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MEDIA SUMMARY 
 
Greater understanding of the effect of dehydration processes on the inherent nutrients 
contained in fruits will enable the dried fruit industry to firstly promote the 
consumption of dried fruits on the basis of potential health benefits, and secondly to 
enhance industrial competitiveness by providing a basis for development of novel 
processing strategies to retain or enhance the inherent health benefits of dried fruits.   
 
This research project aimed to understand the impact of dehydration processes on the 
nutritional and health-promoting value of fruits, using fresh fruits as a benchmark.  
Initially, a critical review of the literature was conducted and several compounds of 
interest were identified.  Subsequently, the content of various nutrients were 
established in a range of commercially available dried fruit products manufactured 
both in Australia and overseas.  Then, the content of phenolic compounds and the 
antioxidant activity in plums, grapes and peaches at various stages in commercial 
drying operations was determined. 
 
The nutrient content data of dried fruits, collated and generated within the project, will 
assist the industry in better positioning dried and processed fruits alongside fresh 
fruits in the market place.  This nutrient content data may also be of value to the wider 
food processing industry interested in utilising dried and processed fruits in products 
such as snack foods and cereal bars.  In addition, the dried fruits industry may use the 
information as a basis to develop dried fruit products with consistent nutrient contents. 
 
In conclusion, the project provided new knowledge on the content and variability of 
key nutrients in dried fruit products manufactured in Australia and overseas.   The 
mapping of the phenolic compounds and antioxidant activity of products throughout 
drying processes has shown that drying operations affect the composition and activity 
of these important product quality attributes.   A recommended strategy for further 
development involves increasing the concentration of particular nutrients throughout 
the drying operation and producing final dried products with more consistent content 
and activity of health-active compounds.   Industry may also consider further research 
into the substantiation of specific health benefits through animal or human feeding 
trials.   
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TECHNICAL SUMMARY 
 
Epidemiological studies have shown that consumption of fruit, vegetables and derived 
food products have health benefits against chronic diseases including cardiovascular 
disease and certain types of cancer.  The health-promoting properties of fruits and 
vegetables are due to the presence of some vitamins (A, C and E), dietary fibre and 
nonessential phytochemicals.  Among the phytochemicals, polyphenols warrant 
attention due to their free radical scavenging activities and in vivo biological activities 
that are currently the subject of investigation by many researchers.  However, little is 
known about the extent to which these components are modified, destroyed or 
enhanced when fresh fruits are dehydrated.  Therefore, to enhance the dried fruit 
industry�s competitiveness and enable it to promote the consumption of dried fruits on 
the basis of potential health benefits, a better understanding of the effect of the 
dehydration process on the nutritional and health-promoting capacity of dried fruits is 
required.  This knowledge will provide the basis to optimise existing processes and to 
develop novel processing strategies to retain/enhance health benefits in dried fruits. 
 
A comprehensive literature survey was undertaken to establish the key parameters 
being linked to biological function in humans specific to each product.  A range of 
commercially available dried fruit products (apricots, peaches, prunes, sultanas and 
pears) were extracted and analysed for dietary fibre, vitamins (A, B3 and C), minerals 
(calcium, magnesium, sodium, potassium, phosphorus, iron, copper, manganese and 
zinc), and antioxidants (total phenolic content and antioxidant activity).  Samples of 
plums, peaches and grapes were taken at different stages during the dehydration 
process and analysed for total phenol content and antioxidant activity. 
 
Of the retail dried fruit samples, pears contained the highest total dietary fibre (13%).  
Vitamin C appeared to be degraded during the processing except for Sunbeam 
apricots, which contained 6 mg/100 g.  β-Carotene was predominant in apricots and 
also present in prunes and peaches.  Potassium was the principal element in all 
samples, being particularly concentrated in apricots and peaches.  Prunes and peaches 
had the highest total phenol content and sultanas the lowest.  This was reflected in the 
antioxidant activity with peaches and prunes being the most effective. 
 
The final dry end product from the peach processing line contained the highest total 
phenol content.  This was double that of the commercial sample.  Compared with the 
retail samples, prunes and sultanas had similar contents.  The antioxidant activities of 
each fruit correlated with their total phenol contents.  In general for plums and grapes, 
total phenol content (and antioxidant activity) decreased with increasing drying time.  
Contrary to this, the drying of peaches resulted in an increase in both phenol content 
and antioxidant activity, compared with the fresh fruit.  The highest values were found 
after the sulphur dioxide treatment.  Chlorogenic acid concentrations were highest in 
the dried plum and accounted for about 45% of the content of identified phenolic 
compounds.  Final dried peaches contained the second highest concentration of this 
phenolic compound accounting for 21% of the total phenolic compounds identified in 
the peaches.  Grapes contained the lowest concentration of chlorogenic acid 
accounting for 65% of the identified phenolic compounds.  Contents of all phenolic 
compounds decreased with drying time in both the plums and grapes but increased in 
the peach samples. 
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A recommended strategy for further development involves increasing the 
concentration of particular nutrients throughout the drying operation and producing 
final dried products with more consistent content and activity of health-active 
compounds.  Investigation into the existing unit operations (time, temperature, air 
flow parameters) for specific dried fruit processing is also warranted, as well as 
investigation of the merit of newer drying technologies (eg, refractive window 
drying). 
 
Several objectives for strategic research can also be recommended: (i) Further 
elucidate the identity, structure and function of the assortment of phenolic and other 
compounds (eg, Maillard reaction products) in dried fruit samples, (ii) Establish 
relationships between in-vitro functionality assays  (such as antioxidant activity and 
bioavailability) and in-vivo significance for compounds in dried fruits, and (iii) 
Develop a better understanding of the links between cultural conditions (eg, variety, 
soil and fertilisation regimes, harvest time), dehydration processing and product 
composition.  
 
In the short term, the industry can increase awareness of the health benefits of dried 
fruits through national healthy eating campaigns by using the existing composition 
data.  In the longer term, substantiation of the benefits of particular nutrients needs to 
be established in animal or human clinical trials, in order for the industry to promote 
products with particular and substantiated health claims.   
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1. Project Overview 
 
1.1 Introduction 
 
Recent consumer trends indicate a preference for convenient and tasty foods that 
retain more of their original �natural� content and characteristics of inherent qualities.  
In addition, there is mounting evidence from clinical nutrition studies linking the 
consumption of fruits and vegetables to enhancing optimal health and decreasing the 
risk for a number of chronic diseases.  The dried fruit industry is in a unique position 
to capitalise on these trends by supplying convenient forms of fruits containing the 
inherent health-promoting compounds of fruits in active and concentrated forms. 
 
In order for the Australian dried fruit industry to make the most of the inherent values 
of their products, a scientific approach to identification of the most important 
constituents with respect to nutrient and health-maintenance value, and their 
transformation and loss throughout processing is necessary. 
 
This approach has been recognised by the Australian dried fruits industry and this 
project represents a focussed effort to further develop these opportunities. 
 
 
1.2 Project Aims 
 
The aim of this project was to understand the impact of dehydration processes on the 
nutritional and health-promoting values of fruits through: 

• Identification of changes in the content of fibre, minerals, vitamins and 
phytonutrients throughout the dehydration process. 

• Benchmarking of Australian dried fruit products against competitor products. 
 
The outcomes of this research will enhance the competitiveness of the Australian 
dried fruit industry by: 

• Enabling the industry to promote the consumption of dried fruits on the basis of 
potential health benefits. 

• Providing the basis to develop novel processing strategies to retain or enhance 
the health beneficial compounds in dried fruits. 

 
 
1.3 Approach and Achievements 
 
The chemical compositions of the major vine and stone fruits have been reviewed in 
light of the possible health benefits of these compounds.  The changes in the content 
and composition of these compounds as a consequence of the drying process have 
also been reviewed.  This was achieved through the completion of the following: 

• A review of the information on the content of nutrient classes in vine and 
stone fruits. 

• A review of information on the effect of drying on the content, composition 
and activity of nutrients. 

• A review of information on the possible health effects of nutrients in dried 
fruits. 
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• A review of information on the consumer attitudes and positioning of dried 
fruits. 

• Identification of opportunities to enhance the knowledge of health benefits of 
Australian dried fruits. 

• Consultation with industry partners on feasibility and priorities for research. 
 
Relevant scientific and industry literature, patent and internet publications have been 
surveyed and critically reviewed.  In addition, discussions with local industry 
representatives have been held to further define opportunities.  Findings from this 
extensive review have been summarised, and strategies for exploitation of existing 
knowledge and longer-term research and development needs have also been 
suggested. 
 
Fifteen dried fruit products (local and imported) were purchased and analysed for the 
following health-promoting compounds: 

• fibre 
• minerals 
• vitamins 
• antioxidants 
• phenolic compounds 

 
Of the fifteen commercially available products sampled, a clear distinction between 
Australian and imported products can only be made for prunes and sultanas (Table 
26).  No clear differences in total phenol content can be seen between Australian and 
imported prunes, however the two Australian prune products had a higher dietary 
fibre content than the imported product.  The imported sultana product had higher 
concentrations of total phenol, dietary fibre, vitamin B3 and β-carotene than the two 
Australian products. 
  
Six dried vine fruit samples from the Merbein breeding program were also assessed 
for phenol compound content and antioxidant activity. 
 
After further consultation with industry regarding these findings, three fruits (plums, 
peaches, grapes) were chosen and samples were taken at certain points along the 
dehydration process.  Analysis of these samples for total phenol content and 
antioxidant activity has provided a basic understanding of the effects of the 
dehydration process on the phenolic antioxidant compounds.  A comparison between 
the retail dried fruit products (average of each brand of dried fruit product) and the 
final dried product from each of the three processing lines showed that for prunes the 
total phenol content (Folin) and antioxidant activity (FRAP value) were similar.  
However, the content and activity of the processed line peach product was two times 
greater than the commercial products; and for sultanas the phenol content was 1.5 
times higher and the activity was two times greater in the processed line product than 
the retail products.  This could be due to different varieties of peaches and grapes 
being used for the processed line samples compared to those varieties used for 
commercial dried fruit products.  Individual phenolic compounds were also quantified 
as a function of drying time.   Chlorogenic acid was found to be present at the highest 
concentration in all fruits.   The content of this and other compounds decreased during 
drying of plum and grape samples, but increased during drying of peach samples. 
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2. Literature Review 
 
The chemical compositions of the major vine and stone fruits have been reviewed in 
light of the possible health benefit of these compounds.  The changes in the content 
and composition of these compounds as a consequence of the drying process 
(including prior treatments) have been reviewed through the following activities: 

• A review of information on the content of nutrient classes in vine and stone 
fruits. 

• A review of information on the effect of drying on the content and composition 
of nutrients. 

• A review of information on the possible health effects of nutrients in dried 
fruits. 

• A review of information on the consumer attitudes and positioning of dried 
fruits. 

• Identification of opportunities to enhance the knowledge of health benefits of 
Australian dried fruits. 

• Consultation with industry partners on feasibility and priorities for research. 
 
Relevant scientific and industry literature and patent and internet publications were 
surveyed and critically reviewed.  In addition, discussions with local industry 
representatives were held to further define opportunities. 
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2.1 Conversion of Fresh to Dried Fruit 
 
2.1.1 Fruit Drying Process 
 
The drying of fruit is an important operation in the preservation of fruit, leading to the 
generation of a wide variety of commercial dried fruit products.  Drying does, 
however, change the physical and biochemical form of the fruit, leading to shrinkage 
and change of colour, texture and taste. 
 
Dehydrated fruits are an important nutritional source, and they are very popular in 
many countries. 
 
Fruit may be dried as a whole (eg, grape, apricot, plum), in a sliced form (eg, banana, 
mango), in puree form (eg, apricot), as leather, or as a powder (Ratti and Mujumdar 
1996).  Different types of dryers must be used depending on the physical form of the 
fruit to be dried.  Figure 1 shows the varieties of driers that may be found in industry 
for drying of fruits.  Research on drying technologies has highlighted the potential for 
alternative technologies such as electromagnetic energy-based drying processes (eg, 
microwave and radiofrequency drying).  Some of these emerging drying technologies 
have already been commercially implemented in other parts of the food industry 
(Nijhuis et al. 1998). 
 
 
 

FRUITS 
   
   
   
   

Whole Sliced/Chopped Paste/Suspension 
   
   
• sun drying • circulation • spray dryer 
• solar drying in cabinets • conveyor • drum dryer 
• circulation dryer • freeze dryer • solar dryer 

 • tray dryer • refractive window 
dryer 

 • vacuum dryer  
 
Figure 1 : Various types of dryers for dehydration of fruit.  (From Ratti and 
 Mujumdar 1996). 
 
 
In conventional hot air drying the heat needed for dehydration is provided by 
convection of hot air in direct contact with the product.  The most common of these 
dryers for fruits are kiln, cabinet, tunnel and continuous belt dryers.  The kiln and 
cabinet dryers are used in a batch mode and are commonly used for drying slices of 
apples and other fruits.  The tunnel dryer is the most popular dryer; trays move along 
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a tunnel in which hot air flows in parallel or counter flow to the product movement.  It 
is often used to dry apricots, peaches, pears, apples, figs and dates. 
 
The drying of fruits and vegetables using solar energy has been used as a food 
preservation technique for hundreds of years.  There are two main types of solar 
drying - direct and indirect.  Direct solar drying (or open-sun drying or sun-drying) 
involves the product being placed in trays in the open air and the incident solar 
radiation being used as the energy source for drying.  Indirect solar dryers use solar 
energy to heat the drying air in special heat exchangers and this air flows through or 
over the product by natural or forced convection.  Fruits commonly dried with solar 
energy are figs, prunes, peaches, apricots, and grapes for the production of raisins and 
sultanas 
 
Osmotic dehydration, better defined as dewatering-impregnation-soaking (DIS) (Forni 
et al. 1997) is an alternative technology to reduce the water content, as well as to 
improve the quality of the final product.  Osmotic dehydration involves the immersion 
of cut foods in concentrated solutions of sugars or salts.  A flux of water out of the 
food and movement of the solute into the food develop due to the difference in the 
osmotic pressure.  The product thus loses some water to the external solution.  More 
recently, osmotic dehydration has been used in conjunction with other technologies. 
 
Other drying techniques available include microwave and freeze drying. However, 
these techniques are not widely used on an industrial scale due to the high capital and 
operational costs. 
 
There are two main groups of dried fruits - vine fruits and stone or tree fruit. 
 
 
2.1.2 Dried Vine Fruits 
 
Dried vine fruits are quite simply, dried grapes and comprise sultanas, raisins and 
currants.  No sulphur is used in the drying process of Australian dried vine fruits. 
 
(a) Sultanas 
 
Sultanas are a soft, juicy, amber coloured fruit with a very sweet flavour.  Sultanas are 
largely produced from the seedless white grape varieties, with the majority being 
produced from the Thompson or Menindee seedless varieties. 
 
The sultana has its own sun-drying treatment which varies depending on origin, but 
which differentiates it from a raisin: one method is to dip or spray the grape with an 
alkaline oil-in-water emulsion pre sun-drying.  This allows the fruit�s water content to 
evaporate more quickly when exposed to the sun.  Drying times are reduced from 
about 4-5 weeks for untreated sultanas to 8-14 days for treated sultanas.  The 
commercially produced �grape dipping oil� used in the emulsion is a mixture of ethyl 
esters of fatty acids and free oleic acid.  This is emulsified in a solution of potassium 
carbonate in water. 
 
The actual sun-drying process can also vary, depending on the country of origin.  In 
Australia,   two methods of drying vine fruits are commonly employed : (i) bunches of 
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grapes are placed on wire racks and sun-dried; (ii) grapes are mechanically 
dehydrated in enclosed plastic tunnels which circulate hot air to produce what is 
known as a �natural� sultana.  �Natural� sultanas along with currants are not pre-
treated before sun drying.  After rack-drying, the vine fruit is placed onto large plastic 
sheets for final sun-drying (�finish drying�).  Usually one or two days are sufficient to 
dry the fruit down to, or below, the maximum moisture level acceptable to the 
packing houses.  This is 13% for sultanas.  For all vine fruits, the fruit is then 
�boxed�, in which the moisture content of the fruit equalises.  The fruit is then 
transported to the factory for washing and cleaning.  After dewatering, through a 
screen and a spinner, the fruit is sprayed with either 0.2-0.3% paraffin oil or stabilised 
vegetable oil as a dressing, to impart an attractive gloss and to prevent stickiness. 
 
 
(b) Raisins 
 
Raisins are the dried fruit produced in the greatest quantity worldwide.  The raisin is 
dark brown and wrinkled with a sweet, mellow flavour.  Raisins are produced from 
seeded black or white grapes, usually from a blend of several varieties, mostly the 
muscat or gordo types - Muscat Gordo Blanco or Waltham Cross.  The seeds are 
removed during processing.  These grape varieties are treated with drying oils and 
sun-dried.  Raisins are �finish dried� to a moisture content of 14%. 
 
 
(c) Currants 
 
Currants are dried, black, seedless grapes.  All currants derive from the same variety 
of grape known as the Corinth - Zante (black Corinth) or Carina grapes.  Currants in 
Australia are sun-dried and require no pre-drying treatment because of their small 
berry size.  Currants are usually left on the rack until they reach 15% moisture or less 
and are then boxed immediately.  They may be finished in the sun if necessary. 
 
 
 
2.1.3 Dried Tree Fruits 
 
(a) Prunes 
 
A prune is a rich, dark dried plum available whole or pitted.  Australian prunes are 
produced from a cultivar of Prunus domestica plums, particularly D�Agen and Moyer, 
mainly because of its high sugar content and full-bodied flavour. 
 
Traditionally plums have been sun-dried, but dehydrator plants have progressively 
replaced this process.  In the dehydration plant, the fruits are prepared by cleaning 
with air and water sprays.  In the USA, plums are dehydrated under controlled 
conditions from 75% moisture to 21% in hot air tunnel dehydrators, at air 
temperatures between 85°C and 90°C.  The product is rehydrated to 32% moisture at 
77°C for consumption (Stacewicz-Sapuntzakis et al. 2001). 
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In Australia, plums are also dehydrated mechanically (in dehydration plants) to a 
moisture content of between 20-24%.  Potassium sorbate is used in the drying process 
of plums to maintain colour and moisture and to prevent deterioration (Angas Park). 
 
Matteo et al. (2002) investigated an alternative physical method for enhancing the 
drying rate of plums.  They found that the superficial abrasion of the plum�s peel 
using an inert abrasive material to remove the cuticular waxy layer, the limiting factor 
for moisture loss, was more effective than a chemical method (dipping in a solution of 
ethyl oleate).  In this study the kinetics of drying were examined but the effect of the 
drying method on composition was not analysed. 
 
 
(b) Apricots 
 
The steps involved in the drying of apricots include: (1) selection and sorting, (2) 
washing, (3) halving and seed removal, (4) sulphuring with gaseous sulphur dioxide 
(SO2), and (5) drying on trays in the sun to a moisture content of less than 14%.  
Sulphur dioxide preserves the colour of dried fruits by preventing enzymatic 
browning and reduces degradation of carotene and ascorbic acid (Witherspoon and 
Jackson 1996). 
 
Varieties used in Australia for drying include Moorpark, Hunter, Story, Trevatt and 
Pannach.  Dried apricots are stored for up to 12 months before packing for sale.  
Darkening of a proportion of dried product in storage either prior to or after packing 
has recently been linked to the nutrient status of orchards in Australia (Rettke et al. 
1991).  This study identified the nitrogen content in the fresh fruits at harvest as the 
most important nutrient in affecting darkening. 
 
 
(c) Peaches 
 
The steps involved in the drying of peaches are similar to those described for apricots:  
Peaches are sun-dried with addition of sulphur dioxide to inhibit enzyme activity and 
browning.  Varieties used in Australia for drying include Elberta and Fay Elberta.  It 
requires 4 kg of fresh peaches to produce 1 kg of dried peaches. 
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2.2 Health-Promoting Components in Fruit 
 
Epidemiological research has revealed a lower incidence of chronic disease, such as 
cancer and heart disease, in populations that are regular consumers of fresh fruits and 
vegetables (Steinmetz and Potter, 1991; Block et al. 1992; Hertog et al. 1995; Wang 
et al. 1996).  This is attributed to the fact that many fruits and vegetables contain an 
optimal mix of fibre, minerals, vitamins and phytochemicals, such as antioxidants.  
These studies have led to the dietary guidelines recommending that at least five 
servings of fresh fruit and vegetables be consumed daily. 
 
 
2.2.1 Dietary Fibre 
 
The term dietary fibre is usually used to describe dietary components entering the 
large bowel having survived the digestive processes in the stomach and small 
intestine.  Dietary fibre was sometimes known as �roughage� but the definition of 
fibre now includes components called resistant starch (ie, starch resistant to enzymes 
produced by humans), non-starch polysaccharides (NSP) such as cellulose, and lignin. 
 
Dietary fibre is touted because it increases faecal bulk, shortening intestinal transit 
time and diluting intestinal contents (Somogyi 1987).  Hence the importance in the 
human diet has been emphasised because of these beneficial influences on digestion.  
Nutrition researchers have also suggested high-fibre diets for treatment of such 
diseases as diabetes, hyperlipidemia, hypertension, and obesity and for the prevention 
of certain cancers (Schneeman 1986). 
 
There are two types of fibre - soluble and insoluble - both of which have different 
functions and properties in the gut.  The fibre content consists of soluble material, 
mainly pectin, hemicelluloses and cellulose (Paul and Southgate 1978). 
 
Soluble fibre forms a kind of viscous gel in the intestine which delays the absorption 
of certain nutrients.  For example, soluble fibre is thought to slow down the digestion 
of, and absorption of carbohydrates, especially glucose, and therefore controls blood 
sugar within a narrow range and prevents large fluctuations in blood sugar levels.  It 
can also reduce the risk of heart disease by reducing the absorption of cholesterol 
from the gut.  Fruits are a rich source of soluble fibre.   
 
Insoluble fibre is more resistant to digestion than soluble fibre and is still present in 
the lower part of the large intestine where it can be fermented by bacteria and produce 
volatile short chain fatty acids such as butyric, propionic and acetic acids.  Short chain 
fatty acids have become increasingly recognised as having a significant role in 
protecting against large bowel cancer and in metabolism.  They have been shown to 
increase colonic blood flow, stimulate colonic sodium and fluid absorption and to 
have a bacterial growth control effect in vitro (Mortensen 2001).  Therefore insoluble 
fibre helps keep the digestive tract in good working order by increasing the bulk and 
softness of the stools.  It has a sponge-like effect in the gut, soaking up water and 
swelling in size and thus acts as a bulking agent.  This helps to prevent bowel 
conditions such as constipation, haemorrhoids and diverticular disease.  Insoluble 
fibre is found in many cereals and grains and the skins of fruits.   
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Jones et al. (1990) found that the dietary fibre content of fresh fruit was generally 
within the range 0.5 to 3.5% (Table 1).  They found that dried fruits contained 
substantially more dietary fibre than fresh fruits.  The composition of the fruit fibre 
was typically: lignin 5-10%, cellulose 20-40% and total non-cellulosic 
polysaccharides 50-70%.  The proportion of lignin was high in prunes, raisins and 
sultanas.  However, dried fruits are subject to both enzymic and nonenzymic 
browning and the end products of these reactions have been reported to analyse as 
lignin.  Therefore, high proportions of lignin in the dietary fibre of such foods must be 
interpreted with some caution. 
 
Table 1 : Dietary fibre contenta of fruit.  (From Jones et al. 1990) 
 

Fruit Total 
INCPb 

Total 
NCPc Cellulose Lignin Dietary 

fibred 
Dietary fibre 

(food as eaten)d 

Apricot, Moorpark, 
unpeeled 1.25 8.39 3.34 0.72 12.5 1.9 

Date 2.24 4.02 1.37 1.03 6.42 5.7 
Grape, seedless 0.39 2.56 1.36 0.47 4.39 0.66 
Peach, unpeeled 1.57 10.1 3.38 0.31 13.8 2.1 
Plum, Narrabeen 1.15 6.40 2.31 0.38 9.09 1.3 
Prune 1.78 3.66 1.38 2.36 7.40 4.8 
Raisin, Sunbeam 0.52 2.21 1.08 0.67 3.96 3.6 
Sultana, Sunbeam 0.68 1.46 0.68 0.70 2.84 2.6 

a  g/100 g except last column g/100 g as eaten 
b  Insoluble non-cellulosic polysaccharides 
c  Non-cellulosic polysaccharides 
d  excludes resistant starch 
 
As can be seen, prunes are an excellent source of dietary fibre, although variations 
exist in the data reported - from 2% to 16% (Somogyi 1987).   
 
In a collaborative study conducted to validate a method to determine the insoluble 
dietary fibre (IDF) and soluble dietary fibre (SDF) contents of food and food 
products, Prosky et al. (1992) reported the contents for raisins, prune powder and 
apricot powder as shown in Table 2.  Of the 22 food and food products tested prune 
powder had the highest soluble fibre content, with apricots being third after peaches, 
and raisins falling in at fifth behind apples. 
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Table 2 : Dietary fibre contents of fruit products.  (From Prosky et al. 1992). 
 

Fruit product Insoluble dietary fibre 
(avg. %) 

Soluble dietary fibre 
(avg. %) 

Raisins 49.18 14.61 

Apricot powder 44.92 26.43 

Prune Powder 46.18 33.42 
 
 
 
2.2.2 Vitamins 
 
Dried fruits contain many of the important vitamins necessary in a balanced diet 
(Table 3). 
 
Table 3 : Vitamin content of dried fruits.  (From Dried Fruit Information Service Web  
                Page). 
 

Vitamins (per 100 g dried fruit) 
A B1 B2 B3 B6 C 

Dried 
Fruit 

(IU/µg) (mg) (mg) (mg) (mg) (mg) 

Sultana 30 (µg) 0.1 0.08 0.05 0.3 - 

Raisin 15.8 (IU) 0.153 0.022 0.56 - 0.88 

Currant 77.8 (IU) 0.126 0.038 0.81 - 1.3 

Apricot 10,900 (IU) 0.01 0.16 3.3 - 12 

Peach 3,900 (IU) 0.01 0.19 5.3 - 18 

Prune 1,894 (IU) 0.09 0.19 1.6 0.05 3 

 
 
Ascorbic acid (vitamin C) accounts for a great proportion of the antioxidant activity in 
some fruits.  Citrus fruits in general, have the highest antioxidant activity of all fruit 
classes but overall the antioxidant ability of fruits is generally high.  In the intestine, it 
has been suggested that vitamin C may inhibit nitrosation, a reductive process leading 
to the production of carcinogenic nitrosamines, and protect against gastric cancer.  
Vitamin C also plays an essential role in collagen formation, strengthening bones and 
blood vessels, anchoring teeth in gums, absorbing inorganic iron and zinc and helping 
in repair of tissues.  Whilst the recommended intake of Vitamin C in most countries 
until recently has been about 30-50 mg/day (based on prevention of deficiency states), 
some 200-500 mg appears to be the level needed to optimise its antioxidant effect. 
 
Vitamin A is a fat soluble vitamin required for cell differentiation, growth and vision.  
Both preformed vitamin A (retinol) and provitamin A (carotenoids) contribute to the 
total vitamin A content.  Carotenoids will be discussed in Section 2.3.4. 
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Of the water soluble B vitamins, thiamin, niacin, riboflavin and folate are important to 
mention. 
 
Thiamin (vitamin B1) occurs in free or phosphorylated form and plays an essential 
role in the supply of energy to the tissues, in carbohydrate metabolism, and in the 
metabolic links between carbohydrate, protein and fat metabolism.  It is known that 
there is a relationship between thiamin requirement, energy supply and energy 
expenditure. 
 
Riboflavin (vitamin B2) is a constituent of two coenzymes, flavin adenine 
dinucleotide and flavin mononucleotide, which function in a number of the enzyme 
systems associated with hydrogen transfer.  Thus riboflavin is involved in energy 
production. 
Niacin is the generic descriptor for two closely related compounds, nicotinamide and 
nicotinic acid, which similarly act as nutrients.  Niacin functions metabolically as a 
component of the coenzymes nicotinamide adenine dinucleotide and nicotinamide 
adenine dinucleotide phosphate, both of which are involved in energy metabolism.  In 
addition to the preformed vitamin, some of the tryptophan in dietary protein is 
converted to niacin in the liver.  About half the niacin derived from a mixed diet 
comes from tryptophan.  Thus RDIs are expressed as niacin equivalents (NE). 
 
Folic acid (folate) is a water soluble B vitamin which plays an essential role in 
metabolism and in the division of all body cells, including those in the blood.  Folate 
also plays a role in prevention of heart disease through an effect on homocysteine, a 
sulphur-containing amino acid derived from enzymic transformations of the essential 
dietary amino acid methionine. 
 
 
 
2.2.3 Minerals 
 
The mineral content of fruits depends to a certain degree on the soil of the growing 
region.  There should be no losses of minerals during the dehydration process: For 
example, the amount in dried prunes should reflect, in concentrated form, the 
proportions present in prune-making plums.  The mineral content of selected dried 
fruits is shown in Table 4. 
 
Potassium is the major cation of the intracellular fluid.  The movement of potassium 
out of cells, and sodium in, changes electrical potentials in nerves and muscles to 
allow them to function effectively.  High intake of potassium is desirable : a long-term 
population study measuring potassium intake from fruits and vegetables as the 
primary source of this mineral showed that a 10mmol increase in daily intake of 
potassium - equal to approximately one serving of fresh fruit or vegetables - brought 
about a 40% reduction in the risk of a stroke-related death (Khaw and Barrett-Connor 
1987).  Fruit is high in potassium (it currently provides about 10% of the dietary 
potassium in Australia) but is extremely low in sodium.  There is sufficient evidence 
from experimental studies about the role that potassium plays in regulating blood 
pressure that the U.S. allows a health claim related to this.  Magnesium is also an 
important cation of the intracellular fluid, being a cofactor for several of the enzyme 
systems responsible for cellular respiration. 
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Table 4 : Mineral content of dried fruits.  (From Dried Fruit Information Service Web 
                 Page) 
 

Minerals (mg per 100 g dried fruit) Dried 
Fruit Calcium Iron Magnesium Phosphorus Sodium Potassium Copper

Sultana 52 1.8 35 95 53 860 0.35 

Raisin 54.2 2.1 35.3 102 15.6 673 0.038 

Currant 87.8 2.5 37.1 104 9.1 747 0.36 

Apricot 67 5.5 62 108 26 979 - 

Peach 48 6.0 48 117 16 950 - 

Prune 51 3.9 59 79 8 694 - 

 
 
Sodium is the major cation of the extracellular fluid concerned primarily with the 
maintenance of osmotic equilibrium. 
 
Iron is essential because of its role in oxygen and electron transport. 
 
Zinc has a major role in protein and carbohydrate metabolism and is needed for many 
different functions, including growth, sexual maturation and wound healing. 
 
An Australian study by Naghii et al. (1996) found that plums contain significant 
amounts of boron (0.45 mg/100 g fruit), while prunes have 1.88 mg/100 g.  The 
amount of boron in a 100 g serving of prunes is equal to an average daily intake for 
adult males, 2.23 ± 1.3 mg boron per day.  The high boron content of prunes is 
associated with their high sorbitol content, because the transport of boron to plums on 
the tree is dependent on a boron-sorbitol complex and proceeds concurrently (Brown 
and Hu 1996). 
 
Selenium is not an antioxidant but an essential component of two important 
antioxidant enzymes (Packer and Colman 1999).  It also works in synergy with 
vitamin E.  It has an RDA of 50-100 µg per day. 
 
 
2.3.4 Carotenoids 
 
Fruits and vegetables are rich in carotenoids and are the most important contributors 
of carotenoids in the typical human diet (Heinonen 1991).  β-carotene may play a role 
in slowing the progression of cancers.  Lycopene (found in high concentrations in 
tomatoes) has been associated with reduced risk of prostate cancer.  Lutein 
(xanthophyll) and zeaxanthin have been shown to be linked to macular degeneration 
as they are required for proper pigmentation of the macular region of the eye.  
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Cryptoxanthin is abundant in orange fruits (mangoes, oranges, papaya) and has been 
associated with reduced risk of cervical cancer. 
Carotenoids are usually expressed in food composition tables as part of the total 
vitamin A activity or total carotenoid content.  Data in current use is lacking in 
information of the individual carotenoids, such as lycopene, lutein and β-carotene.  
Mangels et al. (1993) generated a carotenoid database to represent the most 
comprehensive estimates of individual carotenoids in fruits and vegetables. These 
estimates are derived from critically evaluated published and unpublished sources.  
These results are shown in Table 5. 
 
Table 5 : Carotenoid contenta of fruits (µg/100 g), derived from analytical data 
                (Mangels et al. 1993) 
 

Fruit ββββ-caroteneb αααα-caroteneb lutein+zeaxanthinb lycopeneb 

Grapes, raw 33 1 72 0 

Currants, raw 62 0 240 0 

Raisins 0 0 1 0 

Peach, raw 99 1 14 0 

Peach, dried 9,256 0 188 0 

Plums, raw 430 0 240 0 

Prunes, dried 140 31 120 0 

Apricot, raw 3,524 0 0 5 

Apricot, dried 17,600 0 0 864 
a  β-cryptoxanthin only found in peaches � raw 42 and dried 251 µg/100 g. 
b  µg/100 g 
 
 
Gil et al. (2002) found that carotenoids were present mainly in the peel in five 
cultivars of Californian plums.  β-Carotene was the main carotenoid in the flesh (490-
1880 µg/kg) with β-cryptoxanthin in smaller amounts (30-130 µg/kg). Total 
carotenoids per 100 g serving ranged from 83 to 231 µg/100 g. 
 
Apricots are among one of the most carotenoid-rich fruits (with grapefruit, papaya and 
nectarine) (de Rigal et al. 2000).  Radi et al. (1997) found that the carotenoid content 
was different among 9 apricot cultivars studied.  β-Carotene was the major carotenoid, 
with a concentration ranging from 5 µg/g dry mass to 115 µg/g.  In some cultivars, γ-
carotene and lycopene were also detected. 
 
Sommerburg et al. (1998) analysed a number of fruits and vegetables for the content 
of carotenoids.  The results for grapes and dried apricots are given in Table 6, with 
comparisons to other foods. 
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Table 6 : Carotenoid contenta in fruits (mol%).  (Adapted from Sommerburg et al. 
1998). 
 

Food Luteina Zeaxanthina ββββ-carotenea Cryptoxanthinsa 
Egg yolk 54 35 0 4 
Maize (corn) 60 25 0 5 
Kiwifruit 54 0 8 0 
Red seedless 
grapes 43 10 16 4 

Peach 5 8 50 8 
Dried apricots 1 0 87 9 
a The content of carotenoids is given in mol% 
 
 
2.3.5 Phenolic Compounds 
 
These are a predominant class of phytochemicals (plant chemicals) and constitute a 
number of classes depending on their basic chemical structure.  These compounds can 
range from simple molecules to highly polymerised compounds.  They occur 
primarily in conjugated form, with one or more sugar residues linked to hydroxyl 
groups.  The associated sugars can be present as monosaccharides, disaccharides, or 
even as oligosaccharides.  Glucose is the most common sugar residue.  Flavonoids 
represent the most common and widely distributed group of plant phenolics.  Table 7 
summarises the major phenols found in fruits. 
 
Table 7 : Major fruit phenolics.  (Adapted from Bravo 1998). 
 

Phenolic class Example Fruit 
Simple phenols cresol apple 
Phenolic acids   
• hydroxybenzoic acids ellagic acid strawberry 
• hydroxycinnamic acids neochlorogenic acid plum 
Coumarins scopoletin citrus 
Flavonoids   
• anthocyanins cyanidin  plum 
• flavones apigenin citrus 
• flavonols quercetin apricot 
• flavanones naringenin blackcurrant 
• flavanols catechin apple 
• isoflavones genistein plum 
• chalcones phloridzin apple 
Stilbenes resveratrol grape 
Tannins epigallocatechin gallate grape 
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Phenol levels within plants vary greatly between cultivars of the same species and are 
largely influenced by genetic factors and environmental conditions.  For example, the 
formation of flavonol glycosides greatly depend on light; therefore the highest 
concentrations of these compounds are found generally in leaves and outer parts of 
plants.  Other factors such as germination, degree of ripeness, variety, processing and 
storage, also influence the content of phenols. 
 
Phenols, mainly flavonoids, are potent inhibitors of low-density lipoprotein (LDL) 
oxidation (Donovan et al. 1998).  Several mechanisms by which flavonoids exert their 
protective effect have been proposed: (i) reduction of free radical formation; (ii) 
protection of α-tocopherol in LDL from oxidation; (iii) regeneration of oxidised α-
tocopherol, and (iv) chelation of metal ions (Bravo 1998). 
 
 
(a) Total Phenol Content 
 
The phenolic compounds are variable in chemical and structural composition and 
biological functionality. The composition of these species can be used to identify 
specific cultivars.  Total phenolic content is higher in immature fruits than in mature 
fruits and typically ranges between 0.1 and 2 g/100 g fresh weight (fresh wt) (Gil et 
al. 2000).  
  
The total phenol content of many fruits, vegetables and beverages has been analysed 
and reported by many workers.  Results are shown in Tables 8 and 9. 
 
As can be seen from these results, it is clear that plums have a very high content of 
phenolic compounds. 
 
Table 8 : Content of phenolic compounds in selected fruits and beverages.  (From 

     Record et al. 1998). 
 

Food Polyphenol content 
(mg/100 g fresh wt) Food Polyphenol content 

(mg/100 g fresh wt) 
Orange 84 Coffee drink 181 

Apple (green) 46 Plum (red) 359 

Apple (red) 38 Plum (yellow) 106 

Banana 26 Rockmelon 31 

Grape (green) 31 Strawberry 195 

Grape (black) 40 Tea (drink) 131 
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Table 9 : Total phenol content of fruits on the basis of dry and wet (fresh) weights. 
                (From Vinson et al. 2001). 
 

Total phenolsa 

dry weight wet weight (rank) fresh wt 
consumption 

Fruit 

(µmol/g) (µmol/g) (mg/100 g) 

Grape, red 63.7 ± 41.2 13.6 ± 8.8  (2) 
Grape, white 52.3 ± 31.6 6.7 ± 4.0  (7) 

294b 

Banana 42.3 ± 8.1 11.2 ± 2.1  (3) 335 

Plum 58.2 ± 5.2 7.8 ± 0.7  (6) 226 
Peach 27.9 ± 7.7 2.4 ± 0.7 (12) 70 
Cranberry 158.8 ± 3.2 22.7 ± 0.5  (1) 678 
a  in hydrolysed extract as catechin equivalents 
b  average of red and white varieties 
 
 
(b) Major Phenolics in Grapes/Sultanas/Raisins 
 
Grapes are considered a major source of phenolic compounds and the importance of 
these compounds to the sensory qualities of wine has been recognised for many years.  
Compared to other fruits, the phenolic compounds of grapes and wine have therefore 
been extensively studied.  It must be noted that the phenolic profile of wine is not the 
same as that of fresh grapes because significant changes take place in the composition 
and content of phenolic compounds from the process of fruit disintegration as well as 
wine fermentation during the wine making process (Heinonen et al. 1998; Kaur and 
Kapoor 2001).  In comparison with fresh fruit, the main qualitative changes that occur 
during wine making include the occurrence of simple compounds such as tyrosol, free 
phenolic acids and flavonic isomers (Wulf and Nagel 1980).  One of the possibilities 
of the occurrence of new phenols in wine may be transformation (eg, enzymatic) of 
substances contained in the fresh fruit (Czyzowska and Pogorzelski 2002).  Grape 
phenols include flavonoids such as anthocyanins (malvidin-3-glucoside), flavan-3-ols 
(catechins) and flavonols, in addition to the nonflavonoid compounds 
hydroxycinnamic acids, hydroxybenzoic acids and stilbenes. 
 
Cantos et al. (2000) analysed methanol extracts of Napolean (red) grape skins and 
showed that this grape cultivar has four main anthocyanins and two minor 
compounds.  The major compounds were identified as peonidin 3-glucoside, malvidin 
3-glucoside and cyanidin 3-glucoside, and an anthocyanin acylated with a 
hydroxycinnamic acid.  In addition, traces of delphinidin 3-glucoside and petunidin 3-
glucoside were also detected.  Two flavonols were detected and identified as quercetin 
3-glucuronide and quercetin 3-glucoside.   
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Major dietary sources of stilbenes, in particular trans-resveratrol and its glucoside, 
include grapes, wine, peanuts and soy.  Resveratrol has attracted increasing interest as 
a health-promoting agent because of its antioxidant, antiplatelet, anti-inflammatory 
estrogenic, cardioprotective and antitumour activities (Soleas et al. 1997; Cantos et al. 
2001).  Its synthesis is induced by stress, injury, infection or UV-irradiation.  Burns et 
al. (2002) found that grapes and peanuts contain mainly trans-resveratrol glucoside.  
In contrast, red wines are primarily a source of the aglycones cis- and trans-
resveratrol.  They reported that the wine-making black grapes analysed in this study 
contained lower levels of the stilbenes (1.5-7.8 µg/g fresh weight) compared to red 
wine (98-1803 µg/100mL). 
 
Cantos et al. (2001) developed an induction modelling method using UV irradiation 
pulses with the aim of developing a table grape with increased health-promoting 
properties based on the resveratrol content.  They reported that the resveratrol content 
per standard serving (200 g) of irradiated grape was about 3 mg, an amount more than 
10-fold higher than that of untreated Napolean grapes.  This means that a serving of 
treated grape (unpeeled) could supply the resveratrol content equivalent to 3 glasses 
of a red wine with high resveratrol content. 
 
Isoflavones are also known as phytoestrogens because of their estrogenic activity in 
humans.  Some phytoestrogens are potent enzyme inhibitors which can exert effects 
on cell cycle, differentiation, proliferation and apoptosis.  Through these mechanisms, 
phytoestrogens protect against a wide range of ailments such as cancers, 
cardiovascular disease, osteoporosis and menopausal symptoms.  Liggins et al. (2000) 
analysed fruits and nuts for daidzein and genistein, which are isoflavones normally 
found in soy and soy products and other legumes.  Of the 36 samples of fruits and 
nuts that contained daidzein and genistein, currants and raisins were the richest, 
containing 2,250 and 1,840 µg/kg of wet weight, respectively.  In comparison, soy 
beans contain approximately 2 g/kg wet weight.  Table 10 shows the reported values 
for the daidzein and genistein content of selected fruits.  Currants and raisins may be 
good sources of the isoflavones naturally.  However, the actual source of the daidzein 
and genistein may have been vegetable oil (eg soy oil) or soy emulsifiers to which 
these foods have been exposed during processing.  No detectable isoflavones were 
apparent in grapes, but this could be due to the cultivar for eating grapes being 
different. 
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Table 10 : Daidzein and genistein content of selected fruits.  (Summarised from  
                  Liggins et al. 2000) 
 

Mean Conc per dry wt 
(µg/kg) Mean Conc per wet wt (µg/kg) 

Fruit 
Daidzein Genistein Daidzein Genistein Total 

Apricots, raw nda nd nd nd  

Apricots, dried 50 nd 42.7 nd 42.7 

Currants 560 2167 461 1783.8 2244.8 

Grapes, black nd nd nd nd  

Grapes, white nd nd nd nd  

Plums, red, raw nd nd nd nd  

Plums, Victoria, raw 5 551 0.7 74.4 75.1 

Prunes, dried, raw 52 104 42.6 85.3 127.9 

Prunes, dried, cooked 153 663 30.8 133.3 164.1 

Raisins, California 690 1458 589.9 1246.5 1836.4 
a  not detected 
 
 
 
(c) Major Phenolics in Plums/Prunes 
 
Previous studies on plum phenolics have shown differences in the phenolic contents 
of different cultivars of Prunus (Macheix et al. 1990).  These reports have shown that 
plums contain mainly neochlorogenic acid with smaller amounts of chlorogenic and 
cryptochlorogenic acids.  Raynal et al. (1989) found that plum pulp was characterised 
by the predominance of neochlorogenic acid, which formed 66.5% of the total 
phenols detected (2.6 mg/g freeze dried pulp).  Its isomer, chlorogenic acid, formed 
only 0.11 mg/g of the pulp.  These same dihydroxycinnamic derivatives were found in 
the skin but with levels distinctly higher - 2.4 and 12.4 times higher, respectively, than 
in the pulp. 
 
Tomás-Barberán et al. (2001) analysed phenolic compounds in nectarines, peaches 
and five cultivars of plums.  In these studies, only chlorogenic and neochlorogenic 
acids were detected, as well as an unidentified caffeic acid derivative; no 
cryptochlorogenic acid was detected.  Tomás-Barberán et al. (2001) confirmed that 
neochlorogenic acid is the main hydroxycinnamic acid derivative in plums.   
 
Furthering the work of Tomás-Barberán et al. (2001), Gil et al. (2002) analysed the 
same five cultivars of Californian plums for health-promoting components.  They 
found plums were rich in phenolic compounds, particularly two red cultivars.  Total 
phenolics ranged from 42-109 mg/100 g (per serving); contents were higher in the 
peel than in the flesh.  The amounts of vitamin C were considerably lower (2.5-
10.2mg) and even lower were the carotenoids (83-231µg).  The total antioxidants 
provided by a serving of plums ranges from 27-61mg of ascorbic acid equivalents 
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(estimated by the DPPH method) and from 41-127mg of ascorbic acid equivalents 
(estimated by the FRAP method) (Gil et al. 2002).  Gil et al. (2002) also reported that 
the phenolic compounds are the only stone fruit constituents that correlate with the 
total antioxidant capacity; no correlation was obtained with any of the other 
antioxidant constituents such as vitamin C and carotenoids.  In plums, flavan-3-ols are 
mainly responsible for this activity; hydroxycinnamates were not correlated.  This is 
interesting considering the high concentration of hydroxycinnamate derivatives found 
in plums.  They concluded that in general, plums have a higher antioxidant activity 
than nectarines and peaches.  Donovan et al. (1998) also reported a relationship 
between good antioxidant capacity and high phenolic content for prunes.   
 
Fukai and Matsuzawa (2000) investigated the characteristics of 5 prune varieties by 
measuring 14 physicochemical attributes and antioxidative activity in 3 components  - 
epicarp, pericarp and sacrocarp.  The polyphenol composition in each part was 
determined - 6 compounds were identified, of which chlorogenic acid (the main 
component) and gallic acid represented 80%.  Significant differences in polyphenol 
composition was observed between prune sections, and decreased in the order, epicarp 
greater than pericarp greater than sacrocarp.  This order was also observed with the 
antioxidant activity.  The anthocyanin content also followed this pattern.   
 
Nakatani et al. (2000) also identified neochlorogenic (1228 - 1485 mg/kg edible 
portion) and chlorogenic acids (53 - 77 mg/kg) in prunes.  However they also 
identified for the first time, in high amounts, crytpochlorogenic acid (288 - 351 
mg/kg). 
 
The presence of cyanidin- 3-glucoside and 3-rutinoside in plums have been reported 
by Macheix et al. (1990).  In addition to these anthocyanins, Tomas-Barberán et al. 
(2001) also identified cyanidin 3-galactoside and cyanidin 3-acetyl-glucoside. 
 
Regarding flavan-3-ols, Macheix et al. (1990) reported the occurrence of catechin and 
epicatechin and Raynal et al. (1989) identified only catechin at levels as high as those 
of chlorogenic acid.  Contrary to these findings Tomás-Barberán et al. (2001) showed 
that the main flavan-3-ol derivatives in plums are the dimeric and trimeric forms of 
catechin (procyanidin); catechin and epicatechin were not detected in significant 
amounts.  The occurrence of one type of dimer (A-type) could be of some interest, as 
this kind of compound has previously been reported only in cranberry fruits (Porter 
1994) and may have some antibacterial activity.  A number of flavonols have been 
described in plums, with the occurrence of kaempferol-3-rutinoside, 3-glucoside, 3-
galactoside, and 3-arabinoside-7-rhamnoside, in addition to the quercetin derivatives 
(Macheix et al. 1990; Tomás-Barberán et al. 2001).  The findings of Tomás-Barberán 
et al. (2001) are summarised in Table 11. 
 
Four anthocyanins, the 3-glucoside and 3-rutinoside derivatives of cyanidin and 
peonidin, were identified in the skin extracts of d�Ente plums (Raynal et al. 1989).  
The total amount was of the order of 6 mg/g dry weight.  Rutinoside derivatives were 
predominant - cyanidin 3-rutinoside and peonidin 3-rutinoside formed 44% and 42%, 
respectively, of the total anthocyanins. 
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Table 11 : Phenolic compounds (totala) found in (ripe) plum cultivars .  (Tomás- 
                  Barberán et al. 2001). 
 

Cultivar Fruit 
Part 

Hydroxycinnamic 
Derivativesb Flavan-3-olsc Flavonol 

Glycosidesde Anthocyaninsf 

Angeleno peel 129.0 1393.6 186.0 1614.7 

 flesh 16.3 385.4  5.0 

Black Beaut peel 300.8 1836.8 352.1 690.6 

 flesh 121.9 618.3  28.4 

Santa Rosa peel 311.2 749.1 299.2 273.0 

 flesh 141.7 237.1  - 

Red Beaut peel 373.9 986.3 166.2 129.1 

 flesh 186.0 221.5  - 

Wickson peel 171.6 1254.6 204.2 - 

 flesh 81.4 138.5  - 
a  Contents are expressed as mg/kg fresh weight. 
b   as chlorogenic acid 
c  as catechin 
d  as quercetin 3-rutinoside 
e  in the peel only 
f  as cyanidin 3-rutinoside 
 
 
In prunes, hydroxycinnamates dominate and constitute 98-99% of the total phenols 
(Donovan et al. 1998).  Neochlorogenic acid is the predominant hydroxycinnamic 
acid derivative (>65% of total phenolics) followed by its isomer chlorogenic acid.  
Flavonols, notably rutin, are also present and accounted for approximately 2% of total 
phenolics and were the only flavonoids identified.  The total phenolics found in pitted 
prunes (1840 mg/kg) surpassed the levels reported for many other popular fruits : Red 
Flame seedless grapes <250 mg/kg; white table grape varieties <50 mg/kg; apples 
1200 mg/kg; oranges 830 mg/kg; pears 265 mg/kg and cherries 850 mg/kg.  Only 
cherries contained a higher total phenol content than prunes (4500 mg/kg) (Donovan 
et al. 1998).  Cremin et al. (2001) were the first to report an increase in the excretion 
of chlorogenic acid after normal dietary intake of a hydroxycinnamate-rich food (100 
g serving prunes).  This adds to the increasing evidence of the bioavailability of 
hydroxycinnamate antioxidants in humans. 
 
 
(d) Major Phenolics in Apricots 
 
Chlorogenic and neochlorogenic acids, (+)-catechin and (-)-epicatechin, and quercetin 
3-rutinoside were the major phenolic compounds found in apricots (Radi et al. 1997). 
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(e) Major Phenolics in Peaches 
 
Tomás-Barberán et al. (2001) found no clear differences in phenolic content between 
white flesh and yellow flesh cultivars of peaches (Table 12).  The hydroxycinnamates 
neochlorogenic acid and chlorogenic acid were present in all samples.  Chlorogenic 
acid was always present in larger amounts than neochlorogenic acid, in both cultivars.  
In the peel, the flavonols quercetin 3-glucoside and 3-rutinoside, as well as the 
anthocyanins cyaniding 3-glucoside and 3-rutinoside, were detected.  Catechin and 
epicatechin were the main flavan-3-ols in both peel and flesh; the content of catechins 
generally higher than that of epicatechin. 
 
Table 12 : Range of phenolic contents (mg/kg fresh wt) in the peel and flesh of five 

 cultivars of ripe white and yellow flesh peaches (Tomás-Barberán et al. 2001) 
 

White Flesh Cultivars Yellow Flesh Cultivars Compound 
Peel Flesh Peel Flesh 

Hydroxycinnamic acidsa 76.5 � 498.5 76.5 � 321.8 153.5 � 347.4 59.2 � 170.8 
Flavan-3-olsb 296.5 � 1166 117.1 � 695.8 225.4 � 663 93.2 - 357 
Flavonolsc 6.1 � 47.7 0 � 11.4 34.8 � 74.1 13.8 � 19.3 
Anthocyaninsd 54.4 � 142.6 0 � 17.6 85.6 � 273.6 0 � 8.7 

a Expressed as chlorogenic acid equivalents 
b Expressed as catechins equivalents 
c Expressed as quercetin 3-rutinoside 
d Expressed as cyaniding 3-rutinoside 
 
 
Gil et al. (2002), following on the studies of Tomás-Barberán et al. (2001), found a 
wide variation in the total antioxidant capacity and phenolic compound content of 
white flesh peaches.  In general, the yellow-fleshed peach cultivars showed in general 
lower antioxidant capacity than the white flesh varieties; this being particularly 
evident in the flesh fraction of the fruit. 
 
Chang et al. (2000) prepared three extracts of selected clingstone peach cultivars, 
peel, flesh and whole peach, and analysed these for phenolic compound composition 
and antioxidant activity.  They found that the levels of total phenolic compounds in 
the three extracts of peach cultivars varied widely.  Peach peels contained 2-2.5 times 
the concentration of total phenols as compared to flesh and whole extracts.  The 
concentration of total phenols varied from 467 to 801 mg/kg in flesh extracts, from 
415 to 765 mg/kg in whole extracts, and from 877 to 1896 mg/kg in peel extracts.  
The antioxidant activity of the three extracts was determined by the inhibition of LDL 
oxidation.  This varied from 44.3 to 74.7% in flesh extracts, from 45.2 to 72.7% in 
whole extracts, and from 32.3 to 85.7% in peel extracts.  HPLC analysis of the three 
peach extracts showed that hydroxycinnamates and flavan-3-ols were significant 
components.  Hydroxycinnamates consisted primarily of neochlorogenic acid, which 
ranged from 11.5 to 80.9 mg/kg, and chlorogenic acid, ranging from 23.9 to 470.5 
mg/kg.  Chlorogenic acid was present in the highest concentration in the eight 
cultivars.  Much higher levels of chlorogenic acid were found in the peel fraction.  
The major flavan-3-ol, catechins, ranged from 8 to 434 mg/kg. 
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Chang et al. (2000) also found that the amount of phenolic compounds detected by 
HPLC represented only half or less than the amount of total phenols obtained from the 
Folin-Ciocalteu assay for most of the eight cultivars.  They concluded that the 
antioxidant activity may be contributed by some of the phenolic compounds in peach 
extract that were not separated and identified by HPLC and other compounds such as 
ascorbic acid. 
 
 
2.3.6 Antioxidant Capacity 
 
The antioxidant activity of fruits and their various components has received a great 
deal of attention in relation to their purported health effects.  Antioxidants neutralise 
free radicals, which have been shown to cause oxidative damage to lipids, proteins 
and nucleic acids.  The antioxidant vitamins C and E have been thought to be one 
mechanism for the protection against chronic diseases.  However, Vinson et al. (1995) 
showed that many phenolic and polyphenolic compounds are stronger antioxidants 
than the vitamins, using the oxidation of low density lipoprotein (LDL) and very low 
density lipoprotein (VLDL) as a model.  LDL is the major cholesterol carrier in the 
blood and it is well established that elevated plasma levels of LDL are correlated to 
higher risk of atherosclerosis and cardiovascular disease.  The phenolic compounds 
present in red wine, grape extracts, prune extracts, grape juice and prune juice have 
been demonstrated to exert inhibitory action against oxidation of human LDL in vitro 
(Meyer, 1999). 
 
The ability to determine total antioxidant capacity in fruits and vegetables provides an 
opportunity to evaluate the theory that protection against free radical damage is a 
component of the protection observed following their consumption.  The oxygen 
radical absorbance capacity (ORAC) assay developed by Cao et al. (1993, 1995) 
provides an effective way to evaluate the total antioxidant capacity in fruits and 
vegetables, and appears to become readily adopted as a �standard� method in the fruit, 
vegetable, extract and beverage industries. 
 
Wang et al. (1996) measured the total antioxidant capacity of various fruits and fruit 
juices using an automated ORAC assay.  Their results, highlighted for plum and 
grapes, are summarised in Table 13.  On the basis of the wet weight of the edible 
portion of the fruit, strawberry had the highest antioxidant capacity, with plum the 
second highest, and red grape the fourth highest of the fruits tested.  On the basis of 
the dry weight of fruit, strawberry also had the highest activity, with plum remaining 
at second but red grape dropping to seventh highest - grapefruit, tomato and kiwifruit 
jumping above red grape (data not shown).   
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Table 13 : Antioxidant capacity of selected fruits.  (Adapted from Wang et al. 1996) 
 

Total antioxidant capacity Antiox. capacity 
Fruit Dry matter 

(DM)  (%) as is basis a DM basis φφφφ Juice extract a 

Strawberry 10.0 15.36 ± 2.38 153.6 ± 7.5 12.44 

Plum 12.0 9.49 ±±±± 0.67 79.1 ±±±± 1.9 8.35 
Orange 14.5 7.50 ± 1.01 51.7 ± 2.7 6.82 

Grape, red 20.5 7.39 ±±±± 0.48 36.0 ±±±± 1.1 3.99 
Grape, white 17.0 4.46 ±±±± 1.06 26.2 ±±±± 2.6 2.89 
a  Data expressed as micromoles of Trolox equivalents per gram of fruit, as is basis. 
b  Data expressed as micromoles of Trolox equivalents per gram of dry matter, DM 
basis. 
 
Prior and Cao (2000) also used the ORAC assay to measure total antioxidant capacity 
of fruits and vegetables.  They found that prunes and raisins had an antioxidant 
capacity of >20 µmol/g Trolox equivalents (TE).  Plums and red grapes had an 
antioxidant capacity between 5 and 9.9 µmol/g TE while white grapes had a capacity 
of <5 µmol/g TE. 
 
Sun et al. (2002) analysed a variety of common fruits for total phenolics (expressed as 
mg of gallic acid equivalents/100 g fresh weight of the edible part of the fruit), 
including both soluble free and bound forms, and found that cranberry (527 mg/100 g) 
had the highest total phenolic content followed by apple (296.3 mg/100 g) and red 
grape (201 mg/100 g).  Total antioxidant activity was also measured (using the TOSC 
assay and expressed as µmol of vitamin C equiv/g of fresh weight of the edible part of 
the fruit) and the order followed similarly to total phenolic content - cranberry (177 
µmol/g), apple (97.6 µmol/g) and red grape (64.7 µmol/g).  In effect, the total 
antioxidant activity of 100 g of red grapes was equivalent to that of 1140 mg of 
vitamin C.  Vitamin C has been considered as the major antioxidant in fruits.  Sun et 
al. (2002) also showed that vitamin C only contributed 0.35% of the total antioxidant 
activity in red grapes and that there was a direct relationship between total phenolic 
content and total antioxidant activity but no obvious linear relationship between total 
phenolic content or total antioxidant activity and antiproliferative activity. 
 
Kayano et al. (2002) also concluded that the high antioxidant activity of prunes is 
dependent on the high content of phenolic compounds such as the caffeoylquinic acid 
isomers, neochlorogenic and chlorogenic acids. 
 
The analyses and assessment of antioxidant capacity and phenolic profiles are 
complicated due to high variability between samples, inaccuracies associated with 
methods of dietary assessment, inconsistencies in food composition tables and 
databases, and methodological variability.  The variability within the different assays 
used to evaluate fruit antioxidant capacity revolve around the fact that many methods 
can be used to determine activity, and substrates, conditions and concentrations can 
affect the estimated activity.  All of these factors compromise the homogeneity and 
comparability of data.   
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2.3.7 Sugars 
 
Dried fruits contain significant quantities of sugars; with the vine fruits containing 
more sugars than prunes and apricots (cf Tables 22 and 23).  The individual sugars 
vary markedly between the different types of fruit as well.  For example, dried prunes 
contain about 23.1g glucose, 14.7g sorbitol, 13.1g fructose and 0.6g sucrose per 100 
g; and raisins contain 34.4g glucose, 32.7g fructose and no sucrose and sorbitol 
(Stacewicz-Sapuntzakis et al. 2001).  Sorbitol is a sugar alcohol and is peculiar to 
fruits of the Rosaceae family.  Thus prunes (9.4-13.9% fresh weight), plums (0.62-
2.6% fresh weight) and apricots (0.05-0.46% fresh weight) (Forni et al. 1992) are 
good sources, whereas the sugar is absent in vine fruits. 
 
Each of the sugars has been found to have a different glycemic response index (GI) 
with glucose, which has an active absorption mechanism in humans having the 
highest GI.  The GI of foods not only depends on the content of sugars, but also on the 
content or co-consumption of dietary fibre.  This may be the reason that dried fruits 
have moderate or even low GI (61, 54, 30 for sultanas, prunes and apricots, 
respectively) values (Stacewicz-Sapuntzakis et al. 2001). 
 
Sorbitol possesses good laxative effects, can be used as a substitute for glucose in 
anti-diabetic diets, or as an alternative natural sweetener to glucose.  Therefore, fruits 
rich in sorbitol could be preferred in special diets. 
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2.4 Effects of Dehydration on Health-Promoting Capacity of Fruits 
 
2.4.1 Overview 
 
Food processing involves changes in the structural integrity of the food matrix, and 
this produces both negative (eg loss of carotenoids due to oxidation) and positive (eg 
increased bioavailability) effects for the nutrient value of foods. 
  
Horticultural practices, environmental factors, and handling and storage procedures 
prior to processing primarily determine the health-promoting capacity of fruit and 
vegetables. Processing itself can also dramatically affect content, activity and 
bioavailability of health-active compounds.  This has been often neglected in 
nutritional and epidemiological studies.  Heat-based preservation methods are 
generally believed to be responsible for the depletion of naturally occurring 
antioxidants in foods, and processed foods are thought to have a lower health-
promoting capacity than fresh ones.  Up until recently only a select few compounds 
have been targeted for analysis as indicators of processing damage (eg, vitamin C) 
(Nicoli et al. 1999). 
 
Dehydration of fruit can invariably lead to a loss in nutrients other than trace elements 
due to the greater surface area and exposure to oxygen and light (Lindsay 2000).  
Freeze-drying does not significantly alter total carotenoid levels whereas sun or solar 
drying leads to considerable losses (Lindsay 2000).   
 
An elevation of the drying temperature increases the drying velocity, but also 
increases the rate of undesirable reactions such as vitamin loss, enzymatic and non-
enzymatic browning and oxidation reactions.  Nutrient loss is a complex function of 
temperature, moisture content and process duration (Suárez et al. 2000).   
 
It is known that food processing can have many effects, not all of which result in a 
loss of quality and health properties, as explained above for the increase of the 
bioavailability of β-carotene wih moderate heating.  Generally speaking, the 
consequences of food processing and preservation procedures on the overall 
antioxidant activity of foods are usually the result of different events, which can take 
place consecutively or simultaneously.  Following is a list of the different and 
sometimes opposite effects on the intrinsic antioxidant properties of foods that can 
occur during processing (Nicoli et al. 1999): 
 

• no effect, 
• loss of naturally occurring antioxidants, 
• improvement of antioxidant properties of naturally occurring compounds, 
• formation of novel compounds with antioxidant activity (ie, Maillard 
       reaction products), 
• formation of novel compounds with pro-oxidant activity (ie, Maillard  
       reaction products), and 
• interactions among different compounds (eg, lipids and natural antioxidants,  
       lipids and Maillard reaction products). 

 
Maillard reaction products, which can be formed as a consequence of intense heat 
treatment or prolonged storage, generally exhibit strong antioxidant properties 
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(Eichner 1981; Anese et al. 1993; Nicoli et al. 1997a; Nicoli et al. 1997b) and their 
formation can be controlled by different parameters such as pH, water activity, time 
and temperature.  Amadori compounds formed during the first step of the Maillard 
reaction are considered as precursors of the colour, aroma and flavour of processed 
foods.  The antioxidant activity of Maillard reaction products can be mainly 
attributable to the high molecular weight brown compounds which are formed in the 
advanced stages of the reaction (Anese et al. 1999).   Sanz et al. (2001) investigated 
the formation of Amadori compounds in commercial dehydrated fruits and their 
results are summarised in Table 14.  Furosine (2-furoylmethyl-lysine) was the main 2-
furoylmethyl derivative observed in dried apricot samples, whereas in prunes, similar 
amounts of furosine and 2-furoylmethyl-γ-aminobutyric acid was detected.  A 
considerable variation among commercial raisin samples was observed, with 2-
furoylmethyl-γ-aminobutyric acid and 2-furoylmethyl-arginine being the most 
abundant 2-furoylmethyl-amino acids.  Sanz et al. (2001) also concluded that most of 
the Amadori compounds present in raisins appear to have originated during the 
commercial shelf life period rather than during processing. 
 
 
Table 14 : Content of  Maillard reaction products (2-furoylmethyl amino acids) in 

      dehydrated fruits.  (From Sanz et al. 2001). 
 

2-furoylmethyl derivatives of    (mg/100 g) 
Fruit 

alanine proline γ-aminobutyric 
acid lysine arginine 

Dried 
apricot 0 5.73 3.59 7.74  

Date 0 2.88 17.89 16.30  

Prune 4.54 3.61 21.61 20.62  
Fig 0 4.18 7.81 14.20  

Raisin 0 - 15.87 2.33 - 8.13 9.97 - 75.80 7.24 - 31.16 10.01 - 62.46
 
 
High sorbitol content is important in drying because the sugar alcohols do not undergo 
Maillard degradation, so the prune colour is protected from excessive browning.  
Furthermore, sorbitol acts as an anti-drying agent as it enables attainment of dried 
products with higher humidity but with the same water activity.  Therefore it is 
effective for anti-browning and as a humectant.  Cinquanta et al. (2002) found good 
stability of sorbitol in plums dried at 60°C (104-203 g/kg dry weight). 
 
Much is known about vitamin concentration changes during processing.  The 
dehydration process can be very destructive to vitamin C with losses of 75% being 
reported for potatoes (Mishkin et al. 1984).   
 
As mentioned previously, phenolic compounds show a great diversity of structures 
ranging from simple molecules (monomers and oligomers) to polymers.  These 
phenolic compounds are highly unstable and are rapidly transformed into various 
reaction products when plant cells are damaged and also during food processing.  
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Phenolic compounds are highly reactive species due to the acidic nature of their 
hydroxyl groups and the nucleophilic properties of the phenolic rings that undergo 
various types of reactions in the course of food processing (Es-Safi et al. 2002).  As a 
general rule, during processing, phenolic biosynthesis is interrupted by the enzyme�s 
destruction and/or cell structure degradation.  Processing can enhance phenolic 
compound degradation or can produce chemical changes that affect quality 
characteristics (Tomás-Barberán and Espín 2001).  In some instances processing 
increases the release of phenolic compounds from plant tissues (Gil et al. 2000) and 
this might affect phenolic absorption in the gastrointestinal tract and hence 
bioavailability and biological activity in vivo (Gil-Izquierdo et al. 2001). 
 
The effects of processing on carotenoid content need to be considered from three 
perspectives: the retention of carotenoids, the chemical changes and their effects on 
the nutritional value, both as provitamin A sources and in terms of other biological 
actions.  Thermal processing is reported to increase carotenoid concentration, perhaps 
owing to greater extractability, enzymatic degradation and unaccounted losses of 
moisture and soluble solids that concentrate the sample per unit weight (Miki and 
Akatsu 1971; Yen and Hwang 1985; Rodriguez-Amaya 1997).  Sun and solar-drying 
may lead to significant reductions in carotenoid content (50-60%).  However, 10-40g 
of dried plants, such as carrots, mango, spinach leaves and pumpkins, still contain 
enough β-carotene to satisfy the daily vitamin A requirements for preschool children 
(Solomons and Bulux 1997). 
 
Drying also affects the composition of the simple sugar fraction in dried fruits.  The 
sorbitol content in prunes and the sucrose content in apricots have been found to be 
maintained throughout drying; whereas the sucrose in grapes and prunes was 
converted to glucose and fructose (Stacewicz-Sapuntzakis et al. 2001). 
 
 
2.4.2 Grapes 
 
Karadeniz et al. (2000) investigated the polyphenolics in raisins produced by different 
processing methods (sun-dried, dipped and golden (SO2)) and also compared these to 
fresh Thompson seedless grapes.  Significant differences in phenolic acid content 
were found for all raisin processing treatments.  These researchers found that the 
raisin polyphenolic profile was significantly different from that for fresh grapes and 
ascribed this to both enzymatic oxidation and nonenzymatic browning reactions that 
occur during dehydration of grapes.  Overall, the measurement of polyphenolic acid 
content showed that raisins are a good dietary source of flavonol glycosides and 
phenolic acids.  Golden raisins had the highest amounts of caftaric and coutaric acids 
while sun-dried and dipped raisins contained oxidised cinnamics.  Flavonol glycosides 
were not as sensitive as hydroxycinnamics to enzymatic oxidation, the 
hydroxycinnamics being partially oxidised.  The most labile polyphenolics were 
procyanidins and flavan-3-ols, since they were completely degraded in all raisin 
samples. 
 
Larrauri et al. (1997) investigated the effect of drying temperature (60, 100 and 
140°C) on the total extractable polyphenol content and antioxidant activity of red 
grape pomace peels.  These studies showed a significant reduction in both total 
extractable polyphenols and condensed tannins (resulting in a decrease of 28-50% in 
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antioxidant activity in red grape pomace peels), as well as a decrease in the 
antioxidant activity when drying temperature was 100 and 140°C.  Drying at 60°C did 
not significantly affect the characteristics evaluated.   
 
Gallali et al. (2000) investigated natural and solar drying (mixed, direct and indirect 
modes) methods of grapes and evaluated several chemical parameters.  It was 
concluded that solar drying, especially when direct or mixed modes were used, was 
relatively better and preferable (sensory evaluation) compared with natural sun 
drying.  The solar drying was more efficient than the natural drying in terms of the 
final moisture content (mixed 12.15%, indirect 20.05% and natural 68.45%).  
However, the mixed mode degraded vitamin C to a greater extent than natural drying 
(fresh 13.13 mg/100 g; natural 8.38 mg/100 g; mixed 5.88 mg/100 g).  No analysis of 
antioxidant components was performed on these samples. 
 
Table 15 summarises the composition of fresh and dried vine fruits. 
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Table 15 : Composition (per 100 g edible portion) of fresh and dried vine fruits.  (From Cashel et al. 1989-1995). 
 

Component Grape, 
black muscatel 

Grape, 
green sultana 

Grape, 
Waltham Cross Currant Raisin Sultana 

Edible portion (%) 98 97 98 100 100 100 
Water (g) 75.0 80.2 80.2 17.2 11.8 16.0 
Protein (g) 1.1 0.6 0.8 2.8 2.3 2.8 
Fat (g) 0.1 0.1 0.1 0.5 0.9 0.4 
Sugars - Total (g) 18.8 15.0 14.4 63.2 69.1 73.2 
Starch (g) 0 0 0 1.9 2.0 1.8 
Carbohydrate - Total (g) 18.8 15.0 14.4 65.1 71.1 75.0 
Dietary fibre (g)    6.0 4.9 4.4 
Energy (kJ) 328 257 253 1120 1224 1276 
Vitamins 
• vitamin C (mg) 
• thiamine (mg) 
• riboflavin (mg) 
• niacin (mg) 

 
7 

0.01 
0.05 
0.5 

 
5 

0.01 
0.03 
0.4 

 
7 

0.01 
0.03 
0.4 

 
0 

0.11 
0 

1.0 

 
0 

0.14 
tr 

0.5 

 
0 

0.18 
0 

0.5 
β-carotene equivalent (µg) 70 105 45 13 25 23 
Retinol equivalents (µg) 12 18 8 2 4 4 
Minerals       
• potassium (mg) 160 210 180 810 1050 910 
• sodium (mg) 8 6 6 46 58 36 
• calcium (mg) 9 12 12 87 41 56 
• magnesium (mg) 8 14 6 43 35 37 
• iron (mg) 0.3 0.2 0.2 2.3 4.2 2.0 
• zinc (mg) 0.1 0.1 0.1 0.5 0.8 0.5 
• copper (mg)    0.73 0.4 0.52 
• manganese (mg)    0.32 0.27 0.28 
• phosphorus (mg)    96 73 95 
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2.4.3 Plums 
 
Donovan et al. (1998) determined the level of total phenolics and the concentration of each 
phenolic compound in fresh prune-making plums, prunes and prune juice.  These results, 
focussing on the major compounds present in these fruits, are summarised in Table 16.  
Flavan-3-ols and anthocyanins were absent in the prunes and prune juice, although there was 
54 mg/kg catechin in the fresh plums.  The lack of flavan-3-ols is in contrast to other studies 
where catechin was reported in prunes.  However, other researchers have reported that fresh 
prune-making plums contain low amounts of catechin, that it predominates in the skin of the 
plum, and that levels significantly decrease during the dehydration process (Raynal et al. 
1989). 
 
Table 16 : Phenolic compositiona of pitted prunes, prune juice and fresh prune-making 
                  plums.  (Adapted from Donovan et al. 1998) 
 

Compound Prune 
mg/kg 

Prune Juice 
mg/L 

Plum 
mg/kg 

neochlorogenic acid 1306 ± 629 225 ± 34 807 ±103 
catechin ndb nd 54 ± 14 
chlorogenic acid 436 ± 201 193 ± 26 144 ± 23 
rutin 33 ± 25 4 ± 1 25 ± 5 
anthocyanins nd nd 76 ± 14 
HMFc 

220 ± 189 528 ± 91 nd 
Total phenolicsd 
Mg/kg 1840 ± 855 441 ± 59 1107 ± 114 

Total phenolsd 

Mg/kg soluble solids 2698 2384 4613 

a  Calculated on an �as is� basis. 
b  not detected 
c  HMF (hydroxymethyl furfural) is not a phenolic compound but a Maillard reaction 
   product. 
d  Total amount of phenolics expressed on the basis of total mass and total soluble 
   solids. 

 
An important point to note when comparing phenolic levels in fresh and processed products 
is that the water content and mass of each product changes during processing, and phenol 
levels are usually reported on the basis of final mass or volume.  The edible portion of plums 
contains ~24% soluble solids, whereas commercial prunes contain ~62% soluble solids.  
Prune juice is an aqueous extract of dehydrated prunes normalised to 18.5% solids.  During 
processing, the total amount of soluble solids remains constant, and when phenolic levels are 
expressed on the basis of soluble solids, it is clear that the processing of prunes from fresh 
plums degrades approximately half of the phenolic compounds (bottom half of Table 16) 
(Donovan et al. 1998). 
 
Stacewicz-Sapuntzakis et al. (2001) recently published a review on the chemical composition 
and potential health effects of prunes.  They gathered data from many sources and a summary 
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of the contents of the various components prescribed to have health benefits in both fresh 
plums and prunes is outlined in Table 17.  They tried to gather data specifically for prune-
making plum cultivars but some of the values refer to fresh plums in general. 
 
When compared with fresh plums (Table 17), the concentration of sugar increases in dried 
prunes, because of the dehydration, but there are also qualitative changes in the proportion of 
individual sugars.  The most notable change is the nearly total disappearance of sucrose, 
which is hydrolysed to glucose and fructose during processing.  Sorbitol is relatively well 
preserved during processing, as it does not enter into Maillard reactions with nitrogen 
containing compounds due to its lack of a carbonyl group.  It may even protect prunes from 
browning during processing.  It is reasonable to assume that some vitamins, especially 
ascorbic acid, are degraded during the dehydration process.  Others may be concentrated by 
dehydration, making prunes more nutrient dense than plums.  This is reflected in Table 17 by 
a decrease in vitamins C and A but an overall increase in total vitamin B.  Fresh plums are a 
rich source of phenolic compounds, many of them concentrated in the skin of the fruit; the 
pulp does not contain anthocyanins or rutin and very little catechins.  During the dehydration 
of plums, the rate of degradation in the skin is more rapid than in the pulp, so anthocyanins 
and catechins are absent in prunes.  However, prunes contain higher amounts of total 
phenolic compounds than plums, because dehydration concentrates the constituents despite 
partial degradation. 
 
Cinquanta et al. (2002) continued the work of Matteo et al. (2002) in evaluating the quality 
characteristics of different prune cultivars using various physical pre-treatments to accelerate 
the drying rate.  They found that the sorbitol content of the plums (Angeleno, Stanley, 
Empress), when dried at 60°C, was retained entirely.  A reduction in the total phenol content 
was apparent, and the drying process influenced the final content of total phenols in a 
different way, causing significant decreases between the varieties.  As expected, the 
anthocyanin content was completely degraded upon drying, regardless of pre-treatment used.  
Larrauri and colleagues (Larrauri et al. 1997; Larrauri et al. 1998) found that drying of 
pomace at high temperatures may cause a significant reduction of extractable phenolic 
compounds and may also affect antioxidant activity and free radical scavenging capacity.  On 
the other hand, Ayed et al. (1999) found that gamma irradiation extended the shelf life of 
grape pomace and improved anthocyanin yields. 
 
Data showing the composition of fresh plums and prunes, from another literature source 
(Cashel et al. 1989-1995) is given in Table 18. 
 
 
2.4.4 Apricots 
 
Forni et al. (1997) studied the influence of the syrup composition (sucrose, maltose and 
sorbitol syrups with the addition of 1% ascorbic acid and 0.1% sodium chloride as 
antioxidant) on the chemical-physical properties of osmodehydrofrozen apricot cubes.  They 
found that an osmotic step could improve the retention of vitamin C during air-drying as well 
as the colour stability during frozen storage of osmodehydrofrozen apricot cubes. 
Modification of the sugar concentration was a key parameter inferring stability:  The higher 
the sugar enrichment was, the higher was the protective effect on vitamin C during air drying 
at 65°C. Maltose was the most effective carbohydrate in providing vitamin C stability. 
 
Table 19 illustrates the differences in composition between fresh and dried apricots.  
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Table 17 : Chemical composition of plums and prunes (per 100 g).  (From Stacewicz- 
       Sapuntzakis et al. 2001). 
 

Component Fresh Plums Dried Prunes 
Water 78.0 g 32.4 g 
Carbohydrates 21.0 g 62.7 g 
Protein 0.8 g 2.6 g 
Fat 0.2 g 0.5 g 
Sugars   
• glucose 6.1 g 23.1 g 
• fructose 3.4 g 13.1 g 
• sucrose 4.5 g 0.6 g 
• sorbitol 5.4 g 14.7 g 
Total dietary fibre 1.5 g 6.1 g 
• pectin 0.76 g 2.1 g 
• cellulose 0.23 g 0.9 g 
• hemicellulose - 3.0 g 
• lignin 0.3 g 0.2 g 
Minerals   
• calcium 14 mg 51 mg 
• iron 0.4 mg 2.5 mg 
• magnesium 10 mg 45 mg 
• phosphorus 18 mg 79 mg 
• potassium 221 mg 745 mg 
• sodium 1.7 mg 4.0 mg 
• zinc 0.1 mg 0.5 mg 
• copper 0.09 mg 0.4 mg 
• manganese 0.08 mg 0.2 mg 
• boron 0.45 mg 2.2 mg 
Vitamins   
• ascorbic acid (C) 9.5 mg 3.3 mg 
• vitamin A 72 RE / 717 IU 26 RE / 259 IU 
• total vitamin B 0.72 mg 2.52 mg 
Carotenoids   
• lutein 240 µg 120 µg 
• α-carotene - 31 µg 
• β-carotene 430 µg 140 µg 
Phenolic compounds   
• Total 111 mg 184 mg 
• Neochlorogenic acid 81 mg 131 mg 
• Chlorogenic acid 14.4 mg 44 mg 
• Caffeic acid - 0.9 mg 
• Coumaric acid - 1.0 mg 
• Anthocyanins 7.6 mg - 
• Catechins 5.4 mg - 
• Rutin 2.5 mg 3.3 mg 
Hydroxymethylfurfural - 22 mg 

 



COMMERCIAL-IN-CONFIDENCE 

Health Benefits of Dried Fruits                                    Page 40                                             Final Report 

Table 18 : Composition of fresh and dried plums.  (From Cashel et al. 1989-1995).  
 
 

Component Plums, 
red flesh 

Plums, yellow 
flesh 

Prunes Angas 
Parka 

Sunbeamb 

 (per 100 g edible portion) 
Edible portion (%) 96 96 88   
Water (g) 87.4 89.0 37.1   
Protein (g) 0.6 0.5 2.3 2.8 2.3 
Fat (g) 0.1 0.1 0.4 0.3 < 1 
Sugars - Total (g) 
• sucrose (g) 
• glucose (g) 
• fructose (g) 
• sorbitol (g) 

6.8 
 
 
 

0.7 

5.7 
 
 
 

0.4 

31.0 
 
 
 

11.4 

43.8 
 
 
 
 

31.0 
 
 
 
 

Starch (g) 0 0 1.5   
Carbohydrate - Total (g) 7.5 6.1 43.9 59.9 43.9 
Dietary fibre (g)   7.8 7.0 7.8 
Acids 
• malic (g) 
• citric (g) 
• quinic (g) 

     

Energy (kJ) 155 127 778 1057 800 
Vitamins 
• vitamin C (mg) 
• thiamine (mg) 
• riboflavin (mg) 
• niacin (mg) 

 
5 

0.03 
0.04 
0.6 

 
5 

0.03 
0.05 
0.6 

 
2 
0 
tr 

0.9 

  

α-carotene equivalent 
(mg) 

     

β-carotene equivalent 
(µg) 

180 125 435   

Retinol equivalents (µg) 30 21 73   
Minerals      
• potassium (mg) 167 140 700 673 700 
• sodium (mg) 2 1 7 11.6 7 
• calcium (mg) 7 7 52   
• magnesium (mg) 6 5 42   
• iron (mg) 0.3 0.2 1.1   
• zinc (mg) 0.1 0.1 0.8   
• copper (mg)   0.26   
• manganese (mg)   0.32   
• phosphorus (mg)   58   
 a  Angas Park Web Page product information and product labelling 
 b  Sunbeam product labelling 
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Table 19 : Composition of fresh and dried apricots.  (From Cashel et al. 1989-1995). 
 

Component Fresh Fruit Dried Fruit Angas Parkb Sunbeamc 

 (per 100 g edible portion) 

Edible portion (%) 94 100   

Water (g) 85.5 31.3   

Protein (g) 0.8 4.3 4.5 4.3 

Fat (g) 0.1 0.2 0.4 < 1 
Sugars - Total (g) 
• sorbitol (g)a 

6.8 
0.6 

40.5 
2.9 

49.8 
 

40.5 
 

Starch (g) 0 1.0   

Carbohydrate - Total (g) 7.4 44.4 68.3 44.4 

Dietary fibre (g)  9.1 9.1 9.1 

Energy (kJ) 156 819 1110 835 
Vitamins 
• vitamin C (mg) 
• thiamine (mg) 
• riboflavin (mg) 
• niacin (mg) 

 
12 

0.03 
0.04 
1.3 

 
1.0 
0 
0 

2.5 

 
 
 
 

2.5 

 

β-carotene equivalent (µg) 208 2382   

Retinol equivalents (µg) 35 398 400  

Minerals     

• potassium (mg) 335 1510 1561 1510 
• sodium (mg) 2 37 23 37 
• calcium (mg) 16 67   
• magnesium (mg) 9 57   
• iron (mg) 0.3 3.1 3.1 3.1 
• zinc (mg) 0.2 0.8   
• copper (mg)  0.46   
• manganese (mg)  0.38   
• phosphorus (mg)  120   

 

a  Sorbitol included in total carbohydrate. 
  b  Angas Park Web Page product information and product labelling 
  c  Sunbeam product labelling 
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2.4.5 Peaches 
 
Table 20 shows the differences in composition between fresh and dried peaches.  
 
Table 20  : Composition of fresh and dried peaches.  (From Cashel et al. 1989-1995). 
 

Fresh Fruit Angas 
Parka Sunbeamb 

Component 
(per 100 g edible portion) 

Edible portion (%) 90   

Water (g) 88.8   

Protein (g) 0.9 3.2 3.4 

Fat (g) 0.1 0.7 < 0.1 

Sugars - Total (g) 6.8 52.0 53.0 

Starch (g) 0   

Carbohydrate - Total (g) 6.4 68.4 63.0 

Dietary fibre (g)  9.3 12.9 

Energy (kJ) 132 1100 988 
Vitamins 
• vitamin C (mg) 
• thiamine (mg) 
• riboflavin (mg) 
• niacin (mg) 

 
10 

0.01 
0.04 
1.2 

 
8 
 
 
 

 

β-carotene equivalent 
(µg) 104   

Retinol equivalents (µg) 17   

Minerals    

• potassium (mg) 186 1190 1100 
• sodium (mg) 2 11 6 
• calcium (mg) 6   
• magnesium (mg) 6   
• iron (mg) 0.2  6.8 
• zinc (mg) 0.1   
• copper (mg)    
• manganese (mg)    
• phosphorus (mg)    

 

  a  Angas Park Web Page product information and product labelling 
  b  Sunbeam product labelling 
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2.5 Consumer Attitudes to Fresh and Dried Fruits 
 
2.5.1 Dietary Intakes 
 
The National Health and Medical Research Council (NHMRC) Dietary Guidelines for 
Australians (1991) provides advice to the general population about healthy food choices, and 
for a diet that contributes to a healthy lifestyle with minimal risk of developing diet-related 
diseases.  In part, the guidelines encourage Australians to enjoy a wide variety of nutritious 
foods; eat plenty of breads, cereals, fruit and vegetables; eat a diet low in fat, particularly 
saturated fat; and maintain a healthy body weight.  They also encourage Australians to eat 
foods containing two specific nutrients, calcium and iron. 
 
The vast majority of Australians have access to a wide range of food, although there remain 
regions in Australia where this is not the case.  Within the range of food available, the types 
and quantities of food consumed are an individual choice influenced by factors including 
culture, age, sex, income, health and dietary knowledge.  An analysis of dietary change 
across Australia�s last two national dietary surveys undertaken in 1983 and 1995/6 showed a 
drop in intake of fruits and fruit products of 20% in urban adults.  There are some indications 
from apparent consumption data that this trend may have reversed slightly since the mid 
1990s. 
  
The most recent National Nutrition Survey (NNS) was conducted between February 1995 and 
March 1996 across all States and Territories in Australia.  It collected information for people 
aged two years or more on food and beverage intake, frequency of intake, food-related habits 
and attitudes, and physical measurements.  
 
On average, Australian males consumed a higher quantity of food and beverages than females 
in all age groups (Figure 2).  During the day prior to the interview, over half the males aged 
12-44 years and approximately a third of children aged 4-11 years had not eaten fruit or fruit 
products. 

 

 
 

Figure 2 : Average daily nutrient intake for Australians by age and gender from the National 
     Nutrition Survey 1995/96 (Australian Bureau of Statistics 1995). 

 
 
The diet of Australian children changed considerably between the ages of 2-3 years and 8-11 
years.  During this time, the total food and beverage consumption increased by 30% for boys 
and by 26% for girls.  Consumption increased with age in most food groups with the 
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exception of milk and milk products, and fruit and fruit products, which both decreased.  The 
consumption in most food groups increased with age from 12-15 years to 16-18 years except 
for decreases in fruit and fruit products for both girls and boys.  For adult men (19 years and 
over), consumption of fruit and fruit products increased with age; and a similar pattern was 
observed for women.  Figure 3 compares, by gender, the average intakes from selected food 
groups for children, adolescents and adults.  For most of these food groups, males and 
females displayed a similar pattern by age; the major exception being milk products, where 
the mean intake of adolescent males was higher, and of adolescent females lower, than in 
childhood.  Adolescent females and women generally had a higher mean daily intake of fruits 
than males of the same age.  This was the reverse of the pattern for all other major food 
groups. 
 

Figure 3 : National Nutrition Survey 1995/96 results comparing the average daily intake 
     from selected food groups for children, adolescents and adults (Australian Bureau 
     of Statistics 1995). 

 
 
Results from the NNS showed that the proportion of people who reported eating fruits 
declined from 77% of 2-3 year olds to a low of 37% for the 19-24 year age group; but 
increased to 73% of those aged 65 years and over (Figure 4).  In all age groups, pome fruit 
made the highest contribution to the average daily intake of fruit products for both males and 
females.  Other important contributors were citrus, stone and tropical fruits. 
 
 

 
Figure 4 : Consumption of fruit products by age and gender from the National Nutrition 

      Survey 1995/6.  (Australian Bureau of Statistics 1995) 
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The only group in Australia (at the time of the survey) whose mean intake is in line with 
recommendations are the 4-7 year olds with intakes of fruit about 95% of recommended 
(Table 21).  For older children and adolescents and younger adults, intakes average 30-40% 
of recommended, rising to 60% of recommended in older adults.  If juice is included as part 
of the category, the intake of most age categories averages 60-75% of recommended intake 
with 4-7 year olds having average intakes 50% higher than recommended. 
 
Table 21 : Intakes of fruits in Australia in relation to Australian recommendations (National 

      Nutrition Survey 1995/96). 
 

Fruit intakes 
Percent of recommended Recommended (g/day) 

Including juice Excluding juice  
Age 

Male Female Male Female  

4-7 165 154 98 92 150 

8-11 62 57 37 33 600-450 

12-15 57 63 34 36 300-450 

16-18 49 65 26 29 300-450 

19-24 65 62 31 31 300 

25-44 67 67 42 44 300 

45-64 76 74 53 57 300 

65 + 74 75 60 59 300 
 

Recommended dietary intakes (RDIs) or recommended dietary allowances (RDAs) are the 
levels of intake of essential nutrients considered adequate to meet the nutritional needs of 
most healthy individuals.  They are based on estimates of requirements for age/sex groups 
and incorporate generous factors to accommodate variations in absorption and metabolism.  
Therefore, they apply to group needs. 
 
RDIs or RDAs of nutrients have not been derived from the need to minimise the risk of long-
term disease but on the basis of ensuring healthy growth and development.  Even so, for 
many nutrients, there are not precise RDAs due to lack of data to determine them (Lindsay 
2000).  The NHMRC has set RDIs for use in Australia for a list of nutrients, vitamins and 
minerals, and these are illustrated in Table 22. 
 
Although there is growing evidence that carotenoids have physiological functions and actions 
beyond their provitamin A activity and also have potential in health promotion and disease 
risk reduction, there is as yet no final proof to make any recommendation on �optimal� 
intakes (van den Berg et al. 2000).  Using data reported in the various epidemiological trials 
on cardiovascular disease risk, a threshold level for serum β-carotene of 0.4 µmol/L has been 
derived (Grey 1995).  This level is reached at an intake level of at least 1.5-2 mg/day. 
 
Table 23 compares the amounts of nutrients found in large servings of dried prunes with 
existing dietary recommendations to illustrate a contribution that can be achieved by 
consumption of prunes.  It can be seen that among the minerals with known 
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recommendations, iron, magnesium, copper, zinc, manganese and potassium are present in 
prunes in physiologically significant amounts. 
 
Tables 24 and 25 give similar information for Angas Park and Sunbeam Foods dried fruit 
products. 
 
 
Table 22 : Recommended dietary intakes (RDIs) for adults (expressed as mean daily intake). 

       (National Health and Medical Research Council 1991). 
 

Energy (kJ) 6500 - 13,700 

Protein (g) 45 � 55 

Dietary fibre (g) 30 

Vitamin A (µg retinol equivalents) 750 

Thiamin (mg) 0.7 - 1.1 

Riboflavin (mg) 1.0 - 1.7 

Niacin (mg niacin equivalents) 11 � 19 

Vitamin B-6 (mg) 0.8 - 1.9 

Folate (µg) 200 

Vitamin B-12 (mg) 2 

Vitamin C (mg) 30 � 40 

Vitamin E (mg α-tocopherol equivalents) 7 � 10 

Zinc (mg) 12 

Iron (mg) 5 � 16 

Iodine (µg) 120 � 150 

Magnesium (mg) 270 � 320 

Calcium (mg) 800 � 1000 

Phosphorus (mg) 1000 

Selenium (µg) 70 � 85 

Sodium (mg) 920 � 2300 

Potassium (mg) 1950 � 5460 
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Table 23 : Percentage of Recommended Daily Intake (RDI) (in the USA) in a large serving 
     of dried prunes (100 g).  (From Stacewicz-Sapuntzakis et al. 2001). 

 
Nutrient RDIa RDI (%)  in Prunes 

Vitamin A 5000 IU 5 
Vitamin E 30 IU 9 
Vitamin C 60 mg 6 
Calcium 1000 mg 5 
Phosphorus 1000 mg 8 
Iron 18 mg 14 
Magnesium 400 mg 11 
Copper 2 mg 20 
Zinc 15 mg 10 
Manganese 2 -5 mg 10 
Potassium 3500 mg 21 
Boron 2 - 3 mg 100 
Dietary fibre 25 g 24 

a  Recommended Daily Intake (RDI) for adults and children 4 or more years of 
   age. 

 
 
Table 24 : Composition and percentage of dietary intake of Angas Park dried fruit products. 
 

Component Sultana Raisin Currant Prune Apricot 
 per 100 g per 100g per 100g per 100g per 100g %RDI 

Energy (kJ) 1270 1160 1140 1060 1100  
Protein (g) 2.8 1.5 1.9 2.8 4.5  
Fat (g)       
• total 0.4 0.5 0.5 0.28 0.4  
• saturated fatty acids   < 0.1 < 0.1 < 0.1  
Cholesterol (g)    0 0  
Carbohydrates (g)       
• total 76.0 74.8 76.0 59.8 68.2  
• sugar 74.0 73.0 74.0 43.8 49.8  
Dietary fibre (g)   4.6 7.0 9.1  
Sodium (mg) 36 36 21 11.6 23  
Potassium (mg) 910 910  672 1560  
Vitamin A (µg)     400 53 

Niacin     2.5 20 

Iron (mg)     3.1 26 
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Table 25 : Composition and percentage of dietary intake of Sunbeam Foods dried fruit products. 
 

Component Sultana Raisin Currant Prune Apricot 
 per 100 g % DIa per 100g % DI per 100 g % DI per 100g %DI per 100 g %DI 

Energy (kJ) 1337 7.7 1279 7.4 1173 6.7 800 4.6 835 4.8 
Protein (g) < 1 < 1.5 2.3 2.3 < 1 < 1.5 2.3 2.3 4.3 4.3 
Fat (g)           
• total < 1 < 4 < 1 < 1.5 < 1 < 4 < 1 < 1.5 < 1 < 1.5 
• saturated fatty acids < 1 < 4 < 1 < 4 < 1 < 4 < 1 < 4.0 < 1 < 4.0 
• trans fatty acids < 1 < 4 < 1 < 4 < 1 < 4 < 1  < 1  
• monounsaturated fa < 1 < 4 < 1 < 4 < 1 < 4 < 1  < 1  
• polyunsaturated fa < 1 < 4 < 1 < 4 < 1 < 4 < 1  < 1  
Cholesterol (g) < 0.1  < 0.1  < 0.1  < 0.1  < 0.1  
Carbohydrates (g)           
• total 65.1 10.5 71.1 11.5 65.1 10.5 43.9 7.1 44.4 7.2 
• sugar 63.2 51.0 69.0 55.7 63.2 51.0 31.0 25.0 40.5 32.7 
Dietary fibre (g) 6.0 10.0 4.9 8.2 6.0 10.0 7.8 13.0 9.1 15.2 
Sodium (mg) 46 1.0 58 1.3 46 1.0 7.0 0.2 37 0.8 
Potassium (mg) 810  1050  810  700  1510  
Iron (mg)   4.2 17.5b     3.1 12.9b 

a  % DI (dietary intake) based on average adult diet of 8700 kJ 
b  % of RDI 
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Australians eat on average, two kilograms of dried fruit per year; consumption second only to 
New Zealand (Landline 2000).  Data from the Australian Bureau of Statistics (1998) states 
that dried fruit consumption rose by 4.1% to three kilograms per capita. 
 
An antithesis to consumption of dried fruit comes from the Australian Department of Health 
and Ageing (2001) in the Australian Guide to Healthy Eating, �Dried fruit is nutritious and 
adds variety to a healthy diet, but can contribute to tooth decay.  For this reason, eat more 
fresh fruit and limit dried fruit intake to once a day.� 
 
 
2.5.2 Barriers 
 
In Australia, a range of intervention initiatives, surveys and marketing programs have been 
undertaken but there is very little published in the scientific literature.  Surveys have shown 
that consumers recognise the health value of fruits (and vegetables); why does intake in 
Australia and other industrialised nations remain below recommended intakes despite these 
initiatives?  Why don�t people eat more fruit, including dried fruit? 
 
Barriers to increasing consumption can range from those related to limited understanding 
amongst health professionals, educators and industry marketers of the drivers of food choice 
of consumers and how to influence these, through to barriers which consumers themselves 
articulate in surveys such as consistency of quality, cost, problems with shelf life and storage, 
taste and availability. 
 
In Australia, the target for most fruit and vegetable interventions has been set at �7-a-day� (2 
fruit and 5 vegetables), compared to the �5-a-day� in the USA and UK (Anderson et al. 
1998).  (It should be noted however that the Australian recommendations include potato as a 
vegetable.)  In the Netherlands, lower targets of 200g of fruit (and 200g of vegetables) have 
been set.  However, in most countries, an increase of some 30-50% in fruit over current 
consumption has been set as the initial target. 
 
Some of the determinants/barriers of intake summarised from several exploratory studies 
undertaken in Australia include: 
 
• psychosocial drivers - psychological traits are more potent determinants of food choice 

than demographics such as age, education and social status, 
• different influences at different ages, 
• the optimistic consumer - individuals perceive their intake is higher than their actual 

consumption, 
• lack of awareness - of recommendations or targets for consumption, 
• confusion over definitions - what is a �serving�?, and 
• time and skill barriers - lack of cooking skills and limited time for shopping and food 

preparation. 
 
A number of social and psychological models used to study health behaviours have been 
applied increasingly in the food choice area.  However, dietary or food choice behaviour is 
extremely complex when compared to most other health behaviours and is less likely to be 
determined by one model.  A question and answer web site (Fabulous Fruits) listing the top 
ten fruits says �how you rank fruit depends on the reason you�re eating the fruit and your 
individual tastes�, and �food preferences are based on taste, not nutrition�.  In this survey, 
dried, unsulphured apricots came in at number six in the top ten fruits list, ranked according to 
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 Health Convenience

Pleasure

content of nutrients (vitamin C, fibre, carotenoids, calcium and folic acid) and also 
availability, safety and versatility. 
 
One of the outcomes of a survey conducted in the UK of six discussion groups on consumer 
awareness and attitudes towards functional foods was that a healthy diet was associated with 
eating lots of fruit and vegetables and reducing fat content of the diet.  Fruit and vegetables 
were most widely recognised to provide specific health benefits, although the benefits were 
not always fully understood (Newsholme 2002).  Several barriers towards purchase and 
consumption were identified: 

• high price, 
• perceived safety aspects, 
• preference for natural or original source, 
• concern over sensory properties, and  
• perception that diet was already healthy. 

 
Research conducted by Colmar Brunton (2002) for Wattie�s in New Zealand also found 
barriers to eating 5-a-day that people cited were: 

• lack of convenience, 
• preparation time, 
• cost, 
• dislike of taste, and 
• poor quality 

 
From the surveys conducted around the world, the three main drivers for consumer choice of 
foods can be summarised in Figure 5.  As mentioned earlier, the food choice area is a 
complex behavioural science and will involve not only the three main drivers but also the 
combinations of each of these drivers (ie overlapping sections of the circles). 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 : Summary of drivers for consumer food choice. 
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2.5.3 Marketing 
 
Increased awareness of the health benefits of dried fruits may encourage some individuals to 
increase their consumption of these fruits.  Increased consumption could provide consumers 
with dietary fibre, minerals, vitamins and phytochemicals in a compact, convenient and shelf-
stable form.  
 
Health professionals in Australia and many other western countries are putting an increasing 
effort into the promotion of fruits and vegetables as a central part of a healthy diet and there is 
great potential for the dried fruits industry to capitalise on this effort.  An opportunity arising 
in Australia is the Eat Well Australia initiative which has increasing fruit and vegetable as one 
of its core initiatives.  In the next five to ten years, promotion of increased consumption of 
fruits and vegetables will be a cornerstone of National Nutrition Policy in Australia.  Within 
these programs, there is the opportunity to position dried fruits as a special category with 
particular health benefits.  For example,  

• promotions could centre on specific nutrients such as dietary fibre, potassium for 
specific target groups such as adolescents or older adults with increasing health 
concerns, 

• focus on the antioxidant �package� - carotenes and phytochemicals, and 
• convenience. 

 
Achieving change in the community will not be easy.  Overall, most of the intervention 
programs attempted to date have had, at best, modest effects on consumption of fresh fruits 
and vegetables in target groups.  Therefore, in terms of promotion of dried fruit, it is 
necessary to gain a thorough understanding of why people do or so not choose to eat dried 
fruit: 

• What do consumers currently know about the health benefits of dried fruit? 
• Do they recognise a special or unique role for dried fruit? 
• If they are already aware of these benefits, is further emphasis likely to bring 

additional market gain? 
• If health and well-being is an issue, what aspects will appeal to which segments of the 

community? 
• What are the competitor products? 

 
Concomitant with this understanding, other approaches could include: 

• identifying drivers of, and constraints to, increased consumption for various sectors of 
the Australian community, 

• partnering with special medical interest groups such as the National Heart 
Foundation, Diabetes Australia etc around specific health issues, 

• partnering with government in promotion and policy areas, for example Eat Well 
Australia, and 

• developing education initiatives for use in schools, mass media, health networks etc. 
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3. Composition of Commercial Dried Fruit Products 
 
To allow the dried fruit industry to promote dried fruits grown and processed in Australia on 
the basis of containing health promoting compounds, the nutrients and compounds with the 
best established links to health benefits and the ones unique to dried fruit were established. 
 
A broad range of commercially available dried fruit samples (both Australian and imported) 
were analysed for fibre, minerals, vitamins and antioxidants for benchmarking purposes.   
Dried fruit samples taken from the Merbein breeding program were also included in this 
composition screening.   
 
 
3.1 Methods 
 
3.1.1 Sample Preparation 
 
Fifteen samples of dried fruits were obtained from local supermarkets (Table 26) and six 
samples from the Merbein breeding program which included sunmuscat, Merbein seedless, 
muscat Gordo Blanco, sultana, Zante currant and Carina currant.  Whole prunes were de-
pitted manually and the fruits were cut into pieces approximately 0.5 cm2 and lyophilised and 
the dry weight was determined. 
 
Table 26 : Dried fruits purchased from retail outlets for analysis of health promoting 

      compounds. 
 

PRODUCT PACKAGED BY INGREDIENT ORIGIN 
Lowan Whole Foods Dried Apricots Lowan Whole Foods, Vic Turkey 

Angas Park Dried Apricots Angas Park, Sth Aust may be blend of Aust & imported 

Sunbeam Sundried Apricots Sunbeam, Vic may be blend of Aust & imported 
   
Angas Park Dried Peaches Angas Park, Sth Aust blend of Aust & imported 

Sunbeam Sundried Peaches Sunbeam, Vic South Africa 
   
Angas Park Pitted Prunes Angas Park, Sth Aust imported 

Sunbeam Sundried Pitted Prunes Sunbeam, Vic USA 

Sunsweet California Pitted Prunes Sunsweet Growers Inc, USA California, USA 

Excello Austn Whole Prunes Excello Foods Pty Ltd, NSW Australia 

Verity Ready to Eat Prunes (D�Agen) Young District Producers Co-Op, NSW Australia 
   
Angas Park Natural Sultanas Angas Park, S Aust Australia 

Sunbeam Sundried Natural Sultanas Sunbeam, Vic Australia 

Woolworths Sultanas Woolworths, NSW Greece 
   
Sunbeam Sundried Pears Sunbeam, Vic South Africa 

Angas Park Dried Pears Angas Park, Sth Aust blend of Aust & imported 
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3.1.2 Extraction 
 
An ultrasound-assisted aqueous methanol method for the extraction of polyphenolics was 
used for the dried fruit samples (Wiley Interscience).  The cavitation produced by ultrasound 
when used in aqueous methanol extraction assists to increase the mass transfer rate and allows 
higher product yield with reduced extraction time.   
 
A 10 g portion of the lyophilised fruit was accurately weighed into a flask and mixed with 
100 mL of 80% methanol.  Under subdued light, the flask was immersed in an ultrasonic bath 
and sonicated for 20 minutes at room temperature with continual nitrogen gas purging and 
periodic shaking.  The temperature was maintained at room temperature or lower by the 
addition of ice.  The mixture was filtered through a Whatman No. 1 filter paper under vacuum 
using a chilled Buchner funnel.  The residue was rinsed with 50 mL absolute methanol.  The 
residue was re-extracted with 100 mL of 80% methanol.  The two filtrates were combined and 
transferred to a round-bottom evaporating flask with 50 mL of 80% methanol.  The methanol 
was evaporated in a rotary evaporator under vacuum at 40°C until the volume of the extract 
was reduced to 10 to 30 mL.  The concentrate was resolubilised to a 100 mL volume with 
distilled water.  Aliquots for total phenol content and antioxidant activity were flushed with 
nitrogen gas and stored at -4°C until analysis (up to 1 day).  Aliquots for HPLC analysis were 
flushed with nitrogen gas, frozen and lyophilised. 
 
 
3.1.3 Phenolic Content 
 
(a) Total Phenolic Content by HPLC 
 
HPLC profiles of each dried fruit extracts were obtained using a C12 reversed phase column 
(Phenomenex Synergi column, MAX-RP 80A (4 µm, 250x4.6 mm) with a phosphoric acid-
acetonitrile gradient mobile phase.  Spectra were collected using a PDA detector from 200 to 
400 nm.  The total peak area count at 280 nm was used to quantify the extractable total 
phenolic content expressed as gallic acid equivalents. 
 
 
(b) Total Phenolic Content by Colorimetric Assay 
 
The content of total phenolics in the samples were analysed by the Folin-Ciocalteu 
colorimetric method originally adapted by Singleton and Rossi (1965) for wine analysis.  The 
procedure used in this analysis was the microscale protocol as outlined by Current Protocols 
in Food Analytical Chemistry (Wiley Interscience), which has been modified for small 
sample volumes. 
 
Briefly, the appropriate dilutions of extracts were oxidised with Folin-Ciocalteu reagent and 
the reaction was neutralised with sodium carbonate.  The absorbance of the resulting blue 
colour was measured at 765 nm after a 2 hour reaction time at room temperature.  Gallic acid 
was used as standard, and the results were expressed as mean (mg of gallic acid 
equivalent/100 g of dry weight sample) ± SD for triplicates. 
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(c) Individual Phenol Determination by HPLC 
 
Extracts were run on a C12 HPLC column as (a) above.  Spectra collected from 200-400 nm 
for the standards were used to create a spectral library and compounds in extracts were 
matched and purity checked using this data.  Phenolic compound data reported here was 
derived from detection at 280 nm and quantities were calculations from regressions with 
reference compounds. 
 
 
3.1.4 FRAP Assay 
 
For the ferric reducing antioxidant power (FRAP) the procedure described by Benzie and 
Strain (1996) was followed.  The principle of this method is based on the reduction of a ferric-
tripyridyltriazine complex to its ferrous, coloured form in the presence of antioxidants.  The 
FRAP reagent contained 2.5 mL of a 10 mmol/L TPTZ (2,4,6-tripyridyl-s-triazine, Sigma) 
solution in 40 mmol/L HCl plus 2.5 mL of 20 mmol/L FeCl3 and 25 mL of 0.3 mol/L acetate 
buffer, pH 3.6 and was prepared freshly.  Aliquots of 50 µL sample extract were mixed with 
1.5 mL FRAP reagent and the absorbance of the reaction mixture at 593 nm was measured 
spectrophotometrically after incubation at room temperature for 6 minutes.  The 0.4 mmol/L 
FeSO4 was used as the standard solution.  The final result was expressed as the concentration 
of antioxidants having a ferric reducing ability equivalent to that of the 0.4 mmol/L FeSO4.  
Adequate dilution was needed if the FRAP value measured was over the linear range of the 
standard curve. 
 
 
3.1.5 β-Carotene-Linoleate Model System 
 
Heat-induced oxidation of an aqueous emulsion system of β-carotene and linoleic acid was 
used as the antioxidant activity test model (Gorinstein et al. 2003).  β-carotene (2 mg) in 2 mL 
of chloroform, linoleic acid (20 mg), and Tween-40 (polyoxyethylene sorbitan 
monopalmitate) (200 mg) were mixed.  Chloroform was removed at 40°C under nitrogen, and 
the resulting mixture was diluted immediately with 10 mL of water and mixed well.  To this 
emulsion 40 mL of aerated water was added.  Four millilitre aliquots of the emulsion were 
pipetted into different test tubes containing 0.2 mL of fruit extracts.   250 µM trolox was used 
for comparative purposes.  A mixture prepared as above without β-carotene served as blank.  
The tubes were placed at 50°C in a water bath, and the absorbance at 470 nm was taken at 
zero time (t = 0). 
 
Measurement of absorbance was continued until the colour of β-carotene disappeared in the 
control tubes (t = 180 min) at an interval of 15 min for the first hour, then hourly.  The 
antioxidant activity (AA) of the extracts was evaluated in terms of bleaching of the β-carotene 
using the following formula,  
 

AA =  100[1-(A0 � At)/(Ao
0 � Ao

t)],  
 
where A0 and Ao

0 are the absorbance values measured at zero time of the incubation for the 
test sample and control, respectively, and At and Ao

t are the absorbance measured in the test 
sample and control, respectively, after incubation for 180 min. 
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3.1.6 Dietary Fibre 
 
Total and insoluble dietary fibre were analysed in the fifteen commercial dried products by 
the AOAC method (AOAC 985.29) and soluble dietary fibre was determined by difference. 
 
 
3.1.7 Vitamin Analysis 
 
Ascorbic acid and vitamin A were determined according to Brubacher et al. (1985).  Ascorbic 
acid was extracted from the fruit samples using metaphosphoric acid and detected at 254 nm 
after separation by HPLC on a C18 Novapak column.  Vitamin A was also separated using a 
C18 Novapak column and absorbance was measured at 325 nm and content determined by 
comparison with a retinol standard of known concentration. 
 
Niacin was determined by HPLC on a C8 column using photo diode array detection at 254 nm 
(AOAC 1980; Ward and Trenerry 1997).  Known standards of nicotinic acid were used for 
quantitation. 
 
α- and β-carotene were separated by reversed phase HPLC on a C18 Novapak column and 
absorbance measured by UV detection at 450 nm (CRC Handbook of Chemistry and Physics).  
Determination was made against standards and results expressed as µg/100 g. 
 
 
3.1.8 Mineral Analysis 
 
Calcium, magnesium, sodium, potassium, phosphorus, iron, copper, manganese and zinc were 
analysed in the fifteen commercial dried fruit products by atomic absorbance spectroscopy 
using the in-house method of the Food and Agriculture Laboratories of Australia. 
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3.2 Results 
 
3.2.1 Moisture Content 
 
The moisture content as determined from the mass before and after freeze-drying of the 
samples is shown in Table 27.  Results for the commercial products are from duplicate 
analyses but please note that samples are from different batches. 
 
Table 27 : Moisture content of dried fruit samples. 
 

Fruit Sample Moisture (%, w/w) 

Apricot a Lowan 16.54 ± 0.81  

 Angas Park 20.24 ± 0.57 

 Sunbeam 16.32 ± 3.50 

Peach a Angas Park 21.65 ± 0.90 

 Sunbeam 17.91 ± 0.28 

Prune a Angas Park  31.62 ± 0.98 

 Sunbeam  24.29 ± 0.18 

 Sunsweet  22.02 ± 3.31 

 Excello  28.57 ± 0.55 

 Verity  33.19 ± 0.11 

Sultana a Angas Park 6.82 ± 1.35 

 Sunbeam 8.12 ± 0.86 

 Woolworths 5.61 ± 0.83 

Pear a Sunbeam 14.43 ± 3.70 

 Angas Park 14.76 ± 2.34 

Merbein b Sunmuscat 3.55  

 Merbein seedless 2.38 

 Muscat Gordo Blanco 4.15 

 Sultana 4.29 

 Zante currant 3.06 

 Carina currant 2.04 
 
  a  Mean ± standard deviation for two samples from different batches 
  b  Single measurements 
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3.2.2 Extraction 
 
To test the reproducibility of the extraction method, three extractions of the Sunmuscat 
(Merbein) sample were performed, and assays carried out for total phenol content and 
antioxidant activity.  The results are given in Table 28. 
 
Table 28 : Total phenol content and antioxidant activity assay results for three replicate 

      extractions of the  Merbein Sunmuscat samples. 
 

Assay Mean Standard Deviation 
Total phenol content (mg GAE/g dry wt) 1.34 0.07 
FRAP (µM FRAP/g dry wt) 6.51 0.14 
Bleaching assay (%AA) 90.97 2.84 

 
 
3.2.3 Total Phenol Content and Antioxidant Activity 
 
Results from the Folin colorimetric assay are given in Table 29.  These results show that 
prunes had the highest amount of total phenols followed by peaches, apricots, pears and 
sultanas.   
 
The total phenol content for the sultana Merbein samples, as determined by the Folin assay, 
was similar to that of the retail dried fruit samples.  The two currant samples from Merbein 
had slightly higher total phenol contents than the sultanas. 
 
The antioxidant capacity of the dried fruit samples was measured using two different assays 
(Table 29).  The first assay, the ferric reducing/antioxidant power (FRAP) assay is a direct 
test of �total antioxidant power� and uses antioxidants as reductants in a red-ox linked 
colorimetric method.  The other assay, the β-carotene/linoleate bleaching assay, is an indirect 
method that measures the ability of antioxidants in a sample to inhibit the oxidative effects of 
reactive species in the mixture.  The results from the two assays are contradictory (Figure 6) 
indicating that the samples responded differently in the antioxidant mechanisms probed by the 
assays.  The highest activity, according to the FRAP assay, was shown by peaches followed 
by prunes, apricots, pears and sultanas.  The bleaching assay indicated that sultanas were most 
effective at inhibiting β-carotene oxidation, followed by prunes.  An example of the kinetics 
of the bleaching assay is shown in Figure 7.  Interestingly, it should be noted, that there were 
some fruits (peaches, pears and apricots) that instead of inhibiting oxidation, were able to 
enhance this process � an aspect that requires further study. 
 
It is noted here that the order of total activity differs from that for total phenol content.  
Literature reports on the relationship between total phenols and antioxidant activities are 
contradictory; some authors have observed a high correlation, others have found none.  The 
relationship between total phenol content (as measured by the Folin assay) and antioxidant 
activity (FRAP) for this data is shown in Figure 8, and shows a correlation (R2 = 0.83; 
p=0.49). 
 
The activity assays of the Merbein samples suggest, from the FRAP assay, that the two 
currant cultivars have the higher activity.  The reverse result was obtained with the bleaching 
assay.  The FRAP values for the sultanas varieties are similar to those determined for the 
commercial dried sultana products.  
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Table 29 : Total phenol content and antioxidant activities of commercial dried fruit extracts 
      using three in vitro  assays. 

Sample Total Phenola 
mg GAE/g dry wt 

FRAP Valueb 
µM FRAP/g dry wt 

% Antioxidant 
Activityc 

Apricot Lowan 3.34 ± 0.08 20.64 ± 2.66 -255.69 ± 10.54 

 Angas Park 3.03 ± 1.12 16.79 ± 3.90 -238.81 ± 41.71 

 Sunbeam 4.19 ± 0.13 24.92 ± 1.03 -106.20 ± 30.96 

Peach Angas Park 6.70 ± 0.22 35.59 ± 2.44 -119.05 ± 38.23 

 Sunbeam 7.32 ± 2.52 41.90 ± 8.47 -133.21 ± 80.13 

Prune Angas Park 7.12 ± 1.48 30.16 ± 7.30 44.66 ± 44.02 

 Sunbeam 7.52 ± 0.71 30.19 ± 2.19 61.38 ± 28.99 

 Sunsweet 7.78 ± 1.95 28.28 ± 10.21 74.02 ± 16.53 

 Excello 6.52 ± 1.64 25.83 ± 5.55 74.89 ± 17.08 

 Verity 7.36 ± 2.97 37.84 ± 17.33 74.56 ± 16.96 

Sultana Angas Park 1.60 ± 0.91 6.86 ± 3.78 90.50 ± 12.85 

 Sunbeam 1.78 ± 0.66 6.00 ± 1.56 85.45 ± 1.41 

 Woolworths 2.36 ± 0.42 6.98 ± 0.09 77.94 ± 8.59 

Pear Sunbeam 2.75 ± 1.15 15.43 ± 5.18 -155.63 ± 16.17 

 Angas Park 3.05 ± 1.49 18.42 ± 9.05 -168.72 ± 54.09 

Merbein Sunmuscat 1.24 5.81 88.20 

 Seedless 1.69 5.49 97.75 

 Muscat Gordo Blanco 2.72 12.67 69.42 

 Sultana 1.33 4.99 98.88 

 Zante currant 3.41 18.09 73.14 

 Carina currant 2.95 17.49 76.86 
a Total phenol content using the Folin-Ciocalteau method 
b Ferric reducing antioxidant power assay 
c β-carotene/linoleate assay 
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Figure 6 : Rank order of dried fruits according to antioxidant activity as measured by 

      (A) the FRAP assay and (B) the β-carotene bleaching assay. 
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Figure 7 : Examples of the kinetics of the β-carotene bleaching assay. 
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Figure 8 : Relationship between total phenol content determined by the Folin assay and   
                  antioxidant activity determined using the FRAP assay. 
 
 
 
 
3.2.4 Phenol Content � HPLC Analysis 
 
Previous studies on peach phenolics showed that chlorogenic acid was the main 
hydroxycinnamic derivative, with minor amounts of neochlorogenic acid (Machiex et al. 
1990; Tomás-Barberán et al. 2001).  The results of this study confirmed that chlorogenic acid 
was the main hydroxycinnamate of peaches, prunes, pears and apricots (Table 30).  
Chlorogenic acid was present in sultanas but only in lower amounts.  Previous studies have 
also shown that plums contain mainly neochlorogenic acid with smaller amounts of 
chlorogenic acid: Neochlorogenic acid was not quantified in this study. 
 
Rutin was also found in apricots, prunes and peaches, and quercetin-3-glucoside and 
epicatechin was consistent throughout all the dried fruit samples. This was also shown by 
Machiex et al. (1990) and Tomás-Barberán et al. (2001). 
 
Caffeic acid, p-coumaric acid, and ferulic acid were present in most of the samples but in 
small quantities. 
 
The total peak area count (TAC) of the HPLC profile obtained at 280 nm shows good 
correlation with the total phenol content values measured using the Folin-Ciocalteu 
colorimetric assay (Cilliers et al. 1990).  This is not the case when the results for all of the 
fifteen dried fruit samples are plotted (Figure 9, R2 = 0.24, p = 0.02).  Interestingly, when the 
data is plotted separately for each fruit type (not shown), there is correlation for sultanas (R2 = 
0.88), apricots (R2 = 0.78) and prunes (R2=0.51).  However, peaches had a negative 
relationship (R2 = 0.66) and pears had a very poor correlation.  Measurement of TAC by 
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HPLC does not include compounds that do not separate on the reversed phase column or 
absorb at 280 nm; therefore the lack of correlation for peaches and pears could be explained 
by compounds, which show activity in the Folin assay but are not measured using the TAC.  
Such compounds include ascorbic acid, sulphur dioxide, vitamin B3 and Maillard reaction 
products. 
 
The results for the Merbein samples are given in Table 31.  Similarly, chlorogenic acid 
predominated in all samples, being highest in the currant cultivars.  Epicatechin followed 
chlorogenic acid in concentration in these samples and rutin, quercetin-3-glucoside and 
caffeic acid occurred in all samples, again being highest in the currant cultivars.  Catechin was 
detected in only one currant cultivar and concentrations of syringic acid, coumaric acid and 
ferulic acid were low (Table 31). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 : Relationship between gallic acid equivalent total area count at 280 nm (HPLC) and 

      total phenol content measured using the Folin assay. 
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Table 30 : Content of individual phenolic compounds in commercial dried fruit samples (µg phenol/ g fruit dry weight). 
 

SAMPLE 
PHENOL Lowan 

apricot 
AP1 

apricot 
Sunbeam 
apricot 

AP 
peach 

Sunbeam 
peach 

AP 
prune 

Sunbeam 
prune 

Sunsweet 
prune 

Excello 
prune 

Verity 
prune 

AP 
sultana 

Sunbeam 
sultana 

Woolies2 
sultana 

Sunbeam 
pear 

AP 
pear 

Chlorogenic acid 283 104 327 997 1275 600 962 790 831 613 31 33 39 398 735 

Epicatechin ND 6 34 33 64 14 11 4 13 17 20 5 14 15 18 

Caffeic acid ND 2 ND ND ND ND 2 6 2 2 2 5 5 4 7 

Rutin hydrate 322 118 295 38 10 10 36 17 36 59 3 2 4 3 6 

Coumaric acid 2 1 2 1 2 6 7 6 4 6 3 1 2 2 2 

Quercetin-3-
glucoside 25 2 36 21 13 40 6 11 13 2 24 7 23 13 23 

Ferulic acid 2 1 1 3 ND 8 8 12 8 9 ND ND 2 1 1 

Sum3 634 234 695 1093 1364 678 1032 846 907 708 83 53 89 436 792 

 
1 Angas Park 
2 Woolworths 
3  Summation o f the individual identified phenolic compounds 
ND not detected 
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Table 31 : Content of individual phenolic compounds (µg phenol/g fruit dry weight) of dried  
      fruit products from the Merbein breeding program. 

 

SAMPLE 
PHENOL 

Sunmuscat Merbein 
seedless 

Muscat Gordo 
Blanco Sultana Zante currant Carina currant 

Catechin ND ND ND ND 5.3 ND 

Chlorogenic acid 771 741 352 450 1607 895 

Epicatechin 18 14 41 15 16 14 

Caffeic acid 2.1 0.9 2.1 1.1 3.4 9.5 

Syringic acid 0.2 0.1 0.3 0.1 0.2 0.6 

Rutin 1.4 2.1 2.4 0.8 19.8 20.9 

Coumaric acid ND 0.7 ND ND 0.8 0.8 

Quercetin 1.6 1.8 2.7 1.3 11.1 13.2 

Ferulic acid 0.5 1.2 0.6 11.8 1.2 1.9 

Sum1 795 762 401 480 1665 956 

ND - not detected 
1  Summation of the individual identified phenolic compounds 
 
 
3.2.5 Dietary Fibre 
 
The total dietary fibre of the dried fruit samples was within the range 3.1 to 13.7% (Table 32).  
The dried pears clearly had the highest total dietary fibre content while sultanas had the 
lowest.  Dried apricots, peaches and prunes had approximately an equal split of insoluble and 
soluble dietary fibre while pears had 65% and sultanas had about 75% insoluble dietary fibre. 
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Table 32 :  Dietary fibre contents of commercial dried fruit products (%, w/w). 
 

Sample Total Dietary 
Fibre % 

Insoluble Dietary 
Fibre % 

Soluble Dietary 
Fibre % 

Apricot Lowan 7.6 3.9 3.7 

 Angas Park 8.9 4.9 4.0 

 Sunbeam 7.9 4.6 3.3 

Peach Angas Park 8.7 4.4 4.3 

 Sunbeam 9.6 5.0 4.6 

Prune Angas Park 7.3 3.5 3.8 

 Sunbeam 6.6 3.1 3.5 

 Sunsweet 6.4 3.1 3.3 

 Excello 8.1 4.0 4.1 

 Verity 7.4 3.5 3.9 

Sultana Angas Park 3.2 2.4 0.8 

 Sunbeam 3.1 2.1 1.0 

 Woolworths 3.4 2.6 0.8 

Pear Sunbeam 13.7 8.7 5.0 

 Angas Park 13.0 8.5 4.5 

 
 
 
3.2.6 Vitamins and Carotenoids 
 
Ascorbic acid (vitamin C), niacin (vitamin B3), retinol (vitamin A), and α- and β-carotene 
were analysed in the retail dried fruit samples (Table 33).  Other than Sunbeam apricots (6 
mg/100 g), all samples contained less than 1 mg Vitamin C/100 g fruit.  Retinol content was 
less than 5 mg/100 g in all samples and the niacin content varied (0.6 mg/100 g (pear) to 3.1 
mg/100 g (peach)), with most samples containing less than 0.5 mg/100 g.  Of the carotenoids, 
β-carotene was the dominant form, being highest in apricots (320 - 850 µg/100 g), prunes (44 
� 150 µg/100 g) and peaches (35 � 110 µg/100 g).  Prunes contained the highest amounts of 
α-carotene (up to 12 µg/100 g) with the other fruits containing less than 5 µg/100 g fruit. 
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Table 33 :   Vitamin and carotenoid content of commercial dried fruit products. 
 
 

Samples Ascorbic acid 
(Vitamin C)  a 

Niacin 
(Vitamin B3)  a 

Retinol 
(Vitamin A)  b α-carotene  b β-carotene  b 

Apricot Lowan <1 <0.5 <5 <5 320 

 Angas Park <1 1.5 <5 5 420 

 Sunbeam 6.0 <0.5 <5 <5 850 

Peach Angas Park <1 1.9 <5 <5 35 

 Sunbeam <1 3.1 <5 <5 110 

Prune Angas Park <1 0.7 <5 12 150 

 Sunbeam <1 <0.5 <5 <5 44 

 Sunsweet <1 <0.5 <5 8 84 

 Excello <1 <0.5 <5 6 100 

 Verity <1 <0.5 <5 7 45 

Sultana Angas Park <1 <0.5 <5 <5 <5 

 Sunbeam <1 <0.5 <5 <5 <5 

 Woolworths <1 1.9 <5 <5 6 

Pear Sunbeam <1 0.6 <5 <5 5 

 Angas Park <1 <0.5 <5 <5 5 
     a  mg/100 g 
     b  µg/100 g 
 



COMMERCIAL-IN-CONFIDENCE 
 

Health Benefits of Dried Fruits                Page 67 Final Report 

3.2.7 Mineral Content 
 
Results for mineral content (Table 34) within each fruit type were consistent, but some large 
variations were apparent between different products of the same fruit.  For example, Angas 
Park peaches contained 475 mg magnesium/kg fruit and 199 mg sodium/kg whereas Sunbeam 
peaches contained 887 mg magnesium/kg and 920 mg sodium/kg.  Calcium contents ranged 
from 228 to 869 mg/kg with apricots containing the higher amounts.  Apricots (as a group) 
also contained the most magnesium (553 mg/kg) with one of the peach products containing 
the most (887 mg/kg).  One of the peaches (920 mg/kg) and apricots (640 mg/kg) had the 
higher sodium contents, with pears and prunes having the least.  Apricots contained twice as 
much potassium (14 g/kg) as prunes, sultanas and pears (6 � 8.5 g/kg).  Peaches also 
contained significant amounts of potassium compared to the other fruits (10 g/kg).  Apricots 
and peaches contained higher amounts of both phosphorus (650 � 1149 mg/kg) and iron (20 � 
34 mg/kg) and prunes had the highest zinc contents (5.5 � 25 mg/kg).  Copper varied across 
the fruits (1.8 � 5.12 mg/kg), with sultanas and apricots on the higher end of the scale.  
Manganese content was consistent across the fruits (2.31 � 4.80 mg/kg) with one of the 
apricots sample having the greatest amount. 
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Table 34 :  Mineral content of commercial dried fruit products (mg/kg). 
 

Elements  mg/kg 
Samples 

Ca Mg Na K P Fe Cu Mn Zn 

Apricot Lowan 869 470 287 1.30   a 650 20.1 3.26 3.37 3.78 

 Angas Park 774 553 464 1.44   a 1123 24.2 5.12 3.60 6.83 

 Sunbeam 509 496 640 1.42   a 1068 28.5 3.76 4.80 7.76 

Peach Angas Park 289 475 199 1.07   a 1149 26.4 3.46 2.86 6.60 

 Sunbeam 228 887 920 1.02   a 873 34.0 2.50 2.91 5.58 

Prune Angas Park 454 323 204 6479 565 20.5 2.21 3.14 20.5 

 Sunbeam 454 444 124 8367 847 12.2 3.11 3.19 5.51 

 Sunsweet 404 401 122 7186 659 7.62 2.45 2.61 8.73 

 Excello 397 355 103 7246 672 22.1 3.67 3.30 25.0 

 Verity 513 355 148 5705 428 12.0 1.80 3.78 9.48 

Sultana Angas Park 531 355 336 8510 858 20.8 5.08 3.03 2.39 

 Sunbeam 526 303 287 7821 735 15.3 3.34 3.39 2.82 

 Woolworths 546 342 274 8498 870 18.8 4.07 3.38 5.23 

Pear Sunbeam 472 419 128 6246 620 13.8 2.50 3.19 4.07 

 Angas Park 257 346 124 6760 631 8.42 2.49 2.31 6.53 
 a   %w/w 
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4. Mapping of Compounds through Drying Processes 
 
Based on the results of the analysis of the commercial dried fruit products (Chapter 
3), three fruits (plums, peaches, grapes) were chosen and samples were taken along 
the entire dehydration process, i.e. from fresh fruit to final product, and analysed for 
antioxidant activity and total phenol content.  This study was conducted to map the 
content, and changes in the content, of health promoting compounds with dehydration 
processes. 
 
 
4.1 Methods 
 
4.1.1 Sample Preparation 
 
Six samples of plums (French D�Agen) were received from JC Granger and Sons 
Orchard, and five samples each of peaches (Golden Queen) and grapes 
(Malaga/Waltham Cross) were obtained from Angas Park.  Samples included the 
original fresh starting product, as well as samples taken along the dehydration 
processing line (Table 35).  Whole plums and peaches were de-pitted manually and 
cut into approximately thirds.  Grapes were used �as is� with the seeds in but with 
stalks removed, and cut in half.  These pieces were then lyophilised.  After freeze 
drying, the samples were ground in a knife mill (Grindomix) and the finely 
comminuted samples were again lyophilised.  After this second lyophilisation, 
samples were ground to a powder with a mortar and pestle. 
 
Table 35 :  Samples taken from the dehydration processing lines of plum, peach and 

      grape. 
FRUIT TREATMENT 
Plum Whole, fresh plums 
 8 hours in sun 
 90 minutes tunnel a 
 14 hours tunnel 
 21 hours tunnel 
 30 hours tunnel � end product 
  
Peach Whole, fresh peaches 
 Sulphur dioxide treated 
 10 hours in sun 
 34 hours in sun 
 32 hours tunnel � end product 
  
Grape Whole, fresh grapes 
 2 days sun 
 3 days sun 
 4 days sun 
 5 days sun 

   a  tunnel = dehydrator 
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Samples were extracted using the method outlined in Section 3.1.2.  Analytical 
methods followed the procedures described in Sections 3.1.3 (phenol content 
determined by Folin assay, HPLC total area count, and HPLC individual compound 
quantitation), 3.1.4 (FRAP assay for antioxidant activity) and 3.1.5 (antioxidant 
capacity by the bleaching method). 
 
 



COMMERCIAL-IN-CONFIDENCE 

Health Benefits of Dried Fruits                Page 71 Final Report 
 

4.2 Results 
 
4.2.1 Total Phenol Content 
 
Results from the Folin colorimetric assay for total phenol content are shown in Table 
36.  The total phenol content in fresh plums was 15.40 mg GAE/g dry weight (dry wt) 
as determined by the Folin Ciocalteu method. This content increased following 8 
hours drying in the sun but decreased with increasing time in the dehydrator tunnel, 
with the end product containing 8.57 mg GAE/g dry wt. 
 
Table 36 :   Total phenol content and antioxidant activities of plum, peach and grape 

        extracts using three in-vitro assays. 
 

Sample Total Phenola 
mg GAE/g dry wt 

FRAP Valueb 
µM FRAP/g dry wt 

% Antioxidant 
Activityc 

Plum Whole, fresh plums 15.40 ± 1.52 58.11 ± 5.62 89.11 ± 7.93 

 8 hours in sun 18.82 ± 0.38 59.84 ± 0.25 86.73 ± 0.72 

 90 minutes tunnel 10.26 ± 0.72 32.18 ± 0.27 89.33 ± 3.58 

 14 hours tunnel 12.70 ± 0.33 41.64 ± 0.23 83.91 ± 1.53 

 21 hours tunnel 7.46 ± 0.21 33.50 ± 0.98 91.59 ± 5.44 

 30 hours tunnel � end product 8.57 ± 0.26 33.38 ± 4.21 81.36 ± 5.63 

Peach Whole, fresh peaches 8.75 ± 0.19 44.20 ± 3.06 -46.28 ± 17.76 

 Sulphur dioxide treated 21.65 ± 0.20 84.12 ± 8.95 14.38 ± 17.29 

 10 hours in sun 16.57 ± 3.27 64.31 ± 10.71 -11.27 ± 48.58 

 34 hours in sun 17.10 ± 0.53 80.96 ± 13.26 29.31 ± 20.48 

 32 hours tunnel � end product 16.93 ± 0.50 72.49 ± 1.46 -5.84 ± 7.64 

Grape Whole, fresh grapes 8.99 ± 3.13 47.95 ± 10.83 78.37 ± 8.58 

 2 days sun 6.13 ± 2.58 22.20 ± 4.38 69.95 ± 10.38 

 3 days sun 3.76 ± 0.87 14.60 ± 2.31 74.45 ± 11.68 

 4 days sun 3.45 ± 0.52 13.85 ± 1.56 72.45 ± 11.68 

 5 days sun 2.97 ± 0.23 12.36 ± 0.05 65.55 ± 0.32 

 
a Total phenol content using the Folin-Ciocalteu method 
b Ferric reducing antioxidant power assay 
c β-carotene/linoleate assay 
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Fresh grapes had the highest phenol content of the grape samples (approximately 9 
mg GAE/g dry wt) and total phenol content decreased linearly with drying time to 
nearly 3 mg GAE/g dry wt. 
 
By contrary, the total phenol content in dried peaches (16.93 mg GAE/g dry wt) was 
higher than in fresh peaches (8.75 mg GAE/g dry wt), with the sulphur dioxide treated 
samples having the highest content (21.65 mg GAE/g dry wt).  The addition of 
sulphur dioxide has been claimed to have a beneficial effect on the retention of 
ascorbic acid and carotene because it inhibits oxidation and prevents enzymatic 
browning (Arthey and Ashurst, 2001).  The apparent increase of phenolic compounds 
was likely observed because of the presence of sulphur dioxide which is known to 
interfere with the quantitation of phenolic compounds with this assay.   
 
 
4.2.2 Antioxidant Activity 
 
The antioxidant capacity of the fruit samples was measured using two different assays 
(Table 36).  The first assay, the ferric reducing/antioxidant power (FRAP) assay is a 
direct test of �total antioxidant power� and uses antioxidants as reductants in a red-ox 
linked colorimetric method.  The other assay, the β-carotene/linoleate bleaching 
assay, is an indirect method that measures the ability of antioxidants in a sample to 
inhibit the oxidative effects of reactive species in the mixture. 
 
The antioxidant activity measured with the two assays often show different ranking 
orders of samples (Figure 6), and this can be seen also in Figure 10, especially for 
plums and grapes.  The reason for this apparent contradiction is found in the different 
actions of antioxidants being measured (cf, above).  The FRAP assay for plums 
showed that fresh plums and 8-hour sun-dried plums had the highest activity, 
decreasing with time in the drying tunnel (which also mirrors the total phenol content 
of the plum samples).  The bleaching assay for plums indicated little difference in the 
effectiveness of plum samples at inhibiting β-carotene oxidation. 
 
The antioxidant activity as measured by the FRAP assay showed a distinct decrease in 
activity with drying time, which also reflects the change in total phenol content.  On 
the other hand, the bleaching assay indicated little difference between samples, but 
being less effective than the plum samples. 
 
The two activity assays for the peach samples were in reasonable agreement; both 
showing an increase in activity with drying time.  Interestingly, it should be noted, 
that some of the peach samples were able to enhance oxidation instead of inhibiting it 
(Figure 11).  This was also found and reported for commercial dried peach samples 
(Table 29). 
 
Table 37 summarises and compares the phenol content and activities of the final dried 
product sample from the processing line and the retail dried fruit products.  It can be 
seen that for plums, the sampled product was similar to the commercial product, with 
total phenol content and per cent antioxidant activity being slightly higher.  The 
sultana has slightly higher phenol content, double the antioxidant activity (as 
measured by the FRAP assay), but lower bleaching rates.  Contrary to this, the peach 



COMMERCIAL-IN-CONFIDENCE 

Health Benefits of Dried Fruits                Page 73 Final Report 
 

sample taken from the dehydrator had markedly higher total phenol and antioxidant 
activities. 
 
Table 37 : Comparison of commercial dried fruit products and samples taken along  
       the processing line for phenol content and activity. 
 

Sample Total Phenol a 
mg GAE/g dry wt

FRAP Value b 
µM FRAP/g dry wt 

% Antioxidant 
Activity c 

Plum Commercial d 6.52 � 7.78 25.83 � 37.84 44.66 � 74.89 
 End product e 8.57 33.38 81.36 
Peach Commercial 6.70 � 7.32 35.59 � 41.90 -133.21 to -119.05 
 End product 16.93 72.49 -5.84 
Grape Commercial 1.60 � 2.36 6.00 � 6.98 77.94 � 90.50 
 End product 2.97 12.36 65.55 

 
a Total phenol content using the Folin-Ciocalteau method 
b Ferric reducing antioxidant power assay 
c β-carotene/linoleate assay 
d Commercial dried fruit products (Tables 27, 30) - the range of values for each fruit. 
e Final dried end product from each fruit taken from either the dehydrating tunnel or 
sun-drying  (Tables 35, 36). 
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Figure 10 : The effects of drying on plums, peaches and grapes according to 
       antioxidant activity as  measured by (A) the FRAP assay and (B) the β-carotene 
       bleaching assay. 
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Examples of the kinetics of the bleaching assay for the three fruits are shown in 
Figure 11. 
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Figure 11 : Examples of the kinetics of the β-carotene bleaching assay. 
 
 
 
Literature reports on the relationship between total phenols and antioxidant activities 
are contradictory: Some authors have observed a high correlation, others have found 
none.  The relationship between total phenol content (as measured by the Folin assay) 
and antioxidant activity (FRAP) for this data is shown in Figure 12, and as expected 
shows a correlation for grapes (R2 = 0.94, p = 0.24), plums (R2 = 0.89, p = 0.22) and 
peaches (R2 = 0.88, p = 0.24). 
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Figure 12 : Relationship between total phenol content determined using the Folin  
                    assay and antioxidant activity determined using the FRAP assay. 

      
 
 
 
4.2.3 Phenol Content � HPLC Analysis 
 
The correlation between total area count (HPLC) and the total phenol content 
(colorimetric assay) is good for plums (R2 = 0.93, p = 0.45) but poor for both peaches 
(R2 = 0.35, p = 0.64) and grapes (R2 = 0.20, p = 0.31) (Figure 13).  If the apparent 
outlier (fresh sample) in the peach data set was excluded from the correlation, the 
regression coefficient was 0.87.  Similarly for the grape data, if the fresh grape sample 
was omitted, the regression coefficient was 0.59.  As discussed above, the low 
correlation coefficients could be explained by the contribution by some other 
compounds (eg, ascorbic acid, Maillard reaction products, sulphur dioxide) in the 
extracts that were not separated and identified by HPLC, but were measured by the 
Folin assay.    
 
The grape variety sampled along the dehydration processing line was Waltham Cross 
and the varieties usually used for the production of sultanas are either Thompson or 
Menindee seedless varieties.  This difference could explain the differences in results 
between the two batches of samples (cf R2 of 0.88 for commercial sultana products 
and 0.2 for grapes in this analysis).   
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Figure 13 : Relationship between total phenol content determined from total area 

count at 280 nm (HPLC) and total phenol content determined by the 
Folin-Ciocalteu colorimetric assay. 

 
 
The chromatograms from the HPLC analysis of the plum, peach and grape extracts 
are shown in Figure 14.  The major peak in all of the extracts is chlorogenic acid.  In 
general, it can be seen from the figure that there was no formation or loss of 
compounds, as detected at 280 nm.   There are however, changes in concentration as a 
function of drying step or time.   
 
The concentration of individual phenolic compounds in the fruits is summarised in 
Table 38.  In plums, the highest concentration of chlorogenic acid was found in the 8 
hour sun-dried sample (3220 µg/g fruit dry wt), which contained slightly more of this 
compound than the fresh plum (3072 µg/g fruit dry wt).  After 90 minutes of drying in 
the dehydrating tunnel, there was a sharp decrease in chlorogenic acid content (1296 
µg/g fruit dry wt), followed by another rise after 14 hours in the tunnel.  The final 
dried product (after 30 hours in the tunnel) contained half the chlorogenic acid 
concentration (1430 µg/g fruit dry wt) of the fresh sample.  This pattern mirrors those 
of the total phenol content (Table 36) (R2 = 0.89, p = 0.61) determined using the Folin 
assay and that determined from the sum of individual phenolic compounds by HPLC 
(Table 38). 
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The chlorogenic acid content of the peaches similarly followed the pattern of the total 
phenol content (Table 36) (R2 = 0.88, p = 0.96) determined by the Folin assay.  There 
was nearly a three-fold increase in content of this compound in peaches after sulphur 
dioxide treatment (970 µg/g fruit dry wt).  The chlorogenic acid content decreased to 
800 µg/g fruit dry weight after the entire drying process.  This final chlorogenic acid 
content was double that of the fresh peaches (367 µg/g fruit dry wt).  The sum of 
individual phenolic compounds determined by HPLC mirrored the chlorogenic acid 
content in that the final dried product contained about 35% more of these compounds 
than the fresh fruit.  This increased stability of phenolic compounds in peach samples 
may be due to the protective action of sulphur dioxide during the dehydration 
processing. 
 
The grape samples contained the lowest concentration of chlorogenic acid of the three 
fruits investigated.  The content decreased with increasing time of sun-drying, from 
446 µg/g fruit dry wt in the fresh grape to 99 µg/g fruit dry wt in the final dried 
product.  Again this decrease followed similar patterns of the total phenol content (R2 

= 0.76, p = 0.27) determined by the Folin assay and the sum of individual phenolic 
compounds determined using HPLC. 
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A 

 
___ Fresh     ___ 8 hrs sun     ___ 90 mins tunnel     ___ 14 hrs tunnel 
___ 21 hrs tunnel     ___ 30 hrs tunnel 
 
B 

 
___ Fresh     ___ Sulphur dioxide treated     ___ 1 day sun     ___ 2 days sun      
___ 32 hrs tunnel 
 
 
 

- Figure continued next page - 
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- Figure continued from previous page - 
 
C 

 
 
___ Fresh     ___ 2 days sun     ___ 3 days sun     ___ 4 days sun ___ 5 days sun 
 
 
Figure 14 : HPLC chromatograms of (A) plum extract, (B) peach extract, and  

       (C) grape extract. 
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Table 38 : Phenol content (µg phenol/g fruit dry wt) of plums, peaches and grapes from the dehydration processing line. 
 

PLUM PEACH GRAPE 
PHENOL 

Fresh 8hr sun 90mins 14hr 21hr 30hr Fresh Sulphur 1d sun 2d sun 32hrs Fresh 2d sun 3d sun 4d sun 5d sun 

Chlorogenic acid 3076 3135 1241 2097 1393 1317 337 1044 933 733 684 398 103 109 94 106 

Catechin nd nd Nd nd nd nd nd 9.3 9.3 5.3 5.3 nd nd nd nd nd 

Epicatechin 93 124 30 44 27 22 14 14 9 0.8 6 24 20 9 9 14 

Caffeic acid 159 193 74 74 34 36 1.5 1.6 3 2 7 11 2 4 1 3 

Rutin hydrate 63 16 31 48 13 10 0.8 13 1.5 8 5 6 20 9 7 28 

Coumaric acid 0 0 5 0.8 4.5 0 nd nd 2.3 3.0 nd nd nd nd nd 0.6 

Quercetin 3-
glucoside 112 199 159 145 25 31 0.8 13 1.5 8 5 16 10 6 11 8 

Ferulic acid 2.5 1.7 1.7 1.6 5.8 0 nd 0.8 0.8 0.8 1.5 8 6 0.6 nd 3 

Quercetin dihydrate 2395 1035 2112 2753 879 1541 1690 687 884 1800 2515 nd nd nd nd nd 

Sum1 5901 4704 3654 5163 2381 2957 2044 1783 1844 2561 3229 463 161 138 122 163 

      nd  not detected, 1  summation of the individual identified compounds  
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5. Conclusions and Recommendations 
 
There are many biologically active substances in dried fruits, both nutrients and non-
nutrients, for which protective health benefits have been postulated and some 
substantiated.  Notable amongst these nutrients are fibre, potassium, β-carotene (and 
through this vitamin A), vitamin C, and phenolic compounds.  However, it still 
remains unclear as to which of the components in fruits are the most important in 
conferring health benefits, and what levels are optimal in our diets.  It could be that 
fruits provide the best mix of active substances to retard the development of a chronic 
disease, or that the compounds act in synergy with other foods to provide the desired 
health outcome. 
 
In Table 39, the most important compounds in dried fruits and their suggested link to 
optimal health (as found in the literature) are summarised.  Dried vine fruits are 
considered to be a desirable source of dietary fibre (4-6%), with polymerised 
phenolics contributing to that fibre.  These phenolic compounds include anthocyanins, 
flavonols, and stilbenes.  Raisins and currants are the richest fruit sources of the 
isoflavones, genistein and daidzein.  The phenolic compounds procyanidins and 
flavan-3-ols are completely degraded during raisin production.  They are a good 
dietary source of flavonol glycosides, which are not as sensitive as 
hydroxycinnamates to enzymatic oxidation. 
 
Table 39 :  Major nutrients and some potential biological roles or health effects. 
 

Nutrient Dried Fruit Source Biological Roles/Functions 
Boron Mainly prunes Bone health 

Carotenoids All Antioxidants preventing a range 
of degenerative diseases 

Copper All Bone health, antioxidant 

Fibre All Bowel health, glucose 
metabolism 

Maillard reaction products Less in prunes Antioxidants 

Phenolic compounds All Antioxidants, anti-cancer 
function, cardiovascular health 

Potassium All Cardiovascular health 
Simple sugars Mainly prunes/apricots, all Laxative effects, energy source 
Vitamins All Bone health, metabolic processes

 
 
Prunes are also an excellent source of dietary fibre (~7%).  The predominant phenolic 
compounds found in prunes are hydroxycinnamic acids as well as flavonol glycosides, 
anthocyanins and flavan-3-ols.  Prunes provide a physiologically significant dietary 
intake of potassium, iron, magnesium, copper, zinc and manganese.  Sorbitol is also 
present in high concentrations.  From the data reviewed, processing of prunes from 
flesh plums degrades phenolic compounds.  Approximately half of the flavonols and 
half of the hydroxycinnamates are degraded after commercial processing.  
Furthermore, anthocyanins and flavan-3-ols are completely degraded after processing.  
In spite of this loss of phenolic compounds, prune extracts were shown to be 



COMMERCIAL-IN-CONFIDENCE 

Health Benefits of Dried Fruits                Page 83            Final Report 
 

antioxidant toward isolated human LDL.  If similar activities can be shown in vivo, 
consumption of prunes would be a good source of dietary antioxidants.  
 
As with the other dried fruits, dried apricots contain a concentrated amount of dietary 
fibre (9%) and are a rich source of carotenoids, particularly β-carotene and some 
lycopene.  Vitamins C and B3 are significant to mention, as well as potassium and 
iron.  Sorbitol is present at concentrations between 0.05 and 0.5% fresh weight. 
 
Results from the analytical characterisation of the commercial dried fruit samples 
suggest that variation does exist between dried products of the same fruit.  Variations 
have been found due to different cultivars, geographical location, climate, and soil.  
For example, HPLC analysis of extracts of the same brand of dried fruit but from 
different batches (data not shown), gave a wide variation in composition and 
concentration of phenolic compounds present.  Therefore it is necessary to be 
particularly careful when comparing the phenolic composition of these samples. 
 
Of the commercial dried fruit products, prunes contained the highest total phenol 
content, followed by peaches, apricots, pears and sultanas.  In terms of antioxidant 
activity, peaches were more effective followed by prunes, apricots, pears and sultanas.  
Chlorogenic acid is the predominant phenol in peaches, prunes and pears.  Rutin was 
found at higher levels in apricots than the other fruits and quercetin 3-glucoside was 
found in similar concentrations in all samples. 
 
Of the other health-promoting compounds other than the phenolic compounds, dietary 
fibre ranged from 3-14%.  Pears had the highest dietary fibre content, with peaches, 
apricots and prunes containing 7-8%.  Sultanas contained the least (3%).  The 
vitamins that could contribute health benefits to dried fruits (vitamins A, B3, C) were 
found in low concentrations, indicating that degradation of these compounds occurs 
with drying.  β-carotene was significant in apricots, prunes and peaches.  Mineral 
content showed considerable variation between different products of the same fruit.  
Potassium is an important component in the diet and dried fruits contain high 
concentrations.  Dried fruit also contain many of the other important minerals, 
magnesium, zinc and calcium. 
 
Further results from the analysis of total and individual phenolic compound content 
and antioxidant activity of samples from the processing line suggest that drying has 
variable effects on these compounds and activity depending on the type of fruit and 
treatment used.  An initial 8-hour sun-drying of plums increased both the total phenol 
content and antioxidant activity but subsequent mechanical drying decreased both the 
content and activity by 56% and 57% of fresh plums, respectively.  Similarly in 
grapes, 5 days sun-drying resulted in decreased phenol content (33%) and decreased 
activity (26%) compared to whole, fresh grapes.  However, the drying of peaches 
resulted in both increased total phenol content (93%) and antioxidant activity (64%) 
in the end product.  It is also evident that sulphur dioxide treatment increased both 
content and activity to give the highest values and that 32 hours mechanical drying 
had a slightly detrimental effect after the 34-hour sun-drying treatment. 
 
Gil et al. (2002) suggested that in general, plums have a higher antioxidant activity 
than peaches, and this is also the case in these studies, for fresh fruit (58.11 compared 
with 44.2 µM FRAP/g dry wt, Table 34).  However, this is not the case for dried 
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product (33.38 for plums; 72.49 for peaches, Table 34).  This increased activity could 
be explained by the presence of sulphur dioxide in the peach samples or the formation 
of new species (eg, extractable phenolic compounds, Maillard reaction products).  A 
good antioxidant capacity was related to a high phenolic compound content for both 
plums and peaches. 
 
 
Key findings and recommendations 
 
From this work it is recommended that the industry consider the following 
recommendations: 

1. Industry promote the consumption of dried plums and peaches on the basis of 
their high phenolic compound content and the associated health benefits of 
these compounds. 

2. Industry promote the consumption of dried peaches and apricots on the basis 
of their carotenoid content (β-carotene and lycopene), and the associated 
benefits these compounds provide in protecting from a range of degenerative 
diseases. 

3. Industry promote the consumption of dried fruits on the basis of their content 
of a variety of minerals as a balanced source of these components for the 
maintenance of general health.  In particular, prunes offer opportunities to 
address bone health through their high boron content. 

4. Industry promote the consumption of pears, peaches, apricots and prunes on 
the basis of their high fibre content for the maintenance of a healthy digestive 
system. 

5. Industry further investigate specific aspects of the drying process with the aim 
to reduce the losses of phenolic and carotenoid compounds.  Drying 
technologies that subject the product to lower temperature and oxygen stresses 
(eg, refractive window drying) may provide solutions. 

6. Industry investigate the source of the large variation in product composition 
and antioxidant activity with focus on both the cultural conditions of fruit 
growing and harvesting, as well as the drying process.  

 
 
 
Future Research Goals 
 
Several objectives for strategic research can be suggested:  

1. Further elucidate the identity, structure and function of the assortment of 
phenolic and other compounds (eg, Maillard reaction products) in dried fruit 
samples. 

2. Establish relationships between in-vitro functionality assays  (such as 
antioxidant activity and bioavailability) and in-vivo significance for 
compounds in dried fruits. 
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3. Develop a better understanding of the links between cultural conditions (eg, 
variety, soil and fertilisation regimes, harvest time), dehydration processing 
and product composition.  

 
In the short term, the industry can increase awareness of the health benefits of dried 
fruits through national healthy eating campaigns by using the existing composition 
data.  In the longer term, substantiation of the benefits of particular nutrients needs to 
be established in animal or human clinical trials, in order for the industry to promote 
products with particular and substantiated health claims.   
 
It may also be necessary, perhaps, to nullify the claim of �contribution to tooth decay� 
by the Australian Department of Health and Ageing (Section 2.5.1) and therefore the 
limitation of only one intake of dried fruit per day.  It is noteworthy that another sugar 
alcohol, xylitol, is an alternative sweetener with similar properties to sorbitol.  Hardin 
(2000) showed that xylitol prevents tooth decay.  If this could be proven for sorbitol, 
then the tooth decay claims may be alleviated. 
 
In the longer term, research should establish the potential health benefits of specific 
dried fruit products through epidemiological studies and human and animal feeding 
trials.  Such research will be required if the industry wishes to move toward approved 
claims for health benefits associated with the consumption of the fruit. 
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