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Summaries

Media Summary

The Australian macadamia industry has conducted considerable research on the
effects of on-farm practices on macadamia nut in shell (NIS) and kernel quality.
These include studies of nut drying, storage, handling and harvesting and agronomic
practices. The adoption of these findings provides quality benefits for processors,
marketers and consumers, but not necessarily for growers. The adoption of the
practices may involve significant additional investment in on-farm infrastructure and
major changes in production practices. Without sound economic information relating
to the costs and benefits of these changes, growers have found it difficult to justify the
investment of money and time. As a result, the adoption of these research findings has
been limited and extremely slow.

This project aimed to examine the entire production chain but due to
difficulties in accessing processing information, the surveying and examination of the
benefits ended at the farm gate. There were still considerable potential economic
benefits.

Some major findings from this work are:

1) Harvest frequency has a strong relationship to the quality of NIS. Frequent
harvesting (less than or equal to every 4 weeks on average) gave a mean sound
kernel recovery (SKR) of 34.2%, while harvesting intervals longer than every 4
weeks, gave a mean sound kernel recovery of 31.6%. This difference of 2.6 % SKR,
using current payment scales that award 10c per kg for each 1% increment increase in
SKR, results in a difference of $260 per tonne delivered to the factory. On a 40 tonne
NIS farm, this equates to $10,400 in additional revenue. The actual payment received
could be higher or lower, depending on the reject/bonus category it puts the NIS

consignment within.

2) There is also the added advantage from harvesting more frequently of
reducing shed losses. Frequent harvesting resulted in shed reject levels of
4.6% of harvested yield while long harvest intervals resulted in shed reject
levels of 8.3%. For a 40 tonne NIS farm, this is an extra 1.5 tonne of NIS

delivered to the factory.



3) Smaller silos (less than or equal to 20 tonnes) were found to reduce unsound
kernel recovery (UKR) on average by 0.34%, compared with larger, taller
silos (greater than 20 tonnes). The main effect is on reducing internal
discolouration of kernel and this has been identified as a serious problem by
the industry. This reduction using current payment scales that awards 10c per kg
for each 1% increment increase in SKR, results in a difference of $34 per tonne
delivered to the factory. There are also advantages of smaller silos reducing the
consignment moisture content of NIS delivered leading to reduced external

discolouration of the kernel.

It is clear from these results that there are significant financial rewards from
adopting management practices and investing in infrastructure and capital equipment
that facilitate these improvements. It must be remembered that the extent of these
benefits will vary from farm to farm and each grower must assess their own situation
before embarking on changes.

A strong focus upon an extension program to deliver the findings from this
and other work relating to quality management would benefit the Australian
macadamia industry. This program would need to focus upon the economic costs and
returns from adopting these practices. Part of this program would need to promote the
use of the re-sort decision support tool developed for growers during this project. The
re-sort decisions tool improves the economic basis of re-sort decisions and also has
the potential to improve the quality of NIS through reducing on-farm storage times.
Consideration should be given to research and development of the factors causing
many of the quality issues and quantifying their significance so management
strategies can be developed that target these issues. Any future research work carried
out into quality management needs to quantify the costs and benefits of changing

management practices or investing in capital improvements that address the causes.



Technical Summary

Considerable research has been conducted on the effects of on-farm practices on the
quality of macadamia NIS and kernel; however the adoption of these findings has
been somewhat slow. A major impediment to adoption is that implementing the
recommendations of quality research often produces benefits to processors, marketers
and consumers, but not necessarily growers. This can involve significant additional
investment in on-farm infrastructure and major changes in production practices. Many
growers have expressed the opinion that it is difficult justifying the expenses when
they do not see a direct economic benefit to their business.

This project aimed to examine the entire production chain but due to
difficulties in accessing processing information, the surveying and examination of the
benefits ended at the farm gate. There were still considerable potential economic
benefits.

Five main sections of work were undertaken in this project, all designed to

deliver information about the quality management of macadamias. They were:

1. The literature review gives an overview of the published research information,
highlighting the significant findings.

2. A quality management chain was constructed for macadamia production and
processing to determine the likely areas where quality would be affected.

3. The grower attitudes, practices and aspirations survey gives some benchmark
information on what is currently occurring on-farm. This survey provides some
insights into the current situation of macadamia farming operations in relation to
quality.

4. The economic analysis section provides information on the effects of current on-
farm practices upon quality, and how growers can achieve benefits from adopting
practices that improve quality. Only those practices that provide direct benefit to

growers were examined.

The major findings from the economic analysis work are:

a. Harvest frequency has a strong relationship with NIS quality. Frequent
harvesting (less than or equal to every 4 weeks on average) gave an average sound

kernel recovery of 34.2%, while harvesting intervals longer than every 4 weeks,



gave an average sound kernel recovery of 31.6%. This difference of 2.6 % SKR,
using current payment scales that award 10c per kg for each 1% increment increase
in SKR, results in a difference of $260 per tonne delivered to the factory. On a 40
tonne NIS farm, this equates to $10,400 in additional revenue. The actual payment
received could be higher or lower, depending on the reject/bonus category it puts the

NIS consignment within.

b. There is also the added advantage from harvesting more frequently of
reducing shed losses. Frequent harvesting resulted in shed reject levels of
4.6% while long harvest intervals resulted in shed reject levels of 8.3%. For a

40 tonne NIS farm, this is an extra 1.5 tonne of NIS delivered to the factory.

c. Nuts stored in smaller silos (less than or equal to 20 tonnes) were found to
have reduced UKR by an average by 0.34%, compared with larger silos
(greater than 20 tonnes). The main effect is on reducing internal
discolouration of kernel and this has been identified as a serious problem by
the industry. This reduction using current payment scales that award 10c per kg
for each 1% increment increase in SKR, results in a difference of $34 per tonne
delivered to the factory. There are also advantages of smaller silos reducing the

consignment moisture content of NIS delivered and the effect that this has on

external discolouration of the kernel.

5. Last, an extension to the project examined further the effects of harvest frequency
on kernel quality. A re-sorting decisions calculator was developed to help growers

objectively assess the costs and financial benefits from re-sorting NIS on-farm.

It is clear from these results that there are significant financial rewards from
adopting management practices and investing in infrastructure and capital equipment
that facilitate these improvements. It must be remembered that the extent of these
benefits will vary from farm to farm and each grower must assess their own situation
before embarking on changes.

A strong extension program to deliver the findings from this and other work
relating to quality management would benefit the Australian macadamia industry.

This program would need to focus upon the economic costs and returns from adopting



these practices. Consideration should be given to research and development of the
factors causing many of the quality issues and quantifying their significance so
management strategies can be developed that target these issues. Any future research
work carried out into quality management needs to quantify the costs and benefits of
changing management practices or investing in capital improvements that address the

causes.
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Chapter 3

Review of quality management in the macadamia
industry

David Walton and Helen Wallace

Introduction

The macadamia has achieved a reputation as one of the most highly regarded nuts
in the world (Nagao and Hirae, 1992), and the roasted kernels of macadamia are
considered by many to possess the finest flavours of all the confectionery nuts (Crain
and Tang, 1975). In addition, recent studies have emphasised the healthful qualities of
the food due to the high content of monounsaturated oil (Ako et al., 1994). Rapidly
increasing production of macadamia kernel has shifted emphasis from improving
yield to improving quality of product so as to enhance marketing of the product
(Swanepoel, 1998).

There is a great deal of information available concerning how quality of
macadamias can be maintained on-farm. There is less information on maintaining
quality at processors, partly because of closely guarded commercial interest. Kernel
quality disorders include rancidity, immaturity, discolouration (internal or external),
mould, germination, insect damage, after roast darkening (ARD) and shoulder
damage. It is increasingly recognized that practices both on-farm and in the factory
can significantly influence macadamia kernel quality. Producers are the first link in
the quality management chain and so have a key contribution to make to the success
of the macadamia industry by improving quality management on-farm. However,
successful production and marketing of quality macadamia products requires a close
partnership between grower and processor. A large research effort has produced much
information on producing quality kernel. It is very important that the Australian
macadamia industry capitalizes on this research investment by increasing adoption of
kernel quality management to maintain its position as a world leader in production of
quality macadamias. This review will examine how on-farm and processor practices
can safeguard macadamia kernel quality. It will summarize the information available

to enable preservation and enhancement of quality and increase of profits.
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What is quality?

Defining nut quality is an important starting point for a discussion of quality.
Quality has been described as the combination of all the characteristics that give the
product value or “a degree of excellence” (Cavaletto, 1981b). Others have reviewed
quality standards and methods from around the world for hazelnuts, and their report
illustrates the complexity and difficulty of assessing quality of an edible nut (Riedl
and Mohr, 1979).

The macadamia industry has developed various indicators of quality. Sampling
procedures have been developed to assess quality in macadamia orchards: 1) husk, 2)
shell plus kernel (nut-in-shell, NIS) dry weight, 3) kernel recovery (the percentage of
kernel to NIS weight) and 4) specific gravity (SG), from which oil content can be
estimated (Meyers et al., 1999). Some quality characteristics of macadamia kernel
are: 1) kernel size and shape, 2) kernel wholeness, 3) oil content, 4) kernel colour and
5) flavour (Cavaletto, 1981). Oil content has been used by the industry as an indicator
of quality (Joubert, 1986; Nagao and Hirae, 1992) and today is considered the prime
indicator of quality (McConchie et al., 1996). The final phase of macadamia nut
development when sugars are converted to oils is critical, because this is when this
important aspect of quality is determined (Trochoulias, 1988). Immature kernels are
low in oil, and immaturity is a major cause of reject macadamia kernels. The reasons
for immature kernels in macadamia are not well understood and further research is
needed to clarify the causes.

There are various factors impacting on macadamia kernel quality, both physical
and chemical, and some can be controlled or mitigated, such as damage from drying
and cracking. Chemical changes can occur because of storage time and/or conditions,
impacting on flavour and palatability. Delaying harvest of macadamias, and
postharvest handling practices such as dehusking and dropping may affect quality,
including the quality of roasted kernels. Other nuts provide some information on
quality. Hazelnuts, like macadamias, have a hard shell which must be removed by
mechanical means. The drying process necessary to aid cracking also predisposes the
delicate tip of the nut to breakage (Riedl and Mohr, 1979). Macadamias are very
similar, needing drying to aid cracking and having a pointed, vulnerable end. This is a
possible site for damage and chemical and microbial degradation as well as loss of

product and visual appeal.
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On-farm practices affecting quality

Orchard establishment
The first decision when establishing a macadamia orchard is site selection. This

decision is based on local factors such as soil type, drainage, erosion potential, aspect
and risk of frost, and these factors will influence production and the sustainability of
an operation. The Australian Macadamia Society (AMS) Code of Sound Orchard
Practice (COSOP) contains advice for such decisions (O’Hare et al., 2004). However,
site can also influence aspects of quality. For example, the fatty acid composition of
macadamia can vary between regions, which may change susceptibility to rancidity
(Mason, 2003). This is similar to results for hazel-nut (Parcerisa et al., 1994). Another
example is that some of the older ‘Hawaiian’ varieties of macadamia including 246
developed for a tropical climate produce less Grade 1 kernel and have smaller nuts
when grown in a sub-tropical region (Allan, 1992). However, newer varieties
including 344 and more recent variety 741 performed well in the sub-tropical
environment (Allan, 1992). A further influence of site is that macadamia is prone to
excessive premature nut drop at daytime temperatures above 30°C (Stephenson and
Gallagher, 1986). This has obvious implications for yield, but also for quality, as there
may be an increase in immature nuts at harvest.

Another important decision for orchard establishment is variety (cultivar) selection
(O’Hare et al., 1996). An important quality parameter is whole kernel (Stephenson
and Gallagher, 2000; Stephenson and Bignell, 2006)). The main factor controlling
whole kernel is genetic, i.e., variety (Wallace and Herbert, 1999; Wallace et al., 2001;
Wallace and Walton, 2005; Walton and Wallace, 2005b). Some varieties are reported
to be more susceptible to nut borer and some more prone to produce stick-tight nuts,
both important quality issues (Stephenson and Gallagher, 2000). It has also been
suggested that some varieties are more prone to shoulder damage (Wallace and
Walton, 2005). Adhesion of the kernel to the white enamelled interior of the shell has
been suggested as a factor in shoulder damage (Hartung and Storey, 1939; Cavaletto,
1986), and this may be related to variety. Variety is also important for pollen-parent
effects such as yield and whole kernel (Vithanage et al., 2003; Wallace and Herbert,
1999). Fatty acid profiles can vary between varieties, which can affect shelf life

(Mason, 2003), an issue that may warrant research on this issue for more cultivars.
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Thus it is important to consider effects on quality as well as yield when selecting

varieties.

Crop management
Irrigation

The benefit of irrigation of macadamias has been an issue of debate. Trochoulias
(1987) found that on the New South Wales north coast there was no benefit from
irrigation over a 9 year period. However, Ahrens (1998) and Anon. (2002; 2003)
differ and found that irrigation provided significant benefits, especially in a time of
drought. Stephenson et al. (2003) recommend that water should be applied to alleviate
major stress during critical stages of nut development and maturation to maximize
kernel recovery, although minor stress at maturation was not harmful, but slightly
beneficial. The most critical time for water stress in Australia is from September to
January (Stephenson, 2003). An important quality issue is immature kernels, and
during severe water stress irrigation may reduce premature abscission and thus quality
reduction.

However, there are also dangers from irrigation. Excessive application of water,
especially in poorly drained soils, may contribute to the tree health problem called
‘macadamia quick decline’ (Nishijima et al., 1997). It should be clear that the benefit
of irrigation will vary from region to region, depending on reliability and distribution
of rainfall. In Hawaii Bittenbender (1995) considered that if annual rainfall is less
than 750 mm (30 in) it may be difficult to grow macadamia. That figure would
arguably be inadequate in Australia where macadamia growing regions are hotter than

Hawaii.

Canopy management

Macadamia grows well when planted at moderate density, e.g., 350 trees/ha
(McFadyen and McConchie, 2005). Efficient light interception is vital for optimal
production (Huett and Smith, 2005). To manage shading in mature orchards some
canopy management is desirable. Macadamia bears on 2 year or older wood, therefore
pruning will slightly reduce the bearing area of low density, mature trees, but if done
at the right time of year will increase the vigour and production at the bottom of trees
(Trouchoulias, 2005). Pruning young trees will delay maturity and excessive pruning

will adversely affect yields. Canopy can be managed by mechanical pruning and
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possibly eventual removal of some trees to reduce shading and overcrowding
(Trouchoulias, 2005). Hedging is a more cost-effective option than tree removal for
maintaining open space for orchard management (McFadyen and McConchie, 2005).
No canopy management programme brings a significant risk of economic loss, and
hedging is considered the best canopy management option (McFadyen and
McConchie, 2005). Early and frequent interventions are important strategies in
canopy management to minimize losses and avoid the necessity of eventual severe

canopy management measures (Huett and Smith, 2005).

Nutrition

Nutrition of macadamias is a broad topic because of the wide variety of soils used
for cultivation. Because of this fertilizer regimes will vary widely, but optimal
nutrition is essential to maintain quality. In this review only general principles will be
considered. Essential categories to consider are soil ameliorants, nitrogen (N),
phosphorus (P), potassium (K) and trace elements (Freimond, 1998b). Macadamias
cannot tolerate poor nutrition, and the first effect is lowered production followed by
decline in the general condition of the tree with fewer and sparser leaves, and
eventually dieback of branches (van Niekerk, 2002). A general principle is to replace
all nutrients removed. Soil analysis and leaf nutrient analysis are important tools for
the producer aiding the optimal nutritional management of an orchard (Stephenson,
2004; Huett and Vimpany, 2005).

For N, small but frequent applications are recommended (Stephenson and
Gallagher, 1989). Concern is expressed recently that application rates of N remain
high despite indications that optimum yields and quality are obtained at a lower rate
(Kuperus and Abercrombie, 2000; Stephenson et al., 2000). Excess use of N may be a
topic affecting quality that justifies further research. Lime is indicated as an
amendment with repeated N applications to maintain quality (Stephenson et al.,
2002).

Phosphorus is the major energy source in a plant as a constituent of many enzymes
and adequate P increases the uptake of calcium and magnesium (Trochoulias, 1988).
However, P is extremely reactive with soils, rapidly becoming less soluble and less
available, rendering surface application very inefficient (Vimpany, 1995). Thus P
application remains problematic, as much surface-applied P may be wasted.

Trochoulias (1988) expressed the need to investigate better methods of application or
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placement of P. Excess P is toxic to macadamia so care must be taken not to exceed
plant needs (van Niekerk, 2002).

Potassium is a soluble ion and is supplemented regularly to maintain optimal
levels. K is known as ‘the element of quality’, and deficiencies result in lower quality.
Macadamia kernels contain more K than any other element. An important point is that
high rates of application of K require supplementation with magnesium (van Niekerk,
2002).

Lime should be used cautiously because it modifies pH. Macadamias prefer a fairly
low pH compared with other subtropical tree crops (Stephenson et al., 1992;
Freimond, 1998a). Calcium in lime is not very mobile, and applying lime to the
surface without tilling may lock up the micronutrients iron, managanese, zinc, copper
and boron in a narrow surface band of high pH (Freimond, 1998a). This may be
particularly important for macadamia, as grafted trees have an extensive near-surface
root system (Firth et al., 2003). Trace elements, required in very small quantities, are
very important and are usually supplied by foliar applications (Trochoulias, 1988; van

Niekerk, 2002).

Pests and disease

Pests and disease will be discussed mainly for their involvement with a particular
issue, immature kernel. Immature kernel is one of the main causes of reject
macadamia kernel. Fruit spotting bug (FSB, Amblypelta spp.) is a sucking bug that
inflicts major damage on a range of horticultural crops including macadamia. A
complication of control measures for FSB is that increasing chemical control methods
will adversely impact biologically based IPM strategies based around the parasitic
wasp Trichogrammatoidea cryptophlebieae for control of another pest, macadamia
nutborer (Waite, 2003). One of the effects of FSB on macadamia is premature
abscission of nuts, though the extent of this loss is hard to quantify (Waite, 1998). In
this way FSB contributes to immature kernel. The macadamia nut borer,
Cryptophlebia spp. can also cause premature nut drop (Jones and Tome, 1992).
Another source of immature kernel is premature nut drop caused by infection of the
husk by husk spot, Pseudocercospera macadamiae (Drenth, 2003). Kernel quality is
drastically affected by the low oil content of immature kernels, and sorting diseased
nuts and kernel is costly (Drenth, 2005). Husk can also suffer from husk rot which is

associated with, though not necessarily caused by, a Phomopsis and Colletotrichum
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complex (Drew, 2004). Husk rot is often associated with nutborer damage (Mayers,
1992). The result of both husk infections can be premature nut drop, contributing to
immature kernel. Balanced control of these pests and diseases is important for
minimising immature kernel and maintaining kernel quality. An intelligent approach

is required through IPM to keep the components in balance.

Preharvest management
Preharvest cleanup and maturity monitoring

Cleaning up the orchard floor is an important preharvest operation based on
orchard hygeine (van Niekerk, 2003), and is recommended in COSOP (O’Hare et al.,
2004). All unsound, old or immature nuts should be removed or finely chopped before
mature nuts drop. While this is an important sanitation measure to reduce resevoirs of
husk spot the, removal of immature nuts resulting from premature abscission is a
bonus. This greatly reduces the economic losses later down the handling chain due to
high rejections for immaturity. It is far more cost-effective to reduce immature nuts at
the preharvest stage. Regular checking of the maturity of fallen nut is essential as tree
nuts reach full size, and any nuts of doubtful maturity should be consigned separately
to the processor (Loebel, 1988). All equipment such as harvesters, augers and
dehuskers should be cleared of old nuts before the commencement of a new harvest as

these could be a source of contamination by aged kernel (O’Hare et al., 2000).

Harvest aids: shaking and ethephon

One of the difficulties of macadamia harvest is that some varieties have very
extended abscission periods. In addition, not all varieties mature at the same time
(Trueman et al., 2002). These factors increase costs by necessitating several sweeps
of the orchard for complete harvest. There is also evidence that nuts harvested late in
the season may have reduced shelf life (McConchie, 2005a). Nuts lying on the ground
for extended periods have been shown to have reduced shelf life (Salter et al., 2005)
as do nuts remaining on the tree for long periods (Jones, 1939; Penter et al., 2002).
The number of harvest rounds can be reduced and late-falling nuts (“sticktights’)
removed by accelerating abscission by means of tree shaking or use of the chemical
ethephon (Trueman et al., 2002). This would reduce quality loss by reducing number
of harvest rounds, less time lying on the ground (Wallace and Walton, 2005) and
lower quality late harvested nuts (Salter et al., 2005).
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Shaking trees is an effective method of accelerating macadamia nut drop and is not
damaging when latest methods and modern equipment are used (Trueman et al., 2002;
Salter, 2005). The most effective method of accelerating nut drop is to ‘loosen’ nuts
by applying ethephon after commencement of natural abscission and then shake trees.
This method did not reduce nut quality (Trueman et al., 2002). However, the most
practical strategy is the use of ethephon alone. Care must be taken to use only correct
application rates as macadamias are sensitive to ethephon and excessive leaf drop may
result, especially for certain varieties. The long-term effect on yield of the use of
ethephon remains unclear with variable yields in the 2 years following the work of
Trueman et al. (2002). However, Stephenson and Gallagher (1987) found ethephon
did not affect yield of ‘Own Choice’ variety. The use of ethephon remains a feasible
harvest option although there may be a risk of yield decline (Trueman, 2003;
McConchie, 2005a), an aspect requiring further research.

Appropriate methods will vary for each orchard and guidelines must be followed
carefully as incorrect use can have dramatic results, e.g., substantial leaf drop. More
details of usage are becoming available (Gillett, 2005; Gain, 2005). Those using
ethephon must have handling, drying and storage facilities able to cope with large

volumes of nuts (Burton and Jones, 2003).

Harvest management
Harvest frequency and efficiency

Macadamia nuts in Australia are harvested from the ground following abscission.
During the harvesting season, harvesting rounds may be delayed for a number of
reasons: the rapidity of nut abscission, access to harvesting equipment, availability of
storage on farm, the ability of processors to receive product and weather conditions
(Hamilton and Storey, 1956; Grimwood, 1971). In addition, the timing of harvest
rounds is often a function of nut density on the ground for economic reasons (Liang et
al., 1996). Spoilage of nuts on the ground is affected by both soil MC and time on the
ground (Liang et al., 1996). Leaving nuts on the ground for four weeks did not affect
recovery of processable kernel or eating quality, however, longer periods reduced
quality mainly with respect to the processed recovery from nuts exposed to sunlight
(Mason and Wells, 1984). The warmth of sunlight may enhance germination
processes, thus causing deterioration in quality of nuts in sunlight (Bungay, 2003b).

Shelf life determined by chemical analysis was not assessed in the study of Mason
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and Wells (1984). Nuts are only considered resistant to rancidity on-farm at 7-10%
MC (Mason et al., 2000a), so nuts on the ground may be at risk.

In another study, delaying harvest for only 3 weeks significantly reduced whole
kernel, and increased shoulder damage and weight of pieces (Table 1.1; Wallace and
Walton, 2005; Walton and Wallace, 2005a). Slow drying on the ground may reduce
whole kernel (Wallace and Walton, 2003). In addition, delayed harvest nuts had
significant After Roast Darkening (ARD) when roasted (Wallace and Walton, 2005;
Walton and Wallace, 2005a). This result after only 3 weeks is of concern when
COSOP allows for harvest rounds of 4 weeks (O’Hare et al., 2004). Bungay (2003b)
goes further and recommends that nuts be on the ground no longer than 1 week. The
work of Mason et al. (1998) showed that shelf life was reduced in NIS stored at high
MC at temperatures such as experienced on the ground, indicating the risk of quality
loss for nuts on the ground for several weeks.

Quality is adversely affected by delays in harvesting rounds because of chemical
and physiological changes, microbial infection and germination occurring in nuts
while they are on the ground at high MC (Cavaletto, 1983; Wallace and Walton,
2005). Nuts from different harvest rounds definitely should not be mixed. This is
particularly important for the first and second rounds when the first round may
contain a higher proportion of low quality nuts (O’Hare et al., 2004). The findings of
Wallace and Walton (2005a) show that harvest rounds should be as frequent as
possible. Losses of quality in terms of reduced whole kernel, increased shoulder
damage and pieces and increased dark kernels result from delays in harvest (Table
1.1). The Australian industry is beginning to harvest nuts more frequently and it is
reported that in 2004 this has improved quality to more than offset the increased
harvest costs (Heap, 2004).

Table 1.1. Loss of kernel quality during harvest delays of three and five weeks
(Source: Wallace and Walton, 2005)

Experiment Control 3wk delay 5wk delay
(no delay)
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Whole kernel One 49.0 43.0

(% wt) Two 52.0 40.0 38.0
Shoulder One 44.0 78.0

damage (%0) Two 12.0 21.0 24.0
Weight of One 5.5 9.0

pieces (%) Two 3.5 6.0 7.0
Dark kernels One 5.0 46.0

(%) Two 3.0 27.0 33.0

Another harvest issue is efficiency of harvest. Missing some nuts will obviously
result in more low quality kernel in subsequent harvest rounds and some operators
make a second pass with the harvester to pick up nuts missed in the first pass.
However, harvesting is more efficient overall when only one pass is made and the
whole orchard is harvested more frequently (Bell, 2002). The number of nuts missed
at harvest could by minimized by use of efficient machinery and careful maintenance
of that equipment. Suitable preparation of the orchard surface to maximize pickup in

the first pass is essential (O’Hare et al., 2004).

Batch harvesting

Hybrid and M. integrifolia macadamias should be consigned to processors in
separate batches (O’Hare et al., 2000). This is because hybrid cultivars of Macadamia
integrifolia and M. tetraphylla are viewed as being different in terms of roasting
colour (Lemmer et al., 1998). The South African industry has always harvested, dried,
processed and packed nuts of hybrid cultivars completely separately from M.
integrifolia cultivars (Bungay, 2003b) and known hybrid cultivars are packed
separately for overseas roasters (Lemmer et al., 1998). In addition, where quantities
are sufficient pure varieties should also be consigned in batches to minimize
processing difficulties caused by varietal differences.

Macadamia processors in Australia roast macadamias to a very low level of colour

because processors fear that batches of mixed cultivars may roast unevenly (Burton,
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pers. comm.). While these concerns may be justified, other causes of roasting
variability are delaying harvest and dropping nuts (Wallace and Walton, 2005).
Increasing harvesting frequency and improving handling techniques may improve
overall quality enough to enable darker roasts to be successfully achieved in the

Australian industry

Dehusking

The fibrous husk of freshly harvested macadamia fruit constitutes 40-45% weight
of the fruit (Cavaletto, 1983). The first step in processing is the removal of husk,
which is normally accomplished on-farm by mechanical dehuskers although some nut
in-husk (NIH) may be transported to a processor and dehusked there. It is vital that
dehusking takes place immediately following harvest as respiration of wet NIH will
cause heating and deterioration such as rancidity (Hobson, 1991). It is industry best
practice to dehusk within 24 hours of harvest to avoid serious loss of quality due to
heating of bulk NIH from respiration (Mason et al., 1998; O’Hare et al., 2004).

A variety of machines have been developed for dehusking. Nuts usually fall from
the tree at around 25% MC (Weinert, 1993), and at dehusking are typically at 20-23%
MC (Wallace and Walton, 2005). It has been widely assumed that nuts at high
moisture content (MC) are relatively immune from damage (Pearce, pers. comm.).
Dehusking machines have the potential to cause damage to kernels. In a recent study
dehusking at field MC with 2 mechanical dehuskers caused significant shoulder
damage (Wallace and Walton, 2005). In addition, dehusking at lower MC (around
10%) after nuts had been on the ground for some time resulted in significant loss of
whole kernel (Wallace and Walton, 2005). The most common practice is to dehusk
only in the shed, typically with a Shaw type dehusker. However, some operators
dehusk in the field at harvest with a harvester-mounted dehusker, typically of the
Admac® type. This practice normally necessitates a second dehusking in the shed.
This means that field-dehusked nuts are subjected to additional mechanical stress,
which may have quality implications. In one experiment Wallace and Walton (2005)
found that the Admac dehusker caused more shoulder damage, but in a further study
both the Shaw and Admac machines caused significant shoulder damage (Wallace
and Walton, 2005). The efficiencies gained from field dehusking should be carefully

weighed against possible quality loss from subjecting nuts to an extra dehusking.
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Dehusking can cause quality loss. Careful attention should be paid to maintenance
and adjustment of dehusking equipment. There is also a need for research into an
improved dehusker. The most common dehusker today is old technology. At this

stage of farm operations dehusked nuts may be transported to a processor without

drying.

Sorting and resorting

Following dehusking, nuts must be carefully inspected to remove foreign matter
and unsound nuts. Thorough on-farm sorting is essential to remove small, damaged
and unsound kernel very early in the postharvest chain. Size is very important as nuts
smaller than 18 mm are more likely to be immature (Bungay, 2003b). The production
efficiency of the industry is compromised as long as unsound kernel continues to
reach the processor (Mason et al, 1996). Relying on visual belt sorting alone may
result in many unsound kernels, including mouldy product, passing into the
processing line. It appears that more objective, SG based systems such as water and

air sorting are most practical and cost-effective.

Water and air sorting

Some producers use water flotation on-farm to remove immature nuts (Bungay,
2004). This is a very cost-effective process for the industry as it is very inefficient to
handle and transport nuts to a processor only to have the kernels rejected in the
factory for immaturity or other types of unsoundness. Wet NIS will sink in fresh
water while unsound product floats and can be removed. The Southern African
Macadamia Growers Association (SAMAC) supports and encourages the use of
flotation sorting of NIS, claiming it increases profitability by up to 13% (Bungay,
2003b). On current evidence, water sorting based on sinking of NIS at >1.02 SG
works well if NIS is at 4.5-15% MC. However, segregation of sound and unsound
nuts by SG is influenced by variety and time of harvest as well as MC (Mason et al,
1996). Size grading before flotation will remove many immature nuts >1.02 SG as

undersize (Mason et al, 1996). More research may be needed into the accuracy of

water sorting of NIS for varieties other than 246 and 660, those used by Mason et al.
(1996).
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If on-farm flotation is used strict hygiene must be observed to avoid contamination
by pathogens such as Salmonella (Dommet et al., 2000; O’Hare et al., 2004). Also,
water sorting leaves nuts very wet, and this excess free water must be removed before
nuts are moved to storage.  NIS must not be visually wet when entering storage
(Bungay, 2003b).

Another sorting method based on SG is the use of air (suction) adjusted to remove
undesirable nuts and foreign matter (Mason et al., 1996; Bungay, 2003b). For this
system NIS must be size graded and MC reduced to <15% before sorting (Mason et
al., 1996). To avoid unnecessary losses of sound kernel while eliminating the majority
of unsound, regular sampling and kernel assessment of NIS on-farm during sorting is

essential (O’Hare et al., 2004).

Dropping nuts

Following dehusking, every sorting operation involves moving and dropping NIS.
The effect of physical damage due to handling has been a concern for many workers
on many crops including peanut (Turner et al., 1967), navy beans (Hoki and Picket,
1973; Bartsch et al., 1986), pea bean (Perry and Hall, 1966), and various common
seed grains (Bilanski, 1966). Where there are many handling operations the increase
in damage caused by individual handling operations may be small and difficult to
measure (Perry and Hall, 1966).

Dropping macadamias causes damage and loss of quality (Wallace and Walton,
2005). In general, damage from impacts increases as MC decreases for many seeds,
and this applies to macadamia (Wallace and Walton, 2005). However, although
macadamias are more subject to damage at low MC, e.g. 3%, they can also be
damaged by dropping at intermediate and high MC, e.g., 20%. NIS dropped at 20%
MC produced dark kernels at roasting (Table 1.2; Wallace and Walton, 2005). There
is also some evidence that different cultivars vary in susceptibility to damage
(Wallace and Walton, 2005). Dropping damage to high MC NIS is a particularly
important finding for handling of nuts on-farm, as they are at high MC for most of the
handling operations on-farm.

Dropping NIS at 3% MC significantly increased shoulder damage from 14% for
the control to 24% when dropped, and at intermediate MC (9%) shoulder damage
increased from 17% for the control to 30% for the dropped treatment. In these

experiments (Wallace and Walton, 2005) NIS was dropped four times from a height
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of two m onto NIS. Dropping at both 3% and 20% MC produced significant dark
kernels at roasting (Wallace and Walton, 2005). Table 1.2 shows the potential for loss
of quality on-farm as revealed in loss of roasting quality. To minimize dropping

damage, resorting should be kept to the minimum needed to optimise quality.

Table 1.2. The effect on roasting colour of dropping NIS four times from a height of
2 m onto a bed of NIS. Shaded results are for dropped treatments.
Cultivar 741 Dropped at 20% MC 2003

Colour Kernels (%) from Kernels (%) from NIS

undropped controls dropped at 20% MC

Very light 20.0 8.0
Light 57.0 51.0
Dark 19.0 38.0
Very dark (reject) | 4.0 3.0
Cultivar 741 Dropped at 3% NIS MC 2003
Colour Kernels (%) from Kernels (%) from NIS

undropped controls dropped at 3% MC

Very light 15.0 0

Light 49.0 15.6
Dark 32.0 36.7
Very dark (reject) | 4.0 47.8

In addition, the height of drops and receiving surfaces should be considered
(Wallace and Walton, 2005). The AMS COSOP recommends drop heights not exceed
2 m, a standard that is difficult to attain, but the message is to minimize drop heights.
The work by Wallace and Walton (2005) involved drop heights of 2 m, so it is

conceivable that at greater drop heights more damage would occur. Typical drop
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heights on farms are 3-4 m or higher in some cases (McConachie, pers. comm.). NIS
may be dropped up to six times while on the farm during various operations,
including dropping into the truck which transports nuts to a processor (McConachie,
pers. comm.). A specific example comes from an on-farm study of a commercial
operation by Wallace and Walton (2005) where there were five drops before
consignment.

The receiving surface is also important. NIS may be dropped onto a surface of
metal plate or NIS depending on how full the receiving container is at the time of
dropping. Wallace et al. (2001) found that nuts dropped onto a steel surface at 13%
MC suffered more shoulder damage than those dropped onto NIS. Impacts can be
reduced by installing ‘easy let-downs’ in macadamia silos on-farm, design features
which allow nuts to roll down a series of ramps or drop in stages rather than just in a
single drop (Bungay, 2003b; 2004). Another impact reducing technology is special
tough, resilient polymer surface coatings now available. These surfaces can be applied
to all processing equipment and have potential to reduce impacts to NIS, as well as
reduce wear and tear on equipment and reduce the high noise levels associated with
macadamia processing. Uptake of impact reduction measures has been slow to date
(Bungay, 2004; O’Hare, pers. comm.). Considering that recent research has confirmed
the damage to kernel caused by impacts to NIS, research to determine the benefits of
such coatings should be considered. The effect of impact damage on shelf life has not
been studied. The release of oil from cells damaged by dropping may predispose to
the development of rancidity.

Slow uptake of these potentially beneficial technologies raises the issue of
application of research by producers. There may be reluctance on the part of some
producers to spend money implementing measures to maintain quality when they do
not perceive that they receive compensation for their expenditure in the form of
higher prices for quality. Maintaining quality should benefit all in the industry. There
is an urgent need for the industry to move to a more genuine ‘payment for quality’
system as an incentive to reap the benefits of research (Bungay, 2004). Quality issues
need to be addressed all along the postharvest chain and are not the sole responsibility
of either grower or processor.

NIS may be transported to a processor at this stage. However, the scale and
production volume of the Australian macadamia industry probably makes on-farm

drying and some on-farm storage essential for most growers. Lack of suitable on-farm

25



storage may result in serious quality loss in the event of delayed despatch to

processors at peak harvest.

Storage of NIS

There is an increasing need for storage of macadamia NIS on-farm because of
increasing scale of farming operations and to provide safe storage during periods of
congestion at processors. There are 3 considerations for storage: 1) MC of NIS, 2)
storage temperature and 3) storage duration. These conditions are important for
determining the quality of kernel produced. Raw kernel from NIS stored under certain
conditions may suffer no apparent loss in quality, and deterioration may only become
evident in the roasted kernel (Mason et al., 1998). A summary of how storage
conditions affect quality of raw and roasted kernel is presented in Table 1.3, and
actual losses which may be experienced are presented in Table 1.4. Quality loss was
reflected in reduced times to roast to a set colour standard (Table 1.4; Mason et al.,
1998). Decrease in quality of roasted kernel was also accompanied by a significant

deterioration in sensory attributes (Mason et al., 1998).

Table 1.3. Effect of moisture content, temperature and storage duration on quality of
raw and roasted kernel from stored macadamia NIS (compiled from Mason et al.,

1998). Shaded areas show where significant results occurred.

NIS Temperature Storage Quality loss in  Quality loss in
Moisture (°C) Duration Raw Kernel Roasted Kernel
Content (%) (months) (%) (%)
<75 5 12 No No
10.0 5 4 No No
7.5 25 2 No Yes
10.0 25 1 Yes Yes
12.5+ 5 4 Yes Yes
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12.5+ 25 1 Yes Yes

12.5+ 25 (ambient) 1 No Yes
35 40 1 Yes Yes
10 40 1 Yes Yes

Table 1.4. Roasting times and reject kernels (%) for NIS stored under different MC
and temperature regimes (compiled from Mason et al., 1998). Shaded areas show
where critical changes in roasting times and kernel rejects occurred. Shorter roasting

times indicate reduced quality.

NIS Moisture  Temperature  Storage Roasting Mean Kernel
Content (%) (°C) Duration Time (min) Rejects
(months)
3.5 Control Nil 10.5 2.6
10 25 1 11.0 7.5
2 10.2 6.4
4 7.6 7.8
8 6.9 6.6
12.5 25 1 11.2 18.4
2 8.1 31.2
4 6.3 48.7
15 25 0.5 10.8 8.3
1 11.1 15.6
2 11.2 22.7
3 6.7 33.4
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The optimum procedure for on-farm storage to preserve quality is to rapidly dry
NIS to a MC of 7.5-10% (Kowitz and Mason, 2001), then consign nuts to a factory as
soon as possible. Storing NIS on-farm at high MC leads to rapid loss of quality.
Storing NIS of 12.5% and 15% MC at 25°C, and other NIS of 15% at 5°C resulted in
brown spotting of kernels at roasting (Kowitz and Mason, 2003). These spotted
kernels must be rejected. An on-farm study of a commercial operation found unsound
kernel increased rapidly with storage time and number of drops over a period of two
weeks (Wallace and Walton, 2005) (Figure 1). In this study where ambient air only
was used for drying MC was reduced from 23% at dehusking to only 16.5% after two
weeks. NIS should be stored on-farm no longer than one month. At the factory nuts
should be dried to 3.5% (1.5% kernel MC) as soon as possible after consignment
(Mason et al., 1998). NIS should not be dried on-farm to less than 7.5% as damage
during transport may occur at lower MC (Mason, 2000a). As an alternative, NIS at
7.5% MC may be stored for up to 12 months provided the temperature is maintained

at 5°C (Mason et al., 1998).

30

Fig. 1. Unsound kernel
weight of macadamia
kernels at various on-farm

postharvest stages over a

Unsound kernel [%]

period of two weeks. Means

and standard errors are

presented; means with

Dehusker Silol Silo2 & Truck Silo 3 Silo 4 .
23%MC  23%MC  18% MC  18% MC  16.5% MC different letters are

significantly different
(Duncan’s, P<0.05) (Source: Wallace and Walton, 2005).

Another storage issue is aeration of storage containers to remove the vital heat of
respiration. Respiration of stored NIS at 23% MC can raise temperatures 0.5°C per
day within the mass of NIS (Mason et al., 1998). Therefore constant aeration is

essential until the MC has been reduced to at least 12%. As well as excessive
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temperature causing quality loss, nuts while respiring are using up energy, resulting in
mass and quality (oil) loss (Bungay, 2001). In this respect the relative humidity (RH)
of the air input must be lower than that within the NIS mass or no drying will occur
and nuts can even be re-wet if RH of the input air is too high (Mason et al., 1998). To
summarize, deterioration of stored kernel increases with increasing MC and
temperature. Loss of quality is not always apparent in raw kernel and may show up

only in roasted kernel.

Drying NIS

Drying is one of the most important steps, perhaps the most important step
(Weinert, 1993) in the macadamia processing chain for determining the quality of
saleable product. Correct MC is important for food products for microbial stability,
texture and shelf life (Labuza and Contreras-Medellin, 1981; Bungay, 1995; Kowitz
and Mason, 2003). The aim must be to have a drying regime that permits the highest
moisture removal rate and energy efficiency within operational restraints, including
quality of product (Davidson et al., 2000). For macadamias, the drying process is
necessary to prevent microbial infection, facilitate cracking and roasting, improve
flavour and texture characteristics and to stabilize the chemical components of the
kernel to maximise shelf life (Kowitz and Mason, 2003). Despite this there is limited
information on drying conditions for macadamias as reflected in the relatively small
number of papers in published literature (Mason and Van Blarcom, 1993). Quality
loss from incorrect drying methodology may only be obvious when kernels are
roasted (Kowitz and Mason, 2003).

Drying should not be seen as a simple operation, as the macadamia nut consists of
a living embryo surrounded by an extremely hard, dense, stone-like shell. The shell
must first be dried before water from the kernel can exit the seed. Excessive speed of
drying predisposes it to internal browning (Prichavudhi and Yamomoto, 1965),
probably from cell damage caused by pressure building within the kernel (Bungay,
2003b). Drying high MC NIS at initial temperatures of 45°C and 50°C causes brown
centering at roasting (Kowitz and Mason, 2003). Thus there are firm grounds for the
AMS COSOP recommendation that NIS be dried initially at no higher than 30°C or
more than 5°C above ambient temperature (O’Hare et al., 2004).

MC is a critical factor influencing macadamia stability (Cavaletto et al., 1966) and

drying determines storability, palatibility and roasting qualities of kernels (Cavaletto,
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1983). At harvest, macadamias can have a MC as high as 30%, and it is essential to
reduce this to a level at which hydrolytic activity and mould development are
prevented. Temperature and RH conditions during drying are critical to maintain
quality, and unsuitable control of drying can seriously reduce quality, as shown in
Table 1.5. MC should be reduced to 7.5-10% within 2 weeks of harvest to maintain
quality (O’Hare et al., 2004; Kowitz and Mason, 2001). Bungay (2004) is more
demanding recommending that nuts be dried to 10% MC in only 7 days. However,
drying must be accomplished in ways that do not compromise other quality
parameters. NIS should not be dried to low MC such as 3.5% on-farm for the
following reasons: 1) quality can be severely reduced if drying temperatures are not
strictly controlled and 2) handling and transportation of NIS at low MC can result in
physical damage to kernel (Mason, 2000a). Growers may not have the equipment
to maintain control over drying and this can result in abnormal kernel browning
during roasting (Kowitz and Mason, 2003). Over-drying nuts also poses dangers as
once the kernel MC of each nut has been reduced there is less evaporative cooling,
and overheating of the kernel can occur (Bungay, 2003b).

If nuts are held on-farm, drying should be commenced immediately. However,
many farms do not have suitable equipment to achieve MC of 7.5% (Mason, 2000a).
An example is a study by Wallace and Walton (2005), where nuts on-farm in a
commercial macadamia operation remained at 16.5% MC after 2 weeks in silos with
only ambient air for drying. Drying with air over 70% RH poses risk of losses from
mould and kernel discolouration except at temperatures below 15°C (Table 1.4).
Prolonged exposure of NIS at high MC to air with a high RH can cause kernel to
brown excessively all over or develop brown spotting on the upper surface at roasting
(Kowitz and Mason, 2003). If drying cannot be achieved with ambient air
dehumidified air should be used. Control of the RH of air entering the nut mass is of
primary importance in achieving even and effective drying throughout the nut mass.
Using only ambient air provides little control over the drying process, particularly
where cool, wet conditions prevail. An aeration controller based on RH provides more
control over drying and dehumidified air or supplementary heat may be needed to
achieve more rapid and more even drying (Kowitz and Mason, 2003).

If a producer cannot dry nuts on-farm to 7.5-8% MC in 2 weeks they should be

dispatched to a processor with all urgency. Investment in suitable drying equipment
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on-farm could be one of the most cost-effective means of improving macadamia

quality. Several drying regimes have been used for macadamias (Table 1.6).

Table 1.5. Kernel quality losses (%) from incorrect drying conditions for NIS On-
farm (Source: Kowitz et al., 2001). Shaded areas show where commercially important

losses occurred.

Drying air conditions Quality loss
Temperature Relative Mouldy Discoloured
(°C) humidity (%o)

15 50 0.1 0.0
70 0.1 0.1
90 0.2 4.6
20 50 0.0 0.1
70 0.3 0.0
90 2.1 52
25 50 0.0 0.0
70 0.4 0.0
90 3.6 5.9
30 45 0.0 0.0
35 0.1 0.1
25 0.1 0.0
25 0.1 0.0
25 0.0 0.1

Table 1.6. Various drying regimes for macadamia nut-in-shell.

Stage 1 Stage 2 Stage 3 Stage 4 Reference
Xd@38°C® Xd@s52°c® Xd@60°Cc? - Cavaletto, 1981
4-5d @ambient  2-3d @ 38°C 4-5d @ 50°C 1-2d @ 60°C Cavaletto, 1983
2d @ 38°C 2d @ 45°C 2d @ 60°C - AMS., 2002
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5-7d @ 32°C 1-2d @38°C 1-2d @44°C  Finish @ 50°C  Mason, 1983a

3-4d @ 30°C 2-3d @ 40°C X d@ 50°C* - Mason, 1983b,
Mason et
al.,1995

6d @ 45°C Trueman, 2003

a Dried at 50°C until kernel MC of 1.0-1.5% achieved.
b Dried at 38°C until kernel MC of 8% is achieved.
¢ Dried at 52°C until kernel MC of 5-6% achieved.
d Dried at 60°C until kernel MC of 1.0-1.5% achieved.

What is clear from these methods is that there is considerable discrepancy in the
necessity for staged temperature increase, the timing of stages and the temperatures
employed. Some of the regimes above are for laboratory conditions, and may not be
applicable to bulk lots of nuts. Drying appears to be a topic for which consensus on
temperatures and timing has not been reached. Clarification of the optimum drying

regime is probably required.

Design of on-farm drying facilities

Design of an on-farm drying system is one of the most critical elements of a
producer’s infrastructure and large operations are particularly vulnerable to large
losses in quality (Gordijn and Potgieter, 2003). It is beyond the scope of this review to
give details of drier design, but some principles are presented below. The most
effective and efficient system for both drying and storage combines both heated or
dehumidified air with a RH based aeration controller, remembering that on-farm the
same silo is usually used for storage while nuts are drying (Kowitz and Mason,
2001). As discussed under storage, it is essential that the air used for drying is of RH
lower than in the nut bed or nuts will not dry, and will even rewet if RH of air used is
higher than in the nut bed. Moltzau and Ripperton (1939) showed that a RH of 60% or
more resulted in macadamias rewetting. A RH based aeration controller is a minimum
requirement for all on-farm drying and storage facilities (Kowitz and Mason, 2001).
This controller will prevent nuts dried below 10% MC from re-wetting in periods of
wet weather. A rule to guide the design of a drying facility is that is should be capable
of removing 2% of NIS moisture per day, a requirement that usually rules out ambient

air-only systems (Bungay, 2003a). A very important issue is whether to dry NIS in a
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silo or in a recirculation bin. True silos appear to have few advantages and many
disadvantages for drying, compared with a recirculation bin (Bungay, 2003a).

There are dangers with using heated air. Uncontrolled heating of high MC nuts can
cause off flavours, pre-germination changes, reduction of shelf life, cracking of shells
and brown centred kernels (McConachie, 1994). The drying temperatures should
never exceed 30°C when NIS is above 15% MC to prevent: 1) over-drying of NIS at
the bottom of the drying vessel closest to the air source, 2) kernel becoming brittle
from drying too rapidly and 3) brown centring in kernels after roasting (Prichavudhi
and Yamomoto, 1965; Kowitz and Mason, 2001). A thermostat to monitor incoming
air and emergency shut-off and alarm systems are essential. Monitoring of the air at
both inlet and outlet is required. The importance of monitoring systems for on-farm
drying cannot be overemphasised. Professional advice should be sought to achieve
best possible quality, according to the producers scale, needs, finances and resources.
The report of Kowitz and Mason (2001) and the book by Bungay (2003b) are useful
resources.

To prevent over-drying at the air intake the air temperature should not, as a rule of
thumb, exceed 30°C (Kowitz and Mason, 2001), although the safe temperature
depends on the RH of the air (Bungay, 2003a). Bed depth of a silo should be a
maximum of 1 m (Kowitz and Mason, 2001). Technically, a silo is a storage facility
with a height of 3 m or more (Bungay, 2004). It should be noted that this temperature
is lower than the 38°C suggested earlier by Hamilton et al. (1980), and Cavaletto
(1980, 1981). Where bed depth is greater than 1 m, lower temperatures of 20-25 °C
must be used to prevent over drying of NIS at the bottom of the silo. Bungay (2003b)
states that a maximum bed depth of 2.4 m is allowable using ambient air, but that 2 m
is preferable. The greater the bed depth, the lower the temperatures that must be used
(Kowitz and Mason, 2001). Over-drying at the silo base also involves rewetting
further up the container, with consequent problems (Bungay, 2003a). Many silos
currently in use exceed 1m in bed depth, perhaps as a consequence of adapting silos
designed for other crops such as grain (Bungay, 2004). This is an issue that needs to
be urgently addressed by the Australian industry, and may be an area where rapid and
significant gains can be made in quality. What is critical is the bed depth of nuts. Bed
depths greater than 1 m decrease the drying rate, increase the capacity of the fan
required, increase the temperature gradient across the nut bed and increase the risk of

uneven drying (Kowitz and Mason, 2001). Many Australian drying facilities would
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not pass the bed depth test. The temperature of drying on-farm should never exceed
40 °C (Kowitz and Mason, 2001). High temperatures may damage cells in the kernel
by developing a miniature ‘pressure cooker’ in each individual nut, even for short
periods (Bungay, 2001). Such cell damage may enable leakage of oil from cells
especially as temperatures rise late in the drying cycle and oil viscosity decreases
(Bungay, 2001, 2003). These factors may contribute to the ‘oily’ appearance of many
kernels after drying. Uneven drying will lead to uneven quality later in the chain,
especially at roasting. A series of low-volume batch-drying bins is preferable to one
large silo of equal volume. Large structures should only be used for storage awaiting

consignment once satisfactory MC had been achieved Kowitz and Mason, 2001).

Dispatch

On some farms NIS is transported to a processor after dehusking while other
operators partially dry nuts before consignment. It is important to transport nuts as
soon as possible, especially if nuts are not dried on-farm. It is undesirable to transport
nuts at <7.5% MC because of the increased risk of impact damage at lower MC
(Mason, 2000a). Cavaletto (1986) even suggests that transport at >10% MC may
result in bruising damage. This may be a matter of concern for nuts transported long
distances, such as from North Queensland and Bundaberg. However, there is a lack of
clarity over the best MC for transport (Mason, 2000a). Transported nuts can be
subjected to severe impacts when dropping into a truck on-farm as dropping heights
into a truck can be as high as 6m (McConachie, pers. comm.). Damage may also
occur when dropping into the receiving facility at the processor. Studies of transport
effects would need to control for the effects of dropping on transported nuts, and it is
unclear if this has been done in the past. Drop heights and receiving surfaces are
important issues discussed above. At 15% MC, drop height should not exceed 3 m,
and at 10% MC, should not exceed 2 m (Simpson, 1992). It is very obvious that these
standards are violated during many farm procedures and most dispatch operations.
Vibrations and bumps during transport are considered to increase loss of whole kernel
and to damage kernel (Simpson, 1992; Mason, 2000a). However, these claims appear
to be without hard evidence. In addition, Cavaletto (1986) states that transport
produces dust in NIS from the milling action of shells on kernels during transport.

Heating from the sun should be avoided during transport, consequently Bungay
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(2003b) recommends not transporting during the heat of the day and covering loads

with a white tarpaulin.

Processor practices affecting quality

There is limited information available on some processing practices because of
closely guarded commercial interest. However, many of the principles for maintaining
quality that apply on-farm have validity in the processing environment. Processing

has been reviewed by Weinert (1993) and Mason and McConachie (1994).

Dropping damage and processing

NIS is subjected to numerous drops in the factory between the receiving and drying
facilities. There are further drops moving to a storage facility, depending on factory
operations. The effect of dropping is dependant on four factors, MC of the nuts, drop
number, drop height and receiving surface and these are discussed above. Multiple
drops of four and six times from a height of one metre have been found to increase
shoulder damage (Wallace et al., 2001). Wallace and Walton (2005) found that four
drops from 2 m onto NIS at both 3% and 9% MC increased shoulder damage and that
dropping at high or low MC can cause loss of roasting quality. NIS may be subject to
up to 15 drops at heights of from 0.3m to 4m in a factory before cracking
(McConachie, pers. comm., 2002). In total, NIS may be subjected to as many as 22
drops between harvest and cracking (McConachie, pers. comm., 2002). Numerous
drops as NIS from low heights cause damage to macadamia (Wallace et al., 2001;
Wallace and Walton, 2005). It is likely that the studies of Wallace et al., (2001) and
Wallace and Walton (2005) are conservative in the amount of dropping applied, and
that the effects of actual industry dropping are greater.

Once the protective shell has been removed kernel is directly exposed to the
damaging effects of dropping and may be more prone to damage (Smit, 1996),
although there is little information on this subject. This may account for much of the
accumulation of kernel dust found in bulk packs of factory kernel (Wallace et al.,
2001), similar to the ‘milling” described by Cavaletto (1986) for transported nuts.

Hard dropping surfaces such as steel have been shown to reduce kernel quality
(Wallace et al., 2001). Polymer surface coatings are such as “Rhino Linings®” are

available to reduce the effect of impacts but the degree of uptake of this new
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technology in the processing sector is unknown. Processors have the opportunity to
lead the way in implementing this innovation in quality control. The effect of impacts
caused by dropping shelled kernel in a processor setting has not been quantified.
Wallace and Walton (2005), using electron microscopy, showed that the cuticle of
kernel from nuts dropped as NIS showed visible damage. This would probably also be
the case for kernel dropped after shelling, and is an aspect of dropping that merits

further research.

Sorting and cleaning NIS at the processor

It is economically advantageous that as much unsound kernel as possible should be
removed as NIS before it gets into the processing line. Water flotation can be used on-
farm to sort NIS early in the chain, however, water is considered unreliable and
carries a high risk of microbial cross-contamination (Mason et al., 1996). A method of
air-sorting located on-farm or at the processor to remove unsound nuts based on SG
has been successfully tested (Mason et al., 1996). This system is combined with a NIS
cleaning and sanitising system at the processor (Mason et al., 1996). Locating both
facilities at the processor is more efficient in terms of number of units needed, and
would offer the greatest advantages, although the cost would be borne by processors

(Mason et al., 1996).

Drying NIS for processing

Drying, sometimes also termed curing (Bungay, 1995; 2001) has been described as
the most critical step in macadamia processing (Weinert, 1993). Many of the details
of their drying methods are kept confidential by processors (Grimwood, 1971;
Weinert, 1993).

All NIS received by processors must immediately be dried to 3.5% NIS MC (1.5%
kernel MC) to prevent flavour deterioration, harden the shell for cracking, and also to
loosen the kernel-shell attachment by shrinking the kernels (Weinert, 1993). Bungay
(2003b) claims that whole kernel decreases during storage. He suggests holding NIS
at 5% MC at the correct temperature until drying to 3.5% just before cracking to
reduce loss of wholes. If at arrival the nuts already have been dried to 7.5-10% MC
they can be safely stored for up to 12 months as long as the storage temperature is
maintained at 5°C (Mason et al., 1998). This cold storage provides an important

option for processors to accept NIS from growers in peak times and maintain kernel
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quality instead of kernel deteriorating in inadequate on-farm storage when processing
capacity is strained during harvest peaks. Upon removal from cold storage NIS must
be immediately dried to cracking MC to prevent condensation and rewetting of the
cold nuts (Bungay, 2003a).

The principles of drying NIS on-farm discussed above also apply in a factory
setting (Bungay, 1995, 2001, 2003b; Kowitz and Mason, 2001). In general, the higher
the MC of NIS at the beginning of drying, and the larger the drying facility, the lower
must be the commencing temperature of drying. The drying operation should be
planned to minimize movements, drops and drop heights as these all contribute to loss
of quality as discussed above. Where possible, batch processing of nuts should be
implemented, particularly keeping hybrid varieties separate from pure integrifolia
lines. However, this may not be practicable with small lots. The advantages of batch
processing will be most evident when nuts are roasted, as hybrids may have different
roasting characteristics to integrifolia varieties (Lee, 1998). However, batch
processing may have other quality control advantages when nuts from different farms,
districts and even regions are kept separate. Drier design is an important consideration
for processors and principles are discussed above (Kowitz and Mason, 2001; Bungay

2003).

Rehydration

Macadamia NIS dried to 3.5% MC will rehydrate at ambient RH (Palipane and
Driscoll, 1992; Bungay, 2003b). This means that great care must be taken with stored
NIS and kernel to ensure storage containers are sealed. This is especially important if
NIS is stored at higher temperatures, for example, NIS stored at 25 °C must have MC

no more than 3.5% to maintain quality (Mason et al., 1998).

Storage of NIS in the factory

Following drying to 3.5% NIS MC at the factory NIS may need to be stored
awaiting further processing. NIS can be safely stored for 12 months: 1) at 25°C when
dried to 3.5% MC or 2) at 5 °C when dried to 10% MC. These and other principles
and guidelines are discussed above in relation to on-farm storage (Mason et al., 1998).
This gives processors great flexibility if they have access to cold storage facilities and
some processors are moving to more cold storage (Underhill, pers. comm.). It may be

to the industry’s advantage to enable producers who do not have drying and storage
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facilities capable of reducing MC to 7.5-10% in no more than 2 weeks to transport
their crop to a processor immediately following dehusking. The cost of cold storage

may be less than the losses to the industry from poor on-farm drying and storage.

Cracking NIS

Decortication, commonly called cracking, is an unavoidable but very difficult
operation due to the strength of the macadamia shell (Grimwood, 1971; Chun-Hui and
Yiu-Wing, 1994/95), equal in tension to that of reinforced concrete (Jennings and
Macmillan, 1986). The most commonly used method for cracking is compression, a
method that yields an appreciable amount of partially cracked nuts and broken kernels
(Liang, 1977; Mason and McConachie, 1994). Applying excessive force at cracking
drives shell fragments into the kernel, causing damage (Liang et al., 1988). Liang et
al. (1988) assessed notching shells and freezing NIS to aid cracking. Notching the
shells before cracking increased whole kernel % from 28% to 42% while half kernels
remained unchanged (Liang et al., 1988). This suggests that increased whole kernel
came from reduced pieces when shells were notched before cracking. Freezing for 8 h
at -18°C alone increased whole kernel from 38% to 83%, while half kernels decreased
from 46% to 7% (Liang et al., 1988). While freezing did not reduce quality the
kernels were not roasted, so a question remains over the effect of freezing on roasting
quality. Notching reduced the force required for cracking, while notching and freezing
combined reduced uncracked nuts from 14% to 2%. The authors considered the
investment in these methods economic at the time of publication (Liang et al., 1988).
Weinert (1993) reviews different cracker types.

Some workers recommend grading nuts into sizes to improve cracking efficiency
(Grimwood, 1971; Liang, 1980; Cavaletto, 1983). Liang (1977) identified most losses
at cracking were in chips too small to recover, kernels discarded in the bulk of shells,
and mouldy and discoloured kernels. The first loss highlights the importance of
cracker design. This remains a very challenging problem due to the remarkably tough
macadamia seed coat. There remains a great need for better crackers and designers are
still wrestling with this problem (Jones, 2004). The second problem, loss of kernel,
emphasises the need for improved separation methods (Liang et al., 1977). Brine
separation was found to improve kernel separation from broken shells (Liang et al.,
1977) and this method will be discussed below. The problem of mouldy kernels can
be solved by more frequent harvest (Mason and Wells, 1984; Weinert, 1993). One of
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the great problems when cracking macadamias is differences in strength of the nuts in
different orientations (Fig.2). If hilum of the nut is considered the north pole and the
micropyle the south pole the nut is weakest at the equator and is most easily cracked
by compressing at the hilum and micropyle (Braga et al., 1999). To minimize
uncracked nuts, commercial crackers must apply maximum force, that is, the force
needed to crack in the strongest orientation, in the plane of the ‘equator’ 90° from the
suture. Consequently, greater force is applied than needed to fracture shells in the
ideal orientation. The ideal cracking orientation would be very difficult to achieve in
bulk nuts.

Moisture content of nuts is very important at cracking. A balance must be struck
because if the nuts are very dry they crack easily but the kernel is more subject to
shattering (Liang, 1977). Higher MC nuts suffer less kernel damage but are harder to
crack, resulting in more uncracked nuts (Liang, 1977). Moltzau and Ripperton (1939)
recommended cracking nuts at 3.5% NIS MC, then drying kernels to 1.5% after
cracking. However, it is important to note that NIS equilibrated to 3.5% MC already
has kernel MC of 1.5% MC (Bungay, 2003b). Golden Macadamias in South Africa
crack NIS at 4.5% MC (Anon., 2006). Cavaletto (1983) recommended cracking at
3.5-5% MC to obtain more whole kernel. However, this has not been adopted in
Australia because it is felt that double handling required to complete drying of kernels
after cracking and loss of kernel adhering to shells at cracking make this an unviable
option (Mason and McConachie, 1994). Flash drying of shells just prior to cracking to
render them drier than kernels for ease of cracking without making kernels brittle
greatly increased whole kernel (Tang et al., 1982). However, Weinert (1993)

questions the practicality of processing large quantities this way.
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Micropyle
-

Suture

Fig. 2. Schematic drawing of macadamia nut showing strongest and weakest
orientations under compression. Arrows show direction of compression: 1 =
weakest orientation for cracking, requiring least force (ideal position); 2 =
strongest orientation at equator (dotted line), maximum force required for
cracking; 3 = intermediate position for cracking force. (Based on information
in Braga et al., 1999).

Separation of shell from kernel

Separation of shell and shell fragments from kernel is a difficult operation. At this
stage the exposed kernel is a high value produce and is very vulnerable to damage
from handling equipment. The traditional approach is to use screens, air separators,
electronic colour sorters and hand separation (Mason and McConachie, 1994; Smit,
1996). Most processors in Australia use various combinations of these methods
(Mason and McConachie, 1994). Another approach is to use flotation separation
(Liang, 1977; Weinert, 1993; Mason, 2000a), which is based on the oil content of the

kernels making them lighter than water. Oil content is considered to be a broad
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indicator of macadamia quality (Mason and Wills, 1983). The degree of separation is
regulated by adjusting the SG of the grading solution, e.g., by using different brine
solutions (Mason and McConachie, 1994). There is some possible overlapping of

shell separation and sorting if flotation separation is used.

Sorting kernel
Water and air sorting
The quality of macadamia nuts in a factory can be highly variable. Mason (2000a)
lists several possible reasons:
e Different cultivars are harvested together
e Cultivars reach maturity at different times
e Harvesting intervals vary
e On-farm storage and drying programmes vary
It would be desirable to exercise more quality control before this point, e.g., by more
grading on-farm. Some work has been done on sorting nuts prior to processing by
water grading but this is currently only used to remove immature nuts (McConchie et
al., 1996). An alternative is to use flotation (wet grading) to grade kernels after
cracking. This was first proposed by Moltzau and Ripperton (1939), and is based on
the premise that higher oil content denotes better eating quality. The South African
industry uses flotation to grade kernels into:
e Grade 1: SG < 1. The highest eating quality, oil content > 72%
e Grade 2: SG 1.00-1.02. Lower quality, but acceptable for processing, oil
content 67-72%
e Grade 3: SG > 1.02. Unsuitable for processing, excepts perhaps for oil
extraction (Mason, 2000a).

At present the Australian industry uses only dry sorting by colour sorters and
visual inspection, so that it is difficult to eliminate immature kernels. Dry sorting
cannot reliably produce the Grade 1 kernels just described (Mason, 2000a). A recent
test in Australia found that 2 different sources of commercial kernels contained 10%
Grade 2 and Grade 3 kernels, and 1.9% and 5.9% reject kernels respectively (Mason,
2000a). Australian processors are reluctant to move to flotation grading (Mason,
2000b) even though this has the potential to improve the quality of premium kernel,

particularly by eliminating immature kernels, difficult to grade out manually.
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However, there are advantages and disadvantages of both systems (Mason, 2000a).
Flotation produces a high eating quality, cleaner product, with less damage from
equipment (Mason, 2000a, 2000b). However, kernels must be re-dried, and there may
be risks of reduced shelf-life and flavour alteration (Weinert, 1994; Mason, 2000a). In
a later report on flotation for grading of whole kernels and pieces, Ross et al. (2003a,
2003b) found no loss of shelf life for all wet grading solutions used, though brine and
ethanol solutions altered kernel flavour. While the brine imparted an acceptable
flavour ethanol was considered to reduce palatability (Ross et al., 2003a). With proper
safeguards, use of water and brine for grading is recommended, but ethanol is
unacceptable (Mason, 2000b; Ross et al., 2003a, 2003b). However, Weinert (1994)
considers it is not advisable to use the flotation method to divide a total harvest into
grades as it may not produce results consistent with analysed oil content. This may be
due to whole kernels which float, but +sink when halved. Chemical analysis provides
the most reliable results (Weinert, 1994). This means that water sorting may be a
more reliable guide for quality of wholes than halves and raises serious doubts about

the accuracy of water sorting for kernels.

Microbial contamination from wet grading

There is a risk of microbial contamination from wet grading (Luttig et al., 1998).
Producing safe food has become the biggest issue facing Australian horticulture
(Beattie, 2000). The presence of both E. coli and Salmonella has been demonstrated
on macadamia NIS on-farm, but the risk of them arriving at a processor is rated low
(Dommet et al., 2002). Nevertheless, both E. coli and Salmonella have been detected
in kernel batches in recent years (Dommet et al., 2000). It is essential that if wet
grading is used the utmost care is taken to implement correct procedures. For
example, proper treatment of kernel after grading and strict adherence to procedures
such as regular changing of solutions to remove any risk from microbial

contamination are mandatory

Instrumental sorting by NIR

Near infrared (NIR) spectroscopy technology is widely used for oil and MC
determination in the oilseed and grains industries and has also been used to detect
fungal contamination and insect damage in some grains (Guthrie et al., 2004). NIR

has been trialled to test macadamia kernels for oil content, MC, insect damage,
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rancidity, discolouration, mould growth, germination and decomposition. This
technology showed good potential but required further research to examine the
robustness of predictive models (Guthrie et al., 2003, 2004). At present there are no

practical instrumental methods for sorting macadamia kernel.

Storage of kernel

Many of the principles of storage of NIS discussed above apply equally well to
storage of kernel. The final MC of kernel after processing should be 1.5% or lower
(Cavaletto, 1981). Both the Australian Macadamia Society and the South African
Macadamia Growers Association recommend that both raw and roasted kernel should
be stored at low MC, no more than 1.5% (SAMAC, 1998; AMS, 2001). This is
necessary to not only reduce the risk of rancidity developing (Mason et al., 2004), but
also to prevent kernels losing their characteristic ‘crunch’ (AMS, 1994). This loss of
texture is because macadamia kernels rehydrate readily under ambient conditions
(Palipane and Driscoll, 1992). These recommendations are based in part on studies by
Cavaletto et al. (1966) and Dela Cruz et al. (1966). Temperature of storage is also
important as quality assessed by a tasting panel decreased with increasing temperature
and MC, and kernels stored at room temperature tend to rapidly develop rancidity
(Cavaletto et al., 1966). A storage temperature of 0°C is recommended for kernels at
higher MC such as 2.3% or 4.3% MC (Cavaletto et al., 1966). For greatest stability,
kernels should be dried to 1% MC and stored at 18 °C (Kaijser et al., 2000).

Quality packaging of kernels is vital to ensure shelf life is not reduced. Unlike
other edible nuts, macadamia kernel requires a storage environment which is very low
in both moisture and oxygen (< 2% residual oxygen; AMS, 1994). These standards
are best achieved by a combination of gas flushing and partial vacuum prior to
hermetically sealing in suitable containers (AMS, 1994). The correct containers are
hermetically sealed metal cans or glass jars, or high barrier flexible packaging
materials with the correct gas transmission properties (Cavaletto and Yamomoto,
1971; Bowden and Reeves, 1987). The quality of flexible packaging material used
will in part determine the shelf life. Mixing macadamia kernel with other products
such as nuts, dried fruit etc is not recommended because of differences in MC and
different flavours and odours that may adversely affect macadamia kernel quality

(AMS, 1994).
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Roasting

Roasting of macadamia kernels is widely practiced and Mason et al. (1995)
believed that most macadamias are sold at the retail level in the roasted form.
Roasting of macadamias has been reviewed by Weinert (1993). Some workers
consider that roasting improves shelf life in foods due to the fact that it reduces the
binding sites for water in the kernel (Martinez-Navarrete and Chiralt, 1996). Roasting
is considered to enhance stability and improve palatibility of macadamias
(Leverington, 1971). However, some have found that roasted kernels have reduced
shelf life (Isaacs et al., 1991; Lemmer and Kruger, 2000). Roasting of macadamia
commenced in Hawaii (Moltzau and Ripperton, 1939). The fledgling Australian
industry at first adopted Hawaiian roasting practice until studies such as those of
Leverington and Winterton (1963) and Winterton (1966) modified procedures. Most
kernels initially were roasted in oil, but Leverington and Winterton (1963) developed
a dry air roasting regime.

There are a number of factors that are known to influence the quality of roasted
macadamias, such as temperature and duration of roasting, and MC of kernels at
roasting. It is essential that kernels are below 1.5% MC at roasting to avoid
excessive browning (Prichavudhi and Yamamoto, 1965). Going further, Dela Cruz et
al. (1966) state that kernels should be at no more than 1.1% MC at roasting for
maximum sensory and chemical quality. MC at the time of roasting is also important
in determining the final colour. Kernels with MC higher than 2% do not have crisp
texture, brown too rapidly and do not have good shelf life (Cavaletto, 1983). Kernels
should also have high oil content, as indicated by SG of less than one, as there is an
inverse relationship between oil content and sugar content. High reducing sugar
content leads to dark kernels at roasting (Cavaletto, 1983). The time/temperature
relationship is proposed as the most important factor in the prevention of rancidity in
roasted nuts (Leverington, 1962). Too high a temperature will not cook the kernels
through to the centre by the time a desirable colour is obtained (Leverington, 1962).
When this happens, the binding sites for water in the centre of the kernels are not

reduced effectively by roasting (Martinez-Navarrete and Chiralt, 1996).

Segregation at roasting
The genotype may also have an influence on the quality of roasted macadamia.

Some workers have recommended that M. integrifolia and M. tetraphylla kernels
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should be separated before roasting because of different roasting characteristics and
resultant variable quality of roasted product (Grimwood, 1971). It has further been
recommended that cultivars which are hybrids of M. integrifolia and M. tetraphylla
also be roasted separately and that standards for M. integrifolia be applied to its
cultivars and those for M. tetraphylla be applied to hybrids (Lee, 1998). Despite this,
the influence of hybridization on kernel roasting quality is not always clear (Lemmer
et al., 1998). Some cultivars considered M. integrifolia have produced variable
browning results when roasted (Lemmer et al., 1998). Examples of the confusing
situation are that known hybrids produced superb quality and high uniformity when
roasted at the correct temperature and time, while HAES 741 and HAES 791 differed
from HAES 508, HAES 246 and HAES 788 in respect to the roasting time to
desirable colour (Lemmer et al., 1998). Cultivar HAES 788, classified as M.
integrifolia, exhibited roasting characteristics of both groups (Lemmer et al., 1998).
Difficulties such as this suggest the desirability of segregating cultivars for roasting,
and having defined standards for each cultivar. There is also a need for flexibility
when roasting, and varying time of roasting as necessary to achieve the desired
colour. Such difficulties may explain the Australian industry’s reluctance to roast to a

distinct colour (Burton, pers. comm.).

Oil roasting of macadamias

In Hawaiian industry most roasted macadamias were roasted in oil (Grimwood,
1971). One problem with oil roasting can be that degradation of roasting oil due to
heating can lead to peroxidant contamination of kernels (Winterton, 1966; Grimwood,
1971). This can be counteracted to some extent by treating roasted kernels with
antioxidants (Cavaletto and Yamamoto, 1971). This practice was not considered
necessary for kernels roasted correctly (Winterton, 1966). Another problem with oil
roasting is that kernels can lose substantial quantities of endogenous oils to the frying
oil (Cavaletto and Yamamoto, 1971). However, an advantage of oil roasting is that a
more even colour of product is obtained (Grimwood, 1971). Various methods have
been reported for oil roasting macadamias (Table 1.7). When oil roasting,
temperatures between 115°C and 125°C achieve better control of colour-time
relationships than a temperature of 135°C (Mason et al., 1995). Roasting at 135°C
produced inferior flavour compared with roasting at 115 to 125°C (Mason et al.,

1995). Oil roasting improves shelf life more than dry roasting, probably because it is
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more effective at de-activating the enzymes responsible for browning reactions

(Lemmer and Kruger, 2000).

Air roasting of macadamias

Most roasted macadamias produced in Australia are air-roasted (Burton, pers.
comm.). Various air-roasting regimes have been reported for roasting macadamia
kernel in air (Table 1.8). Macadamia processors in Australia tend to use low
temperatures when roasting to minimize the risk of dark kernels caused partly by
kernels being of mixed cultivars (Burton, pers. comm.). The roasting regimes
presented in Table 1.7 and Table 1.8 were those used by experimenters under
laboratory conditions. For processors, batch sizes and the scale of roasting equipment
are very different, and equipment used also varies. An example of dry roasting

methods used by a processor are presented in Table 1.9.

Table 1.7. Roasting regimes for roasting macadamias in vegetable oils

Cultivar or Oil type Temper-  Duration Author

species ature (°C) (min)

M. integrifolia Unknown 127 25 Winterton, 1966

HAES 246 Coconut 127 15 Cavaletto &
Yamamoto, 1971

M. integrifolia Coconut 135 12-15 Grimwood, 1971

127 12

HAES 508 Coconut 127 15 Prichavudhi &
Yamamoto, 1965

HV A4, HV A16, Coconut 125 # Isaacs et al., 1991

HAES 344,
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HAES 741,
HAES 800, H2
HV A4, HV Al6,
HAES 741,
HAES 800,
HAES 246,
HAES 344
Hybridse

HAES 246,
HAES 508

Hybrids

Various*

Coconut

Coconut

Coconut

Coconut

125

127
115
125
135
121
128

10-15 #

12
19-35 #
10-14 #
4 #

Fedric, 1997

Lemmer et al., 1998
Mason et al., 1995

Lemmer and

Kruger, 2000

# To desired colour standard ¢ Nelmak 1, Nelmak 2, Nelmak 26, Beaumont (695)
* HAES cultivars 294, 344, 660, 695, 741, 788, 789, 791, 800, 814, 816, 863

Table 1.8. Roasting regimes used for roasting macadamias in air

In-shell or Cultivar or Temperature Duration Author
shelled species (°C) (min)
Shelled M. integrifolia 135 25 Leverington &
M. tetraphylla 127 Winterton, 1963
Shelled M. integrifolia  163-190 12-15 Grimwood, 1971
M. tetraphylla
In-shell Yonik 110 60-75 Rosenthal et al.,
1984
In-shell Beaumont 102 70-75 Basker and
(695) Kadman, 1986b
Shelled Yonik 104 16 Basker and
Kadman, 1986a
Shelled Hybrids* 127 12 Lemmer et al.,
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791, 741,788, 127 25 1998
508, 246

*Nelmak 1, Nelmak 2, Nelmak 26, Beaumont (695)

Table 1.9. Example of a roasting regime for a batch roaster used by an anonymous

commercial macadamia processor

Roast colour Nut style Temperature (°C) Duration (min)
Light Large, style 0-4 125 26
Small, 5 - fine 130 40
Medium Large, style 0-4 130 50 (25x2)*
Small, 5 - fine 135 50 (25x2)*
Dark Small, 5 — fine# 138 40

* Trays mixed after 25 min

# Roasted for biscuits, confectionery
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