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Preface 

 
This report was prepared by CSIRO to meet reporting requirements to DFRDC.  While it is not a 

general publication document, limited copies are being made available through DFRDC for 

extension purposes.  Information in the report must not be reproduced without permission from 

CSIRO (Mr P. Clingeleffer). 
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Impact of grower practices on final dried vine fruit quality 
C. R. Tarr and P. R. Clingeleffer 

 

 

Project Synopsis and discussion of key findings 

 

Quality characteristics of sultana fruit samples, which were collected from commercial packers 

or produced in controlled experiments, were assessed before processing, after processing and 

after storage.  Factors contributing to skin fragility, processing damage and loss of quality in 

storage were investigated.  Key findings and their implications for industry are discussed below. 

   

Analysis of commercial fruit samples 

 

A range of commercial fruit samples were identified and selected for study by the major packers.  

In 1996, a survey of surface potassium levels present on fruit at receival was conducted as an 

indicator of emulsion applied.  Samples covered the range of crown grades and receival dates 

from first to last intake. The samples were assessed for colour, unprocessed moisture content and 

surface K
+
, but were too small to be processed.  

 

 High surface K
+
 levels have been previously linked to processing damage, compaction and 

sugaring in storage.  The wide range of K
+
 values found across the unprocessed commercial 

sultana samples (ie. 31 –2700 mg/kg) are indicative of grower mismanagement and a major 

concern. (Note: worst case scenarios from CSIRO repeat spray/emulsion strength studies 

never exceeded 800 mg/kg).  The most likely causes of the high K
+
 levels are excessive 

repeat emulsion applications, an error in calculation of potash levels in the emulsion or 

excessive berry damage during harvesting, drying and removal from the rack. 

  

 High pre-processing skin K
+
 levels were associated with fruit that was harvested and 

delivered early in the season, fruit with a green tinge or yellow colour. 

 

 Trellis dried fruit, selected from the commercial samples, had lower K
+
 levels (ie. 31-

203mg/kg) but in general, most other quality characteristics were similar to the rack dried 

product. 

 

 The most critical pre-processing factor impacting on final quality was pre-processing 

moisture content.  A very significant negative relationship was found across the commercial 

fruit samples between moisture content and damage index, ie. fruit with low moisture was 

very fragile and susceptible to processing damage.  Growers should be discouraged from 

over drying their sultanas prior to delivery. The optimum moisture content to minimise 

processing damage was 12.5-13%.     

 

In 1997 a smaller number of large fruit samples were collected encompassing a range of problem 

fruit (ie. soft textured „puggy fruit‟) identified by packing shed receival staff. These were 

compared with sound, free running fruit sampled from the sheds at the same time. 

 

 Analysis of the commercial samples after processing confirmed the results from earlier 

studies that light and yellow (golden) sultanas were very fragile and susceptible to processing 

damage.  In these studies, light and yellow sultanas had high processing damage, compaction 

and sugaring at high moisture content after storage. 

 

 Commercial packing shed staff were unable to identify problem fruit. Their categorisation of 

commercial samples into classes thought to be associated with processing damage and 
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subsequent problems in storage was unsuccessful. In fact fruit in the good category was the 

most fragile having high levels of processing damage and compaction. The soft and green 

fruit were the most robust having the lowest levels of processing damage and compaction. 

Hot boxed fruit had similar characteristics to the good fruit but was darker and redder.  Fruit 

classified as puggy was similar to good fruit, except for higher moisture content. 

 

 Rack and trellis dried sultanas produced from the same growers sites had very similar quality 

characteristics.  Differences between growers were more important than drying method.  

Across both drying methods, processing damage (damage index and post processing surface 

K
+
) was strongly linked to unprocessed K

+ 
and to fruit colour, ie. lighter, greener and more 

yellow fruit was more fragile. 

 

 

Controlled experiments  

 

Fruit Maturity 

Fruit, from the same vineyard site was harvested and dried at weekly intervals over 4 seasons.  

The rate of sugar accumulation and maximum sugar level achieved (ie. 23 
0
Brix) were similar in 

all seasons.  However, there were large seasonal differences in the date when adequate maturity 

was reached (eg. 21 
0
Brix was achieved about the 8

th
 of Feb. in 1995 and 8

th
 of March in 1994).  

While there were large differences between and within seasons, due to variable drying conditions 

a number of significant relationships between fruit maturity and fruit quality characteristics were 

determined.  The results (listed below) indicate that fruit maturity and the timing of harvest are 

critical factors, not only to achieve a good drying ratio but with respect to influences on 

processing and storage characteristics.  

 

 Harvest date was positively correlated with berry sugar level and negatively correlated with 

titratable acidity and unprocessed surface K
+
 (ie. later harvest dates had lower surface K

+ 

presumably due to lower skin damage during harvest and handling).  Harvest date had little 

influence on fruit colour before processing but significant post processing relationships 

indicated that later ripening produced robust redder and darker sultanas. 

 Sugar level was negatively correlated with acid and unprocessed surface K
+ 

(ie. higher sugar 

levels had lower surface K
+ 

) but was not related to post processing or post storage 

characteristics except that after storage, high sugar levels produced lighter and less red 

(greener) fruit. 

 High titratable acid was very strongly linked to unprocessed surface K
+ 

and to darker fruit ( 

pre processing) and greener and yellower fruit after processing. 

 Pre-processing fruit lightness and yellowness were not related to any post processing fruit 

characteristics including colour measurements.  However, green fruit had high post 

processing surface K
+
, high compaction and went brown and dark in storage. 

 Apart from the relationships already identified above, sultanas with high levels of 

unprocessed surface K
+ 

tended to record low pre-processing moisture contents, have light, 

yellow and green colour after processing and be prone to sugaring in storage. 

 The study again highlighted the importance of pre-processing moisture content, as fruit with 

low moisture tended to have higher processing damage.  

 

In summary, growers need to be aware of the seasonal effects on maturity and be discouraged 

from harvesting high acid, immature, green fruit.  Ideally, growers should record harvest date, 

sugar and acid levels at harvest as part of a quality assurance protocol.  Measurement of fruit 

colour and unprocessed surface K
+
, in particular the a-value (green- red) may be useful tools to 

identify problem fruit and facilitate batching prior to processing.   
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Clone or variety 

Clonal comparisons including sultana H5, H4, H5V8 and Merbein Seedless were included in one 

study over two seasons.  

 Fruit characteristics of the 3 sultana clones were similar indicating that clonal differences are 

unlikely to be contributing factors in the production of problem fruit.   

 Merbein Seedless consistently produced fruit with different quality characteristics to Sultana. 

Merbein Seedless fruit was darker, greener, had higher levels of skin K
+
 prior to processing.  

The fruit was more fragile having high levels of skin damage after processing, and after 

storage was darker, greener and less yellow with high levels of sugaring and compaction. 

This variety appears have a soft skin which is easily damaged in handling at harvest and 

during placement on the rack and produces less damaged fruit if not  rack dried. 

 

Rootstocks 

Comparisons of own roots and Ramsey rootstock were undertaken in three studies. In one trial 

1103 Paulsen and a CSIRO selection, M103 were included. (It should be noted that in all cases 

yields and vine vigour were higher with the rootstocks).  The results clearly identify rootstocks 

as a factor that may contribute to production of problem fruit, in particular when managed on 

small trellises with excessive shading and development of green, fragile fruit.      

 

 In general, rootstocks produced greener, more fragile fruit with high levels of pre-processing 

surface K
+
, processing damage and compaction.  In two out the three trials fruit from 

Ramsey vines was darker, greener and less yellow although these differences were not 

always maintained in storage.  

 

 The third trial included a tall, open Shaw trellis and vigour control through reduced 

applications of water with subsurface irrigation. In that study Ramsey vines produced 

lighter, greener and more yellow fruit. However, compared to own roots, Ramsey fruit was 

more fragile having higher levels of processing damage, moisture uptake and compaction. 

 

 Overall, in the limited observations made 1103 Paulsen tended to produce slightly better 

quality fruit than Ramsey while M103 had high processing damage, compaction and darker 

fruit. 

 

 Detailed results of interactions between rootstocks, trellis design, water and nutrition 

management are not given in this report. The results indicate that rootstocks require very 

different management to own rooted vines and that management practices can be 

implemented to minimise the negative effects of high vigour rootstocks on fruit quality. 

 

Trellis 

Trellis comparisons undertaken in this study over 3 years involved fruit from T-trellis and Shaw 

trellis (double cordon). While there were some seasonal differences, in general, fruit from the 

Shaw trellis was lighter, greener and more yellow with higher surface K
+ 

prior to processing.  

The Shaw trellis fruit, in common with other light type fruit, was more prone to processing 

damage, moisture uptake, sugaring and compaction. Colour differences were not maintained 

after storage.  In one season, fruit from the Shaw trellis was darker after storage.   

 

Irrigation 

Two replicated water management studies were included in this project (ie. a comparison of 

subsurface and flood irrigation and a comparison of early season moisture stress with a no stress 

treatment).  In addition a number of non replicated comparisons were made between different 
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irrigation systems used on the CSIRO Merbein property for own rooted Sultanas or Merbein 

Seedless. 

The non replicated studies involved flood, drip, overhead or undervine sprinkler irrigation 

systems.  Differences in fruit quality characteristics from the different systems were small and 

always confounded with site considerations. The results suggest that changes in irrigation 

practices from flood irrigation is not a contributing factor, at least in a direct manner, to the 

production of soft textured, problem fruit.  In fact, in many cases the modern irrigation practices 

produced higher quality, light coloured fruit which was more prone to processing damage.  In 

general, compared to flood irrigation:- 

 

 Drip irrigation produced lighter, more yellow and greener coloured fruit before and after 

processing, but these differences disappeared in storage.  There were no major effects on 

quality characteristics apart from colour. 

 

 Low level sprinklers produced lighter, more yellow and greener coloured fruit at all stages 

but tended to have higher processing damage.   

 

 Overhead sprinklers produced lighter and more yellow fruit at all stages but tended to have 

higher processing damage. 

  

 Drip irrigation and low level sprinklers produced fruit with similar colour characteristics in 

one season. In that season the fruit had lower processing damage, compaction and sugaring. 

 

 Fruit quality characteristics of subsurface and flood irrigation were not consistent between 

seasons.  In 1995, subsurface irrigation produced lighter and more yellow fruit that was 

fragile and susceptible to higher processing damage and compaction.  The situation was 

reversed in 1996 and 1997, when subsurface fruit was darker, redder, less yellow and had 

low processing damage.  

 

 Compared to the normal (high irrigation treatment) early season water stress (low irrigation) 

produced redder (less green) fruit that had lower processing damage, compaction, moisture 

uptake and sugaring. This is quite an astounding result as the different irrigation treatments 

were only imposed prior to flowering and presumably is related to reduced vine vigour. 

 

Nutrition 

A study of the effect of Nitrogen application level (0, 40, 80 kg/ha) on final dried fruit quality 

characteristics was undertaken as part of a fertiliser, rootstock and irrigation experiment. Fruit 

quality was severely affected by bunch rot and berry splitting each season and produced low 

quality fruit.  This was across all treatments including the control, which made assessment 

difficult.  

 

 Application of N had little effect on fruit colour, except in 1997 when it was greener before 

processing. The application of N at both levels produced fruit that was more easily damaged 

in processing than the control. This fruit was susceptible to compaction and sugaring.  

Consequently, industry should take into account potential effects of fertiliser regimes on final 

fruit quality.  More research relating plant nutrition status and fruit quality is required. 

 

Salinity 

 No significant effects of salt treatments on fruit colour, processing and storage characteristics 

were found.  
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Method of emulsion application 

 A major change in dried fruit production has been a shift to rack spraying rather than bulk 

dipping.  The comparison of dipping and rack spraying indicated that this change is not a 

cause of changes in fruit quality. Over the three seasons most quality parameters including 

colour, processing damage, compaction and sugaring were largely unaffected by rack 

spraying compared to dipping.  The use of a lower strength emulsion for dipping tended to 

produce a slightly darker, redder and less yellow product in two seasons, presumably due to 

slower drying. 

 

Effect of emulsion concentration 

 Comparisons over three seasons between single applications of emulsion of varying 

concentrations (ie.0.5%, 1.0% and 2.0% oil), showed the best result with respect to fruit 

fragility and processing damage was achieved with the 1.0% oil level while colour was 

largely unaffected.     

 

 

Effect of repeat emulsion applications 

 Results of earlier research which indicated that repeat emulsion applications were often 

unnecessary and increased fruit fragility were confirmed.  In these studies over 4 seasons, 

repeat emulsion applications at various stages of drying (ie.1,3, 6 days) generally produced 

lighter, more yellow fruit which was more fragile and prone to increased processing damage, 

compaction and sugaring than a single emulsion application. 

 Processing damage increased with delayed emulsion applications at later stages of drying. 

 Uptake of moisture during processing was higher with repeat emulsion applications, most 

probably due to the increased skin damage. 

 Low strength repeat emulsion concentration (ie. 0.5% oil compared to 1.0% oil) reduced the 

negative effects of repeat emulsion applications on processing damage and moisture uptake.       

 

Fruit position on rack 

 Fruit from sun exposed rack edges was darker, redder, less yellow and more robust, ie. had 

lower damage index, post processing surface K
+
 and compaction than non exposed fruit. 

 Fruit dried on the western rack edge was darker, less yellow and more robust than from the 

eastern edge, which produced the reddest fruit. 

 Colour of bulk fruit samples were compromised by inclusion of edge fruit in the sample.  

 

Roofed vs unroofed rack 

 Fruit dried on an unroofed rack had lower processing damage but was darker and less yellow 

after processing and storage than fruit from a roofed rack. 

 

Simulated rain effects 

 Washing and repeat spraying at different stages of drying (days 1, 3, 6) produced significant 

differences in emulsion quantities retained on berries, as measured as surface K
+  

prior to 

processing.  Overall, there were few positive benefits from respraying with emulsion 

following a simulated rain event, except on day 1.  Repeat emulsion applications at later 

stages of drying (ie. after 3 or 6 days) were unnecessary and in some seasons led to increased 

processing damage.   

 

Effect of metabisulphite addition to drying emulsions 

 Metabisulphite addition to the drying emulsion, or applied by spraying 3 days later produced 

lighter, redder and less yellow sultanas but increased damage index and compaction.  

Consequently, unless major benefits from mould control can be demonstrated its use by 

industry should be avoided.    
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Effect of caustic soda addition to drying emulsions 

 Addition of caustic soda (0.1or 0.2%) to the drying emulsion produced lighter and redder 

fruit after processing and storage compared to the controls but with higher processing 

damage. 

 substitution of potassium carbonate in the drying emulsion with caustic soda produced 

lighter, redder and more yellow sultanas with minimal increase in processing damage. 

Further studies with this treatment are warranted if benefits from mould control can be 

shown.  

 

Finish drying method 

 Industry sources indicate a belief that „finish drying‟ (ground or dehydration) is necessary to 

not only remove excess moisture but to „case harden‟ berries to facilitate processing and that 

direct boxing from the rack or trellis should be avoided.  Experiments to test this view were 

difficult to conduct because of problems with confounding moisture effects and longer 

drying times with direct boxing treatments. The overall results do not support the industry 

view. While fruit colour quality was slightly lower with the „direct boxed‟ treatments (ie. 

darker, less yellow and redder) processing damage was generally lower. 

  

 

Solar drying techniques 

 The use of solar drying techniques (ie. solar curtains with or without assisted air movement) 

had no effect on fruit colour but produced higher processing damage when compared with 

normal rack drying.  This is a major concern considering the adoption of solar curtains and 

requires further study as samples were only available in one season in this project.      

 

Hot boxing 

 Hot boxing led to significant fruit settling and compaction toward the bottom of the bulk bins 

and produced sultanas with very different processing characteristics within the bin. Surface 

K
+ 

increased towards the bottom of the bin, presumably due to compression effects and 

extrusion from the berry.  Processing damage and compaction increased with depth within 

the bin. 

 Fruit colour was largely unaffected by hot boxing or sample position within the bin. This 

result was expected, as the fruit cooled to ambient levels within 10-12 days.      

 

Comparisons of commercial drying oils 

 Rack drying comparisons over 4 seasons with all available commercial drying oils produced 

very small and inconsistent differences in fruit quality characteristics from season to season. 

Drying oil type can be eliminated as a contributing factor to the production of problem fruit. 

 Industry adoption of drying oils derived from vegetable oils rather than tallow can also be 

eliminated as a factor contributing to the production of problem fruit.    

 

 

 

General issues and outcomes from the project 

  

Moisture content 

Low fruit moisture content was identified as the most important factor contributing to processing 

damage and subsequent loss of quality in storage. Outcomes of this project, which indicate that 

pre processing moisture contents be in the range of 12.5-13% have significant ramifications for 

industry.     
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 Growers should be encouraged to deliver fruit at 13% rather than excessively dry levels, ie. 

less than 11.5%.  It is likely that one of the most significant factors contributing to industry 

problems has been the introduction of penalties for fruit delivered above 13% moisture rather 

than old standard of 13.5%.  Furthermore, the widespread adoption of dehydration (ie. rack 

and bin) for „finishing off‟ large quantities of fruit may also be a factor as it is very difficult 

to control the final stages of drying.   

 Pre-processing storage conditions are critical to maintain fruit quality during processing and 

storage.  Ideally fruit should be stored in sealed bulk bins or under controlled atmosphere 

conditions prior to processing (ie. 55% RH to maintain 13% moisture) to avoid development 

of fruit with very different processing characteristics within a bulk bin.  

 Links established between moisture content measurement and fruit acidity, salt treatment and 

surface K
+
 indicate that the Calipco moisture meter may be inaccurate due to differences in 

fruit characteristics impacting on conductivity. Accurate and reliable methods for 

determining moisture content of fruit are required.  Furthermore, development of a low cost 

moisture meter for growers would be a major benefit to industry. 

 Although further studies are required, bulk bin storage of high moisture fruit prior to 

dehydration (eg.>16%) should not be implemented within the industry because of potential 

negative effects on processing and quality parameters.  When moderately high moisture fruit 

(approx. 14%) was used in the hot boxing study very high levels of surface K
+
 were detected 

for fruit samples from the bottom of bulk bins, presumably due to K
+
 extrusion from berries. 

Subsequently, these samples had high levels of processing damage and compaction. Similar 

problems could be expected from the storage of high moisture fruit in bulk bins. 

 

 

Quality assurance 

The studies identified a number of critical grower factors that, if recorded, could assist packers to 

classify and batch fruit for processing to minimise processing damage.  These factors should be 

recorded as part of a grower QA system. They include:- 

 rootstock type 

 nutrition regime 

 water management and irrigation method 

 date of harvest/ cane cutting  

 sugar and acid at harvest    

 method of drying including solar dehydration 

 drying oil type   

 emulsion formulation, number of applications 

 other treatments (eg.. applications of metabisulphite, caustic soda or caustic potash)  

 date of removal from rack /trellis 

 finishing off method.  

 

 

Objective measurements of fruit quality characteristics 

Commercial packing shed receival staff  were unable to identify and categorise fruit prone to 

processing damage. Objective methods of assessment are required to identify such fruit and 

facilitate the identification, batch processing and equipment adjustment for fruit with similar 

characteristics.  These studies indicate that measurement of pre processing surface K
+
 and fruit 

colour in particular the green-red coordinate (a-value) will be useful tools in this regard.    

 

 The measurement of surface K
+
 provides a method to identify potential problem fruit 

associated with poor emulsion application or formulation, mishandling of fruit during 

harvesting and drying or from adoption of management practices likely produce soft, green 

fruit. Unprocessed skin K
+
 levels were strongly linked to green fruit, increased processing 
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damage (ie. damage index and post processing skin K
+
) and after storage to increased 

compaction, sugaring and high fruit moisture. 

 Fruit colour may be assessed with a Minolta Chromameter or computer based image 

analysis. The studies verified that light, golden (yellow) sultanas are highly fragile and 

susceptible to high levels of processing damage, compaction and sugaring in storage. They 

also highlighted the strong links between fruit greeness (a-value) and fragility (ie. damage 

index, post processing skin K
+
 levels, compaction and storage moisture).   Measurement of 

fruit greeness would also enable commercial packers to provide feedback to growers re their 

management practices including management of rootstocks, water and nutrients, trellis 

design, harvest date and fruit maturity (sugar and acidity)  

 

 

Fruit lightness, a quality parameter? 

Currently, industry emphasis is placed on the production of light, amber coloured sultanas which 

is assessed prior to processing.  Considering the market requirements for friable, free running 

sultanas, outputs from this project suggest that re assessment of key quality parameters based on 

light fruit production is justified. Why:- 

 

 Light golden fruit is highly fragile and susceptible to processing damage, high moisture 

uptake, compaction and sugaring. 

 Pre harvest fruit lightness and yellowness frequently do not relate to post processing or post 

storage fruit colour.  In some experiments treatments which produced the lightest fruit pre-

processing tended to also have significant darkening post processing.  
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Introduction 

 

The marketing of high quality dried vine fruit is a necessity for the continuing existence of the 

Australian industry.  Delivery of fruit meeting market/consumer specifications is becoming a 

major focus for the industry.  These specifications, while varying with the anticipated end use, 

generally require a uniform colour (light type or brown), low chemical residues, freedom from 

contaminants (ie. stones, weed seeds, mould, etc.) and sound, free flowing (friable) fruit with a 

low level of processing damage, sugar crystallisation and compaction.  Contrary to these 

expectations, industry sources indicate that a substantial proportion of the fruit delivered by 

growers is soft in texture (puggy) and easily damaged in processing.  Opportunities to use this 

fruit in lower quality lines is becoming limited as the industry moves to deliver quality fruit 

according to buyer specifications.  Furthermore, processing costs are increased because 

throughput‟s are lower.  There is a general opinion within industry that changes to production 

techniques have led to subtle changes in fruit characteristics.  Consequently, factors contributing 

to the "puggy" fruit problem were investigated in this project.  

 

While fruit colour (in particular of light type fruit) is a major quality factor, there is a mounting 

body of evidence which shows that grower practices have a major impact on other aspects of 

fruit quality, eg. damage and moisture uptake in processing which results in development of 

problems associated with sugar crystallisation, compaction and stickiness.  Clingeleffer 1994  

(CSH22 Final Report) demonstrated that excess use of emulsion, in particular the potash 

component, has been linked to processing damage and development of sticky, sugared fruit 

during storage.  Furthermore, the studies showed that trellis dried fruit and rain darkened brown 

fruit was more robust than rack dried fruit during processing. 

 

This project was developed in close consultation with industry (including all major packers) and 

other Riverlink agencies. Its main aims were to:- 

 

 verify and extend the results of the previous formulation emulsion studies in the commercial 

situation (though interactive research with all major packers), 

 study the impact of other grower practices on dried fruit processability and quality. 

 

A wide range of factors currently thought to be implicated in production of "puggy" fruit were 

included in the studies (see objectives below). 

 

 

Objective 

 

The project had two key objectives :- 

 

1. Verify and extend the results from the Division's emulsion studies which linked grower practices with 

processing effects (damage index, extractable K
+
, moisture uptake) and final fruit quality (ie. colour, 

stickiness and compaction, sugar crystallisation).  Studies included :- 

 

 comparisons of samples identified as soft textured, "puggy" fruit with free running fruit, 

 survey of K
+
 on fruit received from growers as an indication of emulsion use, with follow up                  

comparative tests, 

 verification that commercial trellis dried fruit is more robust than rack dried fruit, 

 comparative studies with commercial fruit "finished off" by a range of techniques, 

 further trials to describe the impact of "hot boxing" on all aspects of processability and quality. 
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2. To study the range of grower practices which may impact on fruit processability and final quality.  

Factors included:- 

 

 fruit maturity 

 rootstock, salt treatment, vigour, clone  

 nutrition 

 method of emulsion application (dip, wand, high volume flood) 

 drying methods (rack shaded, sun exposed, trellis drying) 

 rain effects 

 finishing off methods 

 

 

Background to seasonal drying conditions 

 

The project extended over 4 drying seasons (1994-1997). Differences in drying conditions during 

each season may have impacted on the results and should be taken into account when 

considering seasonal effects.  

 

In season 1994, there was a cool slow drying period in late February with rain early in February 

causing fruit rot.  This would have reduced the quality of much of the fruit.  

 

In season 1995, the experimental drying trials were conducted under excellent drying conditions  

and almost all treatments produced high quality light fruit.  Consequently, differences in 

processability and differences after storage were indicative of treatment effects rather than 

potential interactions with fruit type.   

 

In season 1996 the trials were conducted with only average conditions with rain occurring in late 

February (27
th 

onwards) followed by a period of cool weather.  However, early treatments still 

produced light type fruit.  All fruit was finished off by ground drying, since rack drying would 

not reduce moisture sufficiently.  Prior to processing, fruit samples were assessed for skin 

potassium levels, moisture content and colour.  In contrast to 1994 and 1995, moisture levels 

were adjusted to approximately 12.5% before processing.  This was done to minimise 

confounding effects attributable to moisture level variations found in the previous years. 

 

In season 1997, drying conditions were very favourable with hot conditions in February.  

However, 40mm of rain approximately 2 weeks before harvest produced many samples which 

were piebald, due to berry splitting and subsequent darkening of damaged berries.  Fruit from all 

treatments in one trial was in particular very poor (ie. the Nitrogen- water stress - rootstock trial).  
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Methodology 

 

The project was divided into two distinct components.  The first component involved the 

collection and assessment of commercial fruit covering a range of fruit types and drying methods 

that were identified by the major packers as potential problem samples.   The second component 

involved experimental studies covering the range of grower practices identified in consultation 

with packers and industry as having potential to affect processability and final fruit quality.  

  

Key assessments 

For both components, similar techniques were used to assess the effects of treatments on sultana 

dried fruit quality at different stages during processing and after storage for 6 months at 20 
0
C. 

Details of these techniques are provided below.   

 

 

Pre Processing 

 Measurement of water extractable skin potassium as an indicator of emulsion level applied to 

berries.  Potassium concentration on the berry skin surface was measured after water 

extraction of the surface potassium.  A known weight (100g) of berries was washed in 500ml 

of water for 10 minutes.  Potassium concentration of a sub-sample of this liquid was 

measured with an atomic absorption spectrophotometer and used to calculate the surface 

potassium as mg/kg.  

 Fruit colour was assessed with a Minolta chromameter using Tri-stimulus L, a, b components 

(L-value = lightness, b-value = yellowness, a-value = green – red).  A fruit sample was 

placed in a petri dish, packed down to eliminate background gaps and 10 measurements 

taken.  The mean result was used for analysis. 

 Moisture content was measured using the industry standard Calipco moisture meter.  This 

gives moisture content to 0.5% accuracy.  

 Total soluble solids 
0
Brix and titratable acid levels were measured at harvest, where 

appropriate to show differences between cultural practices.  

 

Post processing 

 Water extractable potassium, as described above, was measured as an indicator of processing 

damage. Previous studies had shown a strong link between this factor, sugar crystallisation 

and compaction problems in storage („Field study with drying emulsion formulations to 

improve fruit quality and reduce processing damage‟ CSH 22 final report). 

 Measurement of damage index using CSIRO published methodology using ferrous sulphate 

staining techniques.  

 Colour assessment using Tri-stimulus L, a, b components to assess processing effects on 

colour. 

 Moisture content to determine uptake in processing 

 

Long Term Storage 

 

In most experiments, where sufficient quantities of fruit was available long term storage studies 

were undertaken for 6 months at 20 
0
C.  Fruit assessments after storage included:-  

 Colour assessment using Tri-stimulus L, a, b components with a Minolta chromameter. 

 Moisture content using Calipco moisture meter.  

 Visual assessment of sugar crystallisation using a rating system from 0-5. 

0 = none,  

1 = very slight  - some berries with a little sugaring,  

2 = light  - a light sugaring over 1/3 -1/2 of the berries, or heavy sugaring on less berries,  
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3 = medium  - most berries had some sugaring,  

4 = heavy  - all berries had some sugaring or a lot of berries had heavy sugaring,  

5 = extremely heavy  - All fruit had heavy sugaring. 

 Compaction, measured using a visual rating system from 1- 7.  

1= Completely loose; the fruit falls apart when the sample bags were opened.   

2 = Loose fruit; small lumps present among the fruit but samples falls apart with no shaking.   

3 = Loose fruit; larger lumps may be present among loose fruit. The fruit may originally be 

in a block but it falls apart into lumps when lightly shaken. These lumps break up easily 

during further shaking.   

4 = Solid block, edges crumble; when initially shaken the edges will crumble away but the 

block remains.  The block is easily broken up by further light shaking, small clumps of fruit 

may remain.   

5 = Solid block; breaks up easily after the edges are broken off, may stay as larger lumps 

until further pressure is applied.  Fruit has a tendency to cling together.   

6 = Solid block; not easily broken up. Fruit breaks into large lumps and clings together, often 

has a sticky feel.   

7 = Solid block; The fruit won‟t break apart while shaken, it will break apart but only with a 

lot of force and stays in large chunks.  

 

 

Experimental Studies 

 

1. Commercial samples 

 

A range of commercial fruit samples were identified and selected for study by the major packers.  

They included:- 

 

 Collection of samples of problem fruit (ie. soft textured „puggy fruit‟) which were compared 

with sound, free running fruit as described above. 

 A survey of surface potassium levels on receivals as an indicator of emulsion applied.  

Samples covered the range of crown grade but were too small to be processed separately and 

assessed. 

 Studies to confirm that trellis dried fruit of similar crown grade is more robust and less 

susceptible to commercial processing damage. 

 Studies to test the effects of “hot boxing” on fruit colour, processability and quality. 

 

2.  Experimental assessment of grower production and drying practices 

 

A range of grower production and drying practices, with potential to have long term effects 

during processing and storage were identified in consultation with industry. The impact of 

differences in fruit quality were tested using the techniques described above.  With respect to 

management practices the fruit was sourced from a number of established trials. Details of the 

key studies are listed below. 

 

 Fruit maturity: comparisons of fruit harvested at different levels of maturity.  

 Rootstock, clone, salt and vigour: fruit was sourced from established clonal, rootstock and 

salinity trials.  In addition a range of clones, heat-treated selections and tissue-cultured 

material were also included. 

 Nutrition:  fruit was sourced from nutrition experiments established as part of the 

CSH38project. 
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 Method of emulsion application: treatments included, comparisons of dipping and rack 

spraying, different levels of emulsion concentrations, repeat spraying and emulsion level on 

upper and lower tiers which are exposed to different “run off” effects. 

 Drying methods: drying treatments included roofed racks, unroofed racks, trellis drying and 

comparisons of sun exposed and shaded fruit.  

 “Finishing off” methods: treatments for the removal of water at the later stages of drying 

included ground drying, bin or rack dehydration, solar dehydration and direct boxing of fruit 

under favourable climatic conditions 

 Rain effects: comparisons included drying of fruit on roofed racks (ie. exposure to high 

humidities but with emulsion retained) and unroofed racks where direct exposure to rain was 

expected to remove some emulsion.  In addition, rain effects were simulated by re-spraying 

rack dried fruit with water. These studies aimed to understand why darker, rain affected fruit 

was less damaged in processing ( ie. due to changes in skin strength or emulsion removal).     

 

 

Glossary of abbreviations used in the results (tables) for key quality parameters 

 

U/p moisture    unprocessed moisture content  

U/p L-value   unprocessed L-value (lightness colour measurement) 

U/p a-value   unprocessed a-value (green-red colour measurement) 

U/p b-value   unprocessed b-value (yellowness colour measurement) 

U/p K
+
    unprocessed berry surface potassium content

 
 

P moisture   processed moisture content 

P L-value    processed L-value (lightness colour measurement) 

P a-value    processed a-value (green-red colour measurement) 

P b-value    processed b-value (yellowness colour measurement) 

P K
+
     processed berry surface potassium content 

Damage index   Damage index assessed after processing 

Storage moisture  moisture content assessed after storage for 6 months 

Storage L-value L-value (lightness colour measurement) assessed after storage for 

6 months 

Storage a-value a-value (green-red colour measurement) assessed after storage for 

6 months 

Storage b-value b-value (yellowness colour measurement) assessed after storage 

for 6 months 

Compaction   Compaction assessed after storage for 6 months 

Sugaring    sugaring assessed after storage for 6 months  

 

mv    Missing value 
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Section 1.   Survey of fruit received in 1996 and 1997 at Sunraysia packing sheds. 

 

1.  A survey of fruit at receival for skin potassium levels and colour assessment, 1996. 

 

Objective: 

 Assess the amount of potassium present on the berry surface and colour of commercial sultana 

samples collected across a broad range of fruit types, prior to processing.  (Note: previous 

research has shown that the amount of potassium present on the skin is indicative of both the 

dipping emulsion application and the fragility of the skin.  Furthermore, skin colour and 

potassium levels may also indicate damage done to fruit prior to receival.) 

 

Methodology: 

 Samples of fruit delivered to the packing sheds over the 1996 season were collected on a regular 

basis (ie. from 26
th

 February until the end of April).  The samples included those identified as 

potential problem fruit (ie. green tinge, puggy, etc.), good light fruit and trellis dried fruit.  The 

unprocessed samples were assessed after receival for colour (L*, a*, b* colour assessment) and 

external skin potassium content. 

 

Figure 1.  The range of potassium levels present on the unprocessed fruit collected during the 

receival season  

 

Results:   

The results of skin potassium levels on commercial fruit samples, show a wide range in values 

for the unprocessed fruit. These ranged from 31 to 2700mg/kg, with most samples between 100 

and 1500 mg/kg and a few excessive outliers measured at 2400 and 2700 mg/kg (Fig.1).  In 

previous CSIRO research, fruit sprayed and dried with one or two emulsion sprays at 1.25-2.5% 

potassium concentration produced skin surface potassium contents in the range of 140 – 777 

mg/kg.  In that study the higher K
+
 values contributed to processing damage and subsequent 

sugaring and compaction.  

 

It could be expected that most growers would apply similar amounts of emulsion and would fall 

within a similar range.  However, in the current study 25 samples collected during the season had 

values greater than 777 mg/kg (34% of samples) while 14 samples (18%) had greater than 1000 

mg/kg of K
+
.  It was noted that some of the samples with very high K

+
 levels appeared to have a 
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white coating on the berries, presumably from the high level of potash applied to them.  It is 

likely that the very high readings of surface skin potassium (ie. >1000mg/kg) may cause poor 

storage characteristics and may have been caused by:- 

 high numbers of repeat emulsion applications (more than 2),  

 an error in calculation of potash levels in the emulsion when rack spraying or dipping. 

 excessive fruit damage during harvest and drying.   

 

 

Data analysis showed that K
+
 values were negatively correlated with a-value (green- red colour 

variation, presented as a log curve), positively correlated with b-value (yellowness) of the fruit 

colour and positively correlated with the date of receival at the packing shed (figure 2 and 3).  

This indicates that higher skin potassium content at receival was related to greener fruit delivered 

earlier in the season and to a lesser extent a lower though widely variable yellowness value 

(figure 3).  The date of receival was also correlated with the L-value, a-value and b-value.  These 

correlations are displayed graphically in figures 2, 3 and 4.  These results indicated that as the 

season progressed fruit received became slightly darker, redder and less yellow. 

 

 

 

 

 

Figure 2. Relationship between skin surface 

potassium concentration and date of receival.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Relationships between surface skin potassium and the green - red  (a-value) or yellow 

(b-value) colour components of the fruit samples (log scale).  Each value represents the mean of 

one growers samples (n = 3 samples per grower). 
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Figure 4.  L*, a*, b*, colour values of fruit 

received at the packing sheds in 1996 compared 

date of receival at the packing sheds. 

 

 

 

 

 

 

 

 

 

 

 

Eleven percent of fruit sampled in 1996 were trellis dried.  Figures 5 shows the spread of values 

for surface skin potassium, L*, a*, and b* values across the sample population with trellis dried 

samples included and displayed separately.  The results show a normal distribution for colour 

parameters and a skewed distribution for skin K
+
.  Trellis dried fruit samples had surface K

+
 

levels below 203 mg/kg with an average of 120 mg/kg.  They also had a normal spread of L-

values but, in general, were redder and less yellow than rack dried samples.  

 

Overall, the main outcomes of these results indicate that high pre-processing skin K
+
 levels can 

be attributed to:- 

 fruit with green tinge, 

 fruit dried and delivered early in the season, 

 yellow fruit, 

 problems with calculation of emulsion formulation, or over zealous applications of emulsion 

when rack drying.  

 

The measurement of skin potassium on receival may help to identify fruit with potential 

processing problems.  
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 Figure 5.   1996 Shed survey; distribution of skin potassium, L-value, a-value and b-value at 

receival for all samples collected or trellis dried.  
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2.  Collection, assessment and processing of commercial samples in 1997 

 

Objective:  

 To assess commercial sultanas selected by packing shed staff as problem fruit. 

  

Methods:   

Large (15 kg) samples were selected by receival staff at Sunraysia sheds and divided into 3 

replicates per sample for processing in the CSIRO small-scale facility.  Moisture contents were 

adjusted to commercial levels prior to storage for 6 months.  Fruit was assessed for quality 

factors before processing, after processing and after storage.  

 

Shed receival staff were asked to select fruit they considered „puggy‟ or likely to be a problem 

and to provide a good sample for comparative purposes.  In total, 40 selected grower samples 

were used.  The fruit samples were grouped into one of the following categories: -  

 green tinge fruit 

 puggy fruit; fruit considered to be easily damaged, with a soft skin 

 soft textured fruit 

 hot boxed fruit; fruit which had been received with a temperature above 30
o
C  

 good fruit; selected to compare with the above samples 

 trellis dried fruit; which were almost all categorised as good 

 

 

Results:   

Correlation techniques were used to explore relationships between the measured fruit 

parameters.  The results relating pre-processing factors and final quality are presented in Table 

1.1.  The most critical pre-processing factor impacting on final quality was pre-processing 

moisture content.  High moisture fruit tended to have low damage indexes and compaction. In 

this study unprocessed skin potassium levels were positively correlated with stored moisture 

content but not with damage index, sugaring or compaction.  Fruit with light colour (L-value) 

pre-processing was lighter and more yellow after storage but tended to sugar.  Green fruit (lower 

a-value) had lower moisture content and remained greener after storage.  Yellow fruit (higher b-

value) had higher levels of damage index, compaction and higher storage moisture.  This fruit 

remained yellow during and after storage.  Correlations with receival date indicate that fruit 

received earlier in the season was drier, but darker (lower L-value) and less yellow after storage, 

but had no effect on damage index, compaction or sugaring. 

 

Table 1.1.  Correlations between pre-processing factors and final quality factors of dried fruit 

samples collected after receival at Sunraysia packing establishments in 1997.  Only significant 

correlations are displayed (p<0.05). 

 

Pre-processing 

quality factors 

Moisture 

% 

Skin 

potassium 

L-value a-value b-value Receival 

date 

       

Damage index -0.55 . . . 0.43 . 

Storage moisture 0.76 0.31 . -0.34 0.34 -0.41 

Storage L-value . . 0.50 . 0.72 -0.46 

Storage a-value . . . 0.65 . . 

Storage b-value . 0.34 0.44 . 0.87 -0.44 

Compaction -0.45 . . . 0.37 . 

Sugaring . . 0.36 . . . 
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The results relating post-processing factors and final quality are presented in Table 1.2.  

Moisture content after processing is negatively related to damage index and compaction, but 

positively related to storage moisture.  Fruit with high damage indexes tended to be light, yellow 

and more compact after storage.  Post processing skin potassium was correlated with damage 

index but not to compaction and sugaring.   

 

Table 1.2.  Correlations between final stored fruit quality and post processing quality parameters. 

Only significant correlations are displayed (p<0.05). 

  

Quality factors Processed moisture Damage index Processed K
+
 

    

Damage index -0.37 . 0.43 

Storage moisture 0.79 . . 

Storage L-value . 0.38 . 

Storage a-value . . . 

Storage b-value . 0.54 0.30 

Compaction -0.34 0.58 . 

Sugaring . . . 

    

 

 

The most significant relationships identified in tables 1 and 2 are presented graphically, with 

each fruit category identified separately (figs. 6 a,b,c,d,e,f).  The very significant, negative 

relationship between unprocessed moisture content and damage index is evident across the 

various fruit type categories (fig. 6a).  The high damage indexes associated with the good and 

hot fruit categories is clearly related to processing of low moisture fruit, ie. < 12%.   Despite the 

significant trends showing reduced compaction with increasing moisture content of unprocessed 

and processed fruit, the higher compaction within the hot, good and puggy categories appears to 

be unrelated to moisture content (fig. 6b, c respectively).   The significant positive relationship 

between compaction and damage index shows that high compaction of the hot, good and puggy 

categories was linked to processing damage (fig. 6d).  Similarly, the positive relationship 

between compaction and fruit yellowness (b-value) appears to apply to all categories (fig. 6e ).  

Lower sugaring of the soft, hot and puggy categories was linked to the production of darker fruit 

(fig. 6f).              
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Figure 6a.  The effect of unprocessed moisture content on the damage index after 

processing of 5 types of fruit collected after receival at Sunraysia sheds in 1997. 
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Figure 6b: The effect of unprocessed moisture content on the compaction after storage 

for six months of 5 types of fruit collected after receival at Sunraysia sheds in 1997. 
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Figure 6c. The effect of processed moisture content on the compaction after storage for six 

months of 5 types of fruit collected after receival at Sunraysia sheds in 1997. 

 

Figure 6d. The effect of damage index on the compaction of fruit after storage for six 

months of 5 types of fruit collected after receival at Sunraysia sheds in 1997. 
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Figure 6e. The effect of unprocessed b-value on compaction after storage for six 

months of 5 types of fruit collected after receival at Sunraysia sheds in 1997. 
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Figure 6f. The effect of unprocessed L-value on sugaring after storage for six months of 5 

types of fruit collected after receival at Sunraysia sheds in 1997. 
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A more complete analysis of variance was undertaken to compare the fruit quality parameters of 

the various categories (ie. soft, n =30, hot boxed, n =18, puggy, n =21, good, n =21, green, n 

=27) (table 1.3).  Trellis dried samples were not categorised separately in this analysis as almost 

all were classified in the good category.  

 

 

Table 1.3. Mean quality factor of 5 categories of commercial fruit identified at receival by 

commercial packing sheds during the 1997 drying season.  Bold typeface denotes quality factors 

for which significant differences were determined; values with different subscripts are 

significantly different (p = 0.05).  

 

Quality 

factor 

Soft Hot Puggy Green Good 

U/p moisture 12.4bc 11.1a 12.2b 12.7c 11.6a 

U/p L-value 32.5a 31.6a 31.4a 34.0b 34.6b 

U/p a-value 4.9b 5.5b 5.1b 3.8a 5.1b 

U/p b-value 15.6 15.6 15.3 16.9 16.3 

U/p K
+
 566b 625b 703b 664b 293a 

      

P moisture 15.0bc 13.3a 14.6b 15.3c 13.5a 

P L-value 30.7a 32.1bc 31.0ab 32.4c 30.8ab 

P a-value 4.8b 5.6c 4.9bc 3.9a 5.0bc 

P b-value 14.7a 15.5ab 14.4a 16.5b 14.4a 

P K
+
 391b 430b 391b 430b 312a 

Damage index 71.4a 78.1b 76.9b 71.7a 79.0b 

      

Storage moisture 15.2b 14.6a 15.2b 15.5b 14.9a 

Storage L-value 30.5 31.0 31.5 30.7 31.0 

Storage a-value 6.9b 7.5c 6.9b 6.3a 6.9b 

Storage b-value 14.1 14.6 14.6 14.2 14.1 

Compaction 4.1a 4.6b 4.8b 4.1ab 4.6b 

Sugaring 0.6a 0.6a 0.6a 1.1b 0.8ab 

N =Total 30 18 21 21 27 

Trellis dried 3 0 0 3 15 

 

 

Significant differences in quality parameters between the different fruit categories are given in 

table 1.3.  Distinguishing characteristics between fruit classified as soft and the good category 

were:-  

 higher moisture contents at all times of measurement (processing, after processing and after 

storage) 

 similar colour parameters at all stages except being slightly darker pre processing  

 higher skin K
+  

pre- and post processing 

 lower processing damage  

 lower compaction and sugaring 

 

Fruit classified in the hot category was very similar to the good fruit except that it was darker 

pre-processing, had higher levels of pre- and post processing surface K
+ 

and was more red and 

yellow in colour after storage.  Fruit classified in the puggy category, was similar to good fruit 

except that it had higher moisture content at all times of measurement, darker colour pre -

processing, (a difference not maintained after processing and storage) and higher skin K
+ 

pre- 

and post processing.   
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Distinguishing characteristics between fruit classified as green and the good category were:-  

 higher moisture contents at all times of measurement 

 lower a-values, indicative of greener colour at all times of measurement, although the 

difference was much smaller after significant reddening in storage. 

 lighter and yellower after processing, a difference not maintained in storage 

 higher skin K
+  

pre- and post processing  

 lower processing damage 

 

In conclusion, the identification and categorisation by commercial packing shed staff of fruit into 

the classes thought to be associated with processing damage and subsequent problems in storage 

was unsuccessful. In fact fruit in the good category was the most fragile with respect to 

processing damage and had high levels of compaction. The soft and green fruit was the most 

robust having the lowest levels of processing damage and compaction. The most significant 

outcome from this study indicates that moisture content is the most significant factor 

contributing to processing damage and subsequent problems in storage.  Adjustment of fruit 

moisture content to > 12.5% is recommended prior to processing.   

 

3.  Comparisons of commercial rack and trellis dried fruit 

 

Trellis dried fruit was compared with rack dried fruit from five commercial growers during 1996 

and two commercial growers in 1997.  In all cases, the rack dried fruit samples were produced 

from the same section of vines as the trellis dried fruit.  Several growers supplied fruit from more 

than one type of trellis drying system.     

 

 

Table 1.4.  A comparison of the means of quality factors assessed on fruit collected from 5 

growers which was either rack or trellis dried in 1996. Significant differences are indicated in 

bold (p < 0.05).  

 

Quality factor Rack dried Trellis dried 

U/p moisture 10.9 10.7 

U/p L-value 29.9 28.9 

U/p a-value 5.8 5.7 

U/p b-value 13.8 12.6 

U/p K
+
 293 156 

   

Capstems remaining % 5.7 8.5 

P moisture 15.3 14.9 

P L-value 32.4 31.3 

P a-value 5.9 6.2 

P b-value 16.0 13.8 

P K
+
 332 273 

Damage index 49.8 44.2 

   

Storage moisture 15.2 15.0 

Storage L-value 27.4 26.3 

Storage a-value 6.6 6.7 

Storage b-value 12.8 11.3 

Compaction 3.5 3.3 

Sugaring 0.24 0.04 
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On receival in 1996, both the trellis and rack dried fruit had similar moisture contents, lightness and 

green/red values (table 1.4).  The rack dried fruit was slightly more yellow and had higher surface K
+
.   

After processing the trellis dried fruit had lower surface K
+
, a slightly lower damage index (not 

significant), lower moisture and was less yellow.  After storage, moisture content, compaction and 

sugaring were similar for both treatments.  The rack dried fruit was slightly lighter and more yellow.   

In general, these differences were minimal indicating that rack and trellis dried fruit, when treated in a 

similar manner, produce fruit with similar characteristics. 

 

A correlation analysis across both the trellis dried and rack dried fruit was also undertaken in 

1996 to identify the main pre processing factors affecting dried fruit quality after processing and 

storage (Table 1.5).  Processing damage (damage index and post processing surface K
+
) was 

strongly linked to unprocessed K
+ 

and to fruit colour, ie. lighter, greener and more yellow fruit 

being more fragile.  Samples with high pre-processing moisture were likely to be darker and 

redder after storage.  Post storage characteristics linked to unprocessed surface K
+
 indicate that 

higher surface K
+
 levels were associated with greener and more yellow fruit and higher 

compaction.  With respect to fruit colour, relationships between pre-processing colour and 

storage colour values were small or not significant.  There were however, strong relationships 

between unprocessed fruit colour and processing damage. These relationships indicate increased 

fragility (ie. increased surface K
+
 and damage index) with lighter, greener and more yellow fruit 

samples.  It should also be noted that compaction was positively correlated with damage index 

and processed skin K
+
 (r=0.64 and 0.55 respectively).   

 

 

 

Table 1.5. Pearson correlation matrix between pre-processing factors and the final quality factors 

combined over rack and trellis treatments in 1996. Only significant correlations are displayed 

(p<0.05). 

 

Quality factors Moisture 

% 

Skin K
+
 L-value a-value b-value 

P K
+
 . 0.80 0.40 -0.49 0.53 

Damage index . 0.58 0.35 -0.46 0.48 

      

Storage moisture . . . . . 

Storage L-value -0.33 . . . . 

Storage a-value -0.36 -0.43 . 0.35 . 

Storage b-value . 0.30 . . . 

Compaction . 0.55 . . 0.34 

Sugaring . . . . . 
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In 1997, trellis and rack dried fruit had very similar characteristics at all times of assessment (Table 

1.6).  Compared to the rack dried fruit, the trellis dried samples were greener and had lower moisture 

content prior to processing, had slightly higher damage index after processing and lower moisture after 

storage.  

 

 

Table 1.6.  A comparison of the means of quality factors for fruit collected from two growers 

which was either rack or trellis dried in 1997. Significant differences are indicated in bold (p < 

0.05).  

 

 

Quality factor Rack dried Trellis dried 

   

U/p moisture 12.0 11.1 

U/p L-value 33.8 34.5 

U/p a-value 7.0 5.9 

U/p b-value 17.0 15.3 

U/p K
+
 293 193 

   

P moisture 13.8 13.4 

P L-value 29.9 31.1 

P a-value 5.7 5.4 

P b-value 13.9 13.9 

P K
+
 312 352 

Damage index 75.0 78.7 

   

Storage moisture 15.0 14.4 

Storage L-value 30.6 31.3 

Storage a-value 7.1 6.8 

Storage b-value 13.7 13.3 

Compaction 3.5 4.0 

Sugaring 0.1 0.4 

   

 

 

 

 

Trellis dried fruit was also collected from the sheds during the 1997 season. Samples were 

mainly in the good category rather than being identified as a problem category (see previous 

section).  However, there were insufficient samples of similar fruit types (ie. crown grade) to 

analyse statistically.  Overall, there was no significant difference between pre-processing colour.   

Trellis dried fruit was slightly drier, had lower skin K
+
 before and after processing, a slightly 

higher damage index but less compaction after storage.  There was no difference in sugaring and 

fruit colour after storage.  
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4. Finish drying  

 

One of the project aims was to identify commercial fruit which had been „finished off‟ by 

different methods (ie. on the ground, boxed from the rack or dehydrated).   In both 1996 and 

1997 packing shed staff were unable to identify the method of „finishing off‟ for commercial 

fruit samples.  However, a number of controlled experiments were conducted to study the effects 

of  „finishing off method‟‟.  These studies will be reported on in a later section. 

 

5. Hot boxing 

 

Very few commercial samples were delivered with high fruit temperatures during the studies.  

Consequently, a valid statistical analysis could not be undertaken to compare hot boxed and good 

fruit. However, in 1997 a crude analysis indicated that there was no significant difference 

between the samples in any of the measured fruit characteristics apart from higher pre-processing 

skin potassium with the hot boxed fruit. As a consequence controlled experiments were 

undertaken to investigate the impact of hot boxing on fruit quality parameters. These studies will 

be reported on in a later section. 
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Section 2   Grower practices and vine growing circumstances  
 

Detailed studies with sultanas grown and dried at CSIRO using various cultivation and drying 

practices were undertaken for factors identified as having potential to influence final fruit 

quality.  These factors included:- 

 fruit maturity 

 rootstocks, salinity, vigour, clones, irrigation and trellis comparisons 

 nutrition  

 method of emulsion application 

 drying methods (producing redder fruit) 

 rain effects (simulated) 

 finishing off methods 

 

1.  Fruit Maturity 

 

The objective of the experiment was to study the effect of maturity and harvest date on sultana 

quality characteristics and identifying optimum harvest time.  In 1994, 95, 96 and 97 fruit was 

picked at weekly intervals from a section of H5 sultanas.  The juice of fruit samples were 

analysed for 
0
Brix and juice acidity.  The fruit at each harvest date was then dipped in drying 

emulsion and rack dried, „finished off‟ on ground sheets and assessed as described previously.  It 

should be noted that the large differences between and within seasons due to variable drying 

conditions, especially rain had significant effects on fruit colour and processing damage.   

 

Fruit sugar, measured as total soluble solids (
0
Brix), increased over the harvest period up to a 

maximum of 23-24 
0
Brix  (fig. 7).  While there were differences between seasons in fruit 

maturity at any date (eg 19-23 
0
Brix for Feb. 22), the rates of sugar accumulation were similar 

each season. 

 

 

Figure 7. Total soluble solids ( 
0
Brix)  of sultans grapes harvested during seasons 1994-1997. 
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A Pearson correlation matrix analysis of mean results combined over the the 4 years is displayed 

in Table 2.1.1., 2.1.2., 2.1.3.  The key features of the relationship between measured unprocessed 

variables and processed or storage parameters are displayed in these tables. 

 

 

Table 2.1.1.   Pearson correlation matrix between key unprocessed sultana fruit parameters for 

fruit picked at varying maturities over 4 seasons. Only significant correlations are displayed 

(p<0.05). 

 

 

Unprocessed 

parameters 

Days 

from 

harvest 

Brix Acid U/p 

K
+
 

U/p 

L-value 

U/p 

a-value 

U/p 

b-value 

U/p 

moisture 

Days .        

Brix -0.72 .       

Acid -0.64 -0.54 .      

U/p K
+
 -0.54 -0.49 0.79 .     

U/p L-value . . -0.47 . .    

U/p a-value . . . . . .   

U/p b-value . . . . 0.83 . .  

U/p moisture . . -0.57 -0.53 . . . . 

         

 

 

 

 

Relationships between unprocessed variables are displayed in table 2.1.1.  The key features from 

these correlations include:-  

 

 Sugar level (
0
Brix) is related to the time of harvest as also shown in fig. 8. 

 Time of harvest is negatively related to the unprocessed surface potassium concentration on 

the fruits skin (upK
+
), ie. later ripening fruit had lower upK

+
.   Because the emulsion K

+ 

concentration was constant this result may have been due to changes in emulsion retention on 

the skin or leakage from the berry skin early in the season. 

 Sugar level (
0
Brix) is also negatively related to upK

+
 and juice acidity, ie. more mature fruit 

has lower upK
+
 and is less acid. 

 Juice acidity is positively related to the upK
+
 and negatively related to L-value.  

 Juice acidity was also negatively correlated with unprocessed moisture content.  This 

indicates that the dried fruit moisture content as measured with the Calipco dried fruit 

moisture meter may be altered by the acid level in the dried fruit berries. Consequently, 

moisture content of immature fruit samples may be incorrect.  

 Unprocessed skin potassium content (upK
+
) was negatively correlated with unprocessed 

moisture content, ie. lower moisture was related to higher upK
+
. 
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Table 2.1.2. Pearson correlation matrix between unprocessed sultana fruit parameters and 

processed parameters for fruit picked at varying maturities over 4 seasons. Only significant 

correlations are displayed (p<0.05). 

 

Processed 

parameters 

Days 

from 

harvest 

Brix Acid U/p 

K
+
 

U/p 

L-value 

U/p 

a-value 

U/p 

b-value 

U/p 

moisture 

Damage index . . . . . . . -0.59 

P K
+
 . . . . . -0.48 . -0.45 

P L-value . . . 0.70 . . . . 

P a-value 0.51 . -0.43 -0.48 . 0.92 . . 

P b-value -0.46 . 0.66 0.80 . -0.46 . -0.51 

P moisture . . . . . . . . 

         

 

 

 

Relationships between unprocessed variables and post processing parameters are displayed in 

table 2.1.2.  The key features from these correlations include:- 

 

 Later picked fruit (days from harvest) tended to be redder (increase in a-value) and less 

yellow (lower b-value). 

 Sugar level (
0
Brix) was not related to any post processing fruit characteristic. 

 High juice acidity was related to greener and yellower fruit after processing.    

 High upK
+
 was linked to light, greener and yellow fruit colour (+ve L-value, -ve a-value and 

+ve b-value).  These strong relationships may indicate more berry leakage or skin retention 

of K
+
 with lighter type fruit. 

 Unprocessed L-value was not related to fruit colour after processing in any season. 

 Unprocessed a-value (greenness-redness) is strongly and negatively linked to processed skin 

potassium (pK
+
), ie. greener fruit has higher pK

+
 .  

 Unprocessed a-value was positively correlated to processed a-value and negatively correlated 

to processed b-value ( ie. fruit greeness is maintained after processing and linked to 

development of less yellow fruit) 

 Unprocessed moisture content is negatively correlated to damage index and pK
+
, ie. low 

moisture contents lead to high processing damage.  

 Unprocessed moisture content is also negatively correlated with processed b-value, ie. fruit 

with higher moisture prior to processing is likely to be less yellow after processing. 
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Table 2.1.3.  Pearson correlation matrix showing the significant interactions between 

unprocessed parameters and parameters after 6 months storage for fruit picked at varying 

maturities over 4 seasons. Only significant correlations are displayed (p<0.05). 

  

Storage 

parameters 

Days 

from 

harvest 

Brix Acid U/p 

K
+
 

U/p 

L-value 

U/p 

a-value 

U/p 

b-value 

U/p 

moisture 

Compaction . . . . . -0.61 . . 

Sugaring . . . 0.47 . . . . 

S L-value . 0.48 . . . -0.64 . . 

S a-value . -0.58 . . . 0.49 . . 

S b-value -0.42 . . . . -0.60 . . 

S moisture . . . . . . . . 

         

 

 

Relationships between unprocessed variables and parameters after processing and storage for 6 

months are displayed in table 2.1.3.  The key features from these correlations include :- 

 Time of harvest is related only to the b-value of stored fruit, ie. yellowness of stored fruit 

decreases with the advance of harvest. 

 Sugar level (
0
Brix) is positively related to L-value and negatively to a-value, ie. after storage 

fruit stays lighter and greener (or less red) when it is picked at a higher sugar level.  By 

contrast, immature fruit although lighter and greener goes brown and darkens in storage. 

 Unprocessed K
+
 values are related to sugaring after storage. 

 Unprocessed a-value is negatively related to compaction, ie. green fruit is more likely to 

develop compaction problems in storage. 

 Unprocessed a-value is positively linked to post storage a-value but negatively related to L 

and b-value, ie. green fruit will be darker and less yellow after storage.  

 Unprocessed moisture content and b-value are not related to storage parameters. 

 

 

Detailed presentations of relationships between maturity and key fruit characteristics are 

included for each season in figs. 8-11.  Despite the significant overall negative relationship (table 

2.1.1) between sugar level (
0
Brix) and surface potassium K

+
, there were large seasonal effects 

(fig. 8).  In 1996, surface K
+ 

was very high at low fruit maturity while in 1997 values were 

relatively constant throughout the season.  The lack of a significant correlation between damage 

index and maturity (table 2.1.2) can be attributed to contrasting seasonal effects (fig.9). In two 

seasons, 1994 and 1995 damage index tended to increase at high fruit maturities while in 1997 

the reverse occurred.  While the overall relationship between maturity and fruit lightness after 

storage was significant (table 2.1.3), large differences in the response between seasons occurred 

(fig.10).  In 1996 and 1997 lightness was relatively constant at all brix levels while in 1994 there 

was an increase at lower brix levels. Values for lightness were high in 1995 and increased with 

higher brix levels. The overall negative relationship between maturity and fruit greenness after 

storage (table 2.1.3) is shown in fig.11.  There were also large seasonal effects, the response 

being strongest in 1994 and 1996.    
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Figure 8.  Relationship between unprocessed skin potassium and 
0
Brix at harvest for fruit  

dried in 1995-97. 
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2.  Clones, varieties, rootstock, irrigation and trellis comparisons 

 

Rack dried fruit was produced in 1995 -1997 from a replicated trial site that included clonal and 

varietal comparisons (Sultana H5, H5V8, H4 and Merbein Seedless), 2 rootstock treatments 

(own roots and Ramsey), 2 irrigation treatments (flood and subsurface) and 2 trellis treatments 

(0.3 m T and Shaw trellis).  For simplicity, only the main treatments are presented as the 

interactions, when significant did not affect the main outcomes.  

 

Overall trends 

 

Significant correlations between quality variables measured before processing and after 

processing and storage, determined across the means of all treatments in 1995 and 1996 are 

shown in tables 2.2.1 and 2.2.2 respectively.  The key relationships in 1995 indicate that :- 

 high unprocessed skin K
+
 levels, which are indicative of skin damage and solute leakage 

during harvesting and drying are linked to green fruit, increased processing damage (ie. 

damage index and  post processing skin K
+
 potassium) and after storage to high compaction 

darker, less yellow and high moisture fruit 

 unprocessed light and yellow fruit was more fragile as indicated by higher damage indexes, 

compaction and moisture levels after storage 

 unprocessed green fruit remained green after processing and storage and was more fragile as 

indicated by the negative relationships between a-value and damage index, post processing 

skin K
+
 levels, compaction and storage moisture  

 

 

Table 2.2.1.  Correlation matrix between 1995 fruit quality parameters, analysed over clones and 

varieties, rootstocks, irrigation and trellis treatments. Only significant correlations are displayed 

(p<0.05). 

 

Parameters U/p 

K
+
 

U/p 

L-value 

U/p 

a-value 

U/p 

b-value 

     

U/p K
+
 .    

U/p L-value . .   

U/p a-value -0.46 -0.32 .  

U/p b-value . 0.94 -0.27 . 

     

Capstems . . . . 

Damage index 0.25 0.61 -0.42 0.62 

P K
+
 0.57 . -0.66 . 

P L-value . 0.51 -0.21 0.51 

P a-value -0.53 -0.22 0.70 . 

P b-value . 0.52 -0.29 0.56 

     

Compaction 0.36 0.40 -0.33 0.35 

S L-value -0.41 0.40 . 0.46 

S a-value -0.47 -0.21 0.70 -0.21 

S b-value -0.32 0.46 . 0.53 

S moisture 0.42 0.57 -0.48 0.53 
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Similarly the key relationships in 1996 (table 2.2.2) indicate that :- 

 high unprocessed skin K
+
 levels are linked to unprocessed green fruit, increased processing 

damage (ie. damage index and  post processing skin K
+
 ) and after storage to increased 

compaction, sugaring and high fruit moisture. 

 unprocessed light fruit (L-value) was more yellow at all times of measurement and likely to 

have higher damage index values after processing 

 unprocessed green fruit ( a-value) was more fragile as indicated by the negative relationships 

with a-value and damage index, post processing skin K
+
, compaction and storage moisture 

 unprocessed yellow fruit (b-value) produced high damage index values but lower post 

processing skin K
+
 values, increased moisture levels after processing and high compaction 

after storage.   

 

 

Table 2.2.2.  Correlation matrix between 1996 fruit quality parameters, analysed over clones and 

varieties, rootstocks, irrigation and trellis treatments. Only significant correlations are displayed 

(p<0.05). 

 

Parameters U/p 

K
+
 

U/p 

L-value 

U/p 

a-value 

U/p 

b-value 

     

U/p K
+
 .    

U/p L-value -0.25 .   

U/p a-value -0.31 -0.21 .  

U/p b-value . 0.71 -0.31 . 

     

Capstems . . . . 

Damage index 0.52 0.21 -0.58 0.39 

P K
+
 0.82 . -0.51 -0.21 

P L-value -0.24 0.40 -0.24 0.29 

P a-value . -0.30 0.71 -0.31 

P b-value . 0.37 -0.24 0.33 

P moisture 0.39 . -0.40 0.36 

     

Compaction 0.53 . -0.38 0.23 

Sugaring 0.48 . . . 

S L-value . . . . 

S a-value . . 0.33 . 

S b-value . 0.21 . 0.22 

S moisture 0.45 . -0.30 . 
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Comparisons of clones and varieties 

 

The results presented in table 2.2.3 for season 1995 clearly show that some attributes of Merbein 

Seedless were significantly different to the Sultana clones when rack dried.  The Sultana clone 

H4 was also included in the comparisons but not for both trellis systems, hence the results are 

not included.   A separate analysis of the data showed that H4 and H5 had similar characteristics 

except that H4 had lower compaction (data not shown).  Pertinent results from table 2.2.3 are 

given below. 

 

 Prior to processing fruit of Merbein Seedless was significantly greener (ie. lower a-value) and 

had a higher level of surface potassium than the Sultana clones.  H5V8 had a significantly 

higher level of surface potassium than H5.   

 After processing fruit of Merbein Seedless remained significantly greener and had higher 

levels of processing damage as indicated by the higher levels of damage index and skin 

potassium.  Processing damage of H5V8 was significantly lower than H5. 

 After storage for 6 months fruit of Merbein Seedless was darker, greener, less yellow and 

more compact than the Sultana clones which both had similar characteristics. 

 

 

Table 2.2.3.  Comparison of Sultana clones and Merbein Seedless in 1995 over irrigation, trellis 

and rootstock treatments.  Bold typeface denotes quality factors for which significant differences 

were determined; values with different subscripts are significantly different (p = 0.05).  

  

 

 

1995 Clone 

Parameters H5 H5V8 Merbein 

Seedless 

    

U/p L-value  29.8 29.8 30.7 

U/p a-value  4.9b 4.6b 4.1a 

U/p b-value  15.3 15.5 15.2 

U/p moisture 11.3 11.4 12.1 

U/p K
+
 267a 301b 551c 

    

Capstems 1.82 1.98 2.04 

P L-value  31.4 31.5 30.4 

P a-value  5.5b 5.2b 4.4a 

P b-value  16.2 16.2 15.1 

Damage index 70.5b 68.0a 72.3c 

P moisture  11.7 11.6 11.7 

P K
+
 559b 520a 619c 

    

Storage L-value  36.7b 36.2b 32.8a 

Storage a-value  6.9b 6.6b 5.7a 

Storage b-value  18.8b 18.4b 16.2a 

Compaction 4.9a 4.8a 5.3b 

Storage moisture  11.2a 11.3b 11.8c 
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The results presented in table 2.2.4 for season 1996 clearly show that some attributes of Merbein 

Seedless were significantly different to the Sultana clones when rack dried. Pertinent results are 

given below. 

 

 Prior to processing fruit of Merbein Seedless was significantly darker and had a higher level of 

skin K
+
 than the Sultana clones.  

 After processing fruit of Merbein Seedless remained significantly darker, less yellow and had 

higher levels of processing damage (ie. higher levels of damage index and skin K
+
).   

 After storage for 6 months fruit of Merbein Seedless was not significantly different in colour 

to the Sultana clones but had higher levels of sugaring, compaction and moisture. 

 Sultana clones were similar in almost all characteristics except that H5 had higher pre-

processing skin K
+
 and compaction.  H5V8 had lower moisture contents after processing and 

storage.   

 

 

Table 2.2.4.  Comparison of Sultana clones and Merbein Seedless in 1996 over irrigation, trellis 

and rootstock treatments.  Bold typeface denotes quality factors for which significant differences 

were determined; values with different subscripts are significantly different (p = 0.05).  

  

 

 Clone 

Parameters H5 H5V8 H4 Merbein 

seedless 

     

U/p L-value  32.6b 32.9b 33.3b 30.4a 

U/p a-value  4.8 5.4 4.7 4.3 

U/p b-value  17.1 17.0 17.2 17.0 

U/p K
+
 254 b 215 a 234 a 391 c 

     

Capstems 4.3 4.1 3.6 4.1 

P L-value  34.8b 34.7b 35.5b 33.0a 

P a-value  5.4 6.0 5.4 5.3 

P b-value  17.3ab 17.7b 17.9b 16.4a 

Damage index 79.7ab 78.2a 80.6b 85.8c 

P moisture  15.9b 15.5a 15.9b 16.0b 

P K
+
 410 a 410 a 391 a 645 b 

     

Storage L-value  29.1 28.6 29.8 29.7 

Storage a-value  6.9 7.8 7.2 6.6 

Storage b-value  14.5 14.7 14.8 14.2 

Sugar 4.0a 3.8a 4.3ab 4.7b 

Compaction 5.3b 4.5a 4.8a 6.0c 

Storage moisture  15.5b 15.2a 15.4ab 15.9c 
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Comparison of irrigation, trellis and rootstock treatments  

 

The effect of irrigation, trellis and rootstocks is presented for 1995 and 1996 in tables 2.2.5 and 

2.2.6 respectively.  In both years the analysis was undertaken across the Sultana clones with 

Merbein Seedless excluded because of its different fruit characteristics when rack dried  (see 

above).  It should be noted that moisture levels were not adjusted in 1995 but in 1996 a double 

washing process was employed during processing to give moisture levels similar to commercial 

levels in the final product, ie. 15.5%.      

 

Table 2.2.5  Comparison of the effect of irrigation method, trellis type and rootstock on quality 

parameters across the three sultana clones when hand harvested and rack dried in 1995.  Bold 

typeface denotes quality factors for which significant differences were determined within each 

treatment comparison (p = 0.05).  

     

 

 Irrigation Trellis Rootstock 

Parameters Sub-surface Flood T-trellis Shaw 

trellis 

 Own  

roots 

Ramsey 

       

U/p L-value  31.7 30.9 29.7 32.9 30.2 32.3 

U/p a-value  5.1 4.6 4.8 4.9 5.4 4.3 

U/p b-value  16.6 16.1 15.3 17.4 15.6 17.1 

U/p K
+
 273 352 293 332 332 293 

       

Capstems 2.2 1.5 1.8 1.9 2.0 1.7 

P L-value  33.7 29.9 31.1 32.5 31.1 32.5 

P a-value  5.6 5.4 5.4 5.6 5.9 5.2 

P b-value  17.4 14.9 15.9 16.4 15.5 16.8 

Damage index 73.1 69.7 69.0 73.8 71.6 71.2 

P K
+
 528 469 528 449 488 508 

       

Storage L-value  37.8 33.5 36.4 34.9 35.7 35.6 

Storage a-value  7.1 6.9 6.8 7.1 7.4 6.5 

Storage b-value  19.6 17.3 18.5 18.3 18.6 18.2 

Compaction 5.0 4.6 4.7 4.9 4.7 4.9 

Storage moisture  11.7 11.4 11.2 11.9 11.5 11.7 

       

 

Irrigation treatments produced some significant differences in fruit quality parameters in 1995 

(table 2.2.5).  Compared with flood irrigation, subsurface irrigation produced fruit with similar 

colour values but lower skin K
+
 before processing.  After processing, subsurface fruit was lighter 

and more yellow but had higher levels of damage index and skin K
+
, an indication that the lighter 

coloured fruit was more fragile.  After storage subsurface fruit remained lighter, more yellow but 

had higher levels of compaction and moisture. 

 

Compared to the T-trellis, the Shaw-trellis produced lighter more yellow fruit with higher skin K
+
 

before processing (table 2.2.5).  After processing, Shaw-trellis fruit remained lighter but had 

higher levels of damage index and but lower levels of skin K
+
.  After storage Shaw-trellis fruit 

was darker and had higher moisture.  

 

Compared to own roots, Ramsey rootstock produced significant differences in fruit quality (table 

2.2.5).  Fruit from Ramsey was lighter, greener and more yellow with lower skin K
+
 before 

processing.  Colour attributes of Ramsey fruit were maintained after processing, but differences in 
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damage index or skin K+ was not significant.  After storage Ramsey fruit remained greener and 

had higher levels of compaction and moisture. 

 

Irrigation treatments produced some significant differences in fruit quality parameters in 1996 

(table 2.2.6).  Compared with flood irrigation, subsurface irrigation produced darker, redder and 

less yellow before processing.  While colour differences were maintained after processing, the 

subsurface fruit had lower damage index, skin K
+
 and moisture but retained more capstems. There 

were no differences in fruit characteristics between the irrigation treatments after storage.   

 

Compared to the T-trellis, the Shaw-trellis produced greener, more yellow fruit with higher skin 

K
+
 before processing (table 2.2.6).  After processing, Shaw-trellis fruit remained yellower but had 

higher levels of damage index, skin K
+ 

and moisture.  After storage Shaw-trellis fruit had higher 

sugaring.  There were no differences in colour, compaction or moisture content after storage.  

 

Compared to own roots, Ramsey rootstock produced significant differences in fruit quality (table 

2.2.6).  Fruit from Ramsey was lighter and greener before processing.  After processing, colour 

attributes of Ramsey fruit were maintained but damage index, skin K
+
, moisture and capstems  

retained were higher.  After storage there were no differences in colour but Ramsey fruit had 

lower sugaring and higher compaction.   

 

 

Table 2.2.6.  Comparison of the effect of irrigation method, trellis type and rootstock on quality 

parameters across the three sultana clones when hand harvested and rack dried in 1996. Bold 

typeface denotes quality factors for which significant differences were determined within each 

treatment comparison (p = 0.05).  

          

 

 Irrigation Trellis Rootstock 

Parameters Sub-

surface 

Flood T 

-trellis 

Shaw 

trellis 

Own 

roots 

Ramsey 

       

U/p L-value  32.0 33.5 32.5 32.9 31.9 33.5 

U/p a-value  5.8 4.8 5.6 5.0 6.0 4.5 

U/p b-value  15.8 17.2 15.9 17.1 16.3 16.8 

U/p K
+
 215 215 176 234 215 215 

       

Capstems 4.7 3.6 4.3 4.1 3.9 4.5 

P L-value  34.2 35.4 34.6 35.0 34.2 35.3 

P a-value  5.8 5.2 5.5 5.6 6.3 4.7 

P b-value  16.8 17.6 16.8 17.6 16.9 17.5 

Damage index 75.5 79.7 75.6 79.5 76.2 78.9 

P moisture  15.4 15.8 15.5 15.7 15.5 15.8 

P K
+
 391 410 371 410 351 430 

       

Storage L-value  29.2 29.0 29.0 29.2 29.1 29.1 

Storage a-value  7.2 6.8 6.8 7.3 7.3 6.8 

Storage b-value  14.3 14.5 14.1 14.7 14.2 14.6 

Sugar 3.7 3.6 3.3 4.0 3.8 3.5 

Compaction 4.8 4.9 4.8 4.9 4.6 5.1 

Storage moisture  15.2 15.4 15.2 15.4 15.2 15.4 

       

 

 



 41 

Comparison of irrigation and trellis treatments (1997) 

 

In 1997 fruit from the Sultana clones, which had previously shown similar quality characteristics 

was combined before rack drying while maintaining the irrigation and trellis combinations.  This 

provided sufficient quantities of fruit to include a comparison of „finishing off‟ by ground drying 

vs. direct removal from the rack without „finishing off‟ (see data presented in separate section).  

Drying conditions in 1997 enabled this study to be undertaken as a low moisture content was 

achieved without finishing off (ie.< 13%).  Fruit for the ground drying treatment was removed at 

about 16% moisture and ground dried to < 13%.  The results are presented in table 2.2.7 and in the 

section on finish drying in table 2.7.3. 

 

 

Table 2.2.7.  Comparison of the effect of irrigation method and trellis type on quality parameters 

across the three Sultana clones when hand harvested and rack dried in 1997. Bold typeface 

denotes quality factors for which significant differences were determined within each treatment 

comparison (p = 0.05).  

 

 Irrigation Trellis 

Parameters Sub-surface Flood T-trellis Shaw 

trellis 

     

U/p L-value  36.6 37.3 37.3 36.6 

U/p a-value  5.7 4.6 5.3 5.0 

U/p b-value  17.1 18.1 17.8 17.4 

U/p K
+
 176 215 215 176 

     

P L-value  31.5 31.4 31.1 31.8 

P a-value  5.3 4.4 5.0 4.7 

P b-value  16.0 15.6 15.3 16.3 

Damage index 71.7 74.4 74.5 71.6 

P moisture  14.4 14.7 14.6 14.6 

P K
+
 254 313 234 332 

     

Storage L-value  32.5 34.3 32.7 34.1 

Storage a-value  7.0 6.3 6.9 6.5 

Storage b-value  15.2 15.2 15.5 14.9 

Sugar 1.0 0.7 0.7 1.0 

Compaction 3.7 3.5 3.3 3.8 

Storage moisture  14.5 14.5 14.3 14.7 

     

 

Irrigation treatments produced some significant differences in fruit quality parameters in 1997 

(table 2.2.7).  Compared with flood irrigation, fruit from subsurface irrigation was redder and less 

yellow before processing.  After processing, the subsurface fruit remained redder and had lower 

damage index and skin K
+ 

levels.  There were no differences in other fruit characteristics between 

the irrigation treatments after storage.   

 

Compared to the T-trellis, the Shaw-trellis produced similar coloured fruit with lower skin K
+
 

before processing (table 2.2.7).  After processing, Shaw-trellis fruit had lower levels of damage 

index but higher skin K
+
.
 
 After storage Shaw-trellis fruit was greener (less red), had higher 

sugaring, compaction and moisture.  
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3.  Salinity and rootstock comparisons 

 

Fruit from a drip irrigated, salinity/rootstock trial was rack dried in 1994 and 1995. The effect of 

saline irrigation water on sultana quality was observed for own roots, Ramsey and 1103 Paulsen 

in 1994 and for an extra CSIRO rootstock selection, M103 in 1995.  The vines were irrigated 

with water containing either 0, 1800, or 3600EC units.  

 

Salinity effects 

 

No significant difference caused by salinity was found in colour, compaction or sugaring of the 

fruit during storage (data not presented).  Increased salinity of irrigation water caused an increase 

in damage index in fruit harvested in 1994.  However, in 1995, damage index of the control fruit 

was equal or greater than for the salt treatments. 

  

In both years the moisture contents of fruit irrigated with 3600EC water was significantly higher 

than for the other treatments at all stages of measurement.   Since all the fruit samples were 

treated the same during finishing off, processing and storage these differences may indicate that 

saline water has an affect on the moisture meter readings, possibly by changing the fruits 

conductance.  Further investigation of this effect is required as they indicate potential 

deficiencies with the present moisture measurement system.  

 

Rootstock effects within the salinity trial 

 

In 1994, fruit from own roots and each rootstock were similar in damage, compaction and 

sugaring.  The rootstocks Paulsen and Ramsey both produced fruit that was darker, greener and 

less yellow than own roots (table 2.3.1). 

 

Table 2.3.1.  Quality parameters for sultanas produced from scions grown on various rootstocks 

watered with saline irrigation water in 1994.  Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05).  

 

Salinity Rootstock trial Rootstocks 

1994 Ownroots Paulsen Ramsey 

    

Damage index 82.6 80.8 81.2 

P K
+
 469 488 557 

    

Storage moisture 11.7b 11.4a 11.7b 

Compaction 4.9 4.9 4.8 

Sugaring 1.4 1.1 1.3 

Storage L-value  31.0b 29.7a 28.9a 

Storage a-value  8.1b 6.6a 6.4a 

Storage b-value  14.6b 13.4a 12.9a 
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In 1995 there were significant differences between the rootstock treatments (table 2.3.2).  Prior 

to processing all rootstocks were greener and had higher levels of surface K
+ 

than own roots.  

After processing fruit from own roots and M103 had small but significantly higher damage 

indexes and tended to be darker than Paulsen or Ramsey.  After storage, Paulsen had the lowest 

moisture content and M103 the highest compaction level.  The green colour of fruit from the 

three rootstocks was maintained after storage.  The darkest, least yellow fruit was produced by 

Ramsey while Paulsen produced the lightest, most yellow fruit.         

 

 

Table 2.3.2.  Quality parameters for sultanas produced from scions grown on various rootstocks 

watered with saline irrigation water in 1995. Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05).  

 

Salinity Rootstock trial Rootstocks 

1995 Ownroots Paulsen Ramsey M103 

     

U/p K
+
 254a 332c 293b 313c 

U/p L-value 34.9 34.9 34.6 34.1 

U/p a-value 5.7b 3.4a 3.5a 3.0a 

U/p b-value 18.7 18.7 18.2 18.3 

     

Damage index 73.7b 71.6a 72.2a 74.2b 

P K
+
 469a 567b mv mv 

P L-value 35.3ab 36.6b 36.4b 34.1a 

P a-value 5.6b 3.3a 4.0a 3.7a 

P b-value 18.9 19.4 18.6 18.2 

     

Storage moisture  13b 12.6a 12.8b 12.9b 

Compaction 4.6a 4.7a 4.6a 5.0b 

Sugaring 0 0 0 0 

Storage L-value  36.5ab 39.7c 34.8a 37.6b 

Storage a-value  8.0b 6.2a 5.9a 5.8a 

Storage b-value  19.8b 21.8c 18.4a 20.5b 
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Fruit was also rack dried from the rootstock treatments in 1996, but only from the control salt 

treatment  (table 2.3.3) as saline irrigation water was not added during the growing season.  Prior 

to processing there were no significant differences in L-value, b-value and moisture content.   All 

rootstocks produced greener fruit than own roots with fruit from Paulsen being the greenest.  

After processing M103 fruit was significantly darker and less yellow than the other treatments. 

There was no significant difference in damage indexes but surface K
+ 

levels were higher for all 

rootstocks, Ramsey being highest.  Ramsey and M103 had the highest moisture contents after 

processing and storage.  All rootstocks had higher levels of compaction than own roots after 

storage.  Colour differences between rootstock treatments disappeared after storage. 

 

  

Table 2.3.3.   Comparison of sultana grape quality parameters when grown on 4 rootstock types 

under drip irrigation on t-trellis in 1996.  Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05).  

.  

 

 Rootstock 

1996 Own roots Ramsey Paulsen M103 

     

U/p L-value 30.1 30.8 30.8 30.7 

U/p a-value 8.5c 5.7ab 5.5a 6.2b 

U/p b-value 14.7 15.4 15.3 14.3 

U/p moisture 10.3 11.3 11.3 10.3 

     

P L-value 35.5b 36.3b 36.5b 31.3a 

P a-value 8.0c 7.0b 5.8a 6.5ab 

P b-value 18.3b 18.7b 18.3b 14.3a 

Damage index 74.8 79.9 76.4 82.0 

P moisture  14.4a 15.7b 14.6a 15.3b 

P K
+
 274a 430c 391b 411bc 

     

Storage L-value  26.6 29.0 28.3 25.8 

Storage a-value  7.9 7.3 6.9 6.7 

Storage b-value  12.9 14.7 13.4 13.2 

Storage moisture  13.7a 15.1b 14.2a 15.1b 

Compaction 3.0a 4.7b 4.0b 4.3b 

Sugaring 0.7 1.0 1.0 1.3 

     

 

 

 

 

 



 45 

4.  Nutrition 

 

Fruit from field trials, established as part of CSH38 were harvested and dried on the rack at 

CSIRO.  Treatments included 3 Nitrogen application rates (0, 40, 80 kg/ha), 2 irrigation 

application levels (low and high) and own roots or Ramsey rootstock.  The irrigation treatments 

involved drip irrigation with or without a pre flowering water stress (low and high) followed by 

post flowering irrigation by overhead sprinklers. The N treatments were applied by drip in 

spring.  The experiment was severely affected by bunch breakdown and berry splitting each year, 

and hence, produced low quality fruit. 

 

In 1996, there were no significant differences between the treatments in fruit colour prior to 

processing (table 2.4.1).  Nitrogen treatments produced significant differences in a number of 

quality factors. These included lower surface K
+ 

with the high N treatment pre-processing, higher 

capstem retention and higher damage indexes after processing.  Both N treatments had lower 

surface K
+
 post processing.  After processing Ramsey rootstock had higher capstem retention, 

greener fruit, higher damage index, higher moisture and higher surface K
+
.  After storage 

differences in fruit quality between own roots and Ramsey were not significant, except for the 

higher moisture of Ramsey fruit.  The early season water stress (low) treatment had no effect on 

fruit colour but had higher cap stem retention and lower surface K 
+
 after processing and lower 

compaction after storage. 

 

 Table 2.4.1.  Quality parameters of sultanas grown on 2 rootstocks treated with one of 3 

Nitrogen application rates and 2 irrigation regimes in 1996.  Bold typeface denotes quality 

factors for which significant differences were determined; values with different subscripts are 

significantly different (p = 0.05) where the comparison include more than 2 treatments ( ie. 

nitrogen).  

 

 Nitrogen Rootstock Irrigation 

1996 Control 

0 k/ha 

Low 

40k/ha  

High 

80k/ha 

Own 

roots 

Ramsey Low  High 

        

U/p L-value 30.3 31.0 29.6 30.7 29.9 30.5 30.1 

U/p a-value 6.2 6.7 6.1 6.4 6.3 6.2 6.5 

U/p b-value 15.2 15.6 14.4 15.1 15.0 15.2 14.9 

U/p K
+
 235b 235b 196a 215 215 215 215 

        

Capstems 6.5a 7.8b 8.1b 6.3 8.7 8.4 6.5 

P L-value 33.1 32.7 32.9 32.7 33.1 32.9 32.9 

P a-value 6.1ab 5.7a 6.6b 6.4 5.8 6.2 6.0 

P b-value 17.1 16.6 16.5 16.6 16.9 16.9 16.6 

Damage index 89.4a 91.0b 91.6b 89.0 92.4 91.1 90.3 

P moisture 15.4b 14.9a 15.3b 15.0 15.5 15.2 15.3 

P K
+
 567b 508a 508a 489 567 508 547 

        

Storage L-value  26.9 26.8 26.7 26.7 26.8 26.4 27.2 

Storage a-value  7.0 6.8 7.1 7.1 6.8 7.0 6.9 

Storage b-value  12.9 12.4 12.5 12.6 12.6 12.4 12.8 

Storage moisture  15.2c 14.6a 15.0b 14.7 15.2 14.9 14.9 

Compaction 4.3 4.0 4.2 4.1 4.2 3.9 4.4 

Sugaring 0.5 0.4 0.4 0.4 0.4 0.4 0.5 
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In 1997, increasing N levels produced higher surface K
+
 and greener fruit before processing 

(table 2.4.2).  After processing fruit from the N treatments were significantly darker and had 

higher damage indexes and surface K
+ 

than the control treatment.  After storage, fruit from the 

high N treatment was significantly darker and greener. Both N treatments had higher compaction 

and sugaring than the control.  Prior to processing, fruit from Ramsey rootstock was darker and 

less yellow than from own roots. There were no significant post processing quality differences 

attributable to Ramsey rootstock.  After storage Ramsey fruit was greener and less yellow, had 

higher moisture content but lower sugaring.  The high irrigation treatment produced greener fruit 

than the stressed (low) treatment at all times of measurement.  The high irrigation treatment had 

higher damage index and surface K
+
 after processing and higher moisture, compaction and 

sugaring after storage. This is quite an astounding result as the different irrigation treatments 

were only imposed prior to flowering.  

 

 

  

Table 2.4.2.  Quality parameters of sultanas grown on 2 rootstocks treated with one of 3 Nitrogen 

application rates and 2 irrigation regimes in 1997. Bold typeface denotes quality factors for 

which significant differences were determined; values with different subscripts are significantly 

different (p = 0.05) where the comparison include more than 2 treatments (ie. nitrogen).  

 

 

 Nitrogen Rootstock Irrigation 

1997 Control 

0 k/ha 

Low 

40k/ha  

High 

80k/ha 

Own 

roots 

Ramsey Low  High 

        

U/p K
+
 352a 372ab 412b 391 372 391 372 

U/p L-value 34.3 35.2 34.3 35.5 33.7 34.4 34.8 

U/p a-value 5.1b 3.8a 3.9a 4.2 4.4 4.7 3.9 

U/p b-value 16.6 17.5 17.2 18.1 16.1 17.1 17.1 

        

Capstems        

P L-value 31.1b 29.1a 29.5a 30.1 29.7 29.9 29.9 

P a-value 4.7 4.2 4.2 4.4 4.2 4.6 4.1 

P b-value 13.9 13.7 13.7 14.1 13.5 13.5 14.0 

Damage index 66.0a 71.5b 73.1b 70.4 70.0 68.5 71.9 

P moisture 13.0 12.2 12.8 12.4 12.9 12.6 12.7 

P K
+
 313a 430b 418b 372 391 313 449 

        

S L-value 29.6b 29.4b 28.3a 29.4 28.9 29.1 29.2 

S a-value 6.4b 6.6b 6.3a 6.8 6.4 6.7 6.5 

S b-value 12.9 13.3 12.3 13.5 12.2 13.0 12.7 

S moisture 14.8 14.7 14.7 14.4 14.9 14.5 14.9 

Compaction 3.3a 4.5b 4.5b 4.1 4.1 3.7 4.5 

Sugaring 0.5a 1.0b 0.6ab 0.9 0.5 0.3 1.1 
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Correlations across all treatments were used to identify pre-processing quality factors impacting 

on fruit quality after storage and processing in 1997 (table 2.4.3).  Apart from the expected 

colour relationships, the negative correlations indicate that lower moisture fruit was lighter and 

more yellow prior to processing and after storage and that greener fruit was more likely to have 

high damage indexes and high compaction.  

    

Table 2.4.3. Correlation matrix across all treatments (N, rootstock and irrigation) between 

unprocessed parameters and post processing and storage quality parameters. Only significant 

correlations are displayed (p<0.05). 

 

1997 Up 

moisture 

U/p 

K
+
 

U/p 

L-value 

U/p 

a-value 

U/p 

b-value 

      

U/p moisture .     

U/p K
+
 . .    

U/p L-value -0.87 . .   

U/p a-value . . . .  

U/p b-value -0.87 . 0.96 . . 

      

      

Damage index . . . -0.77 . 

P K
+
 . 0.58 . . . 

P L-value . . . . . 

P a-value . . . . . 

P b-value . . . . . 

P moisture . . . . . 

      

Compaction . . . -0.76 . 

Sugaring . . . . . 

S L-value . . . . 0.58 

S a-value . . 0.58 . 0.80 

S b-value -0.71 . 0.82 . . 

S moisture . . . . . 
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5.  Method of emulsion application 

 

Comparison of rack spraying and dipping techniques (1995, 1996 and 1997)  

 

Most growers now rack spray, either with a wand or with high volume flooding nozzles rather 

than using the traditional bulk dipping methods.  These studies conducted over 3 seasons, aimed 

to identify if this change in emulsion application is a contributing factor to fruit quality 

problems.  Fresh sultanas were either dipped in drying emulsion at one of 2 strengths or placed 

on the rack and sprayed with a wand.  The emulsion concentrations were, half strength dip (ie. 

1.25% K2CO3 and 1% oil), full strength dip (ie. 2.5% K2CO3 and 2 % oil) or the recommended, 

single application rack spray of 1.25% K2CO3 and 1% oil.  

 

In 1995, surface K
+
 values were lowest with rack spraying and highest with the full strength dip 

treatment (table 2.5.1).  Prior to processing, fruit of the full dip and rack spray treatments were 

lighter in colour than with the half strength dip. Yellowness increased from half dip to spray to 

full strength dip.  There were no colour differences after processing or storage.  Damage index, 

compaction and sugaring were the same for all treatments.  However, the surface K
+
 after 

processing was lowest for the half strength dip treatment.   

 

 

Table 2.5.1.  Comparison of mean quality parameters of sultanas dried after being dipped or 

sprayed with drying emulsion in 1995.  Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05). 

  

 

1995 

Quality parameters 

Half dip Full dip Rack Spray  

    

U/p K
+
 319b 360c 282a 

U/p L-value  28.9a 34.5b 32.8b 

U/p a-value  4.7 4.2 4.3 

U/p b-value  14.2a 18.6b 15.8a 

    

Damage index 81.5 84.7 82.6 

P K
+
 492a 620b 565b 

P L-value  32.8 32.4 30.6 

P a-value  5.2 4.7 4.1 

P b-value  16.6 16.4 15.1 

    

Storage moisture  11.9 11.9 12.1 

Compaction 5.0 4.8 5.0 

Sugaring 0.0 0.0 0.0 

Storage L-value  36.1 36.3 36.7 

Storage a-value  6.9 7.4 6.7 

Storage b-value  18.5 18.6 18.5 
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In 1996, there were no significant differences in colour at any time and no differences in damage 

index or surface K
+ 

after processing, compaction or sugaring during storage (table 2.5.2). The 

unprocessed surface K
+
 for the half strength spray was significantly lower than the other two 

treatments. The storage moisture for the sprayed fruit was higher than the dipped treatments.   

 

 

Table 2.5.2.  Comparison of mean quality parameters of sultanas dried after being dipped or 

sprayed with drying emulsion in 1996.  Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05). 

 

1996 

Quality parameters 

Half dip Full dip Rack Spray  

    

U/p K
+
 111a 141b 135b 

U/p L-value  30.7 29.8 31.9 

U/p a-value  4.9 6.1 5.1 

U/p b-value  14.9 15.3 16.9 

    

Damage index 74.9 74.6 73.6 

P K
+
 313 332 293 

P L-value  34.1 35.2 36.0 

P a-value  7.1 5.7 5.5 

P b-value  17.6 17.9 18.3 

    

Storage moisture  13.9a 14.1a 14.8b 

Compaction 3.3 3.6 3.6 

Sugaring 0.7 0.7 1.0 

Storage L-value  26.5 26.4 28.2 

Storage a-value  7.1 6.3 7.3 

Storage b-value  12.2 12.9 13.4 
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In  1997, the rack spraying treatment and half strength dip treatment had the highest and lowest 

surface K
+
 respectively (table 2.5.3).  Full strength dip and rack spraying produced the lightest 

and most yellow fruit prior to processing.  After processing all fruit types were similar in 

lightness and yellowness but the half strength dip treatment was significantly redder.  After 

storage, the initial difference in yellowness and lightness were again apparent.  The half strength 

dip had a lower damage index than the other treatments.  The rack spray treatment had the lowest 

surface K
+
 after processing.  These differences although statistically different were small when 

compared to the „normal‟ ranges found in sultanas. 

 

 

Table 2.5.3.  Comparison of mean quality parameters of sultanas dried after being dipped or 

sprayed with drying emulsion in 1997. Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05). 

 

1997 

Quality parameters 

Half dip Full dip Rack Spray  

U/p K
+
 162a 178ab 199b 

U/p L-value  29.4a 33.2b 34.9b 

U/p a-value  6.6 5.8 5.6 

U/p b-value  13.2a 16.0b 17.3c 

    

Damage index 61.8a 68.8b 67.4b 

P K
+
 231b 225b 192a 

P L-value  30.2 30.7 30.6 

P a-value  7.0b 5.6a 5.9a 

P b-value  14.0 14.3 14.8 

    

Storage moisture  14.3 14.4 14.4 

Compaction 4.5 4.2 4.3 

Sugaring 0.8 0.7 0.8 

Storage L-value  30.4a 33.1b 31.6ab 

Storage a-value  8.1 7.4 7.7 

Storage b-value  13.4a 15.8b 15.3b 

    

  

 

In summary, the results over the three seasons indicate that most quality parameters including 

colour, processing damage, compaction and sugaring were largely unaffected by rack spraying 

compared to dipping.  The use of a lower strength emulsion for dipping tended to produce a 

slightly darker, redder and less yellow product in 2 seasons, presumably due to slower drying.   
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Rack spraying, timing of repeat sprays.  

 

Previous studies showed that repeat emulsion applications when rack spraying where often 

unnecessary and increased fruit fragility.  It was recommended that a second application only be 

used if there were problems with „blobs‟ or after rain at the early stages of drying and that further 

applications be avoided.  Further studies with repeat emulsion applications were made in this 

project to investigate the benefits and timing of the second application, particularly with respect 

to emulsion retention after partial drying in seasons (1994-1997).        

 

In all seasons, fruit was selected from a single vineyard, randomly placed on different bays of a 

rack to which the different emulsion treatments applied with a wand were assigned.  In all 

seasons except 1994, 3 emulsion concentrations were used for the initial spray.  The emulsion 

concentrations were, quarter strength (0.63% K2CO3, 0.5% oil), half strength (1.25% K2CO3,  

1% oil) and full strength (2.5% K2CO3, 2 % oil).  In 1994, only the half strength emulsion was 

used for the first application.  In each season further treatments were repeat sprayed on either day 

3 or 6 (and 11 in 1994) or on both days 3 and 6, with either the quarter or half strength 

emulsions.  

 

In 1994 pre-processing data were not recorded.  The results, presented in table 2.5.4 show a 

significant increase in damage index and post processing surface K
 +

 after repeat emulsion 

treatments.  Furthermore both the damage index and surface K
 +

 increased with delayed emulsion 

application.  However, despite the significant differences in processing damage, differences in 

compaction and sugaring after storage were not significant.  All repeat application treatments 

produced lighter, more yellow fruit after storage.      

 

 

Table 2.5.4.  Comparison of the quality parameters of rack dried sultanas in 1994 after half 

strength emulsion application (1.25% K2CO3, 1% oil) and repeat sprayed with a similar emulsion 

after 3, 6 or 11 days.  Bold typeface denotes quality factors for which significant differences 

were determined; values with different subscripts are significantly different (p = 0.05). 

 

 

Treatment 

1994 

no  
repeat 
spray 

repeat 
spray 
 day 3 

repeat 
spray 
day 6 

repeat 
spray 
day 11 

     

Damage index 75.2a 79.5b 82.1bc 85.4c 

P K
+
 438a 585b 606b 704c 

                                          

Storage moisture  10.9 10.8 11.1 10.9 

Compaction 4.4 4.5 4.7 4.9 

Sugaring 1.5 1.2 1.2 1.4 

Storage L-value  27.3a 29.4b 29.6b 29.1b 

Storage a-value  7.0 7.0 7.1 6.8 

Storage b-value  11.7a 13.6bc 13.8c 13.1b     
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In 1996 all repeat application treatments produced an increase in surface K
 + 

prior to processing, 

in particular when applied on day 6 (table 2.5.5).  A single application with full strength 

emulsion (2.0% oil) also gave a high level of surface K
 +

.  Small but significant differences in 

fruit lightness and green/red values prior to processing did not appear to follow trends associated 

with emulsion treatments.  Differences in fruit yellowness were not significant.  

 

Compared to the half strength (1.0% oil), single application all repeat applications produced an 

increase in damage index values after processing.  The highest damage index levels however 

were found with the lowest strength, single application.  Post processing surface K
 + 

levels 

appear to reflect both the levels prior to processing and damage during processing.  Being lowest 

for the (0.5%) strength repeat applications at day 3 and day 6 and high for treatments with high 

pre processing surface K
 + 

levels.  Fruit from the half strength (1.0% oil), single application 

treatment had the darkest and greenest fruit after processing.  There were no significant 

differences in fruit yellowness.  

 

All repeat application treatments had increased moisture levels after storage.  In particular when 

applied on day 6, suggesting increased uptake during processing.  Lowest compaction was 

produced by the single application half strength (1.0% oil) treatment which also had the darkest 

fruit after storage. Differences in green/red values or yellowness were not significant after 

storage. 

 

 

Table 2.5.5.  Comparison of quality parameters of rack dried sultanas in 1995 after application of 

drying emulsion treatments, ie. quarter (0.63% K2CO3 , 0.5% oil), half (1.25% K2CO3,  1% oil) 

or full strength (2.5% K2CO3, 2 % oil) and repeat sprayed with quarter or half strength emulsion 

after 3 or 6 days.  Emulsion concentrations are indicated by the appropriate oil level. Bold 

typeface denotes quality factors for which significant differences were determined; values with 

different subscripts are significantly different (p = 0.05). 

 

Treatment no 
repeat 
spray 

no 
repeat 
spray 

no 
repeat 
spray 

repeat 
spray 
day 3 

repeat 
spray 
day 6 

repeat 
spray 
day 3 

repeat 
spray 
day 6 

1995 Emulsion 

Concentration.   

0.5%  1.0% 

 
2.0% 
 

1.0% 
repeat  
0.5% 

1.0% 
repeat 
0.5% 

1.0%  
repeat 
1.0%  

1.0% 
repeat 
1.0% 

        

U/p K
+
 215a 215a 450e 313b 352d 326bc 696f 

U/p L-value  33.0bc 34.1c 33.8bc 32.8bc 29.0a 30.6ab 33.7bc 

U/p a-value  5.6bc 4.2ab 4.7abc 6.0cd 5.1b 4.7abc 3.4a 

U/p b-value  16.3 16.6 17.1 15.7 13.7 16 16.5 

        

Damage index 88.6c 67.1a 74.2ab 78.1b 71.1ab 70.6ab 70.7ab 

P K
+
 489d 430c 508d 372bc 352ab 412c 528d 

P L-value  34.3abcd 31.1a 35.9cd 37.4d 32.5ab 33.3abc 35.4bc 

P a-value  5.0ab 4.1a 4.4a 4.8ab 4.6ab 4.8ab 5.4b 

P b-value  17.9 16.2 19.1 20.7 16.1 17.2 18.8 

        

Storage moisture  12.3a 12.1a 12.6b 12.7bc 13.2de 12.9cd 13.6f 

Compaction 5.0b 4.0a 5.0b 4.8b 5.0b 4.8b 5.0b 

Sugaring 0 0 0 0 0 0 0 

Storage L-value  38.5bc 33.7a 38.0bc 38.3bc 38.7bc 39.1c 38.3bc 

Storage a-value  6.5 6.5 7.8 7.0 7.1 6.7 7.1 

Storage b-value  19.5 17.4 20.1 19.7 19.7 20.3 19.1 
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The results for 1996 show that increasing the emulsion concentration at the initial application 

and repeat applications increased the surface K
+ 

prior to processing (table 2.5.6).  Repeat 

applications with the half strength (1.0% oil) treatment either after 6 days or on both days 3 and 

day 6 produced the highest surface K
+
.    Prior to processing, there were no significant 

differences in fruit lightness. Small but significant differences in green/red values did not appear 

to follow a consistent trend with respect to treatment except that the single, quarter strength 

(1.0% oil) produced the most red fruit.  

 

 

Table 2.5.6.  Comparison of quality parameters of rack dried sultanas in 1996 after application of 

drying emulsion treatments, ie. quarter  (0.63% K2CO3 , 0.5% oil), half (1.25% K2CO3,  1% oil) 

or full strength (2.5% K2CO3, 2 % oil) and repeat sprayed with quarter or half strength emulsion 

after 3 or 6 days or on both 3 and 6 days.  Emulsion concentrations are indicated by the 

appropriate oil level. Bold typeface denotes quality factors for which significant differences were 

determined; values with different subscripts are significantly different (p = 0.05). 

  

Treatment no 
repeat 
spray 

no 
repeat 
spray 

no 
repeat 
spray 

repeat 
spray 
day 3 

repeat 
spray 
day 6 

repeat 
spray 
day 3 

repeat 
spray 
day 6 

repeat 
spray 
day 
3&6 

repeat 
spray 
day 
3&6 

1996 Emulsion 

Concentration 

 

0.5%  1.0% 

 
2.0%  
  

1.0%  
 repeat 
0.5%   

1.0% 
 repeat 
0.5% 

1.0% 
repeat  
1.0%   

1.0%  
repeat 
1.0% 

1.0% 
repeat 
0.5%  

1.0% 
repeat  
1.0%  

          

U/p K
+
 137a 156a 195a 332c 293bc 332c 723d 372c 782d 

U/p L-value  31.3 30.6 33.4 33.6 32.7 29.8 31.2 31.0 34.2 

U/p a-value  7.7d 5.8ab 7.1cd 5.2ab 5.6ab 5.8ab 4.8a 5.2ab 6.3bc 

U/p b-value  15.3a 15.3a 17.3ab 18.3b 17.6b 15.8ab 16.0ab 16.3ab 18.4b 

          

Damage index 78.1b 70.1a 75.6b 88.9c 89.5cd           93.1de 91.6cde 92.3cde 93.6e 

P moisture 13.8a 15.2d 14.7bc 14.9cd 15.1d 14.9cd 15.8e 14.5b 15.6e 

P K
+
 313a 274a 313a 450bc 411b 430bc 450bc 450bc 451c 

P L-value  35.5a 37.6bc 35.4a 37.7b 37.1ab 39.0c 36.7ab 38.5bc 37.8bc 

P a-value  7.0c 5.0b 4.9b 4.0a 5.4b 4.7ab 4.6ab 4.7ab 4.9b 

P b-value  17.0a 19.3bcd 18.0ab 19.5bcd 18.8bc 21.7e 19.5bcd 20.0cde 20.9de 

          

Storage moisture  13.2a 15.4cd 14.9bc 15.3cd 15.3cd 15.2bcd 15.6d 14.7b 15.6d 

Compaction 3.7a 4.0ab 3.7a 4.3ab 4.3ab 4.0ab 5.0b 3.7a 4.7b 

Sugaring 1.0a 1.7b 2.0bc 2.3cd 2.7de 1.0a 3.0e 1.0a 2.7de 

Storage L-value  26.6 28.0 28.0 28.8 28.4 28.2 27.8 28.3 29.1 

Storage a-value  7.2 7.1 6.8 6.2 6.6 6.9 7.0 6.9 6.4 

Storage b-value  12.2 14.0 13.4 14.6 14.3 14.2 14.0 14.0 14.8 

          

 

 

After processing, the damage index results clearly show a significant increase in damage index 

values with repeat sprays which was further increased with the half strength (1.0% oil) compared 

to the lower quarter strength (0.5% oil).  Both the double repeat treatments had high damage 

indexes.  All repeat application treatments with the half strength emulsion (1.0% oil) had higher 

moisture levels after processing than the quarter strength (0.5% oil) suggesting increased uptake 

during processing. The single application with the quarter strength emulsion had the lowest 

moisture after processing.  All repeat spray treatments had significantly higher surface K
+ 

compared to the single applications.  In general, repeat emulsion applications, tended to produce 
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slightly lighter fruit after processing although fruit from the single half (1.0% oil) application 

also produced a light sample.  The low strength (0.5% oil) single application treatment had the 

reddest and least yellow fruit after processing.  The half strength emulsion (1.0% oil) and repeat 

application treatments produced very yellow fruit after processing. 

 

After storage there were no significant colour differences between any of the treatments due to 

considerable darkening, reddening and reduced yellowness compared to the post processing 

measurements.  Compaction was increased with both a single or double repeat application with 

the half strength half strength emulsion (1.0% oil).  Sugaring was highest with repeat 

applications at day 6 and the double half strength (1.0% oil) treatment.  The very low sugaring of 

the double application, quarter strength (0.5%oil) treatment is not consistent with the other 

results.       

 

The results from the 1997 experiment show that increasing the emulsion concentration of the 

initial application and repeat application after 3 days both increased the surface K
+ 

prior to 

processing (table 2.5.7).  Prior to processing, fruit colour of all treatments was similar with 

respect to lightness and green/red values.  Fruit from the half strength, (1.0% oil) was less yellow 

than the other treatments.  Repeat application treatments produced yellower fruit across all initial 

emulsion concentrations.   

 

 

 

Table 2.5.7.  Comparison of quality parameters of rack dried sultanas in 1997 after application of 

drying emulsion treatments, ie. quarter (0.63% K2CO3 , 0.5% oil), half (1.25% K2CO3,  1% oil) 

or full strength (2.5% K2CO3, 2 % oil) and repeat sprayed with quarter  strength emulsion after 3 

days.  Emulsion concentrations are indicated by the appropriate oil level. Bold typeface denotes 

quality factors for which significant differences were determined; values with different 

subscripts are significantly different (p = 0.05). 

 

Treatments no 
repeat 
spray 

no 
repeat 
spray 

no 
repeat 
spray 

repeat 
spray 
day 3 

repeat 
spray 
day 3 

repeat 
spray 
day 3 

1997 Emulsion 

Concentration. 

 

0.5% 1.0% 

 
2.0%  
  

0.5% 
repeat  
0.5%  

1.0% 
repeat  
 0.5% 

2% 
repeat 
0.5% 

       

U/p K
+
 143a 252b 370de 291bc 328cd 401e 

U/p L-value  34.7 34.1 35.0 35.6 33.9 34.6 

U/p a-value  4.9 5.1 4.9 4.9 4.6 4.6 

U/p b-value  16.6ab 15.1a 16.9b 17.4b 16.8b 18.1b 

       

Damage index 69.2b 65.1a 70.5b 78.5c 69.5b 76.5c 

P K
+
 393cd 141a 395cd 327bc 227ab 440d 

P L-value  34.2 32.9 34.1 30.5 32.0 33.8 

P a-value  4.0a 5.3b 4.2a 5.0b 4.7ab 5.2b 

P b-value  15.8 15.4 16.6 13.7 15.3 16.2 

       

Storage moisture  13.8c 14.7d 13.8c 13.0ab 13.6bc 12.6a 

Compaction 4.0 4.2 4.8 4.8 3.8 4.5 

Sugaring 0.7 0.5 0.3 0.0 0.2 0.2 

Storage L-value  33.9bc 32.6a 34.3bc 34.1bc 33.2ab 34.9c 

Storage a-value  6.6 7.0 6.3 6.9 6.5 6.3 

Storage b-value  16.0 14.9 16.9 16.1 15.5 16.7 
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After processing, damage index values were increased significantly by repeat application of 

emulsion.  In both cases, the initial half strength (1.0% oil) treatment had the lowest damage 

index.  Although less consistent similar trends were found with the surface K
+
 which was lowest 

with the half strength (1.0% oil) treatments and increased with repeat applications except with 

the quarter strength (0.5% oil) treatment.  After storage, fruit from the repeat sprays were drier 

than the single applications, presumably reflecting differences after drying and finishing off.  

The highest moisture fruit was the half strength (1.0% oil) treatment.  There were no differences 

in green/red values or yellowness after storage.  Significant differences in lightness indicate that 

fruit from repeat spray treatments were slightly lighter than with a single application.  Fruit from 

the half strength (1.0% oil) treatments were slightly darker.    

 

 

6.  Position on the rack 

 

Previous studies had shown that sun exposed, “redder” fruit was more robust than light type 

fruit.  Further studies were undertaken in this project to assess the effects of using roofed racks 

or unroofed racks and effects associated with mixing fruit dried on different positions of racks, 

ie. sun exposed (outside) and shaded fruit (inside) on fruit quality. 

 

In 1994 fruit samples, dried on a roofed rack were selected from the top tier and the rack edges 

and compared with the bulk samples of fruit from different emulsion treatments (see table 2.5.1).  

Pre processing data was not collected.  After storage, fruit colour from the edge of the rack was 

markedly darker, redder and less yellow than the bulk fruit sample or fruit from the top tier.  

Fruit colour of the bulk sample was obviously compromised by inclusion of the redder edge fruit 

as fruit from top tier, which is not exposed to direct sunlight, was the lightest, greenest and most 

yellow.  The redder fruit from the rack edge had lower processing damage (ie. lower damage 

index and surface K
+ 

). By contrast, the lightest fruit from the top tier had the highest damaged. 

 

 

Table 2.6.1.  Comparison of mean quality parameters of rack dried sultanas from the upper tier, 

the edge or the bulk fruit sample.  Bold typeface denotes quality factors for which significant 

differences were determined; values with different subscripts are significantly different (p = 

0.05). 

 

Treatment    

1994 

Parameters 

bulk sample edge of tier top  tier 

    

Damage index 82.0b 76.4a 83.2b 

P K
+
 586b 508a 645c 

    

Storage moisture  11.0b 10.7a 11.0b 

Compaction 4.6a 4.3a 4.9b 

Sugaring 1.4 1.2 1.3 

Storage L-value  29.0b 27.6a 30.0c 

Storage a-value  6.9b 7.4c 6.6a 

Storage b-value  13.3b 12.1a 13.6b 
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In 1996 fruit samples were collected from both the sun exposed east and west edges, the centre 

of the rack and compared to the bulk sample (table 2.6.2).  Prior to processing, fruit from the 

edge was darker, redder and less yellow than the centre or bulk fruit. Fruit dried on the east edge 

was significantly more yellow than from the west edge. The bulk fruit and centre fruit samples 

were more fragile having higher levels of processing damage than edge fruit (ie. higher damage 

index and surface K
+ 

).  Furthermore, the redder fruit from the west edge was more robust than 

from the east side, having lower damage index and surface K
+
.  After processing, fruit colour 

from the west edge fruit was darker and less yellow than the other samples.  Both edge samples 

were redder than the bulk or centre samples.  There were no significant differences in 

compaction or sugaring after storage.  Fruit from the west edge was darker and less yellow after 

storage while the fruit from the east edge was redder than all other samples.   

 

 

 

 

Table  2.6.2.  Fruit quality of rack dried sultanas selected from different positions on the drying 

rack in 1996. Bold typeface denotes quality factors for which significant differences were 

determined; values with different subscripts are significantly different (p = 0.05). 

 

1996 Position on rack 

Quality 

parameters 

Centre East side West side Bulk sample  

     

U/p L-value  32.1b 30.8a 29.8a 33.4b 

U/p a-value  6.5a 7.4c 7.1bc 6.7ab 

U/p b-value  14.8c 13.8b 12.1a 15.2c 

     

Damage index 59.1bc 57.1b 50.6a 61.1c 

P K
+
 205c 199b 143a 223d 

P L-value  32.9b 32.2b 27.6a 32.9b 

P a-value  6.9b 8.2c 7.8c 6.4a 

P b-value  15.4b 15.0b 11.2a 15.3b 

P moisture  14.1 14.2 14.4 14.5 

     

Storage moisture  13.3a 13.3a 13.8b 13.7b 

Compaction 4.0 4.0 3.5 3.9 

Sugaring 0.6 0.7 0.4 0.9 

Storage L-value  28.1b 28.1b 25.4a 27.9b 

Storage a-value  7.3a 8.5b 7.7a 7.5a 

Storage b-value  13.9b 12.9b 10.5a 13.1b 

     

 

 

In 1995, sultanas were dried on both a roofed and an unroofed rack (table 2.6.3).  Prior to 

processing, fruit from both racks was similar in lightness but the unroofed rack fruit was greener 

and more yellow.  After processing, fruit from the unroofed rack had higher cap stem retention 

but lower damage index.  Fruit from the unroofed rack was darker, greener and less yellow than 

from the roofed rack.  A difference maintained after storage. Differences in compaction between 

the fruit types were not significant.     
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Table 2.6.3.   Quality of rack dried sultanas dried an unroofed or roofed rack in 1995. Bold 

typeface denotes quality factors for which significant differences were determined (p = 0.05). 

 

1995   

Quality 

parameters 

Roofed rack Unroofed 

rack 

   

U/p L-value  33.8 34.1 

U/p a-value  5.0 3.9 

U/p b-value  16.1 17.2 

   

Capstems 2.0 4.5 

Damage index 71.2 67.3 

P K
+
 430 449 

P L-value 35.4 29.7 

P a-value 6.1 4.4 

P b-value 17.9 14.9 

   

Storage moisture  12.7 12.3 

Compaction 4.5 4.0 

Sugaring 0 0 

Storage L-value  34.9 30.3 

Storage a-value  7.2 7.4 

Storage b-value  17.7 15.4 

   

 

 

 

 

 

7.  Fruit washing studies during drying (simulated rain effects) 

 

Experiments were undertaken in 3 seasons (1995-97) to study the effects of respraying on final 

dried sultana quality after simulated rain events (ie. washing the fruit with water applied with a 

rack spraying wand).  The studies were also designed to test whether low damage with rain 

darkened fruit is due to removal of emulsion or changes to skin texture.   

 

In all seasons treatment replicates were all initially sprayed with a half strength emulsion 

(ie.1.0% oil and 1.25% potash) on day 1.  Washing treatments were then imposed on days 1, 3 or 

6 to simulate rain events.  Half of the washed treatments were then resprayed with the drying 

emulsion.  In 1995, an additional control using a full strength emulsion  (2.0%oil and 2.5% 

potash) was included as a reference point to assess pre processing emulsion retention.    
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Table 2.7.1.   Fruit quality of rack dried sultanas initially treated with emulsion on day 1, then 

washed or washed and resprayed on days 1, 3 or 6 in 1995. Bold typeface denotes quality factors 

for which significant differences were determined; values with different subscripts are 

significantly different (p = 0.05). 

 

Treatment code 1 2 3 4 5 6 7 

1995 no 

repeat  

no 

repeat  

repeat  no 

repeat  

repeat  no 

repeat  

repeat  

Quality 

parameters 

no 

 wash 

wash 

day 1 

wash  

day 1 

wash 

day 3 

wash 

day 3 

wash 

day 6 

wash 

day 6  

        

U/p moisture 11.6 11.0 11.3 11.7 11.0 12.5 11.7 

U/p K
+
 219b 129a 272c 227b 289c 287c 385e 

U/p L-value  34.1 32.1 34.0 30.6 32.8 35.0 32.9 

U/p a-value  4.2a 9.5d 4.3a 6.4bc 5.3ab 4.7ab 4.6a 

U/p b-value  17.4 18.3 20.9 19.6 21.1 21.1 20.2 

        

Damage index 67.1ab 65.0a 67.4abc 71.3cd 70.2bcd 67.9abc 72.9d 

P K
+
 426b 291a 281a 352ab 385b 393b 561c 

P L-value  31.1ab 27.6a 35.9c 32.6bc 31.5abc 34.3bc 35.2bc 

P a-value  4.1a 5.9b 4.4a 4.7ab 5.3ab 4.4a 4.7ab 

P b-value  16.2b 12.4a 18.1b 17.0b 15.3ab 17.1b 17.2b 

P moisture 12.3 11.8 12.4 12.4 11.9 12.5 13.0 

        

Compaction 4.0a 5.0b 5.0b 5.0b 4.3a 4.8b 5.0b 

Storage L-value 33.1a 36.6bc 39.1bcd 38.1bcd 39.9d 39.1bcd 39.3cd 

Storage a-value  6.5a 7.7bc 7.0ab 6.6a 6.3a 6.9ab 6.7a 

Storage b-value 17.4a 18.3ab 20.9c 19.6bc 21.1c 20.2c 20.8c 

Storage moisture 12.1bc 11.5a 11.6a 12.3cd 11.9b 12.0b 12.4d 

 

The 1995 results show that there were no significant differences in fruit moisture, lightness or 

yellowness before processing (table 2.7.1).  Pre processing surface K
+ 

levels reflected treatment 

effects which included, a decrease associated with washing which reduced with time (compare 

treatments 1, 2, 4, 6) and an increase associated with respraying after washing (compare 

treatments 1, 3, 5 and 7).  Removal of emulsion by washing produced redder fruit, although this 

effect declined with time (compare treatments 1, 2, 3 and 5).  

 

After processing, damage index values were lowest for fruit washed on day 1 (2) and increased 

with time for the washed/repeat spray treatments (compare treatments 3, 5 and 7).  Post 

processing surface K
+ 

levels were also lowest with fruit washed on day 1, including the repeat 

spray treatment (ie. treatments 2, 3). Post processing surface K
+
 levels of both the washed 

(compare treatments 2, 4, 6) and washed/repeat spray treatments (compare treatments 3,5,7) 

increased with time. This may be due to bonding within the wax cuticle and greater retention by 

partially dried berries due to changes in surface area and berry wrinkling.  After processing, the 

day 1 washed treatment (treatment 2) produced the darkest, reddest and least yellow fruit sample.  

Washing the fruit on day 3 or 6 had little effect on fruit colour characteristics (treatments 4 and 

6) compared to the control (1).  Compared to the washed treatments, respraying improved fruit 

colour after processing only on day 1 (compare treatments 2 and 3). 

 

After storage, fruit of all wash and wash/repeat spray treatments, except the repeat spray on day 

3 (treat.5), had significantly higher compaction than the single application, control treatment 

(treat.1).  The single application control treatment (treat.1) had the darkest, least yellow colour 

followed by the day 1 wash treatment (treat.2), which also produced the reddest fruit. 
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Table 2.7.2.   Fruit quality of rack dried sultanas initially treated with emulsion on day 1, then 

washed or washed and resprayed on days 1, 3 or 6 in 1996.  Bold typeface denotes quality 

factors for which significant differences were determined; values with different subscripts are 

significantly different (p = 0.05). 

 

Treatment code 1 2 3 4 5 6 7 

1996 no repeat  no 

repeat  

repeat  no 

repeat  

repeat  no 

repeat  

repeat  

Quality 

parameters 

no 

 wash 

wash 

day 1 

wash  

day 1 

wash 

day 3 

wash 

day 3 

wash 

day 6 

wash 

day 6  

        

U/p moisture 10.0 12.8 11.3 11.5 11.8 12.0 12.3 

U/p K
+
 156a 137a 156a 111a 196a 117a 250b 

U/p L-value  30.6 28.7 30.1 29.7 28.9 30.0 29.7 

U/p a-value  5.8b 6.9cd 7.6de 5.1ab 4.7a 6.0bc 8.3e 

U/p b-value  15.3 12.7 14.6 14.0 13.9 14.6 14.4 

        

Damage index 70.2c 72.9c 59.0a 62.6b 62.2ab 60.7ab 63.3b 

P K
+
 274b 293b 235a 293b 313bc 313bc 352c 

P L-value  37.6c 29.9a 33.7b 30.7a 35.3b 34.5b 33.6b 

P a-value  5.0 6.7 6.4 7.3 6.7 6.7 7.4 

P b-value  19.3c 13.8a 16.3bc 13.8a 17.7c 16.3bc 15.9b 

P moisture 15.2d 14.4bc 14.6c 15.1d 14.4bc 14.2b 12.8a 

        

Compaction 4.0 3.3 3.3 3.7 4.0 4.0 4.0 

Sugar 1.7 0.6 0.6 1.0 1.0 0.6 0.6 

Storage moisture 15.4d 13.3b 14.1c 14.2c 14.3c 13.6bc 12.3a 

Storage L-value 28.0 24.0 27.1 27.5 26.8 25.5 26.8 

Storage a-value  7.1 6.4 7.4 8.1 6.9 7.0 7.0 

Storage b-value 14.0 10.2 12.2 13.0 13.0 12.1 12.3 

        

 

 

In 1996, washing treatments (2, 4, and 6) had lower, but not significantly different pre-

processing surface K
+ 

levels than the single application control (table 2.7.2), while 

wash/respraying treatments produced higher surface K
+ 

levels at day 3 and 6.  Treatment effects 

on pre-processing fruit colour were minimal as differences in fruit lightness and yellowness were 

not significant. Significant effects with fruit redness were not consistent between treatments 

although both day 1 wash treatments (2, 3) and the day 6 wash/repeat spray treatment (7) had the 

reddest fruit.   

 

All wash and wash/repeat spray treatment, except day 1 wash (2) had lower damage index than 

the single application control (1).  Differences in post processing surface K
+ 

levels were not large 

being lowest for the repeat spray day 1 treatment (3) and highest for the wash/repeat day 6 

treatment (7).  After processing the single spray control treatment (1) had the lightest and most 

yellow fruit colour while the day 2 and 3 washed treatments (ie. 2, 4) had the darkest, least 

yellow colour.  Treatment effects on compaction, sugar, and fruit colour were not significant  

after storage.     

In 1997 there were no treatment effects on pre-processing fruit colour (table 2.7.3).  Respraying 

of the washed treatments increased the pre-processing surface K
+ 

levels at all times.  The single 

application control (1) and the day 3 washed treatment (4) had the lowest surface K
+ 

levels.  
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After processing the single application control (1), had the lowest damage index and surface K
+ 

level.  All repeat spray treatments increased post processing surface K
+ 

level compared to the 

washed treatments at all times.  The day 1 repeat spray treatment (3) had the highest damage 

index and post processing surface K
+ 

level.  Post processing treatment differences in colour were 

minimal as there were no effects on lightness or yellowness.  The day 6 repeat spray treatment 

had the reddest fruit (7).  Treatments had no effect on compaction, sugar, lightness and redness 

after storage in 1997.  All repeat spray treatments produced yellower fruit than the washed 

treatments or the single application control.     

 

 

Table 2.7.3.   Fruit quality of rack dried sultanas initially treated with emulsion on day 1, then 

washed or washed and resprayed on days 1, 3 or 6 in 1997.  Bold typeface denotes quality 

factors for which significant differences were determined; values with different subscripts are 

significantly different (p = 0.05). 

 

 

Treatment code 1 2 3 4 5 6 7 

1997 no repeat  no 

repeat  

repeat  no 

repeat  

repeat  no 

repeat  

repeat  

Quality 

parameters 

no 

 wash 

wash 

day 1 

wash  

day 1 

wash 

day 3 

wash 

day 3 

wash 

day 6 

wash 

day 6  

        

U/p K
+
 252ab 358c 489d 192a 332c 266bc 456d 

U/p L-value  34.0 34.2 34.9 35.1 30.9 35.8 32.6 

U/p a-value  5.1 4.2 5.0 4.0 4.9 4.8 4.5 

U/p b-value  15.1 16.4 17.2 15.8 15.4 16.9 16.4 

        

Damage index 65.1a 69.2ab 76.7d 73.5cd 71.2bc 68.5ab 70.6bc 

P K
+
 141a 323c 465d 287bc 407cd 188ab 289bc 

P L-value  32.9 32.7 32.6 33.0 32.5 32.9 32.7 

P a-value  5.3bc 5.1bc 4.6ab 4.7ab 4.4a 5.0ab 6.0c 

P b-value  15.4 15.6 14.6 15.5 15.7 15.4 16.3 

P moisture 12.3 12.5 12.5 13.0 11.7 13.3 12.3 

        

Compaction 4.2 4.8 5.5 4.2 4.5 4.3 4.5 

Sugar 0.5 0.3 0.7 1.2 0.3 0.0 0.7 

Storage moisture 14.7d 13.8bc 13.6ab 14.7d 14.2cd 13.2a 14.4d 

Storage L-value 32.6 32.7 31.5 31.9 34.0 33.4 32.0 

Storage a-value  7.0 6.4 5.9 6.7 6.5 6.9 6.4 

Storage b-value 14.9ab 15.9bc 16.8c 14.2a 16.5c 14.6ab 15.5bc 
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Summary of simulated rain effects 

 

The experiments were undertaken to study the effects of respraying on final dried sultana quality 

after simulated rain events.  The results show that light type fruit was produced, except where the 

drying emulsion was removed by washing on day 1.  This indicates that the conditions did not 

simulate the slow drying under high humidity, which occurs after rain when darkening would 

normally occur.  However, the washing and repeat spraying treatments produced differences in 

emulsion quantities retained on berries, measured as surface K
+
.  This provides a basis for 

assessing the benefits of respraying after washing at different stages of drying.  

 

 

Table 2.7.4  Correlation between pre-processing surface K
+
 and  measured sultana quality 

parameters, for seasons 1995-97 across washing and repeat spraying treatments. Only significant 

correlations are displayed (p<0.05). 

 

 1995 1996 1997 

Pre-processing 

quality factors 

 

U/p K
+
 

 

U/p K
+
 

 

U/p K
+
 

    

U/p moisture . . -0.66 

U/p K
+
 . . . 

U/p L-value . . . 

U/p a-value -0.62 0.54 . 

U/p b-value . . . 

    

Damage index 0.57 . . 

P K
+
 0.66 . 0.62 

P L-value 0.53 . . 

P a-value . . . 

P b-value 0.44 . . 

P moisture 0.76 -0.60 . 

    

Storage moisture 0.58 . . 

Storage L-value 0.42 . . 

Storage a-value . . -0.46 

Storage b-value 0.59 . 0.64 

Compaction . . 0.58 

Sugar . . . 

    

 

The results presented in table 2.7.1, 2, 3 showed large seasonal effects on sultana quality 

parameters.  The correlations between surface pre-processing K
+ 

and the quality parameters are 

indicative of these seasonal effects.  In 1995 high levels of pre-processing surface K
+ 

led to green 

fruit before processing, high damage index and surface K
+
 after processing and light, yellow fruit 

colour and high moisture content after both processing and storage.  By contrast, in 1996, pre-

processing surface K
+ 

was only linked to production of redder fruit before processing and lower 

moisture after processing.  In 1997 high levels of pre-processing surface K
+
 were linked to lower 

pre-processing moisture, presumably due to more rapid drying, increased post processing surface 

K
+
 and after storage to greener, more yellow fruit with higher compaction.   

 

In summary, the positive benefits from respraying with emulsion were minimal following a 

simulated rain event, except on day 1.  Repeat emulsion application at later stages of drying  (ie. 
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after 3 or 6 days of drying) appear to be unnecessary and may, in some seasons lead to increased 

processing damage.   

 

8. Other drying and finishing off experiments 

 

Effect of metabisulphite and caustic soda treatments during drying  

 

During poor drying conditions growers may treat fruit with sodium or potassium metabisulphite 

for insect control and to reduce mould development.  It has also been reported that growers may 

use caustic soda or potash either as an addition to the normal drying oil or as a substitute for 

potassium carbonate in the drying emulsion to enhance drying during poor conditions.  This 

study was undertaken in 1995 to test the effect of these treatments on fruit quality parameters 

when rack drying.  Treatments were:- 

 

1. normal emulsion, 1.0% oil, 1.25% potash 

2. normal emulsion with 0.1% sodium metabisulphite added 

3. normal emulsion with a 0.1% sodium metabisulphite spray on day 3 

4. normal emulsion with 0.1% sodium hydroxide added 

5. normal emulsion with 0.2% sodium hydroxide added 

6. emulsion of 1.0% oil and 0.6% sodium hydroxide 

7. emulsion of 1.0% oil and 1.2% sodium hydroxide 

 

Table 2.8.1.  Sultana quality after rack drying and treatment with normal drying emulsion or 

sodium metabisulphite or sodium hydroxide in 1995. (Mbs = metabisulphite, NaOH = caustic). 

Bold typeface denotes quality factors for which significant differences were determined; values 

with different subscripts are significantly different (p = 0.05). 

 

Treatment  1 2 3 4 5 6 7 

1995 normal normal normal normal normal 1.0% 

oil 

1.0% 

oil 

Quality 

parameters 

control + 0.1% 

Mbs 

 

+0.1%

Mbs 

day3 

+ 0.1% 

NaOH 

+ 0.2% 

NaOH 

+ 0.6% 

NaOH 

+ 1.2% 

NaOH 

        

U/p K
+
 332e 298cd 274bc 313d 381f 215a 274b 

U/p L-value  34.1ab 35.3b 35.1b 32.8ab 33.6ab 38.1c 32.3a 

U/p a-value  4.2ab 6.0cd 5.8bcd 5.0abc 4.2ab 4.6abc 3.9a 

U/p b-value  16.6ab 19.3c 18.2bc 16.0a 16.4ab 19.3c 15.6a 

        

Capstems 3.1bc 1.1a 2.5abc 1.5a 1.9abc 2.4abc 2.6abc 

Damage index 67.1a 76.0d 72.0b 75.8cd 68.8a 69.7a 72.5bc 

P K
+
 430b 430b 352ab 411b 528c 391ab 371ab 

P L-value 31.1a 33.8ab 34.8b 35.4b 34.3ab 37.1b 37.2b 

P a-value 4.1a 4.1a 6.8cd 5.3ab 5.7bc 5.9bc 6.4bcd 

P b-value 16.2 17.3 19.3 17.6 17.8 18.9 20.1 

        

Storage moisture  12.1 12.2 12.1 11.9 12.2 12.1 12.7 

Compaction 4.0 4.0 4.5 4.0 4.3 4.5 4.3 

Storage L-value  33.7a 38.8c 37.7bc 38.0bc 35.8ab 37.8bc 37.4bc 

Storage a-value  6.5a 7.5b 7.8b 7.8b 6.0a 6.9ab 6.4a 

Storage b-value  17.4 19.9 19.8 19.0 18.8 19.5 18.6 
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Compared to the control treatment (treatment 1), both the metabisulphite treatments (treatment 2, 

3) produced lighter, redder and more yellow fruit prior to processing (table 2.8.1).  These 

differences were maintained after processing and storage, except that differences in yellowness 

were not significant.  Surface K
+
 levels of both the metabisulphite treatments were lower than the 

control prior to processing, in particular treatment 3 where some emulsion removal would have 

occurred during application on day 3.  After processing both metabisulphite treatments had 

higher damage indexes, in particular treatment 2 where it was added to the drying emulsion.  

However, differences in surface K
+
 levels were not significant.  Application of metabisulphite 

after 3 days drying (treatment 3) increased compaction after storage. 

 

Addition of NaOH to the drying emulsion (treatments 4, 5) had no effect on colour prior to 

processing (table 2.8.1).  After processing, fruit colour of both NaOH treatments were lighter and 

redder than the control (treatment 1), a response maintained after storage except for redness of 

the  0.2% NaOH  treatment.  The 0.1% NaOH treatment (treatment 4) had lower surface K
+
 level 

and the 0.2% NaOH higher surface K
+
 levels when compared to the control (treatment 1) both 

before and after processing.  Damage index was higher with the 0.1% NaOH treatment 

(treatment 4) but after storage there were no treatment differences in compaction. 

 

Substitution of potassium carbonate in the drying emulsion with NaOH at 0.6% and 1.2% 

(treatments 6,7) reduced surface K
+
 levels before and after processing compared to the control 

treatment 1 (table2.8.1).  Before processing, fruit lightness and yellowness was significantly 

increased at the 0.6% NaOH level but not at the 1.2% level.   After both processing and storage, 

fruit of both the NaOH treatments (6, 7) was lighter, redder and more yellow (not significant) 

than the control.  Fruit from the 1.2% NaOH treatment (7) had slightly higher damage index than 

the control.  Considering the significant improvement in fruit lightness with minimal increase in 

processing damage further studies with these treatments are warranted.         

 

Finish drying 

 

Studies were implemented to compare the effects of ground drying to remove excessive moisture 

at the later stages of drying with direct boxing from the rack in seasons 1994, 1995 and 1997.  

Industry sources had indicated that „case hardening‟ of berries when ground drying was 

beneficial for processing (ie.reduced damage and easier capstem removal).     

 

Table 2.8.2.  Sultana dried fruit quality, with or without ground drying to remove excess 

moisture after rack drying in 1994. The results are pooled over 7 commercial drying oil 

treatments.  Bold typeface denotes quality factors for which significant differences were 

determined (p = 0.05). 

 

1994   

Quality 

parameters 

finished on 

ground 

finished  

on rack 

   

Damage index 73.3 61.2 

P K
+
 411 248 

   

Storage moisture  11.7 16.4 

Compaction 4.7 3.4 

Sugaring 1.8 3.9 

Storage L-value  30.1 27.9 

Storage a-value  7.5 7.1 

Storage b-value  13.2 10.9 
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In the preliminary 1994 study, pre-processing data was not collected.  The results show that 

ground drying resulted in higher processing damage, ie. damage higher index and surface K
+ 

after processing (table 2.8.2). After storage, the ground dried fruit had significantly lower 

moisture, higher compaction, lower sugaring and retained a lighter, redder and more yellow 

colour.  It is likely that the results are due mainly to confounding effects associated with 

differences in moisture content.  Ideally, moisture adjustment should have been made prior to 

processing.     

 

 

In 1995, fruit was removed from the rack at around 16% moisture and „finished off‟ by ground 

drying or left on the rack to complete the drying process.  In the later case good drying 

conditions prevailed and low moisture contents were achieved without further drying. Prior to 

processing, (table 2.8.3) fruit of both treatments had similar moisture contents, surface K
+
, 

lightness and yellowness. The ground dried fruit was greener in colour.  After processing both 

treatments had similar low damage indexes.  Fruit from ground drying had lower surface K
+ 

and 

was lighter, greener and more yellow in colour but had a higher moisture content, presumably 

due to uptake in processing.   After storage, the treatment differences in moisture and fruit 

redness were maintained but there were no differences in compaction or sugaring, fruit lightness 

or yellowness.     

 

 

Table 2.8.3.  Sultana dried fruit quality, with or without ground drying to remove excess 

moisture after rack drying in 1995.  Bold typeface denotes quality factors for which significant 

differences were determined (p = 0.05). 

 

 

1995   

Quality 

parameters 

finished on 

ground 

finished on 

rack 

   

U/p moisture 11.6 11.6 

U/p K
+
 274 293 

U/p L-value  33.2 33.4 

U/p a-value  4.9 7.0 

U/p b-value  16.7 16.2 

   

Damage index 69.8 69.3 

P K
+
 352 411 

P L-value  32.0 30.3 

P a-value  4.8 7.0 

P b-value  16.1 14.8 

P moisture  12.4 12.0 

   

Storage moisture  12.1 11.4 

Compaction 4.0 4.0 

Sugaring 0 0 

Storage L-value  33.7 33.2 

Storage a-value  6.4 8.5 

Storage b-value  17.3 17.0 
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In 1997, the moisture content of both ground and rack dried fruit was adjusted prior to processing 

to about 13% to achieve post processing moisture contents similar to commercial levels.  There 

was no significant „finishing off‟ treatment effect on most quality parameters including colour at 

all times of measurement (table 2.8.4).  Ground drying produced a significant increase in 

processing damage (ie. higher damage index and surface skin K
+
), presumably due to increased 

brittleness associated with „case hardening‟.  After storage there were no differences in sugaring or 

compaction. The ground dried fruit had a lower moisture content.   
 
   

 

 

Table 2.8.4.  Sultana dried fruit quality, with or without ground drying to remove excess 

moisture after rack drying in 1997. Bold typeface denotes quality factors for which significant 

differences were determined (p = 0.05). 

 

 

1997  

Quality parameters finish on ground finish on rack 

   

U/p L-value  36.7 37.2 

U/p a-value  5.3 5.0 

U/p b-value  17.6 17.6 

U/p K
+
 196 196 

   

P L-value  32.1 30.8 

P a-value  4.8 5.0 

P b-value  15.9 15.7 

Damage index 75.3 70.8 

P moisture  14.5 14.6 

P K
+
 313 254 

   

Storage L-value  32.5 34.3 

Storage a-value  6.6 6.7 

Storage b-value  15.5 14.9 

Sugar 0.8 0.8 

Compaction 3.5 3.6 

Storage moisture  14.2 14.7 

   

 

 

In conclusion, this type of experimentation is very difficult to implement; in particular achieving 

similar moisture contents before processing proved to be difficult.  When this was done in 1995 

and 1997 the longer drying on the rack (ie the unfinished treatment) gave similar fruit colour to 

the ground dried product with no impact on processability or stored fruit quality characteristics.  

In 1994 the effects of fruit darkening, reduced processing damage and higher sugaring was 

associated with higher moisture contents in the unfinished fruit.  This highlights the importance 

of careful moisture monitoring when drying sultanas to ensure over dried fruit is not delivered to 

packers. 



 66 

 

Solar rack drying 

 

In the last decade there has been widespread adoption of solar weave curtains as a technique to 

facilitate the removal of moisture during the later stages of drying. Trials have been undertaken 

by Agriculture Victoria (AgVic) with solar dehydration and the use of fans to facilitate moisture 

movement through curtained racks.  In 1995, fruit samples were provided by AgVic from a 

comparison of normal rack drying and solar curtains with or without fan assisted air movement. 

The fruit was either kept for processing without further drying or ground dried for one day.   

 

When drying was completed on the ground there were no significant treatment effects on fruit 

colour at any time of measurement, except after processing when fruit from the solar curtain 

treatment was slightly darker (table 2.8.5).  Capstem removal was improved by both solar curtain 

treatments.  Damage index was highest with the solar curtain treatment.  Both solar curtain 

treatments had higher levels of surface K
+
 after processing with the solar curtain only treatment 

the highest.  The significant differences in moisture content when measured after storage suggest 

that the control and the fan assisted solar treatment may have had highest and lowest moisture 

levels prior to processing. There were no significant effects on sugaring or compaction.     

 

 

Table 2.8.5. Sultana dried fruit quality when produced by normal or two solar rack drying 

treatments (ie. with or without fan assisted movement) in 1995.   All treatments were both 

ground dried to achieve an acceptable moisture level, ie. finished off. Bold typeface denotes 

quality factors for which significant differences were determined; values with different 

subscripts are significantly different (p = 0.05). 

 

Finished   Solar rack Solar rack 

1995 control curtain curtain & fan 

    

U/p moisture (no reps) 11.3 10.5 11.5 

U/p L-value 32.2 32.3 30.6 

U/p a-value 2.3 3.4 2.8 

U/p b-value 15.6 15.9 14.8 

    

Capstems 7.1b 2.9a 3.8a 

Damage index 61.1a 70.7b 62.8a 

P K
+
 285a 491c 362b 

P L-value  33.7b 29.7a 32.6ab 

P a-value  4.1 4.0 5.0 

P b-value  15.3 13.2 15.5 

    

Storage moisture  16.0c 14.8b 13.5a 

Compaction 4.0 5.0 5.0 

Sugaring 0 0 0 

Storage L-value  35.9 35.5 35.4 

Storage a-value  6.0 5.5 5.6 

Storage b-value  17.0 15.9 17.4 
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There were no significant treatment effects on fruit colour at any time of measurement when the 

fruit was processed without „finishing off‟ (table 2.8.6).   

 

The solar curtain treatment and the solar plus fan treatments had the best and worst capstem 

removal respectively.  Damage index was increased by both the solar curtain treatments.  The 

solar curtain treatment and the solar plus fan treatments had the highest and lowest levels of 

surface K
+
 after processing.  The significant differences in moisture content when measured after 

storage suggest that fan assisted solar treatment had the lowest moisture levels prior to 

processing.  There were no significant effects of treatments on compaction or sugaring.     

 

  

Table 2.8.6.  Sultana dried fruit quality when produced by normal or two solar rack drying 

treatments (ie. with or without fan assisted movement) in 1995.  Finishing off treatments were 

not applied. Bold typeface denotes quality factors for which significant differences were 

determined; values with different subscripts are significantly different (p = 0.05). 

 

unfinished  Solar rack Solar rack 

1995 control curtain curtain & fan 

    

U/p moisture (no reps) 13.0 11.9 12.9 

U/p L-value (no reps) 34.4 33.6 34.0 

U/p a-value (no reps) 5.8 5.6 7.0 

U/p b-value (no reps) 17.5 18.1 15.9 

    

Capstems 2.4b 0.9a 3.6c 

Damage index 67.4a 72.1b 74.2b 

P K
+
 411b 473c 325a 

P L-value (no reps) 31.3 33.3 34.5 

P a-value (no reps) 5.5 7.5 7.4 

P b-value (no reps)  16.1 16.0 17.5 

    

Storage moisture  16.0b 16.1b 14.8a 

Compaction 4.5 5.0 5.0 

Sugaring 0 0 0 

Storage L-value  36.2 36.8 35.7 

Storage a-value  5.6 5.0 5.6 

Storage b-value  17.3 17.3 17.2 
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Hot Boxing 

 

The delivery of hot fruit has been discouraged by the introduction of penalties.   Previous studies 

showed that the problem could be attributed to „boxing‟ of high temperature fruit after 

dehydration or from ground sheets.   Fruit in the centre of bins filled with hot fruit cools slowly 

taking up to 12 days to reach ambient conditions.  It has been noted that high temperature fruit is 

soft and becomes very compact in bulk bins.  High temperature storage and processing has been 

shown to contribute to fruit darkening and damage in processing.  In this project the impact of 

hot boxing on fruit processing and quality parameters was studied by selecting samples from 

different positions within bulk bins.  High fruit temperatures (45-50 
0
C) were achieved by boxing 

ground dried fruit around 4.30 pm.  The bins were stored in an open shed for three months prior 

to sampling and processing.  Sufficient quantities of fruit were not available to have comparative 

trials with fruit boxed at low temperature in 1995 and 1996. 

 

        

 

Table 2.8.7.  Quality of dried sultanas selected from different positions within a bulk bin filled 

with hot fruit and stored under ambient conditions for 3 months in 1995. Bold typeface denotes 

quality factors for which significant differences were determined; values with different 

subscripts are significantly different (p = 0.05). 

 

 

 Hot Hot Hot Hot 

1995 Top 8cm Centre Bottom 

     

U/p K
+
 293a 450c 371b 430c 

U/p L-value 37.0 33.3 36.1 36.6 

U/p a-value 5.9 5.7 5.0 6.0 

U/p b-value 17.6 17.0 18.5 16.6 

     

Capstems 18.7b 0.8a 1.5a 0.8a 

Damage index 41.0a 72.3b 81.8c 72.5b 

P K
+
 198a 436b 659c 327ab 

P L-value  33.0 31.2 31.2 33.6 

P a-value  7.0 5.9 5.6 5.6 

P b-value  17.3 16.0 16.5 16.2 

P moisture  16.7b 11.8a 10.9a 11.4a 

     

Storage moisture  18.2c 12.2b 11.3a 11.2a 

Compaction 4.0 4.0 4.3 4.0 

Sugaring 1.5b 0.0a 0.0a 0.0a 

Storage L-value  31.2 30.3 31.2 30.9 

Storage a-value  7.0c 6.1ab 5.5a 6.5bc 

Storage b-value  15.7 15.7 16.1 15.7 

     

 

 

In 1995, it was observed that high humidity and rain during the pre-processing storage period led 

to uptake of moisture at the top of the box (not measured).  This effect was maintained after 

processing and storage and contributed to sugaring and reddening of the top sample (table 2.8.7).  

In general, there were no differences in fruit colour.  However, from a processing damage 

perspective the results indicate two significant problems.  Firstly, the fruit in the centre of the bin 

had significantly higher damage index and surface K
+
 after processing.  Secondly, the moist, top 
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fruit had very high capstem retention but very low damage index and surface K
+
.  In practice, all 

the samples from the one bin would have been processed together and equipment adjusted to 

remove capstems from the moist, top fruit would lead to severe processing damage of the other 

fruit samples.  These results clearly show that hot boxing and storage under high humidity prior 

to processing produces fruit with very different processing characteristics within a bulk bin. 

They indicate, not only that hot boxing should be avoided but that bulk bins should be stored 

under controlled atmosphere conditions prior to processing (ie. 55% RH to maintain 13% 

moisture). The differences in pre-processing surface K
+ 

between the top fruit and the other 

samples indicate potential migration of drying emulsion, or at least the K
+ 

component during 

storage. 

     

 

Table 2.8.8.  Quality of dried sultanas selected from different positions within a bulk bin filled 

with hot fruit and stored under ambient conditions for 3 months in 1996. Bold typeface denotes 

quality factors for which significant differences were determined; values with different 

subscripts are significantly different (p = 0.05). 

 

 Hot Hot Hot 

1996 Top Centre Bottom 

    

U/p K
+
 254a 332a 919b 

U/p L-value 30.0 30.2 32.0 

U/p a-value 5.5b 5.8b 4.1a 

U/p b-value 14.9 15.3 16.9 

    

Capstems 7.1 6.7 5.9 

Damage index 62.1a 66.7b 75.8c 

P K
+
 332a 352b 489c 

P L-value  36.0 36.0 38.2 

P a-value  5.7 5.9 5.5 

P b-value  19.2 18.7 19.8 

P moisture  14.7b 14.1a 14.7b 

    

Storage moisture  14.8b 13.7a 15.0b 

Compaction 4.3a 5.3b 6.0b 

Sugaring 1.0 1.0 1.3 

Storage L-value  29.7 29.7 30.8 

Storage a-value  7.0 6.8 6.4 

Storage b-value  14.4 14.4 15.6 

    

 

Pre processing storage conditions did not lead to moisture uptake by the top fruit in a hot boxed  

bulk bin in 1996.  However, the results indicate that the overall moisture content of the fruit was 

higher than in 1995 (table 2.8.8).  While there were no major differences in fruit colour, except 

that the bottom fruit was greener prior to processing, the results clearly show large differences 

within the bulk bin in other characteristics.  Prior to processing, there was a significant increase 

in surface K
+
 at the bottom of the bin, presumably due to compression effects and extrusion from 

within the berry.  Processing damage (ie. damage index and post processing surface K
+
) and 

compaction increased with depth within the bin.  Further investigation of this phenomena is 

required particularly with respect to comparing cool and hot boxed fruit and storage of high 

moisture fruit.  
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Because of the very significant results from the hot boxing studies in 1995 and 1996 further 

positions within the hot box fruit were sampled in 1997 and a cold boxed treatment included. 

However, it should be noted, that the bulk bin from the cold treatment was not completely filled 

and hence, only the bottom was sampled for study.  

 

 

Table 2.8.9.  Quality of dried sultanas selected from different positions within a bulk bin filled 

with hot fruit and stored under ambient conditions for 3 months in 1997.  Bold typeface denotes 

quality factors for which significant differences were determined; values with different 

subscripts are significantly different (p = 0.05). 

 

 Cold Hot Hot Hot Hot Hot 

1997 Bottom Top 10-15cm Centre Centre-side Bottom 

       

U/p moisture (no reps) 11.0 13.3 10.3 10.3 9.5 9.5 

U/p L-value 35.0 34.4 32.0 33.2 31.8 33.1 

U/p a-value 3.6a 5.9c 6.0c 5.0b 5.9c 4.3ab 

U/p b-value 17.0 16.1 15.9 15.9 15.0 16.4 

       

Damage index 81.9b 74.1a 80.4b 79.5ab 81.9b 84.5b 

P K
+
 149a 381b 518c 305b 305b 614d 

P L-value  34.6c 33.0bc 32.5bc 29.9a 31.9ab 31.5ab 

P a-value  4.8a 5.8a 9.0b 6.4a 6.4a 4.9a 

P b-value  17.3b 15.9ab 19.9c 14.9ab 15.1ab 14.1a 

P moisture  13.7c 16.3d 13.3b 12.0a 11.3a 12.5ab 

       

Storage moisture  14.3b 15.5c 13.0a 12.9a 14.2b 12.9a 

Compaction 4.2 4.7 4.2 4.7 5.3 4.8 

Sugaring 0.8a 3.0b 0.3a 0.7a 0.7a 0.5a 

Storage L-value  31.9 31.5 30.7 30.3 31.8 30.3 

Storage a-value  6.6a 7.4bc 8.0c 7.8c 7.5b 6.9ab 

Storage b-value  14.9 13.9 14.2 14.5 15.6 14.1 

       

 

Results from 1997 indicate differences in sultana fruit characteristics, both within the hot boxed 

bin and between the hot and cold treatments (table 2.8.9).  While not significant the top fruit 

appeared to have higher moisture content prior to processing, a difference maintained after 

processing and storage.  Fruit lightness and yellowness were not significantly different prior to 

processing although fruit from both the cold treatment and the top position of the hot box tended 

to have the lightest and most yellow fruit.  The cold treatment and the bottom of the hot box had 

the greenest fruit.  After processing, damage index was highest and lowest for the bottom and top 

hot box positions respectively.  The cool treatment had significantly lower post processing 

surface K
+ 

while the bottom fruit from the hot box had the highest, again suggestion compression 

and K
+ 

extrusion from berries.  After processing the cool treatment and the top, hot box fruit had 

the lightest fruit samples while fruit from the hot centre was the darkest.  Cool fruit and the hot 

box, bottom fruit were the greenest samples while fruit from the 10-15cm sample was the least 

yellow fruit was from the bottom of the hot box.  After storage, there were no significant 

differences in compaction but the moist, top fruit from the hot box had significantly more 

sugaring.   Colour characteristics with respect to fruit lightness and yellowness were similar. The 

hot 10-15 cm and centre position had the reddest fruit while fruit from the cool treatment and the 

hot bottom position was the greenest.     
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Comparison of commercial drying oils 

 

There has been a complete change by industry from tallow based drying oils to those produced 

from vegetable oils.  In this project, all available commercial drying oils were tested each season, 

1994-97, by rack drying.  In season 1994, a commercial tallow based drying oil was available 

and included and fruit was either processed without „finishing off‟ or ground dried.  The 

numbering system for each brand of oil was retained each season.  It should be noted that all the 

oils were trialed using 1.0% oil and 1.25% K2CO3 rather than the manufacturers 

recommendations for rack spraying.   

 

Pre processing data was not collected in 1994.  In that season the various drying oils produced 

small but significant differences after processing without finish drying in damage index and 

surface K
+
 (table 2.8.10a.).  Levels of both indicators of processing damage increased following 

ground drying. Processing damage of the vegetable based oils was equal to or lower than the 

tallow based oil.  Small differences in fruit storage moisture without finishing off probably 

reflected differences at the completion of drying.  There were no significant effects of drying oil 

on compaction and sugaring and only very small differences in fruit colour.  

 

 

Table 2.8.10. Dried sultana fruit quality when rack dried after application of seven emulsions 

formulated from commercial drying oils in 1994.  The fruit was processed either without 

application of a finishing off treatment or ground dried.  Bold typeface denotes quality factors 

for which significant differences were determined; values with different subscripts are 

significantly different (p = 0.05). 

 

1994 Drying oil 

Quality 

parameters 

1 2 3 4 5 6 7 

tallow 

a. Not finished  

 

       

Damage index 63.0a 68.0bc 62.9a 70.8c 70.3c 65.8ab 70.0bc 

P K
+
 358cd 322abc 280a 338bc 284ab 306abc 420d 

        

Storage moisture  13.8ab 13.8ab 14.2abc 13.7ab 15.0c 14.5bc 13.3a 

Compaction 4.2 4.1 3.9 4.2 3.9 3.7 4.6 

Sugaring 2.8 2.9 3.1 2.6 3.1 2.8 2.8 

Storage L-value  28.3a 29.3bc 28.8abc 29.6c 28.6ab 29.1bc 29.4bc 

Storage a-value  7.0 7.4 7.2 7.2 7.5 7.2 7.4 

Storage b-value  11.7 12.5 11.9 12.2 11.6 12.1 12.3 

 

b. Finished by 

ground drying 

 

       

Damage index 72.5bc 75.0bc 71.0ab 77.1c 66.5a 74.9bc 75.9bc 

P K
+
 464bc 394ab 354a 408ab 335a 381ab 541c 

        

Storage moisture  11.3 11.5 12.2 11.7 11.6 11.7 12.2 

Compaction 4.9 4.6 4.6 4.9 4.7 4.6 4.8 

Sugaring 1.8 2.0 2.2 1.4 1.7 1.7 2.0 

Storage L-value  29.3a 31.1b 29.9a 31.1b 29.2a 30.1ab 30.3ab 

Storage a-value  7.3 7.6 7.2 7.3 7.6 7.5 7.9 

Storage b-value  12.7ab 14.2c 12.8ab 13.8bc 12.4a 13.3abc 13.1abc 
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In 1995, all drying oils produced fruit with very similar characteristics (table 2.8.11).  Prior to 

processing the samples were indistinguishable, except for small differences in surface K
+
.   There 

were small differences in capstem retention and surface K
+
 after processing.  Fruit produced with 

oil 6 was greener.  There were no significant differences in moisture content, compaction and 

sugaring after storage.  The lightest, most yellow fruit was produced by oil 3 while the darkest, 

least yellow fruit was produced by oil 4.  

 

 

Table 2.8.11. Dried sultana fruit quality when rack dried after application of five emulsions 

formulated from commercial drying oils in 1995. Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05). 

 

1995 Drying oil 

Quality 

parameters 

1 2 3 4 6 

      

U/p K
+
 313c 233a 241a 239a 280b 

U/p L-value  33.6 34.1 32.8 33.0 34.3 

U/p a-value  4.5 5.2 4.6 4.9 4.9 

U/p b-value  17.0 17.5 16.7 16.8 17.4 

      

Capstems  2.2b 1.3a 3.0c 1.7ab 1.6ab 

Damage index 68.2 70.4 68.8 68.1 70.2 

P K
+
 383b 422c 364ab 397bc 334a 

P L-value  31.3 33.7 30.9 31.5 32.6 

P a-value  5.5b 5.4b 5.6b 5.2b 4.4a 

P b-value  15.6 16.4 15.2 15.9 16.8 

P moisture  12.8 12.4 12.8 13.0 13.1 

      

Storage moisture  12.6 12.6 12.6 12.9 12.8 

Compaction 4.3 4.1 4.3 4.3 4.0 

Sugaring 0 0 0 0 0 

Storage L-value  32.1a 34.2b 36.6c 30.6a 36.6c 

Storage a-value  6.8abc 7.1b 7.3c 6.6a 6.7ab 

Storage b-value  16.7ab 17.4b 18.6c 15.7a 18.5c 
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Prior to processing in 1996, fruit colours produced by the various drying oils were very similar 

except that oil 6 was darker (table 2.8.12).  However, after processing this was reversed with oil 

six fruit being the lightest and most yellow sample.  There were small but significant differences 

in processing damage between the drying oils.  After storage fruit characteristics were 

indistinguishable except that oil 1 had the most yellow and oil three the least yellow fruit.       

 

 

Table 2.8.12. Dried sultana fruit quality when rack dried after application of five emulsions 

formulated from commercial drying oils in 1996. Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05). 

 

1996 Drying oil 

Quality 

parameters 

1 2 3 4 6 

      

U/p L-value  30.0a 32.1b 31.7b 31.7b 32.1b 

U/p a-value  6.7 6.9 7.1 6.6 7.2 

U/p b-value  13.9 14.5 13.6 13.9 13.8 

      

Damage index 54.8a 61.0b 53.4a 55.9a 59.8b 

P K
+
 178a 196b 192b 221c 178a 

P L-value  32.4c 30.8ab 30.4a 31.8bc 31.7bc 

P a-value  7.1 7.3 7.4 7.1 7.8 

P b-value  15.6c 13.7ab 13.4a 14.4b 14.2ab 

P moisture  14.5c 14.0a 14.2ab 14.3bc 14.5c 

      

Storage moisture  13.6 13.2 13.4 13.6 13.6 

Compaction 3.8 3.9 4.0 3.8 3.8 

Sugaring 0.7 0.8 0.7 0.5 0.6 

Storage L-value  27.6 27.2 27.1 27.5 27.6 

Storage a-value  7.7 7.4 7.6 7.8 8.1 

Storage b-value  12.9c 12.0ab 11.9a 12.6ab 12.7bc 
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In 1997 the drying oils produced fruit with very similar characteristics prior to processing except 

for small differences in surface K
+  

(table 2.8.13). After processing and storage, there were no 

significant differences in fruit characteristics except for small differences in moisture and 

sugaring after storage.   

 

 

Table 2.8.13. Dried sultana fruit quality when rack dried after application of five emulsions 

formulated from commercial drying oils in 1997. Bold typeface denotes quality factors for which 

significant differences were determined; values with different subscripts are significantly 

different (p = 0.05). 

 

1997 Drying oil 

Quality 

parameters 

1 2 3 4 6 

      

U/p moisture 14.0 15.0 13.0 13.7 13.0 

U/p K
+
 313c 176a 293c 274bc 215ab 

U/p L-value  31.3 33.5 34.7 32.7 31.1 

U/p a-value  5.4 5.5 6.0 5.6 5.1 

U/p b-value  14.9 16.6 17.0 16.6 15.1 

      

Damage index 64.0 61.0 63.3 63.6 60.1 

P K
+
 254 254 203 297 293 

P L-value  31.7 33.5 - 33.8 34.0 

P a-value  6.6 7.7 - 6.2 6.3 

P b-value  14.9 16.0 - 16.2 17.3 

      

Storage moisture  14.0a 14.5b 14.7c 14.6bc 14.8c 

Compaction 3.3 3.5 2.7 3.2 3.2 

Sugaring 0.0a 0.7b 0.0a 0.7b 0.2a 

Storage L-value  32.6 32.7 31.5 32.0 32.2 

Storage a-value  7.9 8.0 7.8 7.9 8.8 

Storage b-value  16.1 16.1 15.0 15.6 15.7 

      

 

Overall, the drying oils comparisons indicate that effects of drying oil type on fruit 

characteristics including colour, processing damage, sugaring and compaction are small.  

Industry adoption of vegetable based oils can be eliminated as a cause contributing factor to 

production of soft textured fruit.   

 

9. Extension to industry 

 

Results and significant outcomes were presented to industry at a number of major industry 

forums, during and after completion of the project.  In addition presentations are made through 

the „drying for profit program‟ to grower groups on a regular basis across the region (eg. the 

trellis drying short courses).  Key industry forums organised by DFRDC/Riverlink at which 

presentations were given included:-  

 Dried fruit processing research seminar, December 1997. 

 „Growing for Profit‟ growers day 1998 (ie. “Fruit characteristics affecting processing 

efficiency and product quality”) 

 Dried Vine Fruit Nutrition Workshop, November 1998. 

 Dried fruit Quality in the New Millennium workshop, November 1999. 
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Disclaimer 

 

CSIRO give no warranty and make no representation that the information contained in the report 

is suitable for any purpose or is free from error. 

 

All use of the information in the report shall be entirely at the risk of the recipient.  CSIRO and 

its officers, employees and agents accept no responsibility for any person acting or relying upon 

any opinion, advice, representation, statement or information contained in the report, and 

disclaim all liability for loss, damage, cost or expense incurred or arising by any reason of any 

person using or relying on the information contained in the report or by reason of any error, 

omission, defect, or mis-statement.   


