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Media Summary 
 
The dried vine fruit industry moved from sweat-boxes to half tonne wooden bins for dried fruit 
storage prior to processing during the 1970’s.  There are concerns that wooden bins may not meet 
more stringent food safety standards as they can be a source of physical, microbial and insect 
contamination.  In this study two types of plastic half tonne storage bins (ie. solid or slotted sides) 
suitable for pre-processing storage of dried vine fruit were compared to the standard plywood sided, 
half tonne bin.  Parameters measured before and after a four month storage period with three fruit 
types included, moisture content, colour, processing damage, moulds, ochratoxin A and sensory 
taints. These parameters were measured from samples taken at three different depths within the fruit 
profile.                     
 
Analysis of the data showed that there was no effect of bin type on fruit colour, processing damage, 
mould, ochratoxin A contamination or sensory taints.  Moisture profiles were different in the plastic 
slotted bin type compared to the plywood and solid plastic bin due to greater moisture loss during 
the warm storage period from fruit at deeper positions within the bin. Under cooler, humid ambient 
conditions uptake of moisture could be expected in this case. In this study across all bin types fruit 
at the top of the bin dried out resulting in increased processing damage.  
 
The research demonstrated that there were no dried grape quality related impediments to adoption 
of either solid or plastic slotted bulk bins to replace wooden bins in storage.  The use of slotted 
plastic bins should however be carried out with the proviso that moisture profiles in these bins will 
be affected more markedly by the ambient weather than the solid plastic bins and appropriate 
management of these bins will be needed.  It was also noted that these bins lost fruit from the slots 
during loading and movement about the shed. 
 
 
 



3 

Technical Summary 
 
The dried vine fruit industry moved from sweat-boxes to half tonne wooden bins for dried fruit 
storage prior to processing during the 1970’s.  There are concerns that wooden bins may not meet 
more stringent food safety standards as they can be a source of physical, microbial and insect 
contamination.  Wooden splinters from the bins and nails from repairs may find their way into the 
product and insect and microbial contamination have been demonstrated due to the difficulty of 
cleaning the bins. 
 
Critical to the adoption of plastic bins is a demonstration that fruit quality will not deteriorate any 
quicker in plastic than it would in wooden bins.  Impediments to adoption would occur if quality 
factors such as moisture profiles, colour of the fruit, or mould contaminants were adversely affected 
by storage in plastic.  In this study two types of plastic half tonne storage bins (ie. solid or slotted 
sides) suitable for pre-processing storage of dried vine fruit were compared to the standard plywood 
sided, half tonne bin.  Parameters were measured before and after a four month storage period with 
three fruit types, being a three crown trellis dried sample, the same sample heated to over 30oC prior 
to being placed in the bins and a wet (pool 2) 3 crown trellis dried sample.  Parameters measured 
included moisture content, colour, processing damage, moulds, ochratoxin A and sensory taints.  
These parameters were measured from samples taken at three different depths within the fruit bin 
profile. The study involved the three bin types and three fruit types with three replicates of each 
treatment combination in a completely randomised experimental design.  Data from the experiment 
were analysed by ANOVA using the statistical package Genstat.   
 
There were no significant effects of bin type on the fruit colour, damage occurring during 
processing, yeast, mould and ochratoxin A contamination. The plastic slotted bin type produced 
different moisture profiles within the fruit compared to the plywood and solid plastic bin treatments. 
This was associated with lower moisture contents at greater depths within the fruit profile due to 
drying out during the warm summer storage period.  Conversely under cooler more humid 
conditions greater moisture uptake would be expected in the slotted bins.  In this study, across all 
bin types, fruit on top of the bin dried out during storage resulting in increased processing damage.  
 
The results from this study indicate that there are no technical barriers with respect to maintenance 
of fruit quality to the adoption of plastic bins for dried fruit storage.  However adoption of slotted 
plastic bins should be carried out with the proviso that moisture profiles in these bins will be 
affected more markedly by the ambient weather conditions than the solid plastic bins and 
appropriate management of these bins will be needed.   
 
It was also noted that slotted bins lost fruit from the slots during loading and movement about the 
shed. There was some evidence of plastic shavings from the bins becoming an added contaminant 
which will need to be removed from the fruit during processing.   
 
The results showing drying out and increased processing damage of fruit at the top of all bin types 
indicate that there is potential to adopt sealed storage containers to minimise this problem. Adoption 
of solid plastic bins could facilitate this process if lids are available.  
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Introduction 
 
The dried vine fruit industry moved from sweat boxes to half tonne wooden bins during the 1970’s 
for dried fruit storage prior to processing.  In recent years there are concerns that wooden bins may 
not meet standards imposed as part of quality assurance programs demanded by consumers, eg. 
supermarkets and that their use may be finite.  Wooden bulk bins can be a source of physical 
contamination, eg. wooden splinters, nails used in construction, contamination picked up during 
harvest and possible microbial contamination when they are reused.  The joins in the bins have been 
pinpointed as insect pest harbourage areas in past research (Tarr unpublished) which may be 
reduced in plastic bins with no harbourage points.  It is anticipated that solid plastic bins are also 
likely to be easier to clean, hence reducing insect harbourage and contamination.  
 
The major replacement option is the adoption of half tonne plastic bins.  Currently these are as a 
solid plastic or slotted plastic bin type.  This project compared the standard wooden bin with plastic 
bin types in collaboration with the major dried vine fruit packer/processor.  Studies took into 
account fruit handling, storage quality and aspects of food safety.  The key dried vine fruit quality 
parameters that may be affected by changed storage conditions include fruit moisture loss or uptake 
throughout the bin profile, colour changes of the fruit, taints and contamination from the bin.  The 
compaction of the fruit may also be affected by the change in storage conditions and effects on 
processing damage.  A critical factor of changed moisture gradients may be the production of 
moulds and ochratoxin contamination in the fruit if high moisture regions occur.   
 
The maintenance of fruit quality will be a critical factor to the adoption of plastic bins. Outcomes 
from these studies will provide an objective basis for future industry decisions regarding adoption 
of plastic bins.  
 
 
Materials and Methods 
 
Three half-tonne bin types were assessed in this study.  Two types of plastic bins one with slotted 
panels, the other with solid panels, were tested along with a standard plywood sided bin (Figure 1. 
a, b, c).  Moisture and colour changes were measured directly on the fruit after collection from 
targeted positions in the bins using a dried fruit moisture meter and a Minolta chromameter.  The 
bins were tipped to allow convenient collection of these samples.  Larger fruit samples were 
collected after storage for 4 months, this allowed analysis of mould, ochratoxin A and processing 
damage (ie. damage index) as a determinant of compaction and sugaring problems in storage. 
 

 
Figure 1 a: Plastic solid sided bin 
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Figure 1 b: Plastic slotted sided bin 
 

  
Figure 1 c: Plywood bin 
 
Fruit selection and identification occurred in September 2003.  Selected fruit was bin tipped and 
samples taken for assessment in early October 2003 and February 2004.  Fruit supplied by Sunbeam 
included 3 crown light sultanas (waste A, trellis dried) sourced from one delivery and property and 
a wet, 3 crown pool 2 (ie.>15% moisture) sample supplied by a different grower.  Both fruit types,  
referred to as normal and wet types hereafter, had considerable waste present and showed visual 
presence of mould prior to the bins being tipped.  The dried sultanas were bin tipped and placed in 
the test bins on 2nd of October 2003.  The normal fruit was divided into two groups.  The first was 
added to the bins without treatment.  The second group was heated in a dehydration tunnel for half a 
day to uniformly heat the fruit to above 35oC and then tipped into the test bins to simulate ‘boxing’ 
of hot fruit.  
 
The experimental design was a completely randomised design. The three types of bins (plywood, 
plastic slotted, solid plastic) were filled with each of the 3 fruit types (normal, wet fruit and heated).  
There were three replicates of each bin and fruit type, giving a total of 27 bins.  Samples from the 
27 bins were collected at three depths, described below.  The data was subjected to ANOVA using 
the Genstat statistical package.  
 
Fruit samples were collected when the fruit was tipped into the test bins on the 2nd-3rd of October 
2003 and after storage for 4 months on 5-6th of February 2004.  Storage was conducted in a 
commercial facility (ie. Sunbeam, Red Cliffs facility).  Fruit samples were collected from the same 
position in the bin which was facilitated by marking the bins at the original collection.  Samples 
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were collected from the top right hand side of the bin, the centre and bottom left hand corner at both 
collections.    
     
The colour of the unprocessed fruit was measured before and after the storage period.  Measurement 
of CIE tri-stimulus L*, a*,  b*, readings were carried out using a Minolta Chromameter. 
 
Processing damage was assessed by the damage index method after processing the fruit by passing  
samples through a cone and riddles in the CSIRO small scale processing plant.  The standard 
industry test to measure damage occurring on the fruit surface (damage index) was used (Harris & 
Grncarevic 1968; Lewis & Simmons 1978).   
 
References 
Harris, J. M. and Grncarevic, M. 1968  A method for the estimation of damage on dried sultanas.  
Food Technology in Australia, 20; p 472.  
 
Lewis, W.J. and Simmons, I. D. 1978  A test for skin damage of dried grapes.  Food Technology in 
Australia, 30; 391-392.  
  
 
Results 
 
 
Moisture profiles of sultanas placed in ply, plastic slotted and plastic solid bins 
 
The October fruit samples were tested for moisture content after collection and then stored at 3oC 
prior to processing and assessment.  At the start of the study the wet fruit had an average moisture 
content of 16% when placed in the bins, this fell to 12.8% after 4 months storage during summer.  
The normal trellis dried sultanas had an average moisture content of 12.0% which fell to 11.8% 
during warming in the dehydrator, prior to tipping into the bins.  After storage, the normal fruit 
dropped to 11.0% moisture and the heated fruit to 10.4 % moisture. 
 
Prior to storage, there were significant differences (p<0.001) in moisture content between fruit types 
but, as expected, no differences between bin types (Table 1).   Surprisingly, the moisture at the 
centre of the bins was also slightly lower than the top and bottom positions, with a mean of 13.0% 
compared to 13.5% and 13.3%.  After storage for 4 months over summer, fruit from all treatments 
had lower moisture contents (ie. from an overall mean of 13.3% moisture to 11.4%).  In the case of 
the bin treatments the moisture loss was significantly greater with the slotted bins compared to ply 
or solid plastic types.  Moisture contents differed significantly between fruit types after storage with 
the wet fruit retaining higher levels of moisture while the hot fruit had the lowest levels of moisture.  
Moisture loss was however greatest from the wet fruit (16% to 12.8%).  Significant position effects 
show that fruit at the top of the bin lost more water and was drier than fruit from the centre or 
bottom positions.  Significant interactions in moisture loss between bin type x fruit type (p=0.02) 
and fruit type x position in the bin (p<0.001) were associated with greater losses of moisture from 
wet fruit in both the slotted bins and top positions (data not shown).  
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Table 1.  Main treatment effects (bin type, fruit type and position) on pre- and post- storage 
moisture content and the change in moisture content over 4 months summer storage.  Subscripts 
indicate significant treatment differences for comparisons on the same line (ns= not significant, 
p=0.05) 
 
Moisture Bin type Fruit Type Position in bin 
 Plywood Plastic 

slot 
Plastic 
solid 

Normal 
 

Wet 
 

Hot  
 

Top Centre Bottom

Pre-  13.2 ns 13.3 ns 13.4 ns 12.0a 16.0b 11.8a 13.5b 13.0a 13.3ab 
Post- 11.6b 10.9a 11.7b 11.1b 12.8c 10.4a 10.1a 11.8b 12.4c 
Loss 1.52a 2.33b 1.62a 0.97a 3.17b 1.34a 3.39b 1.17a 0.92a 
  
 
Plastic slotted bins had drier fruit after storage (Table 1) when compared to the other bin types.  The 
reduction in moisture content of the high moisture fruit in the slotted bins during summer was more 
consistent throughout the bin profile than in the fruit stored in either the solid plastic bins or the 
plywood bins (Figure 2).  It is likely that the reverse would occur with moisture uptake by fruit 
positioned either at the top of a bin or in all positions in the profile of slotted bins if stored in winter 
under conditions of higher relative humidity. 
 
 
Figure 2. Moisture change at 3 positions in the bin profile during storage of wet sultanas placed in 
three types of storage bins (n=3).  First moisture measurement was made on original fruit samples 
tipped from bins in October 2003 and the second moisture measurement was carried out on fruit 
tipped in February 2004 after sealed cool storage for 2 months. 

 
 
Treatment effects on pre- and post- storage fruit colour 
 
Pre- and post- storage CIE tri-stimulus colour (L*, a*, b*) are presented in Table 2.  There were no 
significant effects attributable to bin type on any pre- or post-storage colour parameter. Prior to 
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storage the L-value of the normal was significantly higher than the wet and hot fruit types.  The 
effect of heat treatment indicates darkening of the normal fruit with heating in the dehydrator prior 
to storage.  The darker wet fruit may reflect differences between growers or darkening due to higher 
moisture contents in storage prior to commencement of the project.  L- value differences between 
fruit types were maintained after storage. There were no pre- or post-storage positional effects on L-
value. 
  
The small, but significant differences in a-value indicate that the normal fruit type was slightly 
redder than the wet or hot fruit prior to storage while the hot fruit was the reddest and the wet fruit 
the least red after storage.  The significant post-storage positional effect on a-value indicates fruit 
reddening at the bottom of the bin.  
 
While pre-storage b-values were unaffected by fruit type or position, post-storage effects were 
significant.  Although these effects were very small, wet fruit had lower b-values indicating that it 
was less yellow than the other fruit types.  Fruit at the bottom of the bin was slightly more yellow 
than samples from the other positions.   
 
Table 2. Main treatment effects (bin type, fruit type and position) on pre- and post-storage sultana 
tri-stimulus colour (L*-value, a*-value and b*-value).  Subscripts indicate significant treatment 
differences for comparisons on the same line (ns= not significant, p=0.05).  
 
Colour Bin type Fruit Type Position in bin 
 Plywood Plastic 

slot 
Plastic 
solid 

Normal Wet Hot Top Centre Bottom

L* pre-  30.2ns 30.1ns 29.7ns 31.3b 29.7a 30.3ab 30.0ns 29.7ns 30.3ns 
L* post- 29.8ns 30.0ns 30.0ns 30.8b 29.4a 29.6a 29.6ns 29.6ns 30.68ns 
a* pre- 6.01ns 6.15ns 5.99ns 6.37b 6.03a 5.76a 6.08ns 5.98ns 6.09ns 
a* post- 6.14ns 6.05ns 6.00ns 6.07ab 5.84a 6.28b 5.90a 5.89a 6.40b 

b* pre- 11.6ns 11.6ns 11.4ns 11.5ns 11.4ns 11.7ns 11.4ns 11.4ns 11.7ns 
b* post- 11.1ns 11.5ns 11.2ns 11.7b 10.7a 11.4b 11.1a 10.8a 11.9b 
 
 
Treatment effects on pre- and post-storage processing damage 
  
All damage indexes were low (mean 49.2).  Neither the pre- or post-storage processing damage 
determined by damage index (DI) was affected by bin type (Table 3).  There was however a 
significant effect of bin type on the difference occurring in storage due to a significant increase with 
the slotted plastic bin compared to the other bin types.  Prior to storage, normal fruit had higher 
processing damage than the wet or hot fruit types.  Differences between the normal and wet fruit 
were maintained after storage however the hot fruit treatment had the highest damage due to a very 
significant increase in the damage index.  Post-storage damage index of the top fruit was 
significantly higher than the centre and bottom positions. This was due to the significant increase 
which occurred in storage whereas damage was slightly lower in both the other positions.     
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Table 3. Main treatment effects (bin type, fruit type and position) on pre- and post-storage sultana 
processing damage, damage index (DI).  Subscripts indicate significant treatment differences for 
comparisons on the same line (ns= not significant, p=0.05).  
 
 Bin type Fruit Type Position in bin 
 Plywood Plastic 

slot 
Plastic 
solid 

Normal Wet Hot Top Centre Bottom

Pre- DI  48.0ns 47.6ns 49.2ns 50.9b 47.2a 46.7a 48.1ns 49.3ns 47.5ns 
Post- DI 48.7ns 50.3ns 48.7ns 50.0b 44.0a 53.6c 53.6b 47.1a 47.0a 
DI change 0.74b 2.64c -0.54a -0.92a -3.17a 6.93b 5.53b -2.23a -0.46a 
  
Previous research has shown that high processing damage can be linked to low fruit moisture 
contents and to lighter coloured fruit (ie. the L- and b-values).  To assess whether similar responses 
were involved in this study, correlations between damage index, moisture and colour were 
determined across the various treatments (Table 4).  The significant, negative correlations between 
post-storage damage index and moisture content indicate that drier fruit samples had higher levels 
of processing damage. Hence, treatments producing lower moisture contents would have higher 
processing damage (ie. slotted bins, hot fruit and fruit from top position). Processing damage was 
not linked to fruit colour.   Other significant correlations include a negative relationship between 
pre-storage moisture and b-value and positive linkages between fruit colour variables (Table 4).    
 
Table 4.  Matrix of correlations between post-storage DI, pre- and post-storage moisture contents 
and post-storage fruit colour. Values highlighted in bold are significant (P>0.01, n=81).   
  
 Post-DI Pre moist. Post-moist. L-post  a-post 
Pre- moist. -.51     
Post- moist. -.59  .54    
L-post -.11 -.22 -.04   
a-post  .05 -.25  .05 .35  
b-post -.04 -.30 -.07 .81 .51 
      
 
 
Mould, yeast and mycotoxins 
 
Mould, yeast and mycotoxin analyses were undertaken after completion of storage studies.  Three 
pre-storage samples were taken from combined samples of each fruit type and kept in cool storage 
(3oC) for the 4 months storage period.  The post-storage samples were obtained from mixed samples 
of two of the three bins per treatment. 
 
Across all the pre-storage samples there was a high level of mould with a mean value of  
13,111 coliforms/gram (cf/g) ranging from 5,000 – 28,000 cf/g.  Yeast levels were generally low 
with less than 1000 cf/g per sample detected.  High levels of ochratoxin A (oA) were measured in 
this study with a mean pre-storage level of 16.1 ppb ranging from <1 ppb (9 samples) to 30 ppb.  
Many samples exceeded the acceptable EU tolerance for oA of 10 ppb (µg/kg).  There were no 
significant pre storage effects attributable to bin type, fruit type or their interactions for mould, 
yeast or oA. 
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Figure 3.  Mean pre- and post-storage ochratoxin A values of sultana fruit from each bin and fruit 
type combination. 
 
The post-storage analysis samples were obtained from mixed samples of two of the three bins per 
treatment.  Comparisons of the pre- and post-storage ochratoxin levels (oA) are shown in Figure 3.    
The post-storage samples had a larger range in oA content, ie. mean of  13.1 ppb (max 38.0 - min 
1.3 ppb) which may be attributable to the larger sample numbers (total of 18 samples compared to 3 
pre-storage).  There were however no significant differences due to bin-type or fruit type or 
interactions.  It is interesting to note increases in oA between pre- and post-storage occurred in only 
three treatments which included each bin type.        
 
 
Compaction, taint and other observations 
 
Fruit condition was observed during bin tipping after 4 months storage in the various bins. There 
appeared to be no effects of bin type on compaction of the normal fruit.  The wet fruit produced a 
deeper compacted layer at the bottom of all bins but again there were no discernable bin type 
effects. Similarly, the hot fruit had a deeper compact layer in all bin types than the normal fruit. 
  
There was no evidence of any foreign matter being shed from the plastic bins during the experiment 
(eg. plastic pieces) although discussions with company staff indicate that this problem can occur 
fairly often and Figure 4 shows an example of this problem. There were no unusual taints 
attributable to the plastic bins although most samples developed a slight mouldy smell after cool 
storage, presumably from the mould present in most samples.  A formal taste test could not be 
conducted to assess whether plastic bins had a significant effect on aromatic or taste characteristics 
of the fruit. This should still be done with higher quality fruit.  
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Figure 4. Plastic shreds from a bin which can be a contaminant problem. 
 
It was also noted that the plastic slotted bins tended to loose fruit and cause a mess due to fruit 
dropping out of the bottom and side slots.  This occurred during filling and bin tipping and would 
be expected to occur during any movement of the bins. Figure 5 shows sultana leakage from the 
bins. 
 

 
Figure 5.  Plastic slotted bins with sultanas falling from slots. 
 
 
Discussion 
 
The observation of moisture content profiles, colour changes and compaction after processing have 
shown that there is negligible difference in dried fruit quality measured by these parameters when 
stored in plywood, solid plastic or slotted plastic bins.   
 
There was evidence that moisture loss from plastic slotted bins occurred more evenly throughout 
the bin profile during the warm and dry observation period.  This factor possibly could be used to 
allow passive drying to occur in bins of fruit with marginal moisture contents.  However, it should 
be emphasised that during cool wet weather it would be expected that these bins would also 
facilitate  increase in moisture throughout the bin profile, a more undesirable trait for dried fruit. 
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There was considerable evidence from these experiments that moisture content at the top of the bin 
changes with the weather and that drier fruit is damaged more that wet fruit (range 10 –13.5% 
moisture) during processing. 
 
There was no evidence that storage in plastic bins produced, wet areas in the fruit when using either 
dry or wetter (16%) fruit and no statistical difference between ochratoxin A, mould or yeast levels 
in any of the bins attributable to the bin type. 
 
The sensory evaluation of the fruit was not carried out due to a higher than expected measured level 
of ochratoxin A present in the unprocessed fruit samples which made it unethical to ask participants 
to taste the fruit.  However no visually observable nor olfactory difference in the fruit attributable to 
the bin type was found. 
 
 
Technology Transfer 
 
The project has been an interactive project between CSIRO and Sunbeam Foods, the major dried 
fruit processor in Australia. Hence it is expected that the outcomes from this study will influence 
industry direction regarding adoption of plastic bins once the report is made available.  It is 
expected that the results of this project will encourage the adoption of plastic bins and possibly the 
use of plastic slotted bins with careful management to encourage passive drying of the fruit where 
dehydration has not been able to be carried out.  The results reinforce the outcomes of previous 
studies showing effects of hot boxing on compaction with negative fruit processing characteristics 
and the significant negative effect of low fruit moisture content on processing damage.      
 
 
Recommendations 
 
The use of plastic bins as a replacement for plywood bins has much to commend it.  The bins are 
easy to clean, maintain, less likely to add contaminants to the fruit and do not cause undesirable 
quality changes as measured by moisture, colour, damage index, ochratoxin A, mould and yeasts. 
 
The use of slotted plastic bins should however be carried out with the proviso that moisture profiles 
in these bins will be affected more markedly by the ambient weather than the solid plastic bins and 
appropriate management of these bins will be needed.  It was also noted that the slotted bins may 
have significant advantages for passive drying of fruit. 
 
The results reinforce the outcomes of previous studies showing the effects of hot boxing on 
compaction with negative fruit processing characteristics and the significant negative effect of low 
fruit moisture content on processing damage. The very large differences in moisture content 
attributable to position within the bin and subsequent effects on processing damage indicate a need 
to adopt sealed bin storage such that all fruit is processed at optimum moisture contents.  Adoption 
of solid plastic bins would facilitate this process.    
      


