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ABSTRACT ARTICLE HISTORY
Food waste is an alarming issue pertaining to the rising global hunger, huge environmental footprint, Received 30 November 2019
and high monetary value. In developing and developed nations, it occurs primarily due to inefficien-  Accepted 29 July 2021

cies upstream and downstream of the supply chain respectively. A common factor in both developed
and developing nations is product flow within the supply chain from farms to retailers. This study i
. . . . Beef supply chain; waste
aims to identify the root causes of waste generated across the product flow of the beef supply chain minimisation; multi-agent
from farm to retailer. A workshop involving twenty practitioners of the beef industry was conducted system (MASl)
and the collected information was transcribed and coded to generate a current reality tree, which
assisted in identifying root causes of waste in the entire beef supply chain. A multi-agent architecture
framework spanning the entire beef supply chain from farm to retailer is proposed, which is composed
of autonomous agents capable of bringing all segments of the beef industry on a single platform and
collaboratively assist them in mitigating root causes of waste. The proposed framework will aid the
practitioners in the beef industry to reduce waste, improve their operational efficiency thereby raising
food security, economic development whilst curbing their carbon footprint.

KEYWORDS

1. Introduction industry usually keep their waste figures confidential because
of data sensitivity (Parliament Publications, UK 2017). Raising
awareness will play a crucial role in drawing the attention of
the food industry towards the multi-dimensional consequen-
ces of food waste. It will improve the financial return to
farmers, who gets the least profit within the supply chain.
Simultaneously, it will address the global issues of food
security, environmental implications, and financial crisis of
food industries and will also help to achieve sustainable con-

It is estimated that one-third of the aggregate food pro-
duced globally (~1.3 billion tonnes/annum) ends up as waste
(FAO 2019a). It directly impacts some of the crucial issues
across the globe. The foremost is that around 820 million
people are suffering from chronic hunger thereby creating a
bottleneck in achieving United Nations Sustainable
Development Goal no. 2- Zero Hunger (FAO 2019b). The
food wasted within the supply chain could be utilised to sumption and production.

feed them. There are also environmental implications of Beef products are deemed as a rich source of protein glo-
wasting food as lots of resources (land, water, and energy) paly and it contributes to 24% of the entire meat production
are being exploited for producing it. The food waste gener- (Boucher et al. 2012). Livestock production generates
ated is also being disposed to landfills leading to the gener-  employment for 1.3 billion people, accounts for 40% of net
ation of methane, which is a very potent greenhouse gas, agricultural GDP (Steinfeld et al. 2006). It is estimated that
leading to global warming. According to IPCC, ~10% of glo- |ivestock production covers 70% of aggregate agricultural
bal greenhouse gas emissions are attributed to food waste |and worldwide (Steinfeld et al. 2006). Beef products are also
(IPCC 2019). Besides, the food wasted along the supply chain  the most resource-intensive in the entire food spectrum
financially affects all the stakeholders of the supply chain (Navarrete-Molina et al. 2019). In the UK, ~14,572 tonnes of
including customers, which has been estimated to be around  waste is created in the product flow of beef from farm to
USS$1 trillion (FAO 2019¢). Sustainable consumption and retailer (Whitehead et al. 2011). Keeping the same in mind,
production are one of the most pressing challenges in this this study is focused on waste minimisation in the beef sup-
sector and is in line with UN SDG number 12- Responsible ply chain and addresses the following research questions:
Consumption and Production. Mitigation of food waste could

play a pivotal role in strengthening the fortunes of global RQ1. What are the root causes of waste generated within the
food industries and thereby national economies around product flow of beef products from farm, abattoir, and processor
the world. to a retailer?

Food waste is generally being ignored because the associ- RQ2. How multi-agent architecture will assist in mitigating root
ated expenses are often underrated. Major firms of the food causes of waste generated in the beef supply chain?
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The extant studies have focussed on waste minimisation at
a given segment (retailer, abattoir, processor, etc.) within the
beef supply chain. However, this study has adopted a holistic
approach and utilised the current reality tree method to
identify the root causes of waste generated in the entire beef
supply chain viz. farm, abattoir, processor, and retailer. A
multi-agent architecture comprising of five autonomous
agents is proposed to improve the vertical coordination across
the beef supply chain and thereby mitigate these root causes
to improve operational efficiency. It will assist all stakeholders
in the beef supply chain viz. farmers, abattoir, processors,
logistics, and retailers to make informed decisions to optimise
the product flow with minimal losses thereby nurturing pro-
duction, distribution efficiencies, and resilience towards vari-
able demand by establishing a feedback mechanism. The use
of a multi-agent framework will raise the profit margins for all
stakeholders and also facilitate better utilisation of resources.

The organisation of this paper is as follows: Section
Literature review consists of literature review of the work
done in waste minimisation in the food supply chain till
date. Section Dynamics of beef supply chain describes
dynamics of the beef supply chain. Section Research method
describes the research method. Section Results contains
results of the study followed by multi-agent architecture for
waste minimisation in section Multi-agent framework for
waste minimisation. The findings of the study are scrutinised
in discussion in section Discussion. Finally, the conclusion of
the study is being provided in section Conclusion.

2. Literature review

Food waste is often attributed to overproduction. It was
revealed that ~50% excess of food production is needed to
offset the unanticipated losses and to address food security
(Raak et al. 2017). The root causes of excess food produce
originated from the trade demands viz. the probability of
deviation from approved food quality standards, punitive
contractual sanctions, and return of produce obligations
thereby raising the volume of fresh produce (Parfitt et al.
2010). The inefficiencies in demand forecasting are driven by
the lack of real-time information sharing within the entities
of the food chain (Mena et al. 2014). Food producers employ
historical sales figures in conjunction with their experience
to predict the volume of produce needed (Raak et al. 2017).
Retailers on the other hand have to find an optimum trade-
off amongst inflated shelves to boost customer confidence
and unsold food produce (Ettouzani et al. 2012)

The contribution of beef products to the overarching
issue of food waste is well documented in extant literature
(Alexander et al. 2017). Although fresh vegetables are the
hotspots of greenhouse gas emissions pertaining to their vol-
umes rendered to landfills, nevertheless, beef has the highest
carbon footprint (amongst all agri-food products) when com-
parisons are drawn on a per kilogram basis (Beretta et al.
2017). The raising of cattle also leads to the highest rates of
losses in energy and protein (Alexander et al. 2017). The
data corresponding to waste generated within the supply
chains is not even properly captured in the developing

nations, some of them are the highest producer/exporter of
beef products (Spang et al. 2019).

Like conventional manufacturing and retailing sectors,
information sharing is of utmost importance within the beef
supply chain (Ding et al. 2014). For instance, the flow of infor-
mation amongst producers and processers with respect to the
weight of cattle, its conformation, etc. needs to be precise
and timely (Ding et al. 2014). The precise and timely informa-
tion on beef cuts from processors to wholesalers will aid the
economic sustainability thereby empowering wholesalers to
raise their market share in domestic and overseas markets
(Ding et al. 2014). Also, efficient exchange of information
across the beef supply chain will assist in reducing the carbon
footprint (Singh et al. 2015). It also aids abattoir and processor
in optimum supplier selection of beef cattle (Singh et al.
2018). Hornibrook & Fearne (2003) found out that vertical
coordination strategy has been successful to manage per-
ceived risk associated with fresh beef for catering customers.
Park et al. (2011) concluded that the US beef supply chain has
become more coordinated with better information flow.

The concept of waste minimisation in the beef supply
chain has drawn the attention of researchers in the last two
decades. Simons & Zokaei (2005) have applied the lean
approach to the cutting room of the red meat industry.
Francis et al. (2008) have drawn attention towards waste
elimination opportunities in the UK supply chain at the pro-
ducer and processor level by comparing with Argentine coun-
terparts. Mishra and Singh (2018) employed Twitter analytics
downstream of the beef supply chain to formulate waste
minimisation strategies to mitigate root causes of waste
upstream of the supply chain. Singh et al. (2018) have fol-
lowed a social media data analytics approach for the identifi-
cation of discrepancies/inconsistencies within the food sector
to aid decision-makers in the food supply chain regarding
problems in product flow and quality of edibles. Mishra et al.
(2017) have employed interpretative structural modelling and
fuzzy MICMAC approaches for developing a consumer-centric
beef supply chain to mitigate avoidable waste.

It is evident that the existing work in the literature on
waste minimisation in the food supply chain is limited to
either one of the segments or interfaces of two segments
within a food chain. However, this study bridges the gap in
the literature by employing the current reality tree method
to identify the root causes of waste in the entire beef supply
chain from farm to retailer. Furthermore, considering the
utmost importance of information sharing within the beef
supply chain, a multi-agent architecture is proposed to
improve the coordination (information flow in real-time)
amongst various stakeholders of the beef supply chain to
mitigate the identified root causes of waste. The next section
consists of the dynamics of the beef supply chain.

3. Dynamics of beef supply chain

Beef is the most resource-intensive agri-food product. It
involves multiple stages to reach from farm to fork, which is
described in the following subsection.



3.1. Product flow in beef supply chain

The beef supply chain is complex in nature. It includes all
the stakeholders from farmer to retailer. Figure 2 shows an
illustrative diagram of the beef supply chain. The beef farms
are of different sizes and contain a varying number of cattle.
The farmer raises the cattle in beef farms to the finishing
age, which could be anywhere between 3 and 30 months.
The finishing age depends on the breed of cattle, gender,
and demand in the market (local and abroad). The cattle are
sent to abattoir and processor, when they reach their finish-
ing age, by deploying logistics. The abattoir slaughters the
cattle and slices them into primals. The processor then proc-
esses these primals into human consumable products like
steak, joint, burger, and meatball, etc. Then, packing and
labelling of these fine products are completed and sent to
retailers’ warehouses, where they are sorted and dispatched
to corresponding retails stores to be procured by customers.

In an ideal scenario, the product flow within the beef supply
chain appears to be devoid of any bottlenecks as discussed
above. However, in reality, this process is complex given the
miscoordination within various stakeholders in the supply chain.
For instance, if the diet of cattle is based on grain instead of
grass (as required by the retailer), the shelf life derived from the
meat will be shorter. Also, carcase imbalance is another major
factor in generating product waste. For example, the demand at
the retailer end may be higher for hindquarter products (steak,
joints, etc.) as compared to forequarter products (mince, burger,
etc). The disproportionate inflated demand for hindquarter
products will render the low demand forequarter products as
waste. The poor vertical coordination in terms of information
flow (regarding demand) from downstream to upstream of the
supply chain will generate disparity within supply and demand
thereby creating waste. The detailed description of types of
waste generated by the interaction of stakeholders within the
beef supply chain is discussed in section Results.

3.2. Waste in beef supply chain

OECD/Eurostat (2005) have defined waste as, “Those prod-
ucts which are not the principal product for which the
manufacturer has no further utilisation for their own

Butchering &
Boning

Raise and

Finish

Logistics

Beef farms

Figure 1. Schematic diagram of product flow in beef supply chain.

Abattoir & Processor
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manufacturing, processing or consuming and which they
reject or aspire to reject or is needed to reject. Waste could
be created while raw material extraction, their processing to
end-consumer products, while consumption of these prod-
ucts and while any distinct human occupation.”

Waste is occurring in the beef supply chain at the prem-
ises of all stakeholders, which are farm, abattoir, processor,
logistics, and retailer. There are various types of waste being
generated across the beef supply chain. They can be divided
into following categories:

1. Animal by-products
2. Product waste

1. Animal by-products are the non-edible secondary
products or carcase obtained from animals. These
by-products can be further classified into the following
three subcategories:

a. Category 1 (High-risk by-products) — These have to
be disposed of by either incinerating or processing
in a government-approved plant. They consist of
SRM (Specified Risk Material) like the brain, spinal
cord, etc. Approximately, 12.1% of the total live
weight of cattle is attributed to category 1 animal
by-products (Whitehead et al. 2011).

2. Category 2 (medium risk by-products) - These can be
disposed of by either composting or using in biogas
production. They consist of deceased animals, digestive
tract, and blood. Approximately, 1.9% of the total live
weight of cattle is attributed to category 2 animal by-
products (Whitehead et al. 2011).

3. Category 3 (Low-risk material) — These can be utilised
for the production of pet food, chemical fertiliser, oleo
chemicals, etc. Approximately, 19.2% of the total live
weight of cattle is attributed to category 3 animal by-
products (Whitehead et al. 2011).

e Product waste- It is defined as the edible meat being lost
in the product flow along the beef supply chain due to

Retailer
warehouse

Sort &

Beef products Dispatch

Logistics

so1s1807

syonpoid Joog

Purchased
by
customers

Retailer’s store
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poor process control and operational issues. It could be
due to contamination, over-trimming, beef products
going past their shelf life without getting sold
(Whitehead et al. 2011). Product waste is also rendered as
animal by-products mentioned above and is not fit for
consumption by humans. This study focuses on the prod-
uct waste occurring in the beef supply chain.

Animal by-products and product waste are related to
each other. Product waste is generated as a result of human
error and inefficient management practices across the beef
supply chain. The product waste is then treated like animal
by-products as per the hazards associated with them. For
instance, the meat which is dropped on the floor during
butchery and boning operations is a type of product waste
and is rendered as category 3 waste. However, if the level of
contamination is high then it is disposed of as category 2
waste. In the next section, with the help of the current real-
ity tree method, we have classified different types of waste
generated and their corresponding root causes.

4. Research method

This study aims to uncover the root causes of generating
waste in the beef supply chain, identify the causal relation-
ship amongst them, and suggest preventive measures to
address them. Keeping this in mind, the data collection is
conducted via a workshop involving twenty practitioners of
the beef industry as discussed below.

4.1. Data collection

The beef supply chain has to be resilient to the challenges
posed by temperature abuse, short shelf life, fluctuating
demand from farm to fork. Hence, the research method
should be overarching to encapsulate these aspects. The
scant literature on waste minimisation in the beef supply
chain and the causal relationships underpinning it suggests
the employment of exploratory research. Keeping this in
mind, primary data collection was performed via a workshop.

The waste generated at different segments of a beef sup-
ply chain is interconnected to different stakeholders (farm,
abattoir, processor, logistics, retailer, etc.). Therefore, in order
to establish causality of waste generated pertaining to the
interdependence of stakeholders, the workshop provides an
ideal setting of in-depth discussion and cross-organisation
collaboration to address the waste hotspots. These inter-
organisation discussion within the workshop in comparison
to interviewing stakeholders individually raises the potency
of current reality tree generated later in the study to identify
the root cause of waste within the beef supply chain.

The participants of the workshop were twenty practi-
tioners from the beef industry: five representatives each from
beef farmers, abattoirs & processors, retailers, and logistics
thereby mapping the entire beef supply chain. The farmers
invited were having at least fifteen years of work experience
in small, medium, and large size beef farms. The participants
representing from abattoir and processor were agriculture

managers, product technologists, supply chain manager, cus-
tomer relationship manager, QA (Quality Assurance) super-
visor each having experience of five to fifteen years. The
representatives of the retailer were supply chain manager,
supplier relationship manager, customer, and trading man-
ager, warehouse manager, and store manager each having
experience of eight to thirteen years. The representative of
logistics was logistics manager, cattle truck driver, transport
coordinator, stock controller, and junior operations executive
each having experience of seven to fifteen years. The roles,
responsibilities, and other characteristics of all the workshop
participants have been incorporated in Table 1. These twenty
practitioners of the beef industry were chosen owing to their
vast experience and their close relevance to the aim of this
study. Also, their roles and responsibilities within their
respective organisations assisted in critically identifying the
hotspots of waste within the beef supply chain.

An intra-group face-to-face brainstorming session was con-
ducted for 2.5 hours in which, the representatives of a particular
stakeholder reflected on different kinds of waste generated at
their respective premises and tried to identify their root causes.
These preliminary findings generated by all stakeholders were
amalgamated to capture the various kind of waste generated
overall in the beef supply chain and their potential root causes.
Based on these, a group discussion of 2 hours was conducted
amongst all the industrial practitioners present to further scru-
tinise these preliminary findings to capture the waste gener-
ated at the premises of a stakeholder (for example, retailer)
due to the inefficiency of another stakeholder (for example,
farmer). Given the segregated nature of the supply chain and
inefficient information sharing, the stakeholders were not able
to visualise their interdependence on each other with respect
to waste minimisation. These intermediate findings were then
further investigated with the experiential learnings and discus-
sion among the participants for an hour to map the aggregate
waste generated within the beef supply chain with their corre-
sponding root causes. The outcome of the mapping exercise
was transcribed and recorded for data analysis as mentioned in
the next subsection.

4.2. Data analysis

This study is focussed on tracing the root causes of waste gen-
erated in the beef supply chain, their causal relationships, and
corresponding preventive measures to address them. Hence,
the qualitative approach is followed given the context of the
study. Firstly, data collected was analysed, coded, and trans-
ferred to a specific template. Then, significant information of
stakeholder’s firms was transformed to tables to aid in compar-
ing and contrasting the information provided by different firms.

The identification of root causes of waste generated in
beef supply chain was done via causal maps (Jenkins and
Johnson 1997; Fiol and Huff 1992). In the literature, casual
maps have been used for various purposes like in developing
cause and effect diagrams (Ishikawa 1990) and interrelation
diagrams (Doggett 2005) for quality management. Kaplan
and Norton (2004) have used strategy maps to demonstrate
the long-term strategy of a firm.



Table 1. Characteristics of the workshop participants.
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S. No. Workshop participant Industry Role/Responsibility Experience (Years)
1 A Farmer Owner of large farm 16
2 B Farmer Owner of small farm 15
3 C Farmer Owner of large farm 19
4 D Farmer Owner of medium farm 15
5 E Farmer Owner of medium farm 17
6 F Abattoir & processor Agriculture manager 14
7 G Abattoir & processor Product technologist 12
8 H Abattoir & processor Supply chain manager 7
9 | Abattoir & processor Customer relationship manager 13
10 J Abattoir & processor QA (Quality Assurance) supervisor 11
1 K Retailer Supply chain manager 9
12 L Retailer Supplier relationship manager 10
13 M Retailer Customer and trading manager 12
14 N Retailer Warehouse manager 8
15 0] Retailer Store manager 13
16 P Logistics Logistics manager 15
17 Q Logistics Cattle truck driver 1
18 R Logistics Transport coordinator 7
19 S Logistics Stock controller 12
20 T Logistics Junior operations executive 10

The causal relationship between components of a framework
are represented by graphs, where nodes denote problems, con-
cepts or ideas and the unidirectional arcs connecting these
nodes denote the causal relationship between them (Scavarda
et al. 2006). There are various kinds of causal maps available for
root cause identification (Doggett 2005). However, the current
reality tree (CRT) has been used in this article, considering its
clear logical flow and capability to identify distinct and logical
root causes (Walker and Cox 2006; Doggett 2005). CRT has
been actively employed in the domain of operations and sup-
ply chain management. Mena et al. (2011) have employed CRT
to identify the root causes of waste generated at the supplier-
retailer interface in the UK and Spain. Chou et al. (2012) have
raised the inventory management of an aerospace firm by erad-
icating the contradictory inventory management practices of
various departments. Rahman (2002) have utilised CRT to
unravel crucial factors to raise the performance of a supply
chain and also investigated causal linkages amongst these fac-
tors. The creation of CRT begins with finding out the surface
issues or unwanted consequences (Walker and Cox 2006). It uti-
lises three unique symbols: nodes represent unwanted conse-
quences, arcs represent causal relationship and oval denotes
the ‘AND’ logical function, which means that two or more
causes are needed to generate an effect. The unwanted conse-
quences are connected via an if-then logic. The process creates
a graph or tree having the final issues or problems at the top
and the root causes can be found out at the bottom.

In this article, CRT for the beef supply chain is being cre-
ated. The top of the tree denotes the generation of waste
across the beef supply chain, which is the major focus of this
research. The central part of the tree denotes the intermedi-
ate causes of waste generation. The root causes of waste
generated in the entire beef supply chain are located at the
bottom of the tree, which will be discussed in detail in the
following section.

5. Results

The results of the study are discussed in this section. The
major root causes of waste in the entire beef supply chain

(from farm to retailer) have been identified using the Current
Reality Tree as shown in Figure 3. Some of the root causes
are interconnected and could be broadly clustered into the
following categories:

a. Poor vertical co-ordination (PVC)- The waste generated
within the beef supply chain due to lack of information
sharing creates a bottleneck for the product flow from
upstream to downstream of the supply chain. For
instance, delivery of an incorrect quantity of products by
abattoir and processor to retailers.

b. Operational inefficiency (Ol)- This category of waste is
generated pertaining to poor process controls by stake-
holders of the beef supply chain. For instance, failure of
cold chain management within retailer store.

Different stakeholders are generating different kinds of
waste at their premises (as identified by the current reality
tree). These wastes have been linked to the aforementioned
clustered categories and mentioned as following:

1. Farm - The main root cause of waste occurring at the
farm end is the absence of fresh grass in the diet of cat-
tle (Ol). So, they are deficient in vitamin E. Hence, the
meat derived from them have a shorter shelf life. Also,
lack of cattle management leads to cattle not adhering
to the weight and conformation specifications of a
retailer, when they reach the finishing age (Ol). Lack of
animal welfare at beef farms might lead to cattle getting
an infection or being physically injured, which might
result in rejection by the abattoir.

2. Abattoir and Processor — The inefficiency in butchery and
boning operations generates waste at the abattoir and
processor. A significant amount of edible beef is lost
because of over-trimming by the unskilled workforce (Ol).
Lack of maintenance of machines can lead to stoppage of
line and thereby loss of product stuck within it (Ol). Edible
beef products fall over the floor because of incompetency
and inefficiency in butchery and boning operations (Ol).
The lack of compliance of butchery and boning operations
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Figure 2. Schematic diagram of product flow in beef supply chain.
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with takt time grounded on the forecasted demand of
retailer leads to misalignment of supply and demand
(Ol & PVC). Butchery and boning operations get slowed
down due to a violation of line balancing principles (Ol).
Over maturing of carcase in maturation park shortens the
shelf life of beef products (Ol). The absence of periodic
changeover of a set of knives leads to slow operations

(Ol). Butchery and boning operations being performed
against gravity results in lower productivity and exhaus-
tion of abattoir staff (Ol). Excess of contact with metallic
blades leads to beef products being discarded in metal
detection test (Ol). Beef products get contaminated due to
non-adherence to cleaning, packing regimes, and expos-
ure to temperature abuse (OI).



3. Retailer - The main root cause of waste occurring at
retailer's warehouses and stores is due to lack of coord-
ination (product, information, and finance) between
abattoir, processor, and retailer leading to loss of beef
(PVC). Inefficient cold chain management leads to tem-
perature abuse of beef products (Ol). Inflated orders
placed by retailer store pertaining to higher availability
of products overlooks the consequent potential waste
(Ol). Inappropriate stacking and shelving procedures at
retailer store result in beef products going past their
shelf life without getting sold (Ol). Short-sighted promo-
tion management by retailers leads to cannibalisation of
products thereby generating waste (Ol). Negligence of
dedicated waste management human resources to
frame the efficient waste management policy and their
implementation leads to avoidable waste occurring at
the retailer's distribution centre and retail store (Ol).
Adoption of incorrect packaging results in shorter shelf
life (Ol). For example, employing modified atmosphere
packaging (MAP) instead of vacuum skin packs (VSP)
shortens the shelf life.

4. Logistics- Logistics assists in the shipment of cattle and
edible beef products between various stakeholders of
the supply chain. They also contribute in generating
waste like their counterparts. The major root cause of
waste generated by logistics is inefficient cold chain
management in logistics vehicles leading to temperature
abuse of beef products (Ol). Delayed delivery of beef
products to retailers shortens the shelf life of beef prod-
ucts available for sale (Ol). Improper stacking of beef
products raises the probability of damage (OI).
Employing cheaper transport channels taking full truck-
load pertaining to cost savings makes beef products
more vulnerable to damage (Ol). Moreover, they also fol-
low longer routes (to avoid tolls, etc.) thereby shorten-
ing the shelf life of beef products available for sale.
Cattle get injured or stressed during transportation from
farm to abattoir due to non-compliance with legal space
allowance requirements.

6. Multi-agent framework for waste minimisation

Supply chain management incorporates numerous compo-
nents/stakeholders interacting amongst each other with vary-
ing or potentially contradictory requirements. Therefore, it
provides an ideal scenario for agent-based formalisations,
where these components in the supply chain are modelled
in the form of autonomous agents to mitigate complex
issues (Baryannis et al. 2019). Multi-agent architecture, which
is a key branch of artificial intelligence has been widely
employed in operations and supply chain management.
Chan and Chan (2006) have utilised multi-agent architecture
for inventory management to lower the expenditure and
raise fill rate. Kwon, Im, and Lee (2007) have employed
multi-agent systems (MAS) to address coordination issues
within supply chain partners pertaining to uncertainty in
demand and supply. Zarandi, Pourakbar, and Turksen (2008)
have applied MAS to mitigate the bullwhip effect and its
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financial consequences within a multi-stage supply chain.
Mishra et al. (2016) have proposed a self-reactive cloud-
based multi-agent framework for mitigating internal and
external issues within the distributed manufacturing environ-
ment. Kumari et al. (2015) have incorporated MAS to facili-
tate outsourcing within SMEs manufacturing supply chain.
Mishra et al. (2014) have employed MAS to raise the
efficiency of the lamb supply chain and to make it con-
sumer-centric. All of these studies have selected multi-agent
architecture over mathematical optimisation given its innate
ability to facilitate collaboration and conciliation amongst
various stakeholders of the supply chain with comparatively
minimal computational power needed (Baryannis et al. 2019).

Keeping above in mind, in this study, a multi-agent frame-
work spanning the entire beef supply chain is proposed. The
proposed multi-agent framework consists of five autonomous
agents, which will communicate among themselves and aid
in waste minimisation in the beef supply chain. The sche-
matic diagram of this scheme is depicted in Figure 4. These
agents will capture information of product flow at different
stages of the supply chain, which will be centrally stored in a
knowledge base agent. These agents along with their
responsibilities have been described below:

6.1. Beef husbandry agent

This agent focuses on the upstream (beef farms) of the supply
chain. Its function is to do the record-keeping of cattle feed
(grass, silage, dry feed), method of raising of cattle (in house,
free grazing or barn reared). The information regarding weight,
fat, and conformation specifications (based on EUROP classifica-
tion) of cattle is also captured. Moreover, beef husbandry
agent regularly monitors the wellbeing of cattle, for instance,
hygiene, disease prevention, traceability issues, and farm assur-
ance. The captured information is shared with all other agents
and is stored in a knowledge base agent.

6.2. Abattoir optimisation agent

The abattoir optimisation agent is active at the abattoir and
processor end of the supply chain. It keeps the track of floor
waste generated in butchering & boning operations at each
workstation. It captures the detailed information of beef
products (with respect to SKU), which are discarded at qual-
ity cheques pertaining to over contact with metallic blades,
contamination, temperature abuse, poor packaging & label-
ling. It also measures the performance of butchery & boning
operations against the takt time (calculated based on the
forecasted demand of the retailer). The discrepancies in the
performance achieved on an hourly basis are recorded. It
also records the beef products becoming inedible due to
machine failures occurring due to maintenance issues. The
recorded information is stored in a knowledge base agent.

6.3. Efficient retailing agent

This agent is based downstream of the supply chain (retail
warehouses and retail stores). It monitors the coordination
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Figure 3. Current Reality Tree highlighting root causes of waste and preventive measures.

(information, product, and monetary flow) between abattoir,
processor, and retailer. It records the waste generated due to
over delivery and under-delivery of beef products by abattoir
and processor to a retailer. An efficient retailing agent also
captures the data corresponding to beef products becoming
inedible due to temperature abuse or failure of cold chains
at their warehouse and retail stores. It also stores the infor-
mation of beef products, which goes past their shelf life prior
to getting sold. The information of consumer complaints
regarding beef products is recorded and this information is
fed back to the abattoir optimising agent to identify its root
causes. This agent also observes the impact of promotion on
sales of corresponding products & similar products in the
segment to identify the cannibalisation phenomenon. The
information corresponding to the packaging utilised (MAP,
VSP) for different beef products is also captured. An efficient
retailing agent sends all information to the Knowledge
base agent.

6.4. Logistics agent

Logistics agent spans the entire supply chain. This agent
does the record-keeping of the cattle getting injured or
stressed during transportation from farm to abattoir. It also
captures the information on beef products going to waste
due to temperature abuse (failure in the cold chain in lor-
ries). The beef products damaged due to mishandling (with
reasons- improper stacking, overloading, etc.) whilst transit is
also recorded. It also keeps track of all the late deliveries
made (and the navigation route followed) within the supply
chain with corresponding reasons. All the captured informa-
tion is shared with the knowledge base agent.

6.5. Knowledge base agent

Knowledge base agent is like the nervous system of this multi-
agent framework. It stores all the information and data sent
from other agents and monitors their operations. The informa-
tion received will be vast in scale and varying in formats. There
are multitudes of tools employed for processing this gigantic
data such as association rule mining, genetic algorithms, and
machine learning. Literature suggests that there is not a par-
ticular tool, which could be employed universally pertaining to
varying scale and format of datasets managed by knowledge
base agent. Therefore, it employs an algorithm portfolio to fol-
low a case-by-case approach to choose the best tool to man-
age a given dataset depending on its characteristics. The
algorithm portfolio is capable to learn from its past experiences
and is able to update itself both online and offline (Kumari et
al. 2015). The track record of all successful and unsuccessful
decisions made in the past is also maintained by knowledge
base agent. This information is used to nurture other agents to
prevent them from committing similar mistakes again.

6.6. Communication channel

The efficacy of a multi-agent framework is dependent on the
rapid and accurate interaction amongst agents. The agents
employ signals for communicating among themselves. The
receiving agent computes the necessary action that needs to
be taken by decoding these signals. Numerous languages have
been developed by developers for reliable communication
amongst agents such as knowledge query manipulation lan-
guage (KQML), agent communication language, etc. (Mishra et
al. 2014). Nevertheless, one of the most sophisticated and
widely recognised languages is a multi-agent logic language
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Figure 4. A multi-agent architecture for optimising the beef supply chain.

for encoding teamwork (MALLET) (Mishra et al. 2016). It was
developed with the objective to strengthen team-oriented pro-
gramming. MALLET assists in streamlining the information flow
within the framework and precise encoding of data, which
could be declarative or procedural in nature (Kumari et al.
2015). MALLET permits the execution of various levels of intelli-
gence to mimic the characteristics of human teamwork (Fan et
al. 2005). Also, teamwork information (team process and the
structure) should be recorded in a manner, which reduces its
complexity to interpret at the team level. This phenomenon
could only be achieved via an advanced language like MALLET
instead of conventional agent communication language such
as JACK Teams (Winikoff 2005). MALLET (by using sequential
and iterative processes) will be employed in the proposed beef
supply chain to boost communication within the agents. The
interpreter for MALLET is a collaborative agent for simulating
teamwork (CAST) as shown in Figure 5.

The salient features of the communication channel are
summarised as following:

1. Interpretability - The communication language should
be simple and less resource-intensive in terms of decod-
ing by agents.

2. Precision - It
highly expressive.

3. Multiple usability- It should have the attribute of mul-
tiple usability so that the stored data could be accessed
numerous times thereby achieving savings in resources.

should be accurate, clear and

Prior to initiating communication, agents define their abil-
ities, tasks and workplan. Thereafter, they assimilate their
tasks with agents as per their norms. The receiving agent
sends its pre-requisites such as information and knowledge
required to following agent. This interaction could be classed
as parallel (PAR), iterative (WHILE, FOR), choice specific
(CHOICE), sequential (SEQ) or conditional (IF). The agent is
able to conclude its workplan only when its pre-requisites
are accomplished. However, if an agent could not achieve
their pre-requisites, then other agents assists it by active
cooperation amongst themselves.

7. Discussion

The analysis of the root causes map shown in Figure 3 sug-
gested that the root causes of waste in the beef supply
chain can be broadly classified into two groups: poor vertical
co-ordination (PVC) and operational issues inefficiency (Ol).
The former is driven by poor information sharing within
stakeholders of the beef supply chain thereby generating dis-
parity amongst supply and demand. The latter reflects the
inconsistencies and inefficiencies within the management
practices across the stakeholders of the beef supply chain.
These waste categories are mitigated by novel multi-agent
architecture as discussed below by various stakeholders:

a. Farm- During the workshop, it was identified that beef
farmers lack awareness in terms of modern practices of
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raising cattle. They should be given appropriate training
in terms of proper diet of cattle, animal welfare, and
overall animal husbandry. The beef husbandry agent
(BFA) will inform the farmers that cattle should be fed
on fresh grass, which is rich in Vitamin E. It will help to
improve the shelf life of beef derived from them
(Warren et al. 2008). It was revealed that animals get
rejected because of health reasons. A regular health
check-up facilitated by BFA will prevent the rejection of
cattle owing to infection. If a health issue is diagnosed,
it can be timely cured to curb its unfavourable conse-
quences. The beef farmers will be informed by BFA that
cattle who are on medication should not be sent to
abattoir as they will get rejected Kuhl et al. (2020).
There should be ample time given to the sick cattle to
recover and then sent to abattoir and processor.
Similarly, their weight and conformation specifications
will be observed regularly by BFA so that appropriate
alterations in their diet could be suggested to farmers. It
will help to meet the weight and conformation specifi-
cations of abattoir and processor when the cattle reach
their finishing age.

Abattoir and Processor end - The representatives of
abattoirs and processors suggested that the lack of
coordination between them and retailers is the major
root cause of waste at their premises. It should be
improved by employing abattoir optimisation agent
(AOA) and thereby information sharing between these
two stakeholders will increase. It will help abattoir and
processor to forecast their demand more precisely,
thereby curbing overproduction and loss of revenue in
the event of underproduction (Ding et al. 2014).
Moreover, inefficiencies in the butchery and boning
operations were identified. Certain good practices with
the assistance of AOA should be adopted in butchery
and boning operations like adhering to takt time prin-
ciple, line balancing, etc. It will improve their efficiency
and reduce waste (Francis et al. 2008). The working staff
should be given appropriate training arranged by
AOA so that there is no loss of beef because of over-
trimming and meat is handled carefully so that it
doesn’t fall on the floor (Mena et al. 2014). They should
be made aware of the hygiene and temperature require-
ments of beef products. A provision should be made for
a reliable auxiliary power supply in the event of power
failure so that the cold chain is maintained and there is
no temperature abuse of beef products (Singh et al.
2018). The knives used by the working staff should be
changed periodically to avoid the slowing down of
operations. Unnecessary contact of beef products with
metallic blades or knives should be avoided to prevent
rejection in metal detector tests. Finally, regular main-
tenance of machines should be performed by AOA to
lower the frequency of machine breakdowns (Mishra
and Singh 2018). These practices will collectively help to
mitigate the root causes of waste occurring at abattoir
and processor end.

Retailer -CRT revealed that majority of waste is occur-
ring at retailer end because of a lack of coordination
between abattoir, processor, and retailer. Retailer will be
able to share their real-time sales information with the
abattoir and processor via an efficient retailing agent
(ERA) so that they can do accurate forecasting at their
end. It will reduce the phenomenon of over and under-
delivery of beef products to them (Singh et al. 2015).
The retailer will be guided by ERA to employ the latest
forecasting techniques and updated data mining frame-
work to lower the error in forecasting at their premises.
It was observed that retailer was still using the conven-
tional modified atmosphere ackaging (MAP) instead of
the latest Vacuum Skin Packaging (VSP). Hence, the
retailers should adopt VSP (for premium beef cuts) to
avoid waste and improve their revenue (Mishra et al.
2017). They should make an appropriate trade-off
between the availability of products and waste gener-
ated with the assistance of ERA. The beef products in a
retail store should only be ordered based on demand or
sales of previous stock (Kaipia et al. 2013). It will help to
reduce the unnecessary overstocking of beef products
on retails shelves, which are left unsold. The managers
of retailer told that stacking and shelving procedures
are not being followed properly. The staff in a retail
stores should be given proper training to do so and
must be regularly supervised by the store manager or
their supervisor (Mckinnon et al. 2007). There should be
efficient cold chain management both in-retailer ware-
houses and stores so that there is no loss of beef prod-
ucts because of temperature abuse (Aung and Chang
2014). It was observed that promotions of a certain
product were leading to waste of anther beef product.
The retailer must closely study the behaviour of custom-
ers via ERA and employ a clear strategy for promotions
so that it does not lead to the generation of waste. The
CRT analysis pointed out that the waste occurring in the
whole supply chain is not being properly quantified and
there is no workforce to address it. Recruitment of a
dedicated team for waste minimisation can help in
quantifying waste, which helps in identifying the hot-
spots of waste in the retailer supply chain (Mena et al.
2014). These hotspots can then be mitigated to
avoid waste.

Logistics- Logistics plays a crucial role throughout the
supply chain. It was revealed that the majority of losses
were occurring because of delayed delivery of beef
products from abattoir and processor to the retailer. The
retailer was receiving some products below their thresh-
old shelf life. Hence, the retailer was rejecting them
(Milgate 2001). The retailer must employ a logistics
agent (LA) to hire an efficient logistics firm, which will
have a reliable lead time. The underperforming logistics
company must be penalised for the delays so their per-
formance keeps up to the mark. LA should assist in util-
isation of reliable technology for refrigeration in logistics
vehicles to avoid temperature abuse of beef products
(Wu and Hsiao 2021). It was observed that they were
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Table 2. Root causes of waste in beef supply chain and corresponding preventive measures.

S. No. Root causes of waste Preventive measures

Farm

1 Cattle are not fed on fresh grass. So, they are deficient in The Beef husbandry agent (BFA) will inform the farmers that cattle
vitamin E. Hence, the meat derived from them have should be fed on fresh grass, which is rich in Vitamin E.
shorter shelf life. (Ol)

2 Lack of cattle management leads to the cattle not meeting The weight and conformation specifications will be observed regularly
the weight and conformation specifications of the by BFA so that appropriate alterations in their diet could be
retailer, when they reach the finishing age. (0l) suggested to farmers.

3 Lack of animal welfare at beef farms might lead to cattle A regular health check-up will be facilitated by BFA. If a health issue is

getting an infection or being physically injured, which
might lead to them being rejected by the abattoir. (Ol)

Abattoir and processor

1

Loss of edible beef because of over trimming and
inefficiency in butchery and boning operations by
unskilled staff. (Ol)

2 The principle of takt time and line balancing is not
incorporated in butchery and boning operations. (O/
and PV(C)

3 Products getting contaminated if not washed properly,
packed properly, and due to temperature abuse. (Ol)

4 Prolonged use of a set of knives leads to slow operations
and excessive contact with metallic blades leads to beef
products being discarded in metal detection test. (O/)

5 Lack of maintenance of machines could stop the line
thereby rendering the products stuck within as
waste. (Ol)

Retailer

1 Lack of coordination between abattoir, processor, and
retailer leads to loss of beef. (PV(C)

2 Shortening of shelf life of beef products due to use of
incorrect packaging. (Ol)

3 Inflation of orders in retailer store for the sake of
availability of products thereby neglecting the
consequent potential waste. (Ol)

4 Lack of promotion management by retailers leads to
cannibalisation of products. (Ol)

5 Violations of stacking and shelving procedures at retailer
store result in beef products going past their shelf life
without getting sold. (Ol)

6 Temperature abuse of beef products. (O/)

7 Lack of dedicated waste management staff to frame the
efficient waste management policy and their
implementation leading to avoidable waste being
generated at retailer’s distribution centre and retail
store. (Ol)

Logistics

1 Delayed delivery of beef products to retailer leading to the
shorter shelf life of beef products available for sale. (Ol)

2 Lack of cold chain management in logistics vehicles
leading to temperature abuse of beef products. (Ol)

3 Cattle getting injured or stressed during transportation
from farm to abattoir. (Ol)

4 Improper stacking of beef products leading to their
damage. (0/)

5 e Employing cheaper transport channels and often taking

full truckload making beef products vulnerable
to damage.
e They are also following longer routes leading to the
shorter shelf life of beef products available for
sale. (Ol)

diagnosed, it can be timely cured. The beef farmers will be informed
by BFA to prevent the cattle on medication from being sent to
the abattoir.

The working staff should be given appropriate training arranged by
AOA so that there is no loss of beef pertaining to over trimming
and meat is handled carefully so that it doesn’t fall on the floor

AOA will assist in adhering to takt time principle and line balancing in
butchery and boning operations

AOA will assist in raising the awareness of the hygiene and
temperature requirements of beef products amongst the workforce.
A provision should be made for a reliable auxiliary power supply so
that the cold chain is maintained.

The knives used by the working staff should be changed periodically to
avoid the slowing down of operations. Unnecessary contact of beef
products with metallic blades or knives should be avoided.

Regular maintenance of machines should be facilitated by AOA to
lower the frequency of machine breakdowns.

Retailer will share their real-time sales information with the abattoir
and processor via ERA so that they can do accurate forecasting.

The retailers should adopt VSP (for premium beef cuts) to avoid waste
and improve their revenue

Retailer should make an appropriate trade-off between availability of
products and waste generated with the assistance of ERA. Ordering
should be driven by the current demand or recent sales.

The retailer must closely study the behaviour of customers via ERA and
employ a clear strategy for promotions to prevent the generation
of waste.

The staff in a retail store should be given proper training to do so and
must be regularly supervised by the store manager or
their supervisor

There should be efficient cold chain management both in-retailer
warehouses and stores to prevent temperature abuse.

Recruitment of a dedicated team for waste minimisation can help in
quantifying waste thereby helping in identifying the hotspots of
waste within retailer’s supply chain

LA will assist retailers to hire an efficient logistics firm having a reliable
lead time. The logistics company must be penalised for the delays.
LA will facilitate the employment of reliable technology for refrigeration
in logistics vehicles.

The logistics vehicle must follow the guidelines of the government to
provide enough space allowance to each individual cattle and adopt
a prudent approach in loading and unloading of cattle.

The logistics personnel should be trained regarding the appropriate
stacking procedures to prevent product damage.

An optimum load optimisation procedure must be followed. A safe and
quick transport route prescribed by LA should be adopted.

taking full truckload and following the longer route (to
avoid toll tax, etc.) to save expenses. These practises
should be avoided and an optimum load optimisation
procedure must be followed (Singh et al. 2015). A safe
and quick transport route prescribed by LA should be

followed to avoid unnecessary delays in the delivery of
products. The practitioners noticed during their site vis-
its to logistics firms that the beef products were not
stacked properly, which was causing damage to prod-
ucts. The logistics personnel should be trained regarding
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the appropriate stacking procedures so that product
damage is avoided (Singh et al. 2018). It was also
revealed that cattle were found to be stressed and
injured when transported from beef farms to abattoir
and processors. The logistics vehicle must follow the
guidelines of the government and should not overcrowd
their vehicle with cattle. There should be enough space
allowance given to each individual cattle and extra care
should be taken in loading and unloading of cattle in
the logistic vehicle (Gonzalez et al. 2012).

During the analysis, it was found that some root causes of
waste were associated with a particular stakeholder of the
beef supply chain. For each stakeholder, the root causes and
preventive measures were suggested above in detail and
they are also summarised in Table 2. It was revealed in the
workshop that some beef farms were generating more waste
as compared to others. Therefore, the employment of a
multi-agent framework spanning the entire beef supply chain
provides an opportunity for high waste generating farms to
learn the good practices form low waste generating beef
farms. Also, some root causes of waste were dependent on
more than one stakeholder. There is a need of strong vertical
coordination in the beef supply chain to address them. In
order to achieve this, a holistic approach is proposed (multi-
agent architecture) to bring all stakeholders on one platform
and exchange information thereby minimising the waste in
the beef supply chain.

8. Conclusion

This paper is focussed on the exploration of waste occurring
in the beef supply chain, predominantly highlighting their
root causes to improve their operational efficiency and
reduce carbon footprint. A workshop involving twenty practi-
tioners of the beef industry was conducted for primary data
collection. The collected data were transcribed, coded and a
current reality tree (CRT) was developed identifying the root
causes of waste in the beef supply chain generated by all
stakeholders. These root causes of waste have been broadly
clustered into two categories- poor vertical co-ordination
(PVC) and operational inefficiency (Ol). PVC was generated by
lack of information sharing whereas Ol was generated by
poor process controls adopted by the stakeholders. A multi-
agent architecture comprising of five autonomous agents
was proposed to mitigate these waste categories. The artifi-
cial intelligence embedded in them facilitates strong vertical
coordination and improves the information exchanged
amongst the stakeholders of the supply chain. Hence,
demand forecasting, waste mitigation, and promotions man-
agement will improve. The proposed multi-agent architecture
within the beef supply chain will support all the stakeholders
in optimal decision-making to mitigate all the management
root causes generated by operational inefficiencies. The
qualitative research methodology has been followed in
this article. It helped to unravel the root causes of waste in
the beef supply chain. A suggestive framework involving
multi-agent architecture was proposed to mitigate the root

causes of waste. Although this study was qualitative in
nature, it could play a crucial role in diverting the attention
of academic researchers and industrial practitioners to waste
occurring in the beef supply chain.

8.1. Research implications

The existing studies in the literature are limited to waste mini-
misation at a given segment or interface of two segments in
the food (beef, red meat supply chain, etc.). However, this
study bridges the gap by adopting a holistic approach via
spanning the entire beef supply chain to mitigate root causes
throughout the supply chain from farm to retailer. The pro-
posed framework assists in identifying the waste hotspots and
the linkages amongst them. Further, this is a pioneering study
to employ multi-agent architecture within the domain of the
food supply chain to address the waste generated in the
product flow from upstream to downstream.

8.2. Practice implications

The proposed framework is developed by the inputs of
twenty practitioners from different segments of the beef
industry. Given the waste generated in the supply chain is
interrelated with different stakeholders, the proposed frame-
work improves the data visibility of product flow from farm to
retailer, monitoring of waste generated and the underpinning
root causes in real-time thereby assisting various segments in
the beef industry to adopt the corresponding suggested
measures whenever a given hotspot generating waste is iden-
tified by the multi-agents. Apart from raising vertical coordin-
ation within the beef supply chain, it also improves the
horizontal co-ordination in the beef supply chain. For instance,
small size farmers could be benefitted from good practices
adopted by bigger farms for waste minimisation. This study is
insightful for the government bodies and policymakers for
waste minimisation within the food chain thereby raising food
security, cost efficiency, and environmental stewardship.

8.3. Limitations

This research does not incorporate the waste generated at
consumer households. Also, the waste generated at the
warehouse of the retailer was not critically examined. In this
study, twenty practitioners of the beef industry participated
in the workshop for data collection and analysis, which could
be extended in the future by wider participation to gain
deeper insights into the root causes of waste generated at
each segment of the beef supply chain. The proposed rec-
ommendations are suggestive in nature and may not apply
to certain firms pertaining to their inter-organizational rela-
tionships, process control, work ethic, etc.

8.4. Future research

In the future, inter-disciplinary research can be carried out
with veterinary sciences to uncover the factors affecting the
shelf life of beef products such as the breed of cattle,



method of raising cattle (inhouse or open grasslands). A
deeper investigation could be performed to explore the best
packaging to maximise the shelf life of beef products (steak,
joint, etc.). In the future, real-world data could be collected
at all segments of the beef supply chain to investigate the
impact of the proposed multi-agent framework. There is
scope to deduce the empirical relation amongst various
waste categories identified in this study and thereby uncover
additional driving factors generating waste within the beef
supply chain. The efficacy of the proposed framework could
also be investigated for other major issues within the food
chain- optimising the supplier selection process, reducing
the carbon footprint, and developing a consumer-centric
supply chain. Finally, future studies could be concentrated
on other products of the red meat industry like lamb, pork,
and to other agri-food products such as fresh vegetables,
dairy, poultry.
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