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Foreword
Australian jackfruit production, predominantly located in top end of the Northern Territory (NT) and
Far North Queensland (FNQ), has grown little in recent years; however, research has indicated that
the industry could reach a gross value of production of $5-$10 million by 2025. The key impediments
to growth include the current practice of offering large whole fruit to the market that does not match
consumer needs. AgriFutures Australia provided support to the Northern Territory Department of
Industry, Tourism and Trade and Monash Food Innovation to explore developing a diverse product
array that could drive consumer demand for the fruit and benefit the Australian jackfruit industry.
Understanding and addressing consumer demand can play a significant role in the growth of an
industry. Processed jackfruit has the capability to introduce jackfruit to consumers through familiar
formats and into new consumption occasions, including snacking, treats, meat alternatives, cooking,
and restaurant (business to business) as well as quick and easy meals. Results suggest that Australian
consumers are interested in consuming more jackfruit products, but a big barrier is the availability of
products. Further validation of consumer acceptance is required through commercial in-store trials.
This report aims to raise the awareness of jackfruit growers, processors, and retailers to the market
potential of value-added products from both minimally processed and processed jackfruit
applications. There are many opportunities for the Australian jackfruit market to capitalise on the
development of these jackfruit products and help to grow the emerging Australian jackfruit industry.
This report has been produced as part of AgriFutures Australia’s Emerging Industries Program, which
focuses on new industries with high growth potential. Emerging animal and plant industries play an
important part in the Australian agricultural landscape. They contribute to the national economy, and
they will be key to meeting changing global food demands.
Most of AgriFutures Australia’s publications are available for viewing, free downloading or
purchasing online at www.agrifutures.com.au.

Michael Beer
General Manager, Business Development
AgriFutures Australia
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Executive summary
What the report is about
The Australian jackfruit industry has remained an emerging fruit industry for the last decade.
AgriFutures Australia provided support to the Northern Territory Department of Industry, Tourism
and Trade (NT DITT) and Monash Food Innovation (MFI) to explore a diverse product array that
could drive consumer demand for the fruit and benefit the Australian jackfruit industry. This report
describes the journey from conceptualisation and development to proof-of-concept evaluation of six
convenient and appropriately portioned value-added products of jackfruit by the project.

Who is the report targeted at?
This report is targeted at the Australian jackfruit industry stakeholders. The immediate target
audiences are the growers, processors and retailers to increase their awareness of the market
capitalisation with value-added products from both minimally processed and processed jackfruit
applications. This report also aims to inform the research and development funding agencies and
allied interests of the potential of supporting the jackfruit industry for bridging further knowledge and
practice gaps to enable the industry to fully capitalise on its potential.

Where are the relevant industries located in Australia?
The geographical areas with major jackfruit production in Australia are the Northern Territory (NT)
and Far North Queensland (FNQ). However, it is important to include the wider jackfruit supply chain
industry across the domestic market, through the network of retail stores across states and territories.
Moreover, there is an opportunity for existing processing industries to add to their scale of production
of the new jackfruit product lines. Purpose-built new processing units can also be established in the
areas of fruit production.
The most recent national survey of the Australian jackfruit industry, in 2012, found that the NT was
the major producer of jackfruit (78% of national production); the remaining production came from
FNQ. The estimated production potential of jackfruit then was 741 tonnes valued at $2.6 million. In
2017, a survey of the NT industry, conducted by the NT Government, identified 17 jackfruit orchards
in the Darwin rural area. In both regions, supply into major city wholesale fruit markets and produce
consolidators has increased in line with increased demand. Historically, consumers in these markets
were of Asian ethnicity, and jackfruit was a familiar product used in several South-East Asian
cuisines. More recently, demand has broadened across the community as consumers embrace
alternative diets and products, and consequently demand has expanded.
This project was developed with an understanding that if a quarter of the current jackfruit production
was diverted to processing, an estimated $3.3 million of value would be added each year from
existing production. In response to higher demand, it is anticipated that jackfruit plantings will
increase at a rate of 15% (or 1,500 trees each year) over the next five years (7,500 trees). This would
increase the industry size by two-thirds, with 100% of fruit potentially diverted into processing
activities. Once trees are established (after about four years), this has the potential to create $9.7
million each year in jackfruit-related products, with a total industry value of > $10 million. [NB: from
the current industry sounding, the NT growers are planning jackfruit plantings much larger than the
initial estimates made by this project].
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Background
Driven by environmental and social causes in many cultures, the consumption of plant-based products
is growing. Jackfruit, being a meat substitute, perfectly fits sustainability-conscious consumers, and
world jackfruit consumption is progressively increasing. However, Australian jackfruit production
predominantly in top end of the NT and FNQ has not grown in recent years. The key impediments to
growth include the current practice of offering whole fruit to the market that does not match consumer
needs. This project addressed this impediment in an attempt to increase jackfruit consumption in
Australia.

Aims/objectives
The overall objectives for this project include the following:
1. Identify desirable physical and chemical characteristics of jackfruit for different
applications/products.
2. Develop a successful system for processing and presenting jackfruit to remove consumer
barriers to purchase.
3. Identify and develop product concepts that can be developed to align with existing fruit
characteristics (i.e. genetically diverse) and consumer demand.
4. Determine whether clonal selections have superior processing characteristics to existing
genetically diverse seedling-based orchards.
5. Evaluate how receptive consumers are to the product concepts developed.

Methods used
For achieving the abovementioned objectives, project partners (NT DITT and MFI) worked together
with a clear set of deliverables. MFI, guided by a review of the literature on jackfruit product
development, adopted a commercial methodology to: (1) review existing global jackfruit products in
the marketplace, and (2) develop new minimally processed ready-to-eat and processed product
concepts for evaluation by the Australian consumers.
NT DITT was responsible for overall project management, interactions between partners and
stakeholders, the supply of fruit to MFI, field assessment of agronomic parameters, establishment of
preliminary guidelines for specific products (i.e. immature and mature fruit), extension services, and
project communications.

Results/key findings
This project compared the processing characteristics of some of the NT-grown jackfruit selections.
Together, the project partners identified the commercial opportunity and established initial key
physical and chemical fruit characteristics needed for specific product concepts. This feedback loop
between growers and researchers is important to ensure that favourable project outcomes are
achieved. The consumer feedback provided key market information and evaluation used for new
products that utilise particular jackfruit characteristics.
Some of the key findings are listed below.
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•

Six product concepts and the methods for processing were developed. These included
minimally processed products – for example, ready-to-eat jackfruit, and processed products,
such as jackfruit beverages These product concepts are to be market tested and validated in a
phase 2 project.

•

Processed jackfruit has the capability to introduce jackfruit to consumers through familiar
formats and into new consumption occasions, including snacking, treats, meat alternatives,
cooking, and restaurant (business to business) as well as quick and easy meals.

•

All developed jackfruit product concepts tested are seen as highly distinctive, with Australian
consumers interested in consuming more jackfruit products, but a big barrier is the availability
of products.

Implications for relevant stakeholders
All six product concepts were seen as highly distinctive by Australian consumers, which displayed the
opportunity for more valuable Australian products. Education and awareness on usage will be key to
improving consumer purchase intention on some of the product concepts. Through new processed and
minimally processed products, Australian jackfruit growers have opportunities to grow market
capitalisation and improve jackfruit usage at the farmgate. By providing value-added products,
Australian growers will ensure high-quality products that are Australian grown and ready for greater
consumption in the domestic market.
NT DITT collaborated with the NT Farmers Association to engage with the NT-based jackfruit
growers and provide effective outreach and outputs from the project. This includes regular updates,
podcast, and YouTube video. Positive feedback from current and emerging jackfruit growers in the
NT has been received regularly. Particularly, the participants of the Tropical Exotic Fruit Symposium
– conducted jointly by NT DITT, the NT Farmers Association, and AgriFutures Australia –
appreciated the outputs generated by this project and expressed willingness to establish new jackfruit
orchards.

Key recommendations
•

Research outputs need further validation through commercial in-store consumer acceptance of
the product concepts developed by this project. This is being undertaken in a phase 2 project.
Results of the proposed in-store consumer acceptance research will increase confidence level
of the jackfruit industry stakeholders, particularly the growers.

•

Trends in health food show growing interest in jackfruit while currently there is minimal
validation of nutritional benefits in jackfruit. Once nutritional science proves there are
benefits to consuming jackfruit, the need for commercial production of the product concepts
developed by this project will further strengthen.

•

If Australia is to establish sustainable competitive advantage in the jackfruit value chain, its
processing industry should consider highly automated operations that blend/synergise well
with the products of competitive advantage.

x

Introduction
The growth of the jackfruit industry has been largely stagnant for over a decade because of two key
impediments: (1) the non-availability of high-quality genetics that underpin all perennial fruit
industries via improved product and consistent production; and (2) the current practice of how the
fruit is being offered to the market and the effect this has on consumer purchasing behaviours.
The Australian Centre for International Agricultural Research (ACIAR), through project
HORT/2012/095 [1], supported the Northern Territory Department of Industry, Tourism and Trade
(NT DITT) and the Queensland Department of Agriculture and Fisheries to build reliable jackfruit
supply chains for domestic and export markets. NT DITT’s comprehensive survey of the jackfruit
industry in the Top End of the NT established a collection of 33 high-quality genetics for post-harvest
evaluation, aimed at identifying up to four superior selections for concerted efforts of developing the
NT jackfruit industry.
An earlier report of the Rural Industries Research and Development Corporation [2] recommended:
•
•
•

Development of a sustainable grower business model and strategic marketing plan.
Education of food manufacturers, food services and customers.
Research into value-adding and product development for jackfruit and other tropical fruits.

The Coriolis report [3] identified jackfruit as an emerging industry with huge potential to expand to
become a levy-paying industry, provided strategic direction is set and adequately progressed.
The estimated gross value of production of the Australian jackfruit industry is currently $2.6 million
[2]. If a quarter of this supply was diverted to processing, an estimated $3.3 million of value would be
added each year from existing production. In response to greater demand, it is anticipated that
jackfruit plantings will increase at a rate of 15% (or 1,500 trees per year) over the next five years
(7,500 trees). This would increase the industry size by two-thirds, with 100% of fruit potentially
diverted into processing activities. Once trees are established (up to four years), this has the potential
to create $9.7 million in jackfruit-related products, with a total industry value of > $10 million.
Given this background, NT DITT and Monash Food Innovation (MFI) jointly proposed this project to
improve the way the product is offered to consumers to meet higher demand for plant-based foods,
particularly meat substitutes, by presenting jackfruit products in appealing ways, such as minimally
processed fresh products and processed, flavoured ready-to-eat products. The project proposed to
develop product concepts for each of these categories and evaluate consumer response to guide
further full product development. It is anticipated that through these innovations, the demand for
jackfruit will increase, which will expand the industry.
Value-adding through processing and marketing is a well-established method of significantly
increasing the value of fresh products. Although this is an important consideration, for jackfruit the
focus is not necessarily on creating more value through these processes, but rather to improve
consumer acceptance and awareness of how to prepare and use the fruit for its many varied uses. This
project aimed to reduce longstanding barriers to consumer purchasing behaviour by preparing and
presenting products that align with current and evolving environmental and social trends. Three new
fresh minimally processed and three new processed concept products were developed and assessed.
This project aimed to significantly reduce a key barrier to the growth of the industry by improving the
way the fruit was prepared and presented to consumers and, consequently, driving a better
understanding of which products could be developed and marketed in Australia. The project teams
defined the physical and chemical characteristics of jackfruit that are desirable for specific uses.
However, it has not delivered finished products that are ready for market. This project was a proof-of-
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concept study that has started to move the jackfruit industry towards a point where consumer demand
drives product preparation and presentation.
The full commercialisation of products was beyond the scope of this project. Clearly, the next step is
the commercial development of the initial product concepts that had a high level of consumer interest.
Commercial development and assessment would require specialist expertise, such as food scientists,
chefs and marketing professionals collaboratively working with industry partners [4].

2

Objectives
The overall objectives for this project include the following:
1. Identify desirable physical and chemical characteristics of jackfruit for different
applications/products.
2. Develop a successful system for processing and presenting jackfruit to remove consumer
barriers to purchase.
3. Identify and develop product concepts that can be developed to align with existing fruit
characteristics (i.e., genetically diverse) and consumer demand.
4. Determine whether clonal selections have superior processing characteristics to existing
genetically diverse seedling-based orchards.
5. Evaluate how receptive consumers are to the product concepts developed.
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Methodology
Market analysis
The market analysis by the staff and associates of Monash Business School was based on the
literature review, interviews and data analysis.
A campaign of interviews with growers, processors, traders, retailers and consumers of jackfruit
products was performed. Chain-referral sampling and respondent-driven sampling techniques were
used to discover linkages throughout the value chain. Research questions and analysis were guided by
respondents who helped the researchers gather data from others in their network. This series of
interviews, referred to as ‘snowball sampling’, helped researchers develop, test and refine their
findings and arguments from qualitative and quantitative sources.
Because much of the research took place during the Melbourne COVID-19 lockdown, in the second
half of 2020 most research relied on online tools such as Zoom. This provided several unexpected
benefits, including access to respondents, especially those overseas who would otherwise have been
difficult and expensive to access. Special care was taken to sample data from several different social
networks who were active in the jackfruit supply chain so as to minimise bias. Triangulation
techniques were also used to verify and validate the quality of the data.

Products research
MFI applied the product concept commercial methodology of knowledge mapping, product mapping,
design guidelines and product ideation. These methods are used to understand the market and
consumer to identify the six product ideas for the chemical engineering team. An online commercial
ideation workshop was held with the project team of NT DITT, Monash Business School, the Monash
Department of Chemical Engineering and MFI. It used online software InVision to collaboratively
work through the MFI methodologies and identify six leading product concepts.
This approach helped to quickly identify product opportunities based on the Monash Business School
market analysis, commercial landscape, competitor analysis and Australian market opportunity. In the
product concept workshop, the initial market analysis was evaluated using MFI commercial methods
to generate valuable insights and ideas for further refinement. This step in the process used the
following methodologies:
●
●
●

Knowledge and product mapping for market evaluation
Design guidelines to create opportunity platforms that detail critical information for
minimally processed and processed jackfruit products
New product ideation.

The project team used the knowledge mapping tool to evaluate information generated from the market
analysis by Monash Business School. This review of information enabled the project team to rapidly
identify key insights on the jackfruit market, products and consumers. Product mapping was used to
identify competitors in the Australian market and understand existing competitor products. The
product mapping process also highlighted areas of opportunity to develop new products.
The insights from the knowledge and product mapping were used to formulate opportunity platforms
for minimally processed and processed jackfruit products in Australia. Design guidelines based on the
previous method are used to create the opportunity platforms that detail insights, such as consumers,
characteristics, consumption occasions, product formats and market opportunities.
The opportunity platforms used in the product ideation tool were used to create new product ideas
based on feasibility, addressing a consumer need, and having a unique proposition. In the ideation

4

session, both categories (minimally processed and processed jackfruit) were explored to produce ideas
not currently in the Australian market. After collection of ideas, a voting process based on feasibility
and market opportunity ensured six product concepts were chosen for the Monash Chemical
Engineering team to develop.

Supply of fruits to Monash Food Innovation
Jackfruits for this research were grown at Coastal Plains Research Farm (CPRF) (Appendix 1). As
they approached the desired stage of harvest maturity, the fruit of desired selections were harvested
from source trees in the morning and taken the same day by car to a post-harvest laboratory at
Berrimah Farm Science Precinct, Darwin.
Fruit mass, number of days after fruit set, and stage of fruit maturity were recorded, and fruits were
held at 11-13 °C before sending to MFI. Fruits were hand-packed in cardboard cartons (dimensions 43
x 32 x 26 cm) primarily used by Asian vegetables growers to send produce to interstate markets
(Figure 1). The same cartons are generally used by local jackfruit growers to transport a small number
of whole fresh fruits to interstate markets. Smaller fruits (< 5 kg) were wrapped in bubble wrap or
cling wrap and packed together in boxes (Figure 2). To prevent physical damage, newspaper was used
to fill in gaps to cushion fruits in the carton. Larger fruits (> 12 kg) were individually packed in
cartons, either wrapped in bubble wrap or paper, along with newspaper to cushion fruit in the carton.
Fruits were sent in five separate shipments from Darwin to Melbourne via Toll Air Express overnight.
After they arrived at Melbourne airport, they were transported directly to MFI by Toll courier.
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Figure 1. Boxes of jackfruit packed and ready to send to Melbourne.

Figure 2. Fruit wrapped in bubble wrap before packing in cardboard box.

Food processing for the development of product concepts
6

MFI’s food process engineering methodology involved:
•

Compiling jackfruit nutritional data that was then compared with similar fruits to help focus
the project team’s critical thinking around product concepts.

•

Identifying physical and chemical characteristics of jackfruit clonal selections provided by the
NT DITT for product concepts via analysis of the jackfruit processing methods and key fruit
characteristics, such as moisture retention and ripeness.

•

Adapting current food processing methodology for the development of new product concepts.

Jackfruit nutritional data identified in the literature review was compared to similar fruits in the
product category. All data for this review were sourced from the U.S. Department of Agriculture
Database [5] and Swami et al. [6]. Nutritional analysis was taken on a wet 100 g basis. Physical and
chemical characteristics of fruits obtained from the NT DITT were also summarised. With product
concepts decided upon, the next step was for the food process engineering team to develop and
implement processing methods for the identified food products. Variation in jackfruit taste, smell and
texture is influenced by genetics, i.e. varieties and selections, and by the fruit maturity status of
individual fruit. These two key factors were central to the MFI team’s activities and led to the
evaluation of each factor relative to the product development methods used.
After jackfruit product development was complete, each product concept needed to be tested with
Australian consumers to evaluate the commercial proposition of new jackfruit products,
understanding, and willingness to adopt. The sensory evaluation and consumer research were used to
evaluate product characteristics, which informed whether there could be a market success for new
products.

Sensory evaluation
Sensory evaluation of each product was based on the sense of taste, smell, texture/feel and sight. A
panel of seven consumers evaluated each product by detailing particular characteristics under taste,
smell, texture/feel and sight, and giving a mark in each category. The product ratings were used to
average a product sensory score that was used to understand where the product characteristics would
need to be addressed or changed to increase consumer satisfaction. Additionally, this score was used
with the online concept tests to understand perceptions of the product vs. the reality of tasting and
consuming.

Consumer research
Online research surveyed a nationally representative sample of 1,664 Australians to:
•

Identify market size – What percentage of the market are jackfruit consumers vs. considerers
vs. rejecters?

•

Profile jackfruit consumer segment based on their demographics, where they shop, and their
dietary habits to inform most relevant product benefits, marketing strategy and channels.

•

Quantify with statistical confidence the potential market success of concepts (among the
‘consumers’ and ‘considerers’) to refine and go to market with confidence.

This online survey cast a wide net to better understand awareness, consumption, considerations, and
rejection in a small market. It consisted of three parts: profiling; usage and attitudes; and concept
testing.
Profiling detailed the demographics and behaviours: age, gender, location, household structure,
income, dietary habits and preferences, and shopping habits.
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Usage and attitudes detailed awareness, drivers and barriers, consumption frequency, formats,
channels, importance of benefits, and source.
Lastly, concept testing covered performance metrics: appeal, excitement, uniqueness, purchase intent,
likes and dislikes, and ranked preference.
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Results
Market analysis
The market analysis highlighted that jackfruit is gaining popularity in Australia and the world, with
current jackfruit opportunities being under-commercialised. Localised fresh consumption on a large
scale and some emergent processed products were observed. Traditionally, jackfruit harvesting and
marketing was like that of ‘wild’ plums, where consumer’s pay for the labour and (almost) nothing for
the fruit. The middlemen were usually getting on average $2/fruit. In contrast, in Nepal, fruits are sold
for Nepalese rupee (NRs) 50-70/fruit (US$ 1=NRs 88), and the farmers earn a net income of NRs
6,000-8,000/tree (US$120-160) for ripe fruits [8]. In some areas in India, where nobody will buy the
jackfruit, farmers used to hang a sign on their jackfruit tree, saying, “Anybody can pluck jackfruit
from this tree” [9]. In other areas, each fruit costs Rs 100 ($1 = Rs 55).
The following are the key results from the market analysis conducted for the Australian jackfruit
industry. Other market analysis report graphs/slides can be seen in Appendix 2.
•

Jackfruit is gaining popularity among Asian consumers for taste and among sustainabilityconscious consumers for its other benefits in fresh form (Figure 3) and processed form
(Figure 4).

Figure 3. Opportunity for Australian growers in green and processed fruit.
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Figure 4. Fresh or value-added jackfruit products.

•

The processing of green jackfruit is an area of opportunity for Australian jackfruit growers to
capture value-added products because the flesh, skin, seeds and rag can be eaten (Figure 5).

Figure 5. Market comparison of different types of jackfruit products.
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•

Globally, veganism and vegetarianism play an important role in stimulating jackfruit demand
in markets, as shown by the Google Trends data [10] (Figure 6).

Figure 6. Searched topics relevant to jackfruit products on Google [10].
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●

In Australia, fresh mature flesh pockets achieve the highest price and canned jackfruit the lowest, with more than a factor of 10 difference in the price
per 100 g (Figure 7).

Figure 7. Jackfruit prices on Australian online shopping platforms.
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●

Australian jackfruit production is negligible. Only 4,000 tonnes are produced yearly
compared to other South-East Asian countries who produce far larger volumes (Figure 8).

Figure 8. Jackfruit production volume in Australia and other countries [9, 11, 12].

●

Prices for jackfruit appear to have converged except in hard-to-access markets, i.e. Australia
and North America (Figure 9).

Figure 9. Jackfruit price per kg in Australia compared to other countries [13].
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●

Jackfruit products are cheapest where labour dominates the cost structure, as shown in the
Indian jackfruit market, where fresh jackfruit using cheap labour holds the lowest price vs.
processed products (Figure 10).

Figure 10. Jackfruit product price in India [14].

●

Thailand’s low growing and processing costs indicate that Australia needs to establish a new
value chain if local jackfruit is to be competitive in market with its significantly higher costs
(Figure 11).

Figure 11. Jackfruit growing and processing cost evaluation.
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●

Long shelf-life processed jackfruit demands a premium, but Australia is not cost competitive
(Figure 12).

Figure 12. Cost analysis of long shelf-life processed jackfruit.

●

No seasonal advantage for Australia over other jackfruit-producing countries. In Australia,
jackfruit is harvested for several months of the year, so consumers don’t have access to the
product year-round.
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●

Australian farmers have little incentive to harvest young green fruit, which has the highest
growing costs with lower yield and price in retail. This explains why Australian farmers are
focused on growth and harvest of mature jackfruit (Figure 13).

Figure 13. Cost model evaluation of unripe jackfruit production in Australia.
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Nutritional information
Jackfruit nutritional content was compared for the flesh (bulb) and seed on a wet basis. All nutritional data for young and ripe jackfruit was taken as g/100 g
jackfruit bulb (flesh), while data for the jackfruit seed was taken as g/100 g jackfruit seed.

Macronutrients
The total protein content of ripe and unripe jackfruit bulb (flesh) on a wet basis, as well as the seed, is presented in Figure 14.

Figure 14. Average protein content for jackfruit and a variety of other fruits [5, 6].
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It was observed that the protein content in the flesh decreases from an average of 2.3 g/100 g jackfruit to 1.55 g/100 g jackfruit as the fruit ripened [6]. It was
also observed that protein content in the seed is on average around three times greater than that in the flesh [6]. When comparing this to other commercial
fruits, jackfruit has a high protein content. For example, unripe (young) jackfruit is comparable to avocado and apricots, and for ripe jackfruit, comparable
with durian. This protein comparison shows that jackfruit has higher protein content than several other commercial fruits.
Carbohydrates are a macronutrient that readily provides energy to the body [15]. Jackfruit total carbohydrate content increased from an average of 10.45
g/100 g jackfruit to 20.7 g/100 g jackfruit as the fruit ripened (Figure 15), with the seed containing a high amount of carbohydrate at 32.1 g/100 g seed [6].
Ripe jackfruit has comparable carbohydrate content to bananas, and is generally higher than most other fruits by ~25%.

Figure 15. Average carbohydrate content for jackfruit and a variety of other fruits [5, 6].
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As a jackfruit ripens, dietary fibre reduces from an average of 3.1 g/100 g jackfruit to 1.25 g/100 g jackfruit, while the jackfruit seed is generally low in fibre
at 1.25 g/100 g seed (Figure 16). Total fibre includes both soluble and insoluble (dietary) fibre. Soluble fibre lowers cholesterol and stabilises blood glucose
levels, while also slowing the emptying process in the stomach to help the consumer feel fuller [16]. Insoluble fibre keeps the bowel environment healthy and
supports regular bowel movements by absorbing water to help soften the bowel contents [16]. Comparing across the dataset, jackfruit is not particularly high
in fibre, and other fruits have higher fibre content. However, this data considers only the jackfruit bulbs (flesh) and seeds, and not the jackfruit fibres, which
could be high in the rag and core.

Figure 16. Average total fibre content for jackfruit and a variety of other tropical and household fruits [5, 6].
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As jackfruit ripened from 45 to 95 days, reducing sugar (glucose, fructose and sucrose) content increased from 12.85 g reducing sugars/100 g in unripe
jackfruit to 18.43/100 g [7]; that is, as jackfruit ripens, sugar content increases [5]. This data compares only the ripe jackfruit total sugar content found in
Swami et al. [6] due to the lack of data for unripe jackfruit and seeds [6]. The comparison in Figure 17 shows that the ripe jackfruit is high in sugar compared
to other fruits, with about double the total sugar content of most other fruits.

Figure 17. Total sugar content for jackfruit and a variety of other tropical and household fruits [5, 6].
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Vitamins
The next set of four graphs compare vitamin A (retinol, retinal), beta-carotene, vitamin B1, B2 and C levels in jackfruit against the same fruit dataset. Vitamin
A is important for development and growth, immune system maintenance, and for good vision [17]. Vitamins are commonly measured in International Units
(IU), which is a measure of the bioavailability of the nutrient. Vitamin A levels are observed to increase from 30 IU/100 g jackfruit to 312.5 IU/100 g
jackfruit as the fruit ripens; however, the seed is relatively low in this vitamin at 13.5 IU/100 g seed. Ripe jackfruit contains higher levels of vitamin A than
most other fruits in the dataset (Figure 18). The recommended daily intake (RDI) of vitamin A is 210 IU/day for adult women, and 270 IU/day for adult men
[17].

Figure 18. Average vitamin A content for jackfruit and a variety of other fruits [5, 6].
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Beta-carotene is a carotenoid (pro-vitamin A) and antioxidant that is cleaved in the intestine into two vitamin A molecules [18]. It is also a strongly coloured
red-orange pigment, with increasing levels producing darker orange colours in fruits [18]. Ripe jackfruit was found to have beta-carotene levels of 193.2
µg/100 g jackfruit, which is comparable to pineapple, which contains beta-carotene levels of 230 µg/100 g fruit [5] (Figure 19). In Swami et al. [6], total
carotenoid content increased from 60 mg/100 g jackfruit to 630 mg/100 g jackfruit during ripening. The ripening process increases carotenoid content, as
observed by the darkening of jackfruit bulbs as fruit ripen.

Figure 19. Beta-carotene content for jackfruit and a variety of other fruits [5, 6].
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Vitamins B1 and B2 are important molecules for the body because they influence cell metabolism and red blood cell synthesis [19, 20]. Figure 20 shows that
vitamin B1 levels in jackfruit decrease from an average of 0.1 mg/100 g jackfruit to 0.06 mg/100 g jackfruit as the fruit ripens, while the seed has a content of
0.25 mg/100 g seed.

Figure 20. Average vitamin B1 and B2 content for jackfruit and a variety of other fruits [5, 6].

For reference, the RDI for vitamin B1 is 1.1 mg/day for adult women, and 1.2 mg/day for adult men [19]. Vitamin B2 content increases from an average of
0.125 mg/100 g jackfruit to 0.225 mg/100 g jackfruit as the fruit ripens, while the seed has a content of 0.205 mg/100 g seed. For reference, the RDI for
vitamin B2 is 1.1 mg/day for adult women and 1.3 mg/day for adult men [20]. It can also be observed from this data that the seed contains high levels of both
vitamins B1 and B2 when compared to other fruits.
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Figure 21 summarises vitamin C levels. Vitamin C is an antioxidant important for immune system function and is required for the function of several
enzymes in the body as well as tissue repair [21]. Vitamin C content decreases as the fruit ripens, showing an average decrease from 13 mg/100 g jackfruit to
8.5 mg/100 g jackfruit. The seed has Vitamin C content of 11 mg/100 g seed. For reference, the RDI for vitamin C is 45 mg/day for adult women and men
[21].

Figure 21. Average vitamin C content for jackfruit and a variety of other fruits [5, 6].

From the results presented in Figures 18-21, it can be summarised that the water-soluble vitamins B1 and C decrease as the fruit ripens; however, vitamin B2
increases. Inversely to most water-soluble vitamins, fat-soluble vitamin A and carotenoid content increase during ripening.
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Minerals
The mineral content of jackfruit was compared with similar commercial fruits. Figure 22 compares the calcium content. Calcium is important for nerve
function as well as healthy muscle tissue, teeth and bones [22]. As jackfruit ripens, the calcium content decreases from an average of 51.6 mg/100 g jackfruit
to 28.5 mg/100 g jackfruit, while the seed has a content of 50 mg/100 g seed. For reference, the RDI for calcium is 1 g/day for adult women and men [22].
The calcium content of the unripe jackfruit and seeds was observed to be quite high when compared across the data. Whole cow’s milk was added to this
graph to show these levels in comparison to a western food staple known to be high in calcium.

Figure 22. Calcium content for jackfruit and a variety of other fruits [5, 6].
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Figure 23 looks at the potassium levels for jackfruit. Potassium is a key mineral required by the body for cell function and nerve transmission [23]. As a
jackfruit ripens, a slight reduction in potassium levels can be observed from an average of 305 mg/100 g jackfruit to 299 mg/100 g jackfruit, while the seed
has a content of 246 mg/100 g seed. The RDI for potassium is 2,800 mg/day for adult women, and 3,800 mg/day for adult men [23]. Jackfruit is in the middle
of the range for potassium content, with similar content to a kiwifruit in this dataset. It is worth noting that bananas are commonly advertised as ‘high in
potassium’ at 358 mg/100 g of fruit, yet jackfruit trails banana by only ~17% in potassium content.

Figure 23. Potassium content for jackfruit and a variety of other fruits [5, 6].
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Figure 24 compares phosphorus content. Phosphorus is a mineral essential for cell membrane structure, energy pathways, gene transcription, and healthy
bones and teeth [24]. As jackfruit ripen, phosphorus levels increase slightly from an average of 38.6 mg/100 g jackfruit to 39.5 mg/100 g jackfruit, while the
seed has a content of 67.5 mg/100 g seed, almost double that of the flesh. The RDI for phosphorus is 1,000 mg/day for adult women and men [24]. When
compared to other fruits in the dataset, the phosphorus content in jackfruit is generally average to high.

Figure 24. Phosphorus content for jackfruit and a variety of other fruits [5, 6].
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Figure 25 compares magnesium content in jackfruit and other fruits. Similar to phosphorus, magnesium is essential for healthy nerves, muscles, bones, and
blood sugar levels [25].

Figure 25. Magnesium content for jackfruit and a variety of other fruits [5, 6].

Comparable data was not found in the literature for unripe jackfruit; however, it can be observed that ripe jackfruit contains approximately 27 mg
magnesium/100 g jackfruit and the seed contains 54 mg magnesium/100 g seed. The magnesium content for ripe jackfruit can be observed to be the same as
banana, showing middle to high levels when compared across the dataset. The RDI for magnesium is 310-320 mg/day for adult women and 400-420 mg/day
for adult men [25].
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General nutrition claims
Key nutritional claims for jackfruit in the literature are summarised below:
•

Compared to other tropical fruits, protein content in the seed and young fruit is high [5, 6].

•

High lysine content in jackfruit at 69 mg/100 g raw ripe jackfruit [5]. Lysine is an amino acid
that vegetarians and vegans can struggle to obtain in their diet [26]. The RDA for lysine is
~38 mg/kg for an adult [27].

•

Generally, jackfruit is seen as high in fibre when all aspects of the fruit are consumed,
including flesh, seed, fibre/rag and core. However, to have an Australian ‘Good source of
dietary fibre’ claim, the fibre content must be more than 4 g per serving [28].

•

High in minerals calcium, phosphorus and magnesium [6].

•

A good source of Vitamin A, B1 and B2 [6].

•

Jackfruit has low caloric content at around 94 calories/100 g [6].

•

Phytonutrients present: lignans, isoflavones, and saponins [6].

•

Research suggests that jackfruit has many classes of phytochemicals that have anti-cancer,
anti-hypertensive, anti-ulcer, and anti-aging properties [6].

•

Niacin (Vitamin B3) is also present in relatively high levels for a fruit. Niacin is necessary for
energy metabolism, nerve function, and the synthesis of hormones [29]. About 4 mg
niacin/100 g jackfruit pulp is present [5]. The RDI for niacin is 16 mg for males and 14 mg
for females [29].

Characteristics of the fruit supplied to Monash Food Innovation
NT DITT supplied fruit in five shipments to MFI for the processing and developmental work on six
jackfruit product concepts. Each shipment included information about the source tree from which the
fruit was harvested, the fruit number if the female inflorescence was tagged, the estimated days after
fruit set the fruit was harvested, and the stage of maturity and ripeness of the fruit (Table 1).
Information on the processing and physico-chemical characteristics of fruit shipments on arrival and
after being unpacked is reported in the following section.
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Table 1. Characteristics of the fruits supplied to Monash Food Innovation.
Shipment no.
(Date sent)
Shipment 1
(26/08/2020)

Shipment 2
(6/10/2020)

Shipment 3
(21/10/2020)

Shipment 4
(5/11/2020)

Shipment 5
(24/11/2020)

Approx. days after
fruit set (DAF)

Weight at
harvest (kg)

Stage of fruit
maturity and ripeness

40-50
120
120
40-50
80-100
40-60
40-60
40-60

1.90
9.15
10.40
1.05
6.75
2.75
3.60
1.85

Immature unripe
Mature ripe
Mature ripe
Immature unripe
Mature, not yet ripe
Immature unripe
Immature unripe
Immature unripe

115
115
115
115
120
120

10.25
9.15
6.70
8.55
9.00
12.60

Mature ripe
Mature ripe
Mature ripe
Mature ripe
Mature ripe
Mature ripe

110
60-70
70-80
70-80
40-50

8.65
3.20
3.95
3.30
1.85

Mature ripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe

47
115
115
55
76
83
89
122

4.80
11.20
5.95
4.00
3.95
5.60
6.80
13.40

Immature unripe
Mature ripe
Mature ripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe
Mature ripe

66
88
66
77
40-50
40-50
60
unknown
unknown
unknown

3.90
7.65
3.30
6.20
2.00
2.70
4.85
1.65
1.65
1.70

Immature unripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe
Immature unripe

Processing and physico-chemical characteristics
During the project, fruit sourced from a range of selected and non-selected genotypes of jackfruit
were sent to MFI for the product concept development. Physico-chemical characteristics were
developed and included time estimates for preparation and processing fruit, the ease of processing,
fruit latex exudation relative to genotype maturity, as well as ripening time, moisture retention and
storage behaviour. This data formed the basis for selection of genotype traits suitable for the
development of each of the six product concepts.
All fruit were air freighted from the NT to Melbourne. During transit and the short holding period at
the destination, moisture loss was observed (Figures 26 and 27). [NB: Fruit were not transported in
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temperature- and relative humidity-controlled containers, and these parameters were not recorded
during post-harvest handling of the fruit].
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Figure 26. Water weight loss of jackfruit after delivery to Monash University, Clayton.
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Figure 27. Average % weight loss of differing jackfruit trees from shipping and storage.
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The key observation was that weight loss of water over time varies with jackfruit genotype, fruit size,
and maturity. Some selections lost significantly (> 10%) more water during transport/storage than
others; most of these were unripe fruits. All data was taken on a wet basis.
More surface rot was observed on jackfruits wrapped in bubble wrap, while less surface rot was
observed on those wrapped in paper and in cling film. It was also observed that in terms of ripeness,
for most fruits, three days was enough for soft rot to occur. However, specifically for the selection CP
254, eight fruits were sent through to MFI at various stages of ripeness, and no soft rot was observed
for any of these fruits. Finally, it was observed that generally within 10 days of field harvest, most
fruits would soft ripen.

Figure 28. Jackfruits stored in Monash Food Innovation
dry storage cage.

Figure 29. Unripe jackfruits
vacuum sealed and stored in
plastic.

Jackfruit processing is a labour-intensive task. The average time required to cut open a ripe jackfruit,
remove the skin, core and rag, and separate seed from flesh was around 5 min/kg/person. For unripe
jackfruits, processing time was a lot less at around 2 min/kg/person. Every component except skin is
utilised for unripe fruit, and time is not required for removing rag, core and seeds. Automation of
skinning and coring is required for upscaling and for reducing labour costs, as well as automation of
flesh and seed separation for ripe jackfruits. A thorough cost-benefit analysis of processing would be
well warranted.
In summary, green, unripe jackfruits have more components that can be used, such as in cooking, than
those of ripe fruit. Secondly, jackfruits used for fresh eating have fewer edible parts per fruit than
unripe green jackfruits due to more wastage in preparing the product. Thirdly, genotype, which is the
selection and/or variety and general maturity of a given genotype, influenced the weight of seed
component. Not surprisingly, it was observed that more mature fruits were on average larger,
producing more flesh component.
Browning of unripe jackfruits during and after processing was also observed. It was due to oxidation
from contact with oxygen in the air. When jackfruits 40-90 days after flowering were processed,
oxidation of the flesh could be observed causing the skin to turn brown. This happened quite rapidly
for most fruits before they could be vacuum sealed and frozen. However, one selection was observed
to brown significantly slower than other genotypes. Further work must be undertaken to slow/stop the
browning process to ensure unripe jackfruits are visually appetising for consumer consumption. This
work should investigate the role of better selections and also potential post-harvest treatments to
ameliorate this response to fruit preparation and processing.
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From the jackfruits processed by the MFI, a general ripening scale was developed to help guide the
team for the food product concepts (Figure 30). Generally, jackfruit average weights increased from
around 1 kg at 40 days harvest to 10-13 kg at 135 days. During processing, an internal colour change
was noticed, typically, a ‘yellow’ stage of jackfruit ripeness. This was generally observed when the
jackfruit was mature but not ripe. During this stage, both ripe and unripe features could be identified.
Latex production was low in this stage, like the ripe jackfruits, compared to the high levels with
unripe jackfruits. However, sugar levels in the yellow stage were much lower than a ripe jackfruit [7],
as was moisture, making it easier to process and store. This yellow stage had larger mass than the
unripe jackfruits due to being older while not containing as much sugar as the ripe jackfruits,
positioning it as an option for processed product.

Figure 30. General ripening scale for jackfruits, with the stage of fruit ripeness on the top scale
and the age of the fruit in days after flowering on the bottom scale.

The ripening of jackfruits was a key observed characteristic. During ripening, this colour change went
from white (unripe) to yellow (mature) to orange (ripe). The preliminary summary of the observed
data showed that ripeness depends on the clonal variety and time. Specific observations of faster fruit
ripening compared to expected harvest data include fruits R1T16 and R2T10, noting that 65 of which
all ripened quicker than expected. For better understanding, further research into jackfruit variety
ripening time is recommended.
To better understand the jackfruit flesh moisture content for product concept production, moisture
content was analysed for a variety of different fruit samples at varying stages of maturity.
Specifically, the moisture content of jackfruit samples at varying stages of maturity was analysed for
fresh vs. frozen samples per selection and variety (Figure 31).

35

Figure 31. Ripeness and moisture content of various jackfruit selections/varieties.

From this data, it was found that differences in moisture content were observed between genotypes.
The data showed that moisture content ranged from 70-85% across all samples. Importantly, fresh and
frozen jackfruit had similar moisture contents, suggesting little to no water loss when frozen. Note
that data in Figure 33 shows moisture content on a wet basis. Further analysis on moisture sorption
isotherms was undertaken using dynamic vapour sorption (Figures 32 and 33).

Figure 32. Under-ripe and ripe jackfruit CP254 moisture sorption isotherm.
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Figure 33. Unripe jackfruit CP47 and R2T16 moisture sorption isotherms.

For the ripe moisture sorption isotherm, only selection CP254 was analysed for the difference in
moisture between fresh and frozen jackfruit. The moisture content for frozen and fresh jackfruit
followed similar isotherms, suggesting no implication of fresh vs. frozen storage on further
processing. However, it can be observed that unripe and ripe jackfruit have different isotherms, which
is due to the presence of sugar, causing the water activity at high relative humidity to be two times
higher (80-90% dry basis) for ripe jackfruit than for unripe jackfruit (50% dry basis). Given that
storage at microbial safe water activity < 60% is standard, it is suggested that ripe jackfruit storage
should be at < 15% moisture content, and unripe jackfruit storage at < 12% moisture content on a dry
basis.

Product concept workshop
The online product concept workshop used innovation methodology to identify six product concepts.
Participants’ knowledge mapped the market analysis information and noted insights on consumer,
product and market (Figure 34).
A consumer, market, and product analysis was conducted (Figure 35).
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Figure 34. Product concept workshop – snapshot of knowledge mapping.
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Figure 35. Consumer, market and product insights.
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Key consumer insights:
●

Processing fruit themselves reduced willingness to try/buy.

●

Low awareness of the health benefits of jackfruit.

●

Low awareness of the range of jackfruit benefits.

●

More information needed about preparation, uses and benefits.

●

For Australian consumers, as opposed to consumers in tropical locations and nations, jackfruit
is relatively new.

Key market insights:
●

Steady growth in jackfruit sales over the last six years has driven demand for jackfruit, both
fresh and processed.

●

Precedence for growth in the Australian fruit category; other large growth industries include
avocado, mango and pineapple.

●

High Australian retail prices often impair the ability for growth in jackfruit sales.

●

Any new development needs to address or minimise the high cost in production and labour
for Australian jackfruit.

●

The participants mapped the existing product market based on the axis of minimally
processed to processed product, and Australian vs. international capability (Figure 36).

The insights from knowledge mapping and product insights helped form the opportunity platforms for
both minimally processed and processed jackfruit. The opportunity platforms include the following:
●

Australian jackfruit growers’ potential to make profit needs to increase for minimally
processed to be successfully adopted.

●

Farmgate opportunity for the industry to increase the value they gain from green fruit.
Currently, green fruit is less valuable than mature ripened fruit.

●

Value can be increased by harnessing opportunity in meals, culinary use, dried, freeze-dried,
cultural occasions (demand fluctuation), and health occasions (sport, outdoors, etc.).

●

Primary barrier to greater consumption is the need to process jackfruit before eating.

●

Processing at farmgate could increase value by separating mature fruit into arils, seeds and
skin. With economical processing implemented, there are numerous opportunities, e.g. seeds
can be milled; arils can be chilled, packed and sent to markets; and skins can be processed for
other valuables, such as pectin.
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Figure 36. Existing product mapping.

The opportunity platforms helped generate new ideas in the ideation phase of the workshop. Ideas that
ranged across many product categories were discussed, with a total of 27 new product ideas. Eight
ideas were shortlisted and discussed based on their uniqueness, demand, manufacture viability and
research viability, which enabled section of the final minimally processed products and processed
products to be developed.
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Consumer survey
The six product concepts were surveyed by 1,664 Australians, with 63% noting they had heard of
jackfruit before, and 79% had tried or are open to trying jackfruit (Figure 37, Table 2).

Figure 37. Surveyed participants’ attitude towards jackfruit.

Table 2. Summary of insight and opportunity generated from a consumer survey.

Insight

Opportunity

Social media (36%) is a more likely source of
awareness among jackfruit consumers.

Use social media to reach jackfruit consumers.

The jackfruit consumer skews significantly to those
under 45 years of age, living in metro areas, with a
higher income and higher education.

There is licence to deliver premium offers through
innovation.

The majority of jackfruit consumers are in a ‘Family
with kids’ household.

Consider family pack sizes for new innovations.

Jackfruit consumers are more likely to be vegan,
vegetarian or flexitarian; however, this is still the
minority.

Communicate textural and protein benefits, but also
ensure offers don’t alienate those who don’t choose
or follow a particular diet.

Taste and texture are the top drivers, followed by
health benefits and versatility.

Ensure offers communicate as much about the
sensory experience (and deliver on this) as they do
nutritional benefits.

Whole, fresh jackfruit is the most widely consumed
format, but the majority haven’t prepared the whole
jackfruit themselves before; the most common
consumption occasion is “Someone I know prepared
it for me”. Large size is a top barrier to more frequent
consumption.

Get fresh prepared jackfruit out into the market!
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Jackfruit consumer profiling
The source of awareness around jackfruit for consumers is summarised in Figure 38.
●

Overseas travel, family and friends are the top sources of awareness of jackfruit in the sample.

●

For regular jackfruit consumers, half (49%) of them grew up eating it, and they are more
likely than others to have learned about jackfruit from their family (43%). This can indicate
that some jackfruit consumers have a cultural background that is familiar with jackfruit.

●

Social media (36%) is also a more likely source of awareness among jackfruit consumers.

Figure 38. Source of awareness of surveyed consumers.

The jackfruit consumer skews significantly to those under 45 years of age, living in metro areas, with
a higher income and higher education compared to the rest of the sample (Figure 39). The majority
are families with kids. The jackfruit consumer is more likely to be vegetarian, flexitarian or vegan
(though still a minority) and to seek high-protein foods. They are also more likely to say that they are
seeking new taste experiences. Although the supermarket is their most frequently reported place for
grocery shopping, these consumers are less likely to shop at the supermarket than other groups. They
are significantly more likely to shop at other places, such as fresh food markets, Asian food stores,
local food stores, and online.
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Figure 39. Demographics of surveyed jackfruit consumers.
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Jackfruit usage and consumption varied, with half of the consumers having tried jackfruit only once or twice, and most would try it again (Figure 40).
Although whole, fresh jackfruit is the most widely consumed format, the majority had not prepared jackfruit from whole themselves before. The most
common consumption occasion was ‘Someone I know prepared it for me’.

Figure 40. Usage of jackfruit.

45

The key jackfruit consumption drivers were taste and texture, followed by health benefits and versatility. The key jackfruit consumption barriers were
difficulty in finding product, high price and large fruit size (Figure 41).

Figure 41. Jackfruit consumption drivers and barriers.
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Many consumers were not sure where jackfruit is grown domestically, but indicated it was more important that whole jackfruit was Australian grown than
processed jackfruit (Figure 42).

Figure 42. Awareness of jackfruit source.
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After being domestically produced, another key driver to success was the importance of nutritional benefits: protein, vitamin C, antioxidants and fibre are the
top rated important nutritional benefits. Jackfruit consumers were significantly more likely than others to rate protein and superfood as ‘extremely important,’
although being a superfood indicated some higher rejection than others, which could indicate potential scepticism of this word among certain groups.
Consumers believed the nutritional benefits tested are somewhat important; however, the scores likely correlate to an understanding of the benefits, e.g.
phosphorous may be less understood than protein (Figure 43).

Figure 43. Rated importance of jackfruit’s nutritional benefits.
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Supermarkets and Asian food stores are the most popular channels for buying jackfruit (Figure 44). Among other channels are fresh fruit and vegetable
markets and restaurants.

Figure 44. Jackfruit purchase channel survey.

49

Additional apprehension about the taste was the top reason for rejection due to unfamiliarity, while
lack of understanding on how to use it was the next main reason for rejection. Jackfruit’s large size
and expectations that it will be expensive was also a reason to avoid trying it (Figure 45).

Figure 45. Reason for rejecting jackfruit.
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Implications
Jackfruit selections
Currently one of the most challenging issues for the Australian jackfruit industry is the high
variability of seedling-based orchards. Seedling-based production leads to highly variable yield, fruit
size and quality, supply periods and volumes, all of which present challenges for industry and inhibit
growth. All major commercial fruit tree industries (e.g. avocado, citrus and pome fruit) are clonalbased production systems, which ensure the supply of a consistent product for either fresh or
processed markets. This research has identified the need for further assessment of clonal selections
that can help to use different growth characteristics of the fruit into particular products.
The project outputs – regular updates, the podcast, and the YouTube video of the product
development – are regularly shared with the stakeholders, including NT Farmers Association,
Growcom, and Department of Agriculture and Fisheries Queensland. Growers’ willingness to
establish large-scale jackfruit farms in the NT has been recently received. The NT DITT would need
to support the new growers for establishment of orchards of clonal selections identified to have
potential for desired product development.

Jackfruit products
All the product concepts were seen as unique. However, education on the use of this fruit will be key
to raising awareness and improving purchase intention for some of the concepts. Through new
processed and minimally processed products, Australian jackfruit growers have opportunities to grow
market capitalisation and improve jackfruit usage at the farmgate.
The six product concepts display a diverse range of consumer-grade products that Australian growers
can produce to be competitive with international growers. By providing high-quality value-added
products, Australian growers can enable greater domestic consumption. Each of the six products
provides an opportunity for growers to diversify their operation and engage consumers across
Australia.

Jackfruit processing
As the market analysis shows, specifically in Figure 13, the key costs for jackfruit in the Australian
market were growing and processing at $2/kg and $5.12/kg, respectively. For Australia to compete
with imported jackfruit, reducing these costs is key. The greatest reduction in cost could be achieved
by automating jackfruit processing.
For ripe jackfruit, removing the core and skin was the first step of processing. The second step –
separating the rag, bulbs and seeds – was very time consuming and the main processing cost. To be
more cost effective, automatic peeling and coring machines must be used. These machines already
exist for other large fruits, such as pineapple, and are recommended by the project team. Further
automation of separating the bulbs and seeds is also recommended.
For unripe jackfruit, only skinning and segmenting is needed before packaging. Skinning and
segmenting machines also exist for other fruits and could be tested for jackfruit processing suitability.
Because of the lower cost of processing unripe jackfruit, downstream processing is made more cost
effective. From this step, further processing of the products via standard food processing equipment
can be completed.
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Finally, microbial-safe storage conditions for ripe and unripe jackfruit will be key for a packaged
product. Microbial-safe water activity (< 60% water activity) suggested storage at < 15% moisture
content for ripe jackfruit and < 12% moisture content for unripe jackfruit (on a dry basis). Packaged
fresh jackfruit will therefore require refrigeration to increase shelf-life before consumption. More
work in packaging development to reduce fruit oxidation was also found to be needed.

Jackfruit market
The new product concepts present opportunities for the Australian jackfruit industry to invest in
processing techniques that improve crop utilisation and increase market capitalisation domestically
and overseas. This project has explored minimally processed products, which would need minimal
scale up in infrastructure for the industry and allied businesses to create value-added products from
ripe and unripe fruit. Minimally processed products need to expand nationally to be competitive and
to raise consumer awareness. However, it is encouraging that Australian consumers are open to more
Australian-grown jackfruit products.
Fresh jackfruit has significant implications considering it is the primary focus of the existing industry.
With high consumer preference, it presents the easiest opportunity to expand the industry. Fresh fruit,
however, has the challenge of higher transport costs for non-local consumption in other Australian
states or territories. Processing and packaging the fresh fruit could enhance the ability for the fruit to
be kept and/or supplied fresh for longer periods and distributed across Australia.
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Recommendations
The following recommendations are offered for the Australian industry to increase the jackfruit
industry value.
1. Research outputs need further validation through commercial in-store consumer acceptance of
the product concepts developed by this project. Results of the proposed Phase 2 in-store
consumer acceptance research will increase confidence level of the jackfruit industry
stakeholders, particularly the growers.
2. Further development of improved genetics through better jackfruit selections and industry
engagement needs to continue. This will critically underpin the early product development
concepts generated from this study.
3. Trends in health food show growing interest in jackfruit although, currently, there is minimal
validation of nutritional benefits in jackfruit. Once nutritional science proves there are
benefits to consuming jackfruit, the need for commercial production of the product concepts
developed by this project will further strengthen.
4. Processed jackfruit concepts present an opportunity to accelerate the Australian jackfruit
industry with potential international opportunities through unique processed products.
5. If Australia is to establish sustainable competitive advantage in the jackfruit value chain, it
should consider highly automated processes that blend/synergise with products of competitive
advantage.
The next stage would be to partner with the food processing and retail sector to fully develop products
and introduce them to the market. This will potentially drive demand for jackfruit products by
consumers as they become aware of the fruit and start to routinely incorporate it into their diets. It is
this potential rising demand that could seriously drive industry expansion.
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Appendices
Appendix 1: Jackfruit-growing process
Fruit supplied to Monash Food Innovation (MFI) for this research were sourced from jackfruit trees
established at the Coastal Plains Research Farm (CPRF) of Northern Territory Department of
Industry, Tourism and Trade (NT DITT). CPRF is located about 60 km south-east of Darwin.

Site details and tree management
CPRF represents the broader commercial production region of outer Darwin rural area, and is typified
by a monsoonal, lowland tropical environment with a short monsoonal period (December to March)
and a longer dry season (April to November) during which evaporation exceeds the annual rainfall.
Consequently, irrigation is critical for commercial production for a significant part of the year.
Soil type at CPRF is a red lateritic Kandosol of a free-draining sandy loam texture. These soils are
characterised by low clay content, cation exchange capacity, organic matter, and water-holding
capacity. Consequently, annual organic matter inputs with green manure crops, such as Sudax, are
critical. For established fruit tree orchards, the regular capacity to mulch within rows is also highly
advantageous.
All irrigation water is derived from groundwater aquifers and is good quality with a low total salts
content. Irrigation is via under-tree sprinklers within rows delivering 75 L/h, with scheduling based on
full replacement of daily evaporation for months when evaporation exceeds rainfall.
At the start of this project, selected fruit source tree canopies were skirted, and internal branches were
pruned. This is a common commercial practice for jackfruit in the Darwin region, and makes it easier
to manage fruit thinning operations and improves application of foliar spray inputs.
Nutrition for fruit source trees began in April 2020 with four applications at two weeks interval of a
commercial fertiliser blend of NPK with nutrient composition of 12% N, 5% P and 14% K. For each
fruit source tree, this equated to a total of 240 g N, 100 g P and 280 g of K. In addition, the equivalent
of 2 kg of gypsum/tree was applied at the end of March, and two foliar copper hydroxide applications
were done with a standard orchard sprayer in March and April.

Determination of fruit maturity (harvest date)
For jackfruit, the maturity periods differ significantly between varieties. Due to the different number
of jackfruit source trees at CPRF to supply the required number of fruits to the MFI, it was vital to
have a standard method for the NT DITT project team to measure fruit harvest maturity. Furthermore,
it was important for the MFI team to be able to identify and relate the key physical and chemical
characteristics with the stage of fruit development and maturity for the specific product concepts
being examined.
During preliminary discussions when planning the supply of fruit to MFI, it was decided that the
number of days after fruit set to harvest was the appropriate maturity index. Observations were
recorded on the source trees at CPRF at the start of flowering. For each source tree, female
inflorescences were tagged and numbered, and the developmental stages of the female inflorescence
was monitored every week until the point of fruit set or start of fruit development. The developmental
stages at maximum receptivity and end of receptivity were assessed and described to decide at what
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point during fruit set was deemed to be the start point. At the maximum receptivity stage, the
morphological characters of the female inflorescences, in terms of colour of inflorescence, stigmas,
and length and width of inflorescences, were observed visually or measured with a ruler. The stage of
fruit set defined from this observational study was taken as the start point day 0 from the number of
days counted or days after fruit set. From this start point (day 0), intervals of < 40, 41-80, 81-100 and
101-120 were used to determine the approximate maturity of fruits.
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Appendix 2: Market analysis – Additional information
NB: Numbers in [ ] relate to citations provided in the References section of this report.

Figure 46. Selected jackfruit production by country in kilotonnes (2012) [2, 9, 11, 30].

Figure 47. Jackfruit product price per kg (wholesale) [13].
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Figure 48. Bangladesh fresh jackfruit [9].

Figure 49. Edible portions of jackfruit [2].
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Figure 50. Jackfruit offers a balanced nutrition [31].

Figure 51. Potentially competitive advantage of Australia-made jackfruit products.
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