secure our 

future food supply (Bentley et al., 

2022). Australia is a major exporter of 

agricultural products, thus has a 

critical role to play in global food 

security. With a projected global 

population of 10 billion by 2050, this 

also places significant pressure on agri-

food systems to produce 60% more 

food to meet the future demand 

(Hickey et al., 2019). Current estimates 

of the rates of improvement in 

productivity of field crops indicate we 

are not on track to achieve this global 

target with sustainable circular bio 

economies in place. 
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Significant improvement in the 

genetics of plants and animals that 

are produced on farms is required to 

meet this future demand. It is 

estimated that the current rate of 

genetic improvement in breeding 

programs must double to meet this 

demand. Currently, plant and animal 

breeders collect billions of data points, 

such as yield or quality traits, genome 

sequence data, and environmental 

data. This poses significant complexity 

and computational challenges to 

effectively convert these data into 

knowledge to support smarter 

decisions that increase the rate of 

genetic improvement and release of 

improved products. The advantages 

of using AI in breeding are already 

being harnessed by large-scale multi-

national companies, however, many 

small to medium sized Australian 

breeding programs lack this capacity. 

Developing strategies to close this AI 

capability gap is an opportunity and is 

critical to ensure Australian 

organisations can develop the 

required future crop varieties and 

breeds for Australian farmers.  

 

To achieve this goal more efficiently 

and effectively, we need to define 

both data requirements to design and 

create the future product targets and 

the AI tools required to translate the 

big data into a knowledge structure 

that will inform smarter decisions. As 

discussed by Hayes et al. (2023), for 

Australian organisations there are 

many opportunities to apply AI to 

enhance steps in breeding programs. 

A major gap lies in the human 

capacity with the skill sets required to 

apply the fast-moving technology into 

the Australian breeding industry. This 

gap identifies another opportunity. 

 

A major barrier to transforming food 

production is addressing the trade-offs 

or competing forces that are often not 

very well defined or managed. To 

visualise this concept, we refer to 

graph theory in the field of 

mathematics (Diestel, 2017). If we 

consider ônodesõ as different elements 

of the agri-food sector or value chain, 

ôedgesõ are the interactions between 

these nodes (Messina et al., 2022; 

Figure 1). An example is the edge 

between the nodes of agricultural 

productivity and environmental 

outcomes, where effects associated 

with intensive farming, if not managed 

effectively, may have a negative 

impact on the environment. In this 

section of the white paper, we 

highlight the challenge associated 

with optimising edge interactions that 

hinder advances towards a 

sustainable agri-food system and a 

circular bioeconomy. 

 

 
 

Figure 1: Example of interconnected 

nodes and edges for elements of the 

food production value chain and 

beyond. Adapted from Messina et al. 

(2022). 

 

Ensuring food production benefits 

extend beyond the primary producer 

and into the community is 

complicated by the many 

interconnections and edges which 

sometimes meet with competing 

interests or trade-offs, and even trade-

offs that are not visible. For instance, 

we could consider an edge between 

ôcrop yieldõ and the human diet, 

which may influence health outcomes. 
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This could be the case if the crop yield 

is the major driver of profitability for a 

primary producer, but if crop yield 

does not consider nutritional aspects 

of the human diet it may lead to 

negative outcomes for human health 

(The Rockefeller Foundation, 2021). 

While data are often available within 

each sector or node, the data sources 

are not connected to enable dynamic 

modelling across the sector that could 

exploit AI technology.  

 

This disconnect requires a significant 

change to data access and data 

integration, which represents a major 

bottleneck for developing and 

applying analytical solutions. Public-

private partnerships present 

opportunities to tackle the known data 

integration challenges.  

 

Currently, many commodity crops and 

livestock industries focus production 

efforts on a particular high value 

product. However, production or 

processing of that product often 

creates byproducts that are 

underutilised or undervalued. We 

argue there are nascent AI 

opportunities to reassess and utilise 

current waste products and 

underutilised byproducts to create 

additional value for primary producers 

and enhanced overall sustainability of 

production and circularity of the 

bioeconomy. For example, while meat 

is the most valuable product from 

cattle production, other byproducts 

can potentially be realised as high 

value products.  

 

These traditional byproducts are not 

currently targeted for genetic 

improvement in animal breeding, and 

the farmers producing cattle have no 

knowledge of how this waste product 

is used, and no incentive to optimise 

for it. The byproducts represent new 

traits that could be genetically 

improved, which could increase 

extraction during processing.  

 

Another example is canola oil, which is 

the most valuable product from 

canola production in Australia. Oil 

extraction produces a byproduct 

which can be used as a feed source 

by the feedlot industry (Bonnardeaux, 

2007). To improve feed efficiency 

there is an opportunity for plant 

breeders to improve the nutritional 

properties of canola meal (So & 

Duncan, 2021), which would create 

additional value for canola producers 

and the feedlot industry and improve 

sustainability of the agri-food system. 

 

Biofuels represent another significant 

breeding opportunity. In these cases, 

the farmers and consumers of the 

byproducts are nodes, and the edge 

between them represents an 

opportunity. A major barrier in 

enabling the genetic improvement of 

traits for multiple end-users or markets 

is data access and integration across 

the value chain. Again, there are 

nascent opportunities to accelerate 

exploration of these opportunities 

using AI technologies.  

 

òCollagen and fat byproducts from 

animal processing can be transformed 

into high value products for the food, 

agricultural, and pharmaceutical 

industry.ó 

 

Parth Patel, Project Engineer, GELITA 

 

Opportunities 
  

The diverse perspectives contributing 

to the roundtable discussion surfaced 

novel opportunities for applications of 

current AI capabilities to tackle a 

range of Australian food production 

challenges. AI has broad and 

important applications to enhance 

food production within each sector or 

production system. 
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For instance, in crop and animal 

breeding programs, AI approaches 

offer novel opportunities for measuring 

plant or animal traits at high-

throughput scale through analysis of 

imagery data captured via satellite or 

drones fitted with sensors (Pinto et al., 

2023). Large multi-national agricultural 

companies have applied these 

technologies to support the 

identification of plants with desirable 

traits, such as drought or heat 

adaptation to accelerate the 

development of more resilient crop 

varieties (Cooper & Messina, 2023).  

 

Through appropriate public-private 

partnerships, similar outcomes could 

be fast-tracked for Australian 

industries. Australian farmers now have 

access to weed spraying technology 

that uses AI algorithms to 

automatically detect weeds and 

reduce chemical inputs on farm 

(Coleman et al., 2022). While all local 

applications are important to 

advance each sector individually, we 

argue there is an opportunity for major 

transformation through the application 

of AI to identify the opportunities for 

optimisation across interactive nodes 

of the agri-food sector. 

 

Ultimately, to achieve optimisation of 

an edge, both nodes connected by 

the target edge must be considered in 

parallel. A mature example where AI 

technologies were leveraged to 

achieve such an outcome was the 

development of drought tolerant 

maize hybrids in the US. In the dry 

Western region of the US corn belt, 

heavy use of irrigation to achieve high 

yields and profits in the short term is 

leading to the depletion of aquifers. To 

help reduce this negative 

environmental footprint plant breeders 

designed maize hybrids, that used less 

water but maintained similar yield. The 

hybrids were developed by integrating 

a variety of advanced technologies, 

including applications of AI methods 

together with novel trait phenotypes 

obtained from sensor technologies 

combined with crop growth modelling 

and genomics in the breeding 

program (Cooper & Messina, 2023). 

This highlights the importance of 

defining the edges to be optimised to 

improve the sustainability of food 

production. Such applications of AI 

technologies can be applied to 

comparable Australian food 

production opportunities. 

 

AI could provide a data-and 

simulation-driven path to optimise 

these edges. Professor Tim Miller, a 

leader in AI technology at The 

University of Queensland, pointed to 

the technological solutions: òThereõs 

machine learning techniques with 

federated learning to pull data from 

each node without having to put it 

together. We can think about a node 

as some kind of measures we care 

about. As we move forward the 

relationships between those nodes 

can change. However, we can 

optimise over this network using 

techniques for sequential decision-

making.ó  

 

In short, using data gained from nodes 

and estimating effects of edges, we 

can simulate possible futures to help 

optimise for both primary products 

and byproducts. 

 

Conclusion 

 

In theory, this could support dynamic 

decision-making across the food 

production sector. For instance, it 

could better inform which traits should 

be targeted in plant and animal 

breeding programs, which varieties, or 

crops to grow on farms and when, and 

which primary plant and animal 

products are used for which end-uses 

or markets. The result could turn 
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byproducts into new high value 

primary products.  

 

However, to enable this proposed ôAI-

guided edge optimisationõ, we need 

the right data to be accessible, and 

the right technology to simulate 

possible futures. For example, if the 

effects on the environment are to be 

considered, data on the 

environmental impacts requires data 

capture across the food production 

chain. 

  

 

 

 

 

   

 

 

Pictured left to right Professor Tim Miller, Samuel Tomarchio, and Parth Patel 
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Recommendations for Policy and Practice 

 
AI brings new opportunities to tackle the òsuper-wickedó challenges of food 

production systems by assembling and turning big data into smarter decisions to 

improve productivity, profitability, and sustainability of food production. We 

provide four key recommendations to enable AI technology solutions that can 

transform food production.  

 

1. Identify the problems and edges. What are the competing forces across the 

agri-food value chain? This is required to clarify the opportunity to enhance 

food production. Case studies should be defined and pursued to exemplify 

the opportunities and accelerate the pathways to impact on food 

production and achieve circular bioeconomy outcomes. The industry should 

use AI to enhance food production and quality, reduce waste and create 

sustainable products. 

 

2. Capture data, develop technology and build capacity. With the AI tools 

available today, we can handle the large data volumes that are required to 

tackle the òsuper-wickedó problems. To enable AI solutions that optimise 

outcomes for interconnected food production industries and the 

environment, gaps in data across the industries must be captured, 

technological advances are required to incorporate large and sparse 

datasets, and strong human capacity is required in the field of applied data 

science and statistics in agriculture. 

 

3. Harness AI tools and techniques to optimise agriculture networks. Existing 

techniques in machine learning, reinforcement learning, and optimisation 

provide a technological foundation, but how these can work in helping to 

optimise across agriculture networks requires further work. If successful, this 

would open opportunities for the agriculture industry to reuse current 

byproducts, enhancing sustainability both economically and environmentally, 

and would enable consumers to make informed and healthy food choices 

with the goal to provide access to more diversified and affordable food 

products.  

 

4. Clarify value and risks and educating with success stories. Informative case 

studies will create end-to-end visibility of the nascent opportunities of 

responsible applications of AI to tackle the food production grand challenges 

for Australia. Food producers, processors and consumers will be encouraged 

to proactively share their data if the benefit is clear and outweighs the risk. 

Constructive public-private partnerships will reveal win-win situations. These 

synergies should provide solutions that are fair and transparent to consumers 

and should also foster collaboration and innovation between the public and 

private sectors to serve our societies.  
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Introduction 

 

Artificial intelligence (AI) holds 

transformative potential in food 

design. AI will revolutionise how we 

approach culinary innovation and 

sustainability in the following decades 

(Mavani et al., 2022). This chapter 

describes the potential of AI for food 

design and its transformative potential, 

highlighting both the possibilities and 

the challenges accompanying this 

technological advancement. AI's 

ability to analyse and interpret data 

offers unprecedented opportunities to 

enhance the efficiency, precision, and 

creativity of food design processes. 

This encompasses the development of 

new food products that are not only 

innovative but also specifically tailored 

to meet diverse consumer dietary 

needs and preferences. 

 

However, this is not without risks. Key 

elements intrinsic to food design, such 

as mouthfeel, texture, smell, and the 

nuances of culinary quantification and 

interpretation need to be considered. 

These aspects, fundamental to the 

essence of food design, demand an 

approach that AI must navigate to be 

effectively employed. 

 

In this chapter, we investigate the 

complex principles intrinsic to food 

design, and we describe how AI needs 

to break these principles into 

comprehensible components. Doing 

so enables AI to develop sophisticated 

neural network architectures and 

training models. These models,  

 

 

representing intricate mathematical 

functions, are crucial for integrating  

diverse elements into a cohesive 

framework. This methodology is not 

merely a technical exercise. It 

represents a significant leap forward in 

aligning AI with the intricacies and 

subtleties of culinary experiences. We 

also explore the role of AI in analysing 

consumer food preference data (Al-

Sarayeh et al., 2023). This analysis 

opens avenues for recommending 

novel recipes, creating unique and 

nutritious food items that may have 

previously been inconceivable without 

AI intervention.  

 

Another critical area where AI 

demonstrates its value is in food 

production, distribution, and 

consumption. AI can accurately 

forecast demand, aid in reducing 

overproduction and subsequent 

waste. This predictive capability also 

identifies potential food waste and 

may even suggest alternative 

applications, promoting sustainable 

food practices (Gharibi e al., 2020). 

 

Next, we describe the current 

challenges faced in food design, 

outline the emerging opportunities, 

and offer guidance to those interested 

in harnessing AI for groundbreaking 

food design innovations. We aim to 

provide a comprehensive overview of 

how AI is reshaping the landscape of 

food design and contributing to a 

more sustainable and creative culinary 

future. Translating key principles of 

food design, and culinary traditions, 

into data is one such challenge. These 
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in McColl-Kennedy, J.R., & Hine, D.C. (eds.) Food AI: A game changer for Australiaõs food and 
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elements are crucial for food design 

but are not easily quantifiable. It is 

necessary to dissect each principle 

into understandable elements to 

effectively utilise AI in creating new 

food designs. By comprehending their 

significance, AI can be used to 

develop a neural network 

architecture, training models that 

represent complex mathematical 

functions - essentially, integrating these 

components with data (Zhang et al., 

2019). This methodology can greatly 

enhance food design, enabling users 

to organise their ideas while allowing 

AI to develop models more accurately 

to reflect real-world conditions (Sattari 

et al., 2021). In the following sections, 

we will explore the current challenges, 

outline emerging opportunities, and 

guide those interested in using AI for 

innovative food design. For instance, 

AI can analyse consumer food 

preference data and recommend 

new recipes based on the findings. 

These findings can lead to the creation 

of unique and scrumptious food items 

that may not have been possible 

without AI. As Professor Jason Stokes 

from The University of Queensland 

noted, òone challenge for embracing 

AI in food design is that we are often 

blinded by its complexity, because we 

ourselves are embedded in complexity 

already.ó 

Challenges 

 

A key challenge in applying AI to food 

design is ensuring that the models 

developed are free from bias. This 

requires attention in selecting training 

datasets and monitoring the results 

produced by these models. Bias in AI 

models can come from the data on 

which they are trained, which 

depends on individual tastes in food. 

The training data relies on vast 

datasets that may not reflect the 

variety and nuance of different 

flavours. The resulting AI model may 

produce designs skewed towards 

certain flavours or styles, ignoring the 

rich diversity of global cuisines. 

  

An important point noted in the 

roundtable discussion is that 

collaboration between food science, 

engineering, and computer science is 

essential for embracing AI for 

innovative food design.  
 

òIt's crucial to employ a multifaceted 

approach to address and mitigate 

these biases. Collaboration between 

food science, engineering, and 

computer science experts is essential.ó 

 
Dr Laura Navone, R&D Director, Eden 

Brew 

 

Food scientists bring a deep 

understanding of the sensory 

properties of food which are vital in 

creating appealing and enjoyable 

food products. Engineers contribute 

their expertise in the practical aspects 

of food production by ensuring that 

the designs are feasible to create with 

existing technology and methods 

(Mavani et al., 2022). On the other 

hand, computer scientists are crucial 

in developing and refining AI 

algorithms, ensuring they are 

sophisticated enough to handle the 

complexity of food design while 

remaining adaptable and accurate. 

In addition to these roles, involving 

chefs and culinary experts in the 

process is essential to provide insights 

into the artistry and creativity of food 

design. Their experience with flavour 

combinations, presentation, and 

understanding of consumer 

preferences is essential to enhance 

the effectiveness of AI models in 

creating innovative and appealing 

food designs. 

 

Constant feedback loops are also 

important. As the AI models generate 

designs, these should be evaluated for 
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their technical accuracy and appeal, 

practicality, and cultural relevance. 

This iterative process, involving 

continuous refinement of the AI model 

based on testing and feedback, is 

crucial for developing AI tools that 

truly enhance food design. By 

combining the strengths of various 

disciplines and maintaining a focus on 

unbiased, inclusive data selection and 

model evaluation, AI can significantly 

advance the field of food design (Al-

Sarayeh et al., 2023). 

 

Establishing guidelines for data 

management, sharing and protection 

 

Data sharing using AI is complex. Data 

used to train AI models in food design 

often includes proprietary information 

about ingredients, recipes, and 

consumer preferences. This data can 

be highly valuable and sensitive, 

raising questions about who has 

access to it, how it is used, and who 

benefits from its use. There are 

concerns about data privacy, 

especially when consumer data is 

involved, and the potential misuse of 

data by entities with access to it. The 

ownership of AI models poses ethical 

challenges. Models developed using 

shared or proprietary data, are 

valuable intellectual properties. 

Determining the ownership rights of 

these models ñ whether they belong 

to the developers, the data providers, 

or a collaborative entity ñ can be 

challenging. This issue becomes more 

complicated when models are 

developed using public or 

crowdsourced data, leading to 

questions about communal versus 

private ownership and rights (Mavani 

et al., 2022). 

 

While AI can help create new and 

innovative recipes that cater to 

consumers' diverse tastes and 

preferences, it is crucial to ensure that 

the AI-generated recipes are healthy 

and nutritious (Theodoridis et al., 2019).  

 

Capturing the complexity of 

ingredients in AI modelling 

 

One of the biggest challenges is 

capturing the complexity of a 

complete understanding of the 

function and form of the ingredients as 

a model. This model can be a product 

of expertise, learnt from data by AI, or 

a hybridisation of both. An illustrative 

case of AI application in food 

technology is demonstrated by Notco, 

a company that has successfully 

created a 100% AI-driven plant-based 

milk in the laboratory. This example 

highlights AI's potential in managing 

sensory experiences in food products. 

Notco employs algorithmic models 

trained to pinpoint ingredients or 

elements within existing ingredients 

that trigger specific sensory responses. 

This approach minimises the reliance 

on the traditional, human-led trial-and-

error process in developing new 

ingredients in a laboratory 

environment. As the quality of the 

training datasets is enhanced, the AI 

becomes increasingly adept at 

producing foods that meet our 

anticipated criteria, including aspects 

like texture (Deng et al., 2022). 

 

AI technology can also improve food 

safety and reduce the risk of 

contamination. Sensors can monitor 

food temperatures and detect any 

issues that could lead to spoilage or 

contamination (Brea et al, 2023). 

Furthermore, AI-powered systems can 

track food products from the farm to 

the store, providing greater 

transparency and accountability 

throughout the supply chain. By 

leveraging AI technology, the food 

industry can improve safety, quality, 

and sustainability while creating new 

and innovative products that meet the 
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changing needs of consumers (Brea et 

al., 2023). 

 

Harnessing AI technology for 

innovative food design 

 

AI algorithms are currently being used 

to analyse consumer preferences, 

dietary needs, and nutritional 

requirements to create new and 

innovative food products. These 

algorithms can also be used to allow 

for food design to enable personalised 

food products that cater to the 

specific needs of consumers. AI can 

create new food products that cater 

to specific dietary requirements, such 

as vegan, gluten-free, or low-fat diets. 

AI algorithms can also analyse data on 

flavour preferences, food textures, and 

other sensory factors, creating food 

products that appeal to consumers on 

a more personal level.  

 

Another advantage of using AI in food 

design is the ability to optimise the 

food production process. AI-powered 

tools can analyse data on production 

efficiency, such as energy usage, 

waste reduction, and production 

speed, and use this information to 

innovate the manufacturing process. 

These innovations can lead to more 

sustainable and cost-effective food 

production, which benefits both the 

food industry and consumers.  

 

Leveraging AI to solve critical industry 

challenges  

 

The food industry constantly evolves, 

and AI can play a crucial role in 

creating innovative products. With the 

help of AI, companies can access 

diverse datasets from different sources 

to develop custom functions that 

cater to different contexts and needs 

(Sattari et al., 2021). One of the 

significant challenges in food design is 

creating a cost-effective product with 

high conversion rates and profit 

potential. To tackle this, AI can analyse 

consumer data and predict their 

preferences. Companies can train AI 

Pictured left to right: Dr Lisa Ronquest-Ross, Dr Laura Navone, and Dr Dennise Diaz Rincon 
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models on publicly available papers to 

keep up with the latest trends and 

develop products that cater to market 

demand.  

 

This approach can help create a 

unique product with a desirable taste 

profile and a competitive edge. The 

synergy between AI and synthetic 

biology is particularly noteworthy.  

 

òAI has the potential to transform food 

design dramatically through its 

application in synthetic biology. By 

employing AI, new microbial strains 

and innovative engineering 

techniques can be developed for 

creating unique ingredients using 

precision fermentation.ó 

 

Dr Lisa Ronquest-Ross, Chief Science 

Officer, v2food 

 

AI rapidly analyses extensive datasets, 

significantly reducing the time and 

expenses of developing microbial 

strains (Deng et al., 2022). Presently, 

synthetic biology is utilised to produce 

proteins indistinguishable from their 

natural counterparts yet synthesised 

by microbes. This approach is not 

limited to proteins; it also extends to 

the production of fats and analogues 

of animal-based foods. AI greatly 

enhances the efficiency and scope of 

these synthetic biology applications in 

food design. 

 

Adopting AI to successfully drive 

innovation in food design 

 

For AI to successfully drive innovation 

in food design, a comprehensive 

framework encompassing various 

elements must be established (Al-

Sarayeh et al., 2023). This framework 

includes technological components 

and addresses ethical, regulatory, and 

collaborative aspects.  

Adherence to food safety regulations 

and standards is important for AI to 

drive innovation (Mavani et al., 2022).  

Food safety compliance is essential to 

ensure that AI creations are safe for 

consumers. Navigating the complex 

landscape of food regulations 

demands a comprehensive grasp of 

both local and international food laws. 

These regulations often encompass a 

range of criteria, including ingredient 

safety, nutritional content, labelling 

requirements, and manufacturing 

processes.  

 

For AI to be effectively integrated into 

food design, it must be programmed 

to understand and apply these 

regulations throughout the design 

process. This involves constantly 

updating AI systems to reflect changes 

in food safety laws and standards, 

ensuring that AI-designed food 

products meet all necessary legal and 

safety requirements. By doing so, AI 

can help foster trust among consumers 

and regulatory bodies, paving the way 

for a new era of safe, compliant, and 

innovative food design. 

 
Opportunities 

 
AI can assist in the creation of 

customised food products that cater 

to individual preferences and dietary 

needs (Al-Sarayeh et al., 2023). By 

analysing data on a person's health, 

taste preferences, and allergies, AI 

can create personalised menus that 

lead to a more satisfying and healthier 

eating experience (Gharibi et al., 

2020). This approach also has the 

potential to reduce waste by 

delivering only what the customer 

wants. For example, with the help of 

machine learning algorithms, AI can 

analyse data on consumer trends, 

ingredient combinations, and 

nutritional content to identify new 

flavour profiles and food concepts. This 

information can result in significant 

cost and time savings and provide a 
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competitive edge for the food 

industry.  

 

One of the most exciting opportunities 

is AIõs ability to predict innovative food 

designs based on learned food 

axioms. By learning these axioms, AI 

can generate new food designs that 

are more efficient and cost-effective 

than traditional methods (Theodoridis 

et al., 2019). This efficiency opens new 

possibilities for food design, such as 

creating entirely new types of food 

products to meet specific dietary 

needs (Zhang et al., 2019).   

 

AI is also enhancing the nutritional 

value of food products. With the help 

of AI, food designers can analyse the 

nutrient content of different food 

ingredients and create new food 

products that are more nutritious.  

AI technology can also improve the 

sustainability of food. By analysing 

data on food production, AI can 

identify areas of waste and suggest 

ways to reduce it (Gharibi et al., 2020). 

These identifications can reduce the 

environmental impact of food 

production and create more 

sustainable food systems.  

 

Conclusion  
 

The opportunities for AI in food design 

are vast and varied, and they have 

the potential to revolutionise the way 

we design, create, and consume food 

products. For example, AI can 

optimise ingredient combinations, 

Pictured left to right: Dr Mathias Talbo, Michael Burke, Professor Esteban Marcellin, Professor Mark Turner, and Professor Jason Stokes 
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texture profiles and flavour nuances 

innovating the food design process.   

 

While the application of AI in food 

design presents exciting opportunities, 

it is crucial to acknowledge the 

inherent risks associated with AI 

models. The integration of AI should be 

viewed as a supportive and 

complementary tool rather than a 

replacement for human expertise. The 

synergy between AI technology and 

human insight is paramount; 

collaboration between food specialists 

and AI experts is essential to harness 

the full potential of AI in food design, 

ensuring optimal outcomes that 

balance innovation with practicality 

and safety. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter itself stands as a 

testament to the collaborative 

potential between AI and human 

intelligence highlighting the 

productive and insightful outcomes 

that can be achieved when human 

creativity and expertise are seamlessly 

integrated with AI's analytical and 

data-processing capabilities. As AI 

evolves, such partnerships will become 

increasingly vital, opening new 

avenues for innovation, and 

understanding in food design.  
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Recommendations for policy and practice  

 

Reflecting on the challenges and opportunities we identified, we provide  four 

recommendations for harnessing AI for innovative food design.  

 

1. Harness AI to improve food safety and management.  Sensors can monitor 

food temperatures and detect any issues that could lead to spoilage or 

contamination in production. This could improve food safety and 

management practices in the production of food and product development.  

 

2. Encourage c ross disciplinary collaboration between food scientists, industry, 

and AI experts to navigate the application of AI in designing new food 

products. The food design process is complex, requiring in-depth 

understanding of textural, taste, feel and experiential components of the 

product being developed. AI has the potential to complement this process, 

however, it requires collaboration and learning from both food scientists and 

AI experts.  

 

3. Employ  AI to analyse consumer data and predict their preferences. One of the 

significant challenges in food design is creating a cost-effective product with 

high conversion rates and profit potential. Drawing on AIõs big data analytics 

capabilities can foster further understanding of the broader market needs and 

consumer interests, enhancing foresight in the food design process.  

 

4. Use AI for synthetic biology. New microbial strains and innovative engineering 

techniques can be developed for creating unique ingredients using precision 

fermentation. The synergy between AI and synthetic biology is particularly 

noteworthy. AI rapidly analyses extensive datasets, significantly reducing the 

time and expenses of developing microbial strains. This means that microbial 

strain development can be expedited enhancing efficiency and cost-

effectiveness while innovating the food design process.   
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Introduction 

 

In the dynamic world of food and 

beverage manufacturing, artificial 

intelligence (AI), through machine 

learning, predictive analytics, and 

robotics, promises not only to redefine 

efficiency, safety, and consumer 

satisfaction but also to address 

pressing global challenges like food 

security and waste reduction. As we 

explore the transformative impact of 

AI on food manufacturing, it becomes 

clear that the integration of this 

technology is not merely an 

operational upgrade but a pivotal 

step towards reimagining how food is 

produced, consumed, and 

experienced globally. 

Adopting AI in food manufacturing, 

however, is not without challenges. 

Significant hurdles include data 

integrity and scalability issues to 

regulatory compliance and ethical 

considerations. These challenges, 

deeply rooted in both technical and 

operational domains, underscore the 

complexity of AI's transformative 

potential. 

Despite these hurdles, the 

opportunities AI presents are vast and 

varied. Utilising AI, manufacturers can 

not only streamline operations and 

enhance product quality but also 

achieve goals towards sustainability 

and personalisation of food offerings, 

meeting the evolving demands of 

today's consumers. 

This chapter delves into the intricate 

balance of challenges and  

 

opportunities AI introduces to food 

manufacturing, offering insightful 

recommendations for policy and 

practice. By fostering robust regulatory 

frameworks, encouraging industry-

academia collaborations, and 

prioritising workforce development, 

the sector can move towards a future 

where food manufacturing is not only 

more efficient and sustainable but also 

closely aligned with societal values, 

consumer needs and global market 

demands.   

Challenges 

 

The integration of AI into food and 

beverage manufacturing, while 

promising transformative efficiencies 

and innovations, presents several 

challenges. This complexity emerges 

from intricate issues like algorithmic 

reliability, data privacy, interoperability 

across diverse manufacturing systems, 

and the alignment of AI applications 

with stringent food safety regulations. 

Addressing these issues is essential for 

realising AI's full potential, ensuring that 

its adoption not only optimises 

manufacturing operations but also 

aligns with ethical standards and 

regulatory requirements, leading to a 

òUpskilling and reskilling our 

workforce in AI and automation is 

key to unlocking the value of these 

technologies for the food and 

beverage sectoró. 

 

Rebecca Andrews, CEO, 

Manufacturing Skills Queensland 

 

Leads:  Nidhi Bansa l and Heather Smyth  

Rebecca Andrews, Edgar Brea, Dane Ivicevic, Yu-Wen Lai, Lloyd Thomson,  and  

Wenlu Zhang  
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Optimising food manufacturing with AI , in McColl -Kennedy, J.R., & Hines, D.C.  (eds.) Food AI: A game 
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future where technology and tradition 

converge for the betterment of the 

industry. Drawing upon insights from 

the industry and academic research, 

this section delves into the key 

obstacles facing food manufacturers 

as they navigate the complexities of 

implementing AI within their 

operations. 

 

Data quality and integration issues 

 
A foundational challenge in 

leveraging AI within food 

manufacturing is the quality and 

integration of data. AI systems require 

large volumes of high quality data to 

train algorithms effectively. In the food 

manufacturing context, data may 

come from diverse sources, including 

supply chain information, production 

line sensors, and quality control 

systems. The variability in data formats 

and quality can hinder the effective 

training of AI models, leading to 

inaccuracies in predictions and 

decision-making processes (Escobar et 

al., 2021). For example, inconsistencies 

in data captured from different stages 

of the production process can result in 

AI systems that are unable to 

accurately predict yield outputs or 

identify quality issues. 

 
Scalability and infrastructure limitations 

 

As food manufacturers aim to scale AI 

solutions across multiple product lines 

and facilities, they may encounter 

significant infrastructure challenges. 

The deployment of AI requires 

substantial computational resources 

and specialised hardware, which may 

not be readily available or 

economically feasible for all 

manufacturers. Additionally, 

integrating AI into existing production 

systems can require extensive 

customisation, further complicating 

scalability efforts. These infrastructure 

limitations can delay the adoption of 

AI technologies, impacting 

manufacturers' ability to remain 

competitive in a rapidly evolving 

industry (Konur, 2021). 

 
Cost, investment, and return on 

investment (ROI) 

 

Implementing AI in food 

manufacturing involves substantial 

initial investments, not only in 

technology acquisition but also in 

integrating these systems into existing 

processes. The cost extends beyond 

hardware and software; it includes 

training staff, modifying infrastructure, 

and potential downtime during the 

transition period. This technological 

uplift can strain budgets, especially for 

small to medium enterprises (SMEs) 

that dominate the sector. The 

challenge compounds when 

considering the ROI. While AI promises 

efficiency gains, reduced waste, and 

enhanced product quality, quantifying 

these benefits can be complex. The 

ROI timeline can be longer than 

traditional investments, requiring 

stakeholders to be patient and 

forward-thinking (Jan et al., 2021).  

 
Skill gaps and workforce development 

 

The successful deployment of AI in 

food manufacturing requires a 

workforce with specialised skills in data 

science, AI, and machine learning, 

alongside traditional food technology 

expertise. However, there is a notable 

skills gap in the industry, with a 

shortage of professionals who possess 

both the technical and domain-

specific knowledge needed to 

develop and implement AI solutions 

effectively. This skills gap presents a 

significant challenge for food 

manufacturers, necessitating 

investment in training and 

development programs to equip their 

workforce with the necessary skills. 
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Regulatory and compliance hurdles 

 

The food manufacturing sector is 

heavily regulated to ensure product 

safety and quality. The introduction of 

AI into this highly regulated 

environment introduces new 

compliance challenges. Regulators 

may require detailed documentation 

of AI decision-making processes and 

outcomes, posing a significant 

challenge given the "black box" 

nature of some AI algorithms (Rudin, 

2019). Furthermore, manufacturers 

must ensure that AI applications 

comply with food safety standards 

and regulations, which may vary 

significantly across different 

jurisdictions. Navigating these 

regulatory and compliance hurdles is 

crucial for the successful 

implementation of AI in food 

manufacturing. 

 

Ethical and transparency concerns 

 

Ethical considerations and the need 

for transparency in AI applications are 

increasingly important in the food 

manufacturing sector. Consumers and 

stakeholders are demanding greater 

transparency in how food is produced, 

including the role of AI in 

manufacturing processes. There is a 

growing concern over the ethical use 

of AI, particularly in areas such as 

labour displacement and the 

environmental impact of AI-driven 

processes (Tschang & Almirall, 2021). 

Food manufacturers must address 

these concerns by implementing AI 

solutions that are not only efficient and 

effective but also ethically responsible 

and transparent in their operations. 

 
Consumer acceptance and trust 

 

As AI takes a more prominent role in 

food manufacturing, consumer 

acceptance and trust present 

significant hurdles. The transition 

towards technology-driven production 

methods raises concerns about food 

safety, privacy (in the context of 

personalised nutrition), and the loss of 

the human touch in food quality 

assurance. Public perception is 

influenced by media reports of AI 

failures in other domains, contributing 

to scepticism about its reliability and 

benefits in food manufacturing. 

 

Supply chain complexity and 

responsiveness 

 

The integration of AI into food 

manufacturing supply chains 

introduces a layer of complexity due 

to the intricate web of suppliers, 

manufacturers, distributors, and 

retailers involved. The dynamic nature 

of food supply chains, characterised 

by perishable goods, fluctuating 

demand, and stringent safety 

regulations, poses a significant 

challenge for AI implementation. 

Optimising these supply chains with AI 

requires advanced algorithms 

capable of real-time data analysis, 

predictive modelling, and adaptive 

decision-making to anticipate 

disruptions, manage inventory, and 

ensure timely delivery of raw materials 

and finished products. However, 

achieving such a level of 

responsiveness and efficiency comes 

with its own set of challenges. It 

requires seamless integration of AI 

systems across the entire supply chain, 

which can be hindered by legacy 

systems, data silos, and varying levels 

of digital maturity among stakeholders 

(Accenture, 2022).  

 

Moreover, the complexity of 

coordinating actions and data 

exchange across diverse entities 

necessitates robust data governance 

and cybersecurity measures. The risk of 

data breaches and cyber-attacks 

becomes a significant concern, as 

these can disrupt operations, destroy 
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trust among supply chain partners, 

and lead to significant financial losses. 

As the industry navigates these 

challenges, collaboration between 

manufacturers, technology providers, 

regulatory bodies, and educational 

institutions will be key to unlocking the 

transformative potential of AI in food 

manufacturing. In addressing these 

challenges, it is essential to consider 

the broader implications of AI 

integration into food manufacturing. 

The path forward involves not just 

overcoming technical and financial 

hurdles but also navigating the 

complex landscape of consumer 

perceptions. Strategic investments in 

AI technology must be coupled with 

efforts to educate the public and 

stakeholders about the tangible 

benefits, ensuring that the food 

manufacturing sector can fully 

leverage AI's potential to enhance 

efficiency, safety, and quality. 

 
Opportunities 

 

Despite all the challenges, AI has 

significant potential to not only 

address current manufacturing 

challenges but also to unlock new 

potentialities, driving the food and 

beverage sector toward a more 

adaptable, sustainable, and 

consumer-focused future. This section 

delves into the multifaceted 

opportunities AI offers to revolutionise 

food manufacturing processes 

promising efficiency, safety, and 

customisation. 

 
Making manufacturing jobs more 

attractive with AI and augmented 

reality 

 

Modern food manufacturing faces a 

critical challenge in attracting and 

retaining skilled labour. AI, combined 

with augmented reality (AR), presents 

a novel solution by making 

manufacturing roles more engaging 

and informative. For instance, AR can 

overlay digital information onto 

physical environments, guiding workers 

through complex tasks with real-time 

precision (Chai et al., 2022). AI-driven 

predictive models further optimise task 

allocation, ensuring that workers 

engage in roles best suited to their skills 

and learning curves, thereby 

increasing job satisfaction and 

efficiency. 

 
Accelerating ingredient selection 

through AI-enhanced ecosystems 

 

The selection of ingredients is pivotal in 

food manufacturing, influencing both 

product quality and cost-efficiency. AI 

algorithms can sift through vast 

databases of ingredient properties, 

supplier information, and historical 

performance data to recommend 

optimal ingredient combinations (Ma 

et al., 2022). This capability will not only 

speed up the R&D phase but also 

enable manufacturers to rapidly 

respond to market trends and 

regulatory changes, ensuring a 

competitive edge. 

 

Systems approach to production 
 

AI can facilitate a systems approach 

to food manufacturing, integrating 

disparate elements of production from 

supply chain logistics to real-time 

inventory management. By analysing 

data across the production lifecycle, 

AI can identify bottlenecks and 

predict future disruptions, allowing for 

proactive adjustments. This holistic 

view can enable manufacturers to 

achieve seamless efficiency, reducing 

waste and enhancing product 

consistency. 

 
AI-driven supply chain and demand 

forecasting 

 

Predicting demand accurately is 

crucial for efficient inventory 



ом 
 

management and production 

planning. AI's predictive analytics 

leverage historical sales data, market 

trends, and even social media 

sentiment analysis to forecast demand 

with high accuracy. This intelligence 

can allow manufacturers to optimise 

their supply chain, reducing stockouts 

and minimising surplus inventory, 

thereby enhancing operational 

efficiency and customer satisfaction. 

 

Human-AI collaboration 

 

The synergy between human expertise 

and AI's analytical capabilities has 

potential to enrich food 

manufacturing processes. AI can assist 

human workers by providing data-

driven insights for decision-making, 

automating routine tasks, and 

enabling more creative and strategic 

roles. This collaboration will lead to 

innovative product development, 

improved operational efficiency, and 

a workforce empowered by 

technology rather than replaced by it 

(Raisch & Fomina, 2021). 

 
Traceability and food safety 

enhancements through AI 

 

In the realm of food manufacturing, 

ensuring the traceability and safety of 

food products is paramount. By 

implementing advanced AI 

algorithms, manufacturers can trace 

the journey of food products from farm 

to fork with unparalleled precision. 

Moreover, AI-driven systems can 

enhance food safety by continuously 

monitoring production processes and 

analysing vast datasets to predict and 

prevent potential hazards before they 

impact product quality.  

 

Cost reduction and efficiency gains via 

AI 

 

AI can be a game-changer in 

optimising cost efficiency within the 

food manufacturing sector. By 

automating complex processes, AI 

technologies significantly reduce 

manual labour, leading to substantial 

cost savings. These systems excel in 

identifying inefficiencies across the 

production line, enabling 

manufacturers to streamline 

operations and minimise waste. 

Furthermore, AI's predictive 

maintenance capabilities can prevent 

costly downtimes by forecasting 

equipment malfunctions before they 

occur ensuring that food 

manufacturing processes are both 

lean and cost-effective. 

 

Real-time validation and predictive 

analytics through AI 

 

AI offers opportunities in food 

manufacturing for real-time validation 

and predictive analytics. AI-driven 

systems can assess the quality of food 

products in real-time, ensuring they 

meet the stringent standards required 

in the industry. Furthermore, AI can 

facilitate accurate predictions 

regarding product shelf life under 

various environmental conditions, 

optimising the supply chain and 

reducing waste (Marvin et al., 2022). 

By employing AI for these critical 

functions, food manufacturers can 

significantly improve efficiency, 

product quality, and customer 

satisfaction, all while minimising costs 

and environmental impact. 

 

 

 

 

òAI allows predicting the shelf-life 

of foods and beverages in real 

time, thereby enhancing quality 

assurance in the sectoró. 

 

Yu-Wen Lai, Research Administrator 

and Coordinator, All G Foods 
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Personalisation of food products 

through AI 

 

Leveraging AI to personalise food 

products represents a significant stride 

towards meeting individual dietary 

needs and preferences (Brea et al., 

2023). This innovative approach will 

allow for the customisation of food 

items, catering specifically to the 

unique health requirements, taste 

preferences, and nutritional goals of 

each consumer. AI-driven 

personalisation not only enhances 

customer satisfaction but can also 

open new market opportunities for 

food manufacturers. 

 

Conclusion 

 

In conclusion, by integrating AI 

technologies, manufacturers can 

develop tailored food solutions that 

are not only desirable but also 

contribute to healthier lifestyle 

choices, thereby positioning 

themselves as leaders in a rapidly 

evolving market. AI stands as a 

cornerstone technology for the future 

of food manufacturing. Its ability to 

enhance efficiency, ensure product 

quality, and foster innovation positions 

it as AI as a critical tool in the industry's 

ongoing evolution. As manufacturers 

embrace these opportunities, they 

pave the way for a future where food 

production is not only more efficient 

and sustainable but also more aligned 

with the dynamic needs and values of 

consumers and society at large. 

 

 

 

Pictured left to right: Professor Heather Smyth, Associate Professor Nidhi Bansal, and Wenlu Zhang  
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Recommendations for policy and practice  

  
Following reflection on the challenges and opportunities, we provide six 

recommendations to successfully drive innovation in food manufacturing through AI.  

 

1. Establish robust regulatory frameworks . It is critical to create detailed 

regulatory guidelines focused on AI's role in food safety and ethical AI use. 

Develop comprehensive forward -looking guidelines that ensure AI 

applications in food manufacturing adhere to safety, quality, and ethical 

standards. This involves setting clear protocols for data handling, data 

integrity, privacy, security, and AI decision -making processes.  

 

2. Foster industry -academia c ollaborations . Encourage forward -thinking 

partnerships between food manufacturers and academic institutions to drive 

innovation, research, and the development of cutting -edge AI technologies 

tailored to the food sector. Encourage the formation of interdisciplinary teams  

that include AI technologists, food scientists, and industry experts to foster 

innovative solutions that are both technically feasible and industry relevant.  

 

3. Workforce development.  Develop specialised training and education 

programs to upskill the workforce across all levels of the organisation, ensuring 

employees are equipped with the necessary skills to engage with and 

manage AI technologies effectively for a smooth transition towa rds 

automated processes.  

 

4. Promote transparency and c onsumer trust. Develop mechanisms for 

transparent communication regarding the use of AI in food production, 

including its benefits and any potential risks, to build and maintain consumer 

trust. 

 

5. Invest in scalable AI solutions . Amplify funding and resources for AI research 

and development specifically tailored to the food manufacturing sector to 

address unique challenges and opportunities. Support the adoption of 

scalable and flexible AI technologies that can be customised to meet the 

diverse needs of food manufacturers, ranging from small -scale producers to 

multinational corporations.  

 

6. Prioritise sustainability and ethical practices . Ensure that AI implementations in 

food manufacturing contribute to sustainable practices, optimising energy 

use, reducing waste and optimising resource use, while also considering the 

ethical implications of automation on employment and the workforce.  
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Introduction 

 

The global food supply chain is a 

complex network that connects 

farmers, producers, distributors, 

retailers, and consumers. Recently, it 

has undergone a profound digital 

transformation, fuelled mainly by 

technological advancements. At the 

heart of this transformation lie digital 

technologies: the Internet of Things 

(IoT), cloud infrastructure, and big 

data analytics, with both digital 

platforms and artificial intelligence (AI) 

playing a pivotal role in helping 

leverage the data generated by these 

digital technologies. This has led to a 

fundamental revolution in producing, 

distributing, and consuming food. This 

chapter first identifies the challenges 

and opportunities and then delves into 

the impact of these technologies on 

the food supply chain, examining how 

they contribute to efficiency, 

transparency, and sustainability.  

 

The definition of supply chain 

management (SCM) provided below, 

points to the complexity of the 

problem at hand (Stock & Boyer, 

2009).  

 

òThe management of a network of 

relationships within a firm and 

between interdependent 

organisations and business units 

consisting of material suppliers, 

purchasing, production facilities, 

logistics, marketing, and related 

systems that facilitate the forward and 

reverse flow of materials, services,  

 

 

finances, and information from the 

original producer to final customer  

with the benefits of adding value, 

maximising profitability through 

efficiencies, and achieving customer 

satisfactionó (Stock & Boyer, 2009). 

 

Challenges  

 

The key challenges that supply chains 

face today include disruptions 

resulting from extreme weather 

conditions. These disruptions have the 

potential to destroy crops, and impact 

physical production and distribution 

through transport and logistics, 

including cold chains which are 

essential to food safety. The global 

pandemic also exposed severe 

weaknesses in food supply chains due 

to disruptions from food design, 

production, and distribution due to 

logistical challenges leading to 

extensive waste, delays, and 

inefficiencies in the supply chain (Brea 

et al., 2023). Long supply chains with 

many participants, such as global 

supply chains, leave more potential 

failure points.  This requires more 

sophisticated risk management, 

visibility of the chain, and coordination 

(Cao, Bryceson & Hine, 2020). Global 

food supply chains also remain 

dominated by a small number of large 

players, utilising a limited range of 

transport corridors. For instance, the 

four companies known as ABCD; 

Archer Daniels Midland, Bunge, Cargill, 

and Louis Dreyfus, control almost 90% 

of the global grains supply chain (Putz, 

2018).  

 

Leads: Ashish Sinha and Damian Hine  

Luis Arango, Jeremy Farr, Joshua Gaudry, Pradeepa Korale Gedara, Thomas 

Magor, Simone Nalatu, Adam Smith  
 
Citation : Sinha, A., Hine, D., Arango , L., Farr, J., Gaudry , J., Korale Gedara , P., Magor , S., Nalatu, S.,  

& Smith, A. (2024). AI for improved food logistics and distribution , in McColl-Kennedy, J.R., & Hine, 

D.C. (eds.)  Food AI: A game changer for Australiaõs food and beverage sector , pp. 36-44.   
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Climate change and weather events 

bring their own disruption. However, 

when supply chains are opaque, with 

limited traceability and transparency, 

the ability to manage supply chain 

risks is diminished. With the safe food 

brand, a core tenet of Australia and 

New Zealandõs food system (FSANZ, 

2024), identifying the sources of 

contamination, ensuring food safety, 

meeting regulatory requirements, and 

proactively countering market, 

environmental, health and social 

shocks are all areas where well-

constructed AI can assist.  

 

Managing changing customer 

preferences and regulatory 

requirements. 

 

Customer preferences are dynamic 

and change over time. Customers 

across food supply chains are 

increasingly seek diverse, sustainable, 

and locally sourced products (Brea et 

al., 2023). This challenges traditional 

supply chain models that are largely 

geared toward efficiency and the 

transportation of processed foods. 

Apart from geopolitical uncertainties, 

tariffs and trade barriers can disrupt 

international supply chains, affecting 

goods and increasing costs. For 

instance, the European Commission 

(EC) developed an integrated 

approach to food safety 'from farm to 

fork,' primarily setting out the 

guidelines for food safety (Coggi & 

Deboyser, 2016). It covers all food 

chain sectors, including feed 

production, primary production, food 

processing, storage, transport, and 

retail sales. These guidelines apply to 

all European food imports, implying 

that countries and jurisdictions unable 

to meet these requirements cannot 

trade food products with many 

European countries. The EC claims to 

be putting òfood systems on a 

sustainable path (offering) new 

opportunity for operators in the food 

value chain.ó However, adapting to 

evolving food safety and labelling 

regulations across different regions 

can pose challenges for supply chain 

participants. Finally, both the slow 

adoption of technology and the lack 

of a digitally savvy labour force pose a 

challenge for food supply chains. 
 

Opportunities  

 

Integrating AI in the supply chain 

presents several opportunities for 

businesses and consumers. One of the 

key advantages lies in enhancing 

transparency for consumers seeking 

information about products and 

companies aiming to gain insights into 

their supply chains. AI -driven 

technologies facilitate data 

assistance, enabling businesses to 

harness the power of data and 

information effectively. Moreover, AI 

could be pivota l in shaping and 

influencing policy and regulatory 

frameworks, catalysing positive 

corporate change. AI driven RegTech 

introduces anticipatory capabilities in 

regulation so that disruptions can be 

managed rapidly and sometimes pre -

emptively (Oyola -Lozada e t al., 2024).  

 

"We can enhance equity by 

strategically implementing smart 

policies, refraining from reinforcing the 

strength of the already powerful."  

 

Dr Simone Nalatu, Director, Equity and 

Communities, Health  and Wellbeing 

Queensland  

 

As policies evolve, businesses can 

leverage AI to adapt and optimise 

their processes, including digital twins, 

for efficient operations. Digital twins will 

allow cost -effective experimentation, 

and deploying predictive engines will 

be pivotal in streamlini ng market 

delivery and fostering efficiency and 

effectiveness (Toorajipur et al., 2021).  
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Maintaining supply chain integrity and 

trust is critical.  

 

AI is a convergent technology for 

digital technologies, like b lockchain 

and IoT, which produce large amounts 

of valuable data. AI, which comes in 

many diverse forms in food supply 

chains, offers two fundamental 

improvements in the coordination of 

chains: precision and predictiveness 

(Belhadi et al., 2024). Opportunit ies 

arise, especially for high value 

products, to establish trust through 

enhanced traceability. However, the 

success of these initiatives is 

contingent on data availability. In this 

context, th e significance of data 

cannot be overstated. Rather, it serves 

as a vital ingredient of AI. The absence 

of data poses a disadvantage, 

particularly for segments with lower 

socioeconomic status.  

 

Lastly, the concept of providence 

(farm to fork or fork to farm), tracing 

products back to their origins, brings a 

renewed focus on supply chain 

transparency and traceability down to 

a genetic level in an organism, and 

very high resolution (for instance 

square miles/metres) geospatially. 

These are essential to meet the 

consumer demand for authenticity 

and visibility at all points along the 

chain, underscoring the need to 

replace opacity with clarity to ensure 

ethical and sustainable practices 

(Craigon et al ., 2023).  

 

The challenges and opportunities of 

the food supply chain imply that it can 

be aptly described as a wicked 

problem because it encompasses a 

range of complex and interdependent 

issues that defy  a  straightforward 

resolution. It involves interconnected 

challenges, such as climate change 

impacts, resource scarcity, supply 

chain disruptions, and regulatory 

complexities. Any disruption in one 

aspect can have cascading effects 

throughout the entire system. Coupled 

with numerous and diverse 

stakeholders, including but not 

exclusively limited to farmers, 

producers, distributors, retailers, 

policymakers, and consumers, with 

competing, often conflicting interests, 

make any solution to this problem 

anything but simple.   

 

Primarily, in this chapter, we focus on 

solving three critical interconnected 

and interdependent challenges that 

food supply chains face. For one, the 

greater the complexity of the supply 

chains, described by longer supply 

chains and many intermediaries, t he 

greater its inefficiency. Shortening the 

supply chain and reducing the 

number of intermediaries will benefit 

farmers and consumers. In theory, this 

should increase the welfare of all 

players in the supply chain, with 

enhanced incomes for the farmers 

and  reduced prices for the end 

consumers (Lonngren & Van Poeck, 

2021).  

 

Second, the current focus of many 

food supply chains remains on volume 

over range and choice. This can still be 

traced back to the Green Revolution. 

This brought efficiencies through 

standardisation and scale that also 

improved food security, but 

decreased  crop diversity to the point 

where most global protein intake is 

from four grains. Food security at the 

expense of food justice (Lonngren & 

Van Poeck, 2021). While the focus on 

food security helps alleviate 

malnutrition by making food, albeit 

processed and  canned, available to 

large swathes of the population, it also 

adds to nutritional deficiencies, 

especially micro -nutrients, and 

overnutrition and an  obesity crisis 

(Lonngren & Van Poeck, 2021).  
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The global pandemic  showed us that 

despite the gains in managing supply 

chains over the past fifty years, they 

can remain rigid, impassive, and 

opaque networks that lack 

transparency (Sinha et al., 2020). 

Despite what we might hail as a tech -

led revolution in supply chains, as in 

many areas of society, to date AI has 

not necessarily democratised all 

supply chains or all parts of supply 

chains, as technology development 

and operational integration can still be 

utilised to perpetuate the drive for 

scale economies, self -interest  and 

profit maximisation most often 

associated with market power (Dutta 

et al., 2020).  

 

These opportunities and challenges 

require reimagining the supply chain 

to better serve its various stakeholders 

by efficiently connecting the first mile, 

the farmers, with the last mile, the 

consumers. The decision -makers 

operate in a very uncertain 

envir onment, making decisions with 

incomplete information. Changes in 

consumer preferences, global 

economic conditions, and geopolitical 

events continually reshape the 

landscape. This uncertainty makes it 

challenging to predict and plan 

effectively. Furthermore , the 

information asymmetry between the 

first and last miles creates an opaque 

system that makes consumer decision - 

making very difficult. AI can reduce 

that opacity. Customers all along the 

chain have ethical concerns that may 

include issues related to fa ir trade, 

food safety, animal welfare, and 

environmental sustainability. This 

information is increasingly available to 

make informed decisions.  However, 

price remains a major aspect of the 

purchase decision.  Transparency and 

the ability to see inside the  supply 

chain black box can be a critical 

driver of the success of food supply 

chains. For all these challenges, digital 

technology and digital platforms play 

a key role in providing a solution.  

 

The repetition and regularity of the 

movement of food provides the 

platform for building large datasets, 

numeric, visual, and textual, used to 

effectively train the algorithms (usually 

in structured learning formats) that 

underpin precision and predictive AI 

for managing business as usual and 

potentially shocks alike (Modgil, Singh 

& Hannibal, 2022). Shocks pose an 

interesting dilemma for AI, as even the 

most advanced neural networks, 

which increasingly seek to mimic the 

integrative functioning of key parts  of 

the human brain through self -taught AI 

to achieve artificial general 

intelligence (AGI), require large, 

diverse datasets to train themselves. 

Shocks can present a level of 

unpredictability that currently lie 

outside the learning boundaries of 

generativ e AI as there is simply no 

precedent that provides that requisite 

data to train AI algorithms with 

(Baľiulienƛ et al., 2023).  

 

At the heart of an anticipatory, 

responsive solution lies a digital 

platform, with the advantage of a 

direct -to -consumer (DTC) business 

model connecting farmers with the 

end consumers, and potentially 

shortening supply chains, giving final 

customers a view  and line of 

communication back to the producer.  

Aggregators of organic products are 

using provenance and visibility to bring 

the producer and customer in close 

digital if not physical contact. Digital 

farmers markets supported by future 

focused predictiv e algorithms for 

market agility, coupled with precision 

in matching supply with product and 

nutritional needs are emerging around 

the globe, but are not yet prevalent.    

Farmers who had to navigate the 

complex maze of intermediaries 

historically can now e fficiently reach 
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an extensive customer base. This 

platform empowers the producers to 

showcase their wares to the 

consumers directly, eliminating 

intermediaries and reducing costs. This 

DTC model will be a win -win for all 

sides, as shortening the supply chain 

allows consume rs access to affordable 

and fresh food directly from the farm 

while the farmers receive a fairer share 

of the revenue (Yang, Fu, & Zhang, 

2021).  

 

The engines that drive the digital 

platform are big data and AI. The 

platform will leverage data analytics 

to offer insights to farmers derived from 

user behaviour, market trends, and 

weather patterns, and has the 

potential to empower farmers to make 

informed decisions about planting, 

harvesting, and pricing. For example, if 

there is a surge in demand for a 

particular produce, insights from data 

analytics can alert farmers, enabling 

them to adjust their cultivation plans 

(Toorajipour et al., 2021). This dat a-

driven approach will enhance 

agricultural efficiency and align 

production with market demands, 

contributing to the overall resilience of 

the food supply chain.  

 

"Building supply chain integrity can be 

accelerated through the integration of 

AI. Embracing the best practices 

crafted in Europe while overlaying 

equity and food justice on a global 

scale." 

 

Joshua Gaudry, Food Technologist 

GELITA 

 

 

Pictured Professor Ashish Sinha 
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While this solution may seem a bit far-

fetched, Pinduoduo (PDD), a Chinese 

e-commerce platform, is a compelling 

example of how digitalisation has 

reshaped the dynamics of agricultural 

production, distribution, and consumer 

access dynamics. Furthermore, PDD 

aggregates demand through group 

buying. This process facilitates 

efficiency by minimising waste as 

products move swiftly from farms to 

consumers in larger quantities. In 

contrast, it benefits consumers by 

receiving quantity discounts if they 

purchase large amounts through 

group buying. These innovations have 

made PDD one of the fastest-growing 

digital platforms globally, boasting 

800+ million active customers currently 

with a market cap of a little over 

$150B, fast approaching its $200B+ 

peak value (Sinha et al., 2020).  

 

However, the role of data and AI goes 

way beyond garnering insights from 

data analytics. A comprehensive 

digital solution should offer crop 

monitoring and traceability aimed at 

provenance (Rajeev & Joy, 2020). For 

instance, farmers should be able to 

monitor their crops across the entire 

lifecycle, from planting to harvest, 

aiding and facilitating the compliance 

and agricultural standards required by 

certain countries and jurisdictions for 

trade purposes.  

 

A diverse set of datasets and 

algorithms can be utilised by farmers in 

assisting them to manage the crop 

lifecycle. Several companies, for 

example Cropin, provide such 

solutions to the farmers (Rajeev & Joy, 

2020). By employing satellite imagery, 

weather forecasts, and soil health 

data, the platform provides farmers 

with real-time insights into their crops. 

This data-driven approach enables 

farmers to make informed decisions 

about irrigation, fertilisation, and pest 

control, optimising resource utilisation 

and increasing overall productivity. 

Cropin's solutions go beyond mere 

data analytics; they offer 

comprehensive crop monitoring and 

traceability. 

 

Using these solutions powered by big 

data and AI, farmers can assure 

consumers that the produce they 

purchase has been cultivated 

responsibly, adhering to sustainability 

practices throughout the farming 

process, enabling them to export their 

crops to heavily regulated regions like 

Europe that have strict policies for 

food security. Moreover, companies 

like Cropin are not only technology 

platforms, but they are also a force for 

financial inclusion and justice.  

 

Predictive modelling using data and 

up-to-date information also helps 

financial institutions score farmers and 

farms. This subsequently, assists these 

institutions in providing farmers access 

to much needed financial resources. 

Therefore, AI and digital platforms can 

play a significant role in democratising 

agricultural knowledge that was 

available to only a privileged few not 

too long back, apart from playing a 

critical role in financial inclusion of 

socially disadvantaged populations. 

 

Conclusion  

 

In conclusion, integrating AI in the 

supply chain ecosystem presents 

opportunities, spanning transparency, 

policy influence, process optimisation, 

and trust -building, all of which 

contribute to a more resilient and 

responsive supply chain.



 
 

по 
 

Recommendations for policy and practice  

 
Reflecting on the challenges and opportunities identified, we provide six 

recommendations for harnessing AI for improve logistics and distribution.  

 

1. Create digital platforms for food supply chain . Direct -to -consumer (DTC) 

channel will enable connecting the first mile (farmers) to the last mile (end 

customers), thereby eliminating intermediaries, reducing inefficiencies by 

shortening the supply chain, increasing margins for farmers, and reducing the 

paid price of the food products for the end customers.  

 

2. Establish AI -embedded data platforms . These data platforms will help 

leverage data analytics to offer insights to farmers derived from user 

behaviours, market trends, and weather patterns , and have the potential to 

empower farmers to make informed decisions about planting, harvesting, 

and pricing.  

 

3. Facilitate equity based financial platforms informed by predictive analytics . 

Digital platforms powered by big data and AI that focus on food quality, 

safety and provenance could provide greater visibility of exemplary farms 

and farmers. Linking them to equity finance that rewards and supports their 

continued innovative efforts incr eas ing  the value captured by producers.  

 

4. Democratise agricultural knowledge and expertise using AI . Leveraging big 

data and AI could help democratise agricultural knowledge and expertise, 

as every farmer could potentially access information that only a privileged 

few were privy to previously. This will also assist in the social and financial 

inclusion of  the socially disadvantaged population.  

 

5. Leverage digital technologies and AI for building a trusted supply chain . Trust 

is the cornerstone of any successful supply chain system. However, 

engendering trust across multiple stakeholders and partners is not a trivial 

problem. One potential approach would be using digital technologies, e.g., 

blockchain, IoT and AI, to esta blish a system where data is readily available to 

all partners. This transparent data -sharing system can  offer traceability , build 

trust and provenance.   

 

6. Support AI driven RegTech . To keep pace with strategies and markets,  

regulatory science and practice notoriously lags the behaviours and actions 

in markets they seek to influence. The advantages to companies and 

consumers of generative AI, and increasingly artificial general intelligence 

(AGI), can reduce regulatory lag.  Data transparency across supply chains 

coupled with AI can deliver precise, future focused regulation that can 

benefit supply chain stakeholders.    
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Introduction  

 
The Australian food service industry, 

which includes caf®s, restaurants, and 

catering plays a crucial role in the 

national economy, generating more 

than $37 billion in annual retail 

turnover and 450,000 employees in 

2021 (Restaurant & Catering Australia, 

2021). These figures underscore the 

sector's role not only as an employer 

but also as a key driver of economic 

activity, influencing supply chains, 

tourism, and local businesses. 

However, the industry faces a variety 

of challenges such as labour shortage, 

rising operation costs, changing 

customer trends and preferences. 

These challenges can impact the way 

businesses operate, their profitability, 

and their long-term sustainability. 

 

The emergence of artificial 

intelligence (AI) and robotics is 

anticipated to offer, if it is not already 

providing, this labour-intensive and 

economically crucial sector significant 

transformative opportunities. For 

example, service robots can efficiently 

handle repetitive tasks like food 

preparation and delivery, reducing 

the workload on human staff and 

increasing efficiency (Glassberg, 

2023). Furthermore, AI-driven analytics 

can optimise inventory management  

and predict customer preferences  

(Shahril et al., 2023). These 

technological innovations offer a 

pathway to address labour shortages, 

while also potentially increasing profit  

margins through improved operational  

efficiency. However, it is essential to 

balance the integration of AI robotics  

 

with the industry's human-centric 

aspects, ensuring that technological 

advancement complements, rather 

than replaces, the human touch that is 

fundamental to hospitality. 

 

This technological integration, if 

managed thoughtfully, can propel the 

industry towards a future where 

innovation and human expertise 

coexist harmoniously, driving 

economic growth and improving 

customer experiences. 

 

òWhile robots can assist back of house, 

we will always want that human touch 

front of house.ó 

 
Jeremy Ryland, Food Scientist and 

Marketer, Worth a Detour  

 

Challenges  

 

Despite the advance of AI and robot 

technology, the food service industry 

faces several critical issues that make 

the implementation of AI difficult. Each 

of these factors presents unique 

difficulties and requires innovative 

solutions to ensure the sustainability 

and growth of the industry. 

 

Labour shortage and rule -based 

robots  

 

The food service industry has been 

severely impacted by a labour 

shortage, particularly in the aftermath 

of the pandemic (Barker, 2022). The 

pandemic has compelled workers in 

this industry to seek employment in 

different sectors, and many of these 

individuals are choosing not to return 

due to the industry's relatively low 

Lead: Andy Lee  
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wages and often deficient working 

conditions (Barker, 2022). This shortage 

has led to operational challenges, 

affecting the quality of service and the 

ability of businesses to meet customer 

demands (Chiang & Trimi, 2020).  

 

As a result, the labour shortage during 

the pandemic has hastened the 

industryõs adoption of service robots. 

This shift has led customers to embrace 

- whether forcefully or voluntarily - the 

transformation of traditional services 

brought by the service robots (Lucas, 

2023). Customers are becoming 

accustomed to mobile apps or self-

service kiosks to place orders and 

service robots delivering their orders to 

the table (Baba et al., 2023).  

 

However, service robots currently in 

the food service industry are rule-

based automation interfaces, as 

opposed to more sophisticated, 

learning-capable AI systems (Blºcher 

& Alt, 2021). These rule-based robots 

focus on repetitive and straightforward 

tasks (Lin et al., 2019). Basic AI systems 

are used in self-service kiosks or digital 

ordering platforms. These systems 

follow predefined rules to process 

customer orders without any 

advanced decision-making 

capabilities.  

 

Service robots in a restaurant are 

programmed to bring food to tables or 

carry out simple delivery tasks. While 

they typically follow designated paths 

and have basic obstacle avoidance 

systems, service robots and digital 

ordering interfaces often require 

human assistance to handle requests 

that fall outside of their pre-

programmed capabilities. 

 

 

 

Pictured left to right: Dr Andy Lee, Maggie Wang, and Jeremy Ryland 
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Low profit margins with vague return -

on-investment  

 
Profit margins in the food service 

industry have been declining over the 

years. This decline can be attributed to 

various factors such as reduced 

customer volumes, rising fixed costs, 

and intense competition. Over the 

past two decades, restaurant profit 

margins in Australia have contracted 

significantly, dwindling from 15% to 2 - 

3% in 2023 (Restaurants & Catering 

Australia, 2023). The profitability varies 

across different segments of the 

industry. For instance, ghost kitchens 

and pizzerias manage better than 

others, such as coffee shops and fast-

food restaurants (Breheny, 2022). This 

trend highlights the need for effective 

cost management and innovative 

business models to enhance 

profitability. 

 

Restaurants need to operate to their 

maximum capacity in order to 

maximise profit margins. However, a 

minimum aisle width must be secured 

for service robots to navigate 

effectively, which could otherwise be 

utilised for additional tables (Mejia et 

al., 2023). Implementing self-service 

kiosks and service robots demand 

higher investment costs and 

considerable strategic planning. A 

single service robot on the market 

would typically cost restaurant 

operators around $20,000 annually 

where no in-house technical support is 

available. Despite the substantial 

investment in technology, measuring 

and securing its return on investment is 

challenging, as a significant portion of 

customers still exhibit a general 

reluctance or distrust towards 

technology (Coombs et al., 2020). 

Many of these customers prefer 

human interaction through traditional 

methods of service. 

 

 

Demand uncertainty  

 

Demand uncertainty is another 

significant challenge facing the food 

service industry (Ma et al., 2021). 

Factors such as fluctuating dine-in 

traffic, the rise of online booking and 

delivery services, and changing 

consumer preferences contribute to 

this uncertainty. This unpredictability 

makes it difficult for restaurant 

operators to manage inventory, 

schedule staff, and maintain 

operational efficiency.  

 

The higher no-show rate in the food 

service industry further accelerates the 

unpredictability of customer 

attendance, complicating revenue, 

and operational management for 

restaurants (Chiang, 2023). Adhering 

to restaurant revenue management 

strategies, many restaurants prefer 

accepting walk-in customers over the 

risk of no-shows, particularly during 

expected busy times. Those who take 

reservations often require customers to 

leave only basic information like 

names and contact numbers, without 

necessitating credit card details or 

deposits. Unlike hotels, which amass 

customer data through reservation 

systems and track hotel usage, 

restaurants often lack the same depth 

of customer data that hotels 

accumulate. 

 

Changing customer preferences  

 

There has been a noticeable shift in 

customer awareness towards 

environmental, social, and 

governance (ESG) issues, profoundly 

impacting various industries, including 

the food service sector (Ozdemir et al., 

2020). Consumers are increasingly 

aware of and concerned about the 

environmental impact of their 

consumption choices, leading to a 

growing demand for sustainable 

practices (Brea et al., 2023). They 
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prefer restaurants that source local 

ingredients, exercise fair labour 

practices, and foster transparent and 

ethical business practices. The 

alignment with ESG values is no longer 

a niche market trend but a 

mainstream consumer expectation, 

shaping the future direction of business 

strategies. 

 

Opportunities 

 
Despite these challenges, the advent 

of AI presents significant opportunities 

for the food service industry. AI can 

play a crucial role in addressing the 

issues of labour shortage, low profit 

margins, and demand uncertainty. 

The integration of AI into various 

aspects of the industry can lead to 

improved efficiency, enhanced 

customer experiences, and new 

business models. 

 

 AI-enabled service robots  

 

The introduction of more advanced 

AI-enabled service robots into the 

food service industry offers a 

compelling solution to the pressing 

issue of labour shortages (Huang & 

Rust, 2021). These sophisticated robots 

are equipped with capabilities far 

surpassing the traditional rule-based 

models, enabling them to perform a 

wider range of tasks with greater 

efficiency and autonomy. For 

instance, service robots currently 

deployed in the food service industry 

are restricted to move only along the 

pre-programmed path, often reading 

the sensors on the ceiling. AI-enabled 

service robots can analyse the density 

of the customers and find the shortest 

and safest path to customers. Such 

robots can be programmed to handle 

complex tasks like food preparation, 

cooking, and even plating, which are 

typically labour-intensive and require a 

certain level of skill.  

 

Additionally, these robots can perform 

repetitive tasks like cleaning, 

dishwashing, and inventory 

management, freeing human staff to 

focus on more complex and 

Pictured left to right Associate Professor Christoph Breidbach and Professor Jolieke van der Pols 
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customer-facing roles. This 

redistribution of tasks not only 

addresses the immediate issue of 

labour shortages but also contributes 

to a more efficient, streamlined 

operational model in the food service 

industry, where human expertise and 

robotic efficiency are optimally 

balanced. 

 

òEmpathy, design thinking, critical 

thinking and creativity will be a key 

focus to ensure that staff can thrive 

with robots, while maintaining a point 

of ôhumanõ difference.ó 

 

Dr Alexandra Kris, The University of 

Queensland Business School  

 

Customisation and personalisation  
 

Service robots, whether they are rule-

based or AI-enabled, often fascinate 

diners with their novelty. The 

experience of being served by a 

robot, whether it is taking orders, 

delivering food, or even engaging in 

basic interactions, adds an element of 

futuristic charm and innovation to the 

dining experience. This can be 

particularly appealing to young 

children, tech-savvy customers or 

those interested in new technologies 

(Grandey & Morris, 2023). 

 

Advanced AI service robots equipped 

with face or voice recognition 

modules can offer personalised 

recommendations, remember 

customer preferences, and even greet 

repeat customers by name. This level 

of personalisation, driven by data and 

machine learning, can significantly 

enhance the customer experience 

(Ameen et al., 2021). Equipped with 

natural language processing and 

machine learning algorithms, these 

robots can further interact with 

customers, take orders, and provide 

personalised recommendations based 

on customer preferences and past 

orders. This level of personalised 

interaction, traditionally the realm of 

human employees, can greatly 

improve the dining experience.  

 

In the context of health concerns  

such as the global pandemic, robots 

offer a contactless service option, 

which can reassure customers who are 

concerned about hygiene and safety. 

This aspect can make the dining 

experience feel safer and more 

comfortable for health-conscious 

diners. 

 

Balancing human -AI collaboration  

 

The future of the food service industry 

lies in the balance of human-AI 

collaboration (Tuomi & Tussyadiah, 

2020). Establishing human-AI teams 

can optimise operational efficiency 

while retaining the human touch that is 

essential in hospitality. This synergy can 

enhance service quality, innovate 

customer interactions, and ensure a 

competitive edge in the market. 

 

On the one hand, rule-based robots 

can handle routine, time-consuming 

tasks like cleaning, dishwashing, and 

basic food preparation. This allows 

human employees to focus on more 

complex, customer-facing duties that 

require emotional intelligence, such as 

customer service, problem-solving, 

and personalised interactions. 

These robots ensure consistency and 

precision in tasks like cooking at 

specific temperatures or timing, which 

enhances the overall quality of 

service. Human employees can then 

focus on quality control and 

overseeing the broader service 

experience. 

 

On the other hand, AI-based service 

robots, equipped with machine 

learning and natural language 

processing, can interact with 

customers, take complex orders (Wirtz 
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et al., 2018), and offer personalised 

recommendations based on customer 

preferences and past orders. This 

allows human staff to engage in 

deeper, more meaningful customer 

interactions, fostering a connection 

and enhancing the dining experience. 

AI-based robots can handle 

unexpected situations more adeptly, 

such as modifying orders or addressing 

specific customer requests, reducing 

the burden on human staff to manage 

these situations. 

 

These robots can collect and analyse 

customer data to provide insights into 

customer preferences and behaviour. 

Human employees can use this 

information to tailor the service 

experience, anticipate needs, and 

manage inventory more effectively. 

Human employees can play a role in 

training AI systems, providing 

feedback to improve their interactions 

and functionality. This ongoing process 

ensures that the AI systems 

continuously evolve and adapt to 

better serve the business and 

consumer needs. 

 

 

 

 

 

 

 

AI pioneering ESG solutions  

 

AI and robotics could be pivotal in 

tackling the dynamic challenges 

posed by environmental regulations 

and evolving consumer preferences 

(Kumar et al., 2021). In the food service 

industry, these advanced technologies 

are instrumental in streamlining the 

reuse, repair, and recycling processes 

for materials, including plastic and 

food waste. Their application aids not 

just larger corporations but also small 

and medium-sized enterprises in 

aligning with the circular economy's 

tenets, meeting sustainability 

expectations of consumers, and 

improving waste management 

practices.  Additionally, AI can provide 

tailored data-driven insights for 

customer orders, factoring in unique 

dietary needs, gut health concerns, or 

food intolerances, thus playing a 

crucial role in addressing broader 

public health issues.  

 

Furthermore, these technologies can 

facilitate the distribution of surplus 

food to homeless shelters or food 

banks, contributing significantly to 

mitigating urban homelessness. The 

integration of AI and robotics into the 

food service industry marks substantial 

progress towards adopting more 

sustainable and ethically responsible 

business operations. 
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Recommendations for policy and practice  

Reflecting on the challenges and opportunities we identified, we provide  six 

recommendations for AI in transforming food services.  

1. Alter service employees' perceptions of AI robots to foster a collaborative, rather 

than competitive, working relationship. Organising workshops that explain how AI 

works, its purpose in the workplace and its benefits. Forums and committees 

consisting of employee representatives could be formed to discuss and solicit 

feedback and suggestions on how AI can be utilised in their workflow. 

  

2. Leverage the changing role of service employees in customer-facing operations. 

Encourage employees to become more digitally literate, understanding not just 

how to use technologies, but also how they can enhance customer interactions.  

 

3. Develop symbiotic human-AI teams as a sustainable operational strategy. 

Develop strategies for personalising customer experiences, leveraging data to 

collect feedback on both AI and human-delivered aspects of service and to 

highlight areas where the human team/AI excels or need improvement. 

 

4. Cultivate empathy, design thinking, critical thinking, and creativity to enable staff 

to excel in collaboration with robots while preserving a unique "human" aspect. 

Identify aspects of service delivery that can efficiently be managed by AI robots 

(e.g., routine, high-volume tasks) and those areas where the human touch is 

crucial. Encourage regular feedback sessions within teams to discuss what is 

working well and what could be improved in human-robot collaboration.  

 

5. Navigate the unforeseen ramifications of implementing AI robots in customer-

facing operations including data privacy issues. Clearly communicate to 

customers how their data is being used by AI systems, the benefits of this usage, 

and any risks involved. 

 

6. Foster multidisciplinary partnerships among academic Institutions, the food 

service industry, and government entities to maximise the utilisation of AI. 

Establish a joint committee from academia, the food service industry, and 

government to guide the partnership. Workshops, seminars, and training 

programs could be organised to share the latest AI research, technologies, and 

best practices with industry and government partners. 
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Introduction 

Consumersõ food experiences can be 

greatly enhanced through taking a 

machine learning approach to 

artificial intelligence (AI). This potential 

can be achieved by satisfying 

consumersõ cognitive and emotional 

needs as they relate to food choices 

and consumption. Indeed, the design 

of AI systems of the future must 

address these two pathways to 

positive consumer experiences: (1) 

cognitive; and (2) emotional.  

 

AI has the potential to satisfy 

consumersõ cognitive needs and 

reduce decision inertia while making 

food and beverage choices. This 

potential can be achieved by helping 

consumers to overcome the cognitive 

burden of evaluating many offerings 

simultaneously. In many of todayõs 

market-based economies, consumers 

confront an overwhelming number of 

food and beverage products that vary 

widely in their quality and price. As 

consumers often maintain competing 

priorities and concerns simultaneously 

when assessing consumption 

decisions, the òcup is too fulló to 

devote mental resources for effective 

evaluation of all possible alternatives 

and their respective attributes at the 

time of purchase for all food and 

beverage purchases. Thinking and 

theory on the economics of 

information (i.e., òinformation 

economicsó) provides a useful 

framework for making sense of how 

consumers make decisions under 

these conditions ð a market 

characterised by many alternatives 

differing in price and quality (Phlips, 

1988). A machine learning approach 

to AI ð such as collaborative filtering 

methods used in recommendation 

systems ð can significantly reduce the 

cognitive burden on consumers. 

Consumers can then apply 

compensatory decision rules to smaller 

sets of recommended offerings ð 

removing the cognitive burden and 

allowing consumers to utility maximise.  

 

Consumers also seek to fulfil social and 

emotional needs while consuming 

food and beverages. Many consumers 

may seek and experience happiness, 

joy, and pleasure through 

consumption of food and beverages. 

The design of AI systems that might 

enhance consumersõ food and 

beverage experience should speak to 

this emotional side (as much as the 

cognitive side). Indeed, it may not be 

enough to reduce the cognitive 

burden ð success in the AI-enhanced 

world of the future may require the 

cognitive and emotional needs of 

consumers to be jointly satisfied (and 

the interaction of the cognitive and 

emotional experiences may be very 

complex). 

 

Research on how AI can enhance the 

customer experience of food and 

beverage purchase and consumption 

matters for several reasons. First, the 

past decade has seen 

unprecedented change in the 

practice of marketing. Consider, for 
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example, how the digitisation of 

marketing, the development of new 

marketing platforms and the 

emergence of social media, and the 

pervasive use of advanced analytics, 

has changed marketing. Of all these 

changes, it is perhaps the use of the 

machine learning approach to AI - 

now at the forefront of marketing 

analytics - that will bring the most 

change to marketing practice in the 

decade ahead. Second, consumers 

allocate a significant share of wallet to 

expenditure on food consumed at 

home and food consumed outside the 

home. In their landmark 22-year 

longitudinal study, Du & Kamakura 

(2008) determined that in the US, food 

is the largest category of discretionary 

expenditure. Australian consumers 

spend a significant component of their 

incomes on food and beverage 

purchases (ABS, 2023), regardless of 

the macroeconomic environment ð 

inflationary or recessionary pressures.  

 

Bringing these two themes together ð 

the importance of food and beverage 

expenditure and growth in the use of 

AI ð has the potential to yield 

important insights into consumer 

behaviour and marketing practice. For 

example, the insights this research can 

generate could be used to design AI 

systems that satisfy, even delight, 

consumersõ cognitive and emotional 

needs.  

 

This chapter makes an important 

conceptual contribution to the 

marketing literature. It sketches out the 

challenges and opportunities for 

marketers and consumers relating to 

the use of AI to enhance consumersõ 

food and beverage purchases and 

experiences. The challenges and 

opportunities are many. The 

challenges range from the costs of 

obtaining high quality data ð free of 

bias and errors ð on which machine 

learning algorithms can be 

developed, to the tension between 

delivering AI solutions that satisfy 

consumer needs versus solutions that 

satisfy those needs under the 

constraints of delivering healthy, 

enriching, and life-extending foods, 

through to building consumer 

acceptance, engagement, and trust. 

The opportunities are equally broad. 

One is the opportunity to build 

consumer-oriented AI systems; that is, 

systems that are designed with the 

goals and preferences of consumers in 

mind ð the 4 Cs of consumer-oriented 

AI: communication, collaboration, 

convergence, and control. Consumer-

oriented AI communicates its actions 

to consumers, allows opportunities for 

human-machine collaboration, 

prioritises the convergence of 

machine and human goals, and 

ultimately, offers humans control of 

these interactions. The calibration of 

these dimensions may be largely 

dependent on the AI application and 

consumer context. A second 

opportunity is the possibility of driving 

greater personalisation ð carefully 

balancing the economic benefits and 

costs of doing so (Brea et al., 2023). 

 

AI usage in the food and beverage 

industry: an overview 

 

The integration of AI into consumer 

food experiences promises to 

introduce a variety of previously 

unattainable benefits for both food 

service providers and consumers. 

Through mass scalability, automation, 

and data processing capabilities, AI 

possesses the potential to transform 

customer experiences, and the 

touchpoints along the customer 

journey  (McColl -Kennedy et al., 2019) , 

in ways that few other technologies 

have done before. Examples of AI 

integration at customer touchpoints 

include, for instance, Comp uter Vision 

Systems (CVS) to assist consumers with 

selecting supermarket products with 
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certain attributes prioritised by the 

consumer (e.g., nutrition, cost) 

(Mavani et al., 2022) . Machine 

learning systems (MLS) for mass 

aggregation and aggregation of 

consumer preferences (see McColl -

Kennedy et al. , 2019) and for example, 

large -scale appraisal and aggregation 

of user and critic restaurant reviews, 

alongside Natural Language 

Processing (NLP) models (Zaki & 

McColl -Kennedy, 2020) to provide 

real -time responses during 

consumption experiences (e.g., a 

per sonalised digital sommelier 

providing generated responses to 

consumer queries) . 

 

Every day , consumers consume food 

and beverage products. Some of 

these customer experiences are highly 

emotional ð happy, joyous occasions 

spent with family and friends for 

special milestones, others are less 

significant but still happy occasions, 

such as family mea ls. While others may 

be  disappointing, frustrating, or even 

embarrassing. Emotion is central to 

customer experiences (McColl -

Kennedy et al. , 2019), whether that is 

happiness or joy experienced in 

enjoying a great steak, either with 

friends and colleagues o r with oneõs 

family for a special occasion or 

everyday meals. Zaki, McColl -Kennedy 

and Neely  (2021) show that AI can 

track how customers feel during 

customer experiences.  

 

òLook at the hyper-personalisation of 

luxury goods ð even steak! Those who 

want high quality seek the ôfeelõ of 

personalisation as well, and AI can 

deliver it.ó 

 

Melissa Witheriff, Senior Director, 

Australian Innovation Lead, Avanade 

 

The level of AI system integration into 

customer experience touchpoints 

within the Australian food and 

beverage sector is set to increase. 

Brands such as Coles are integrating AI 

into consumer recommendation 

systems (Hogan, 2020) , restaurants 

such as Sydneyõs Spice World and 

Canberraõs Fat Goanna use AI service 

staff to allow human staff to focus on 

customer engagement (Ford, 2018; 

Sheil & Fejer, 2022). A significant 

number of Australian SMEs, non -profit, 

and public organisations possess 

limited market research capabilities 

and can only focus on segment -level 

targeting for their offerings. Through 

the data collection and processing 

capabilities of AI sy stems integrated 

into their existing customer journey 

processes, these organisations can 

autonomously conduct consumer 

targeting and profiling at the 

individual consumer level and offer 

personalised offerings to increase the 

likelihood of purchase.  

 

Likewise, Australian firms are utilising AI 

to create synthetic audiences to 

conduct focus groups and product 

research. Melissa Witheriff of Avanade 

utilises AI-generated synthetic 

audiences to conduct consumer 

research, and action insights. Although 

the synthetic audience approach has 

some limitations (e.g., limited reactivity 

to new and unforeseen market trends 

not captured in existing data), this 

al lows firms to conduct snapshot 

research initiatives or test new ideas 

within a short time and limited budget.  

 

With respect to consumer benefits, AI 

offers to assist consumers with making 

informed consumption choices. As 

consumers are often faced with an 

overwhelming variety of food options 

and limited heuristics to inform choice 

decisions (e.g., distance, brand 

recognition, visual perception), AI can 

aggregate information and provide 

personalised choices to consumers 

based on factors selected by the 

consumer (e.g., nutritional value, cost, 
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origin). Moreover, a CVS -based AI 

system could direct consumers toward 

the most nutritious and/or cost -

effective product on a supermarket 

shelf through a consumerõs phone. UQ 

Professor Shane Culpepper provides 

further insight into how AI can make 

decisions  easier for consumers: 

òConsumers are over-burdenedé they 

tend to look the at highest number of 

restaurant or menu star ratings. This is 

all done manually with an over -

reliance on user reviews. These reviews 

can be falsified. There is a lot of 

evidence tha t these are not 

necessarily reliable, but this is how 

many consumers make decisions.ó In 

aggregating an overwhelming 

amount of information and providing 

personalised food experience options, 

time-poor consumers can feel assured 

in making informed decisions that best 

meet their needs. 

 

 

Further, AI could provide highly 

personalised food experiences across 

multiple channels and touchpoints. In 

collecting and actioning the personal 

information collected and provided 

from consumers, Dr Thuy Rosie Pham 

outlines that : òAI can tailor the best 

solution, like a personal relationship 

between the consumer and AI. It can 

just observe my behaviour, give me 

the food I want, and always know 

what I want.ó Your AI ôpartnerõ would 

automatically know what you want for 

dinner on any given day, remove the 

cognitive burden of trying to choose 

meal options for picky eaters, 

alongside understanding how to 

engage and delight consumers during 

food consumption experiences.  

 

However, the benefits and costs of 

personalisation must be carefully 

considered by service providers. This 

consideration can be mapped on two 

axes: consumer willingness to pay for 

outcome personalisation; versus the 

ability of firms to deliver the desired 

outcome efficiently relative to 

alternatives (e.g., non-autonomous 

technologies or with human service 

workers). The target cell of this 2 by 2 

matrix (i.e., what firms are seeking to 

integrate AI capabilities into their 

service offerings should aim to 

achieve) is defined by a personalised 

experience for which consumers are 

willing to pay a premium that can be 

delivered very efficiently by the firm. 

 

Challenges 
 

Key challenges of AI usage in food 

experiences  

 

Despite these benefits, there are 

potential pitfalls that arise from the use 

of AI in food -based consumption 

experiences. If not managed 

appropriately, these issues are likely to 

cause opportunity costs and losses for 

food providers, and potentially inflic t 

financial, physical and/or social harm 

on  consumers.   

 

First, consumers do not always provide 

ideal information that can be 

captured and processed by AI 

systems. Non-representative, biased or 

false data points captured from 

consumers can ôpoisonõ AI systems by 

training and/or reinforcing algorithms, 

leading to  algorithmic drift within AI 

models where output becomes 

exponentially less accurate or 

representative within the intended 

consumption context (Wirtz et al., 

2023). This effect is not always 

consciously the fault of the consumer, 

as consumption decisions can be 

subject to cognitive biases and 

intention -behaviour gaps (Mariani, 

Hashemi & Wirtz, 2023). Mathew Dick, 

Public Health Nutritionist at Health and 

Wellbeing Queensland outlined an 

example of how food choices can be 

influenced by context, such as 

consumers making a planned decision 
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to purchase healthy food options 

before heading out to a stadium.  

However, òthe rational consumption 

mindset changes into an impulse 

mindset in the stadium, and a different 

consumption choice is made that may 

not be predicted by an AI system 

within the parameters set for the 

system. For example, the Brisbane 

Heat menõs team loses five batters 

within four overs ; this causes 

consumers to opt for an ôemotional 

supportõ meat pie instead of a salad 

roll option as previously intended ó. In 

short, AI may highlight healthy options 

from menus available at a stadium, 

but the context drives a person to 

choose fast food they did not intend 

to eat. This underscores how human 

biases can influence the functionality 

of AI systems. As noted by Dr Len 

Coote òit is really a difficult problem for 

consumers. Consumers try to be 

rational, but they cannot process 

everythingó.  

Second, AI can proliferate poorer 

eating habits through reinforced 

recommendation of less healthy 

options to consumers. This is due to the 

widespread popularity of sugary and 

fatty foods that are lower in nutritional 

value, the popularity of these options 

among consumers could reinforce 

ma chine learning algorithms to 

inadvertedly recommend these types 

of food offerings to consumers.  
 

òWe need to recognise everyone is 

differenté we need to understand 

consumers and deliver to them 

through AI. Personas and consumer 

attitudes are still only conducted at a 

segmentation level, not a personalised 

Level.  AI could help here.ó 

 

Michael Lee, Group Manager , Science  

and Innovation, Meat & Livestock 

Australia (MLA)  
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