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Media Summary

Apple fruit are nutritious and should be an intégrart to a balanced diet. Besides their
traditional nutritional benefits, such as vitamimsnerals, fibre etc, apples are a rich source of
naturally-occurring phenolic compounds which sigmaiftly contribute to the antioxidants in
the human diet. However, apples are not just eatee as fresh apples; approximately one
third of apples are processed, with apple juicendpeghe most popular form of processed
apples. There are two types of apple juices omtaeket; cloudy and clarified. Cloudy apple
juice is made from crushed and pressed apples andapidly grown in popularity. Clarified
juice is clear and is made by processing the cloapiyle juice. This study measured the
antioxidant activity level and the concentratiomaturally-occurring phenolic compounds in
a range of 17 different commercial apple juicescl@dy and 11 clarified apple juices)
purchased from supermarkets.

The results showed that the levels of naturallygodeg phenolic compounds were 2.8 times
higher in the cloudy than in the clarified applec@gs. Similarly, the cloudy apple juices
contained 2.5 times more antioxidant activity coregato the clarified apple juices.
Therefore, it was shown that the clarification me® decreases the phenolic compound
content and the antioxidant activity of commeraagiple juices. Further research in the
‘healthiness’ of Australian apple juice will incseathe consumer appeal of Australian apple
juice. This project is partly funded through a vahry contribution from ‘Appledale Co-op’

in Orange, NSW.



Technical Summary

Apple fruit are nutritious and should be an intégrart to a balanced diet. Besides their
traditional nutritional benefits, such as vitamimsnerals, fibre etc, apples are a rich source of
naturally-occurring phenolic compounds which sigmaiftly contribute to the antioxidants in
the human diet. However, apples are not just eatese as fresh apples; approximately one
third of apples are processed, with apple juicendpeghe most popular form of processed
apples. There are two types of apple juices omthgket; cloudy and clarified. Cloudy juice
has a hazy appearance, due to the presence oh getstances and fibres; whilst clarified
juice is a brighter colour and has a clearer agyea. This is achieved by subjecting the juice
to a process called clarification which usuallyalwes enzymatic treatment and filtration to
remove the pectin substances and fibres. This stuelysured the antioxidant activity level
and the concentration of naturally-occurring phenobmpounds in a range of 17 different
commercial apple juices (6 cloudy and 11 clarifieghple juices) purchased from
supermarkets. This was accomplished by using higtiopnance liquid chromatography
(HPLC) and the Oxygen Radical Absorbance CapaC@fAC) assay to measure the content
of phenolic compounds and the antioxidant activiggpectively. In addition the physical
properties of the different apple juices were meauAs expected, the results showed that
cloudy apple juices had a much higher level of itity than the clarified juices and were
often 37 times higher than that of the clarifieatgu The levels of Total Soluble Solids (TSS)
were similar in all juice samples (10.9 - 13.4 3@riregardless of the type of juice, clarified
or cloudy. This was due to the standardisation guace employed by the juice
manufacturers.

The concentrations of total phenolics in cloudylagpices were high and ranged from 276
MM to 2,510 pM. These levels were significantlyh@g o = 0.049) than in clarified juices
which were variable and ranged from 48 uM to 954. M average across all the samples,
the average total phenolic compounds were 2.8 thigkeer in the cloudy than in the clarified
apple juices. This increase in phenolic conteneapgd to be due to higher concentrations of
the individual phenolics, chlorogenic acid, rutmdaguercetin glucoside. High levels of gallic
acid, chlorogenic acid and caffeic acid were meaum both the clarified and cloudy apple
juices. However the phenolics, coumaric acid, rufimercetin glucoside and phloridzin, were
present in most of the cloudy juices.

The major contributors to the antioxidant activittyapples are vitamin C and the phenolic
compounds. In order to calculate the contributidrthe phenolic compounds to the total
antioxidant activity, the antioxidant activity ofitamin C must be taken into account.
However, the correlation between the total phenodimpounds and the vitamin C corrected
antioxidant activity was not significant. This segts that an increase or decrease in total
phenolic compounds in apple juice does not necéssaean an increase or decrease in the
total antioxidant activity. However it was foundaththe six cloudy apple juices possessed
significantly more phenolic antioxidant activity s(ameasured with the ORAC assay)
compared to the eleven clarified apple juices (28,Versus 5,533 uM Trolox Equivalents,
respectively). This difference was also observeth e laboratory made clarified apple
juices suggesting that clarification adversely @B8ethe phenolic compound content in apple
juice. Therefore, it was concluded that the cleafion process decreases the phenolic
compound content and the antioxidant activity ahatercial apple juices.

Further research in the ‘healthiness’ of Australegple juice will increase the consumer
appeal of Australian apple juice. This project iartly funded through a voluntary
contribution from ‘Appledale Co-op’ in Orange, NSW.
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I ntroduction

Apple fruit are nutritious and should be an intégrart to a balanced diet. Besides their
traditional nutritional benefits, such as vitamingnerals, fibre etc, apples also contain many
biologically active phytochemicals compounds sushaatioxidants which have been shown
to provide protective health benefits. Antioxidaate naturally-occurring compounds which

neutralize free radicals and protect cells frondative damage and apple fruit are one of the
best sources of antioxidant phenolic compoundkerWWestern diet.

The major contributors to the antioxidant activilyapples are vitamin C and the phenolic
compounds. Vitamin C plays a major role in celldlarctions by acting as an antioxidant. In
addition, phenolic compounds also show importamalthebenefits. These naturally-occurring
compounds have been shown to help scavenge freealsadn the human body thereby
reducing the risk of cancer and heart disease.eThave been many recent reviews on apple
phenolics which have linked the consumption of appkith reduced risk of some cancers,
cardiovascular disease, asthma, and diabetesbdémal@ry tests, apples have been found to
have very strong antioxidant activity, inhibit cenccell proliferation, decrease lipid
oxidation, and lower cholesterol.

Apples contain a variety of naturally-occurring pbkc compounds, including anthocyanins,
quercetin, catechin, and chlorogenic acid, all bfcl are strong antioxidants. The phenolic
composition of apples varies greatly between dfiévarieties of apples, and there are also
small changes in phenolics during the maturatiod apening of the fruit. Despite being
abundant in apples, vitamin C and the phenolic aamgds are known to be lost when apples
are processed into juice. The loss of vitamin Cinduprocessing is compensated for by
adding ascorbic acid into the juice. However thisrdittle information about the loss of
phenolic compounds during processing.

Consumer interest in the nutritional value of fowtessitates the examination of the impact
of processing on the antioxidant and phenolic pealf apple juices. It is therefore the aim of
this project was to examine the content of phenadimpounds and their contribution to the
antioxidant activity in various types of apple jsc(cloudy and clarified) made from imported
concentrate or from Australian apples. This waseagld by (a) measuring the content of
phenolic compounds and the total antioxidant agtief commercially available apple juices
made from imported concentrate and from apple guinade from locally grown apples, and
(b) by determining the effect of clarification dmetconcentration of phenolic compounds and
total antioxidant activity by comparing clarifiegiges with cloudy juices.

An analysis involving high performance liquid chratmgraphy (HPLC) and the oxygen
radical absorbance capac{fRAC) antioxidant assay was conducted to quatiiéycontent
of phenolic compounds in apple juice samples aed tontribution to the total antioxidant
activity.

In the following section, the literature was reveafor information on apples, apple juice
processing, phenolic compounds in apples, phenotimpounds in apple juice and
antioxidants. The experimental rationale for thelgtis also described.



Background

Applejuice

Apple juice is an important outlet for Australiarogn apples. There are two types of apple
juice; cloudy, which has a hazy appearance, angd ¢ldrified, which has brighter colour and
clearer appearance. In Australia, Food Standarddré&lia and New Zealand (FSANZ) in
Standard 2.6.1 defines that fruit juice may contadded ingredients such as sugar to a
specific amount.

Cloudy apple juice is a colloidal system where watets as the dispersing medium for
particles which are formed from cellular tissuesasled by processing (milling and pressing)
(Barret et al, 2005). If required, this dispersed phase candmoved by filtration. The
cloudiness of fruit juices can also be caused bypilesence of pectin substances. In order to
fully clear the juice, a clarification process ierformed by adding enzymes, such as
pectinases, to the juice; these enzymes will boeakn the cloud-forming pectin substances
(Brown, 2004; Ashurst, 2005).

Apple juice processing

Although the majority of Australian grown applesearsold and consumed fresh,
approximately 25%- 30% of all apples go into ju{¢tassall & Associates Pty Ltd., 2001;
Australia Bureau of Statistics (ABS), 2000). Apjlece is one of the most popular fruit
juices in the US, second only to orange juice omketashare (Index Mundi, 2005) and it is
the most popular juice in Germany with a per capiasumption about 12 litres annually
(VDF, 2000 as quoted from Schiebet al, 2003). In the USA, 37% of all apples are
consumed in the form of processed food, such a,cappple sauce, canned apple and apple
juice (Brown, 2004). In average in 2007, an Amaricansumed an estimated 21.4 kg of
apple and apple products (US Apple Associationjs Tirey be an important consideration for
the Australian apple industry to increase consuonpti

Apple juice processing involves several processash sas preparation, extraction,
clarification, pasteurization, concentration, aiaitof food additives and packaging (Potter
and Hotchkiss, 1998; Ashurst, 2005). A summaryhefprocessing flowchart of various type
of apple juice is outlined in Figure 1.

Preparation.The preparation step includes screening, sorting eleaning of the raw
materials (apples). This cleaning step is essetdiaémove external surface dirt, impurities
and rotten fruit.

Extraction. The extraction can be performed mechanically usiaguum filtration or
extraction tools on the apple mash, or may be dmnenanually by crushing the fruits
(Cabalerrcet al, 2003; Belitzet al, 2004). One of the leading mechanisms in juiceagetibn
from fruits’ mash, including apples, is the horignrotary press. The utilization of this
extraction mechanism in apple juice production gigeconsiderably good yield with 85 —
95% juice by weight of initial mash (Ashurst, 2005)
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Figure 1. Processing flowcharts of various type of apple juice

Some processors may add vitamin C immediately afterextraction, in order to prevent
oxidation at the early stage. Liquefaction of tpela pulp, which normally contains pectin, is
done by adding pectinolytic and cellulolytic enzygrie break down the pectin and cellulose
in order to increase production yield. During teiszymatic treatment, the pulp is usually
aerated to increase the effectiveness of the ermymellows, 2000; Barre¢t al, 2005;
Ashurst, 2005). The implementation of this techeigquay increase the yield by up to 40% in
comparison to the conventional extraction. The ydaedrink juice which is sold to the
customer is known as single strength juice.

Clarification and stabilizationFor clarified juice production, clarification cdoe carried out
by first adding pectolytic enzymes such as pecéinado the product which digest the pectin
substances. The pulp which is no longer suspengethé pectin can then settle and the
process is completed by filtration and/or centrétign (Potter and Hotchkiss, 1998; Brown,
2004; Ashurst, 2005).

For cloudy apple juice: In order to produce unifoprmoducts and maintain company
specification, cloudy apple juice also requires sdmeatment. This includes the addition of
polygalacturonase, which has low pectin esteraseitggcin order to only partially degrade
pectin and stabilize the turbidity of the juice {feo and Hotchkiss, 1998; Batetal, 2001,
Barretet al, 2005). The manufacturer will often set the staddar their cloudy juice product
based on the pulp percentage. It is also a commaxtige to mix juices with different total
soluble solids content (°Brix) in order to achiaw@formity across the products (Potter and
Hotchkiss, 1998; Ashurst, 2005).

Chemical preservatives are commonly added intoegui¢co inhibit fermentation and
microbiological deterioration, thus increasing tsieelf life of the juice (Rahman, 2007).
Sodium benzoate, sodium bisulphate, potassium woroad potassium metabisulphite are




examples of widely used preservatives. In appleejuascorbic acid is often added to prevent
browning, by acting as an antioxidant, and to replthe vitamin C lost during processing
(Fellows, 2000; Brown, 2004; Cabalesbal, 2003).

PasteurisationApart from preservatives, several other ways aexlito extend the shelf life
of juices. Pasteurization is carried out to Killthgegenic microorganisms and eliminate
spoilage microorganisms, such as yeasts and manldspple juice. This process also
inactivates some of the natural enzymes, partigulpolyphenol oxidases (Potter and
Hotchkiss, 1998; Cabalerst al, 2003; Brown, 2004). Membrane filtration is alsary used
by some manufacturers. The membranes used in #rdestiltration usually provide a
porosity value of 0.02um to guarantee the removaspmilage microorganisms (Ashurst,
2005).

Other processes to assure product quality unifgrmit

In cases where the juice is low in solids, manufi@tmay concentrate the product by using
low temperature vacuum evaporation. This techniguehosen to retain maximum flavour
(Potter and Hotchkiss, 1998). However, along with water removal some of the volatile
compounds will also be lost. Therefore, the evajgoravater is not discarded but is subjected
to an additional process to recover the essence.primciple of this step is to distil the
volatile compounds from the water and recondensevhiich is then added back to the
concentrated juice to enhance the flavour (PottdrHotchkiss, 1998; Ashurst, 2005).

Apple juice concentrate

The majority of apple juice marketed in the womiddn the form of concentrated slurry. This
slurry is produced by evaporating most of the jgieeater (approximately reaching 70°Brix).
Stabilizing agents, such as gelatine and benzoatebe added into the concentrate and in
this form, the apple juice could last up to fivee(Barreet al, 2005; Ashurst, 2005).

Local manufacturers are only required to recorgtitbe concentrate by diluting it with water
to achieve a certain °Brix value (soluble solideaantration) comparable to the fresh apple
juice. The reconstituted apple juice generally Wigemin C added as a natural preservative
agent as well as to make up for the loss duringgesing. Pasteurization and aseptic filling
and packaging will result in shelf stable produetghout any need for refrigeration (Brown,
2004; Ashurst, 2005). In line with FSANZ regulatidhe product must contain at least 8% of
Australian apple juice concentrate to be able taimehe claim as Product of Australia. Some
manufacturers mix the concentrate with fresh appte, which enables them to achieve the
cloudiness caused by the pectin compounds fromfréelh apples (Potter and Hotchkiss,
1998; Ashurst, 2005).

Human nutrition

Fruit and vegetables are essential to the humaradi according to the Australian Dietary
Guidelines (2003) issued by the National Health Biedliical Research Council (NH&MRC),
adults should consume at least two servings otsfrand five servings of vegetables and
legumes on a daily basis.

The consumption of fruit is shown to have posigffects on improving health and reducing
the risk of diseases such as cardiovascular diseabkeancers (Hertogt al, 1993; Hertoget
al., 1994; Boyer and Liu, 2004; McCarmt al, 2007). Important for maintaining wellbeing,
fruits contain vitamins and minerals, which are uiegd by the body, as well as
phytochemicals such as anthocyanins, catechinsflamdnoids, which demonstrate anti-
histamine, anti-inflammatory and antioxidant ac¢ies (Ignatet al, 2011).



Composition and characteristics of apple fruit

Apples are a good source of vitamins and minerahé human diet and are free from fat,
cholesterol and sodium (Cabalered al, 2003; Roupas and Noakes, 2010). Apples also
contain high amount of soluble fibre which is us@fuhelping lowering the blood cholesterol
levels. A typical nutritional content of apple cha seen in Table 1 from Cabaleebal,
(2003).

Table 1. Nutritional content per 100 g of apple
(Cabalerro et al., 2003)

Water () 83.93
Food energy (kcal) 59
Food energy (kJ) 247
Protein (g) 0.19
Total lipid (g) 0.36
Cholesterol (mg) 0
Carbohydrate (g) 15.25
Fibre (total dietary) (g) 2.7
Calcium (mg) 7
Magnesium (mg) 5
Phosphorus (mg) 7
Potassium (mg) 115
Vitamin C (mg) 5.7
Folate (ug) 3
Vitamin A (ug retinol equivalent) 5

Applephenalicsin human health

In addition to the traditional health benefits @pées such as vitamins and minerals, apples
are also good sources of phytochemicals such asopbeompounds and flavonoids which
have antioxidant activity (Kiet al, 2003; Vieiraet al, 2009). Phenolic compounds
demonstrate a strong linkage with decreased miyrtatid apples are considered as one of the
main sources of these compounds in western dietst(#., 2003).

In comparison with other popular fruits in the US#aples are among the richest sources of
antioxidants, second only to cranberries (Boyer aing 2004). On a consumption basis,
apples are the largest contributors of fruit phecwlio the diet (Wolfeet al, 2008). Apples
are also a significant source of flavonols for Aalsan adults (Somerset and Johannot, 2008).
In terms of bioavailability of phenolics, appleskafirst among fruits, due to the large
proportion of these compounds which are absorbem time bloodstream (Boyer and Liu,
2004). Therefore apples are a very important dyesaurce of phenolics such as flavonoids
(Ki et al, 2003).
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The health benefits of apples and apple phenolics

There is increasing scientific studies showing rgijraelationship between the phenolic
compounds, which have antioxidant activity, anducedi risk of various diseases (Boyer and
Liu, 2004). Quercetin glycosides and procyanidineh@ieen linked with strong antioxidant
activity inin vitro observations (Kneldt al, 2000). Therefore the consumption of apples and
apple products may protect human cells from oxigatiamage and have been associated with
prevention of several diseases (Hollmetnal, 1996; Hollman and Katan, 1999; Femenias,
2005; Boyer and Liu, 2004).

Cardiovascular diseases

A reduced risk of cardiovascular diseases (CVD) basn linked with regular apple
consumption, with flavonoids associated with a fpasioutcome (Hollman and Katan, 1999;
Knekt et al, 1996; Sesset al, 2003). Research shows that fewer incidents afnthiotic
stroke occur in people who consume apples on & demikis as opposed to those with
minimum consumption (Knekét al, 1996). Oxidation of the major cholesterol cargyin
lipoprotein in the blood, low-density lipoproteib[¥L), is a major risk factor for CVD. In an
in vitro study conducted by Pearseh al. (1999), apple consumption resulted in a 9-34%
decrease in low-density lipoprotein (LDL) oxidatj@® reducing the risk of CVD. Based on
the study in rats conducted by Aprikiah al. (2001), the inclusion of moderate amount of
apple in the diet will decrease intestinal choledtabsorption. Furthermore, in a study in a
group elderly people, apple flavonoids were assediavith a decreased mortality from heart
disease, while quercetin showed no such effectt@iget al, 1993).

Cancers

Research also suggests that eating apples mayerégeicisk of lung cancer (Boyer and Liu,
2004), especially among current and past smokarddiet al, 2008). In general, individual
fruits and vegetables are not related with lungceamisk in humans. However, apples are
among the few examples of fruits which are stroraggociated with a significantly reduced
risk of lung cancer (Hertogt al, 1994). Studies in Finland and Hawaii found qutince
reduces lung cancer risk and concluded that ontyeaponsumption was inversely related to
the risk of lung cancer (Boyer and Liu, 2004). Actog to Fiuzaet al, (2004), gallic acid
derivatives are known to cause apoptosis in turaellidines as well as inhibiting lymphocyte
proliferation. In addition, apple flavonoids wergogvn to have a synergistic effect with tea
catechin in reducing cancer risk (Herteigal, 1994). Also, quercetin in apple demonstrates
the ability to retard the growth of cancer cellscolon and liverif vitro) (Ebenhardet al,
2000; Rosset al, 2006; McCanret al, 2007).

Pulmonary and respiratory diseases

Regular consumption of apples has also been retatgéneral wellbeing of the pulmonary
and respiratory system. According to a study intfalis, apple and pear intake may reduce
the risk of asthma and bronchial hypersensitivityopdset al, 2003), while other known
antioxidants such as vitamin E, retinol and vita@ihave no effect (Shaheenhal, 2001). A
similar inverse relationship between apple intakeé asthma was found in studies conducted
in Netherlands, Wales and Finland (Boyer and LRQ4). Importantly, it is suggested that a
minimum of two apples per week will decrease theesgty of asthma and its symptoms
(Shaheeret al, 2001).

Diabetes

The risk of developing type Il diabetes may be Imgeby consuming apples (Boyer and Liu,
2004). In a human observational study, it was ssiggethat consuming an apple per day may
reduce the risk by 28%. In addition to loweringbdites risk, apples are rich in dietary fibre

11



and have a low glycemic index which helps in lowgrihe blood glucose level and balancing
the body’s insulin response (Femenias, 2005).

The nature of apple phenolics

Phenolic compounds in apples

There are six major classes of phenolic compouodsd in apples (Table 2) (Goldirgg al,
2001; Boyer and Liu, 2004):

» flavonol glycosides (flavonoids, quercetin and @eén conjugates),
e catechins and epicatechins,

* anthocyanins,

» dihydrochalcones (phlorotin and phlorizin),

* phenolic acids (gallic acid and chlorogenic acil) a

* procyanidins.

OH HQ CO.H
HO

/é\ é\ :@f\\)\OH
HO

Gallic Acid Chlorogenic Acid Caffeic Acid

HiC ~0— - .
Hofﬁ\{ I OH
HO OH OH
Coumaric Acid Rutin H

Phloridzin

L, I
2 i OH N
s

OH OH

Quercetin 3-B-d-glucoside Quercetin

Figure 2. Chemical structures of selected apple phe  nolic compounds

Apart from quercetin conjugates which are exclusivethe peel (Boyer and Liu, 2004;
Oszmiansket al, 2009), these compounds are found in apple flesh and seeds (Schieber
et al, 2003). Nevertheless, their concentrations arehntower in the flesh compared to the
peel, except for chlorogenic acid which tends tohigher in the flesh (Oszmianskt al,
2009). Due to this, it is suggested that applesdmsumed with the skin, rather than just the
flesh or in processed forms such as apple juicen @& Sluiset al, 2001; Van der Sluist

al., 2002; Van der Sluist al, 2004; Roupas and Noakes, 2010). Recent studgggested
that apple seeds contain high amount of phenohgpoands (Schiebet al, 2003).

12



Phenolic compounds in apple juice

By its nature, processing will often affect the gpicgl properties of the food as well as its
nutritional value (Brown, 2004). Nutritionally, aepjuice has similar values to fresh apples,
except for fibre, of which it contains almost nomspecially the clarified type (Van der Sluis
et al, 2002). However, in conventional apple juice pmithn, the antioxidant activity
decreases by up to 97% in comparison with the feggile. Filtering and clarifying are the
major reasons for the losses, as the phenolic congs) the contributors to the antioxidant
activity in apples, are mainly found in the pulptpaf the peel and flesh which are excluded
from the final clarified product. The more highlydrophilic compounds, like chlorogenic
acid are found in relatively higher concentratiorapple juice, in comparison with the other
more hydrophobic phenolic compounds (Van der S#tiel, 2002; Van der Sluist al, 2004;
Bhusharet al, 2008; Oszmianslet al, 2009).

Apart from the filtration and clarification factqorg juice production involves liquefaction,
then this additional step must also be taken intmant. Liquefaction involves aeration which
is exposing these compounds to oxygen thus allowheg to be oxidized. Juices produced
with this supplementary process have lower levetaibchins and epicatechins, phloridzin
and chlorogenic acid (Van der Sl al, 2002; Van der Sluist al, 2004; Bhushawet al,
2008; Oszmiansket al, 2009). Although delays during processing can ltaaubrowning,
generally losses in phenolic compounds are noifgignt (Rocha and Morais, 2001).

In order to minimize the destruction of phenoliecnounds and vitamin C, as well as other
changes caused by oxygen, deaeration may be endpdsyan intermediate step to release the
entrapped air after the apple mash is subjectéduefaction and aeration process (Potter and
Hotchkiss, 1998).

According to Markowski and Plocharski (2006), tlat phenolic compounds in cloudy
apple juice (average from Jonagold, Sampion, IdaretdTopaz) was 462 mg/litre while clear
apple juice only contained 160 mg/litre. While theial content of polyphenols in the apples
was 857 mg/kgBased orRoupas and Noakes (201)e levels of flavonoids and chlorogenic
acid in the juice were reduced to between 50% (olglenic acid) and 3% (catechins) of whole
apple levels.

The phenolic content of apple juice may changendusiorage, because of both oxidative and
non-oxidative degradation (such as hydrolysis).eAffl months of storage at ambient
temperature, apple juice packed in laminated caniingenerally lose around 20% of the
phenolic compounds, especially the phenolic acidsfivonoids components. However it is
hard to determine the respective rate of oxidatimd non-oxidative degradation (Van der
Sluis et al, 2005). The manufacturers can minimize these $d%e controlling the
temperature during factory storage and transportaéind by utilizing packaging materials
like aluminium foil laminated carton to protect plaéic compounds against exposure to light
(Cabalerrcet al, 2003; Van der Sluist al, 2005; Ashurst, 2005).

Antioxidants

Antioxidants are very important compounds as theytralize free radicals by donating an
electron to unstable molecules and protect cedisifoxidation by being oxidized themselves
(Kennedyet al, 1993; Sohal, 2002). The major contributors to améioxidant activity in
apples are vitamin C and the phenolic compounde Alman body antioxidant defence
mechanism is able to utilize these phenolic comdswand vitamin C to prevent and reduce
the propagation of oxidative damage caused byrdeals (Kiet al, 2003, Mullenet al,
2007; Sohal, 2002). We have shown that antioxidativity in apple peel is up to eight times
higher than in the flesh in Australian grown Pirddy™ apples (Hoangt al, 2011).
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Antioxidant activity of apple juice

The antioxidant activity of apple juice is deteretnby two major factors: the level of vitamin
C and the content of phenolic compounds (Boyerland2004; Kiet al, 2003; Roupas and
Noakes, 2010). As previously mentioned, vitamin & ¢®e added into the juice and will
contribute, to an extent, in increasing the antlart activity of the product. However, the
antioxidant activity contributed by the phenoliag@ounds decreases dramatically, due to the
low content of these compounds (Van der Sktiaal, 2002; Van der Sluigt al, 2004,
Markowski and Plocharski, 2006; Bhushetral, 2008; Oszmianslat al, 2009). Without the
addition of vitamin C, cloudy apple juice obtainiedm Jonagold apples by straight pressing
had an antioxidant activity that was only 10% ad Hctivity of the fresh apples (Roupas and
Noakes, 2010).

In light of the processing being the main reasartie loss of phenolic compounds and hence
the lowering of the antioxidant activity, the aggalion of more advanced production
techniques to retain maximum phenolic compoundshen juice have been studied. It is
possible by techniques such as by pulp and pomatacgon and diffusion extraction
technique, but production costs are much highehi¢®eret al, 2003; Van der Sluist al,
2004).

Measuring antioxidant capacity

One of the standardized methods for the deternoinadf antioxidant capacity of a substance
is oxygen radical absorbance capacity (ORAC) asBag.ORAC assay is often employed to
measure the capacity of antioxidants in foods odfextracts om vivoto neutralise oxygen
free radicals, also known as reactive oxygen spg&®©S) (Cacet al, 1993). The ORAC-
hydro assay reflects water-soluble antioxidant capawhile the ORAC-lipo assay measures
lipid-soluble antioxidant capacity. The valueslodéde two assays are additive.

The ORAC assay is based on the on the inhibitiothefperoxyl-radical-induced oxidation
initiated by thermal decomposition of the azo-commh 2,2’-azobis(2-amidino-propane)
dihydrochloride (AAPH). A peroxyl-radical is a RO&hich quenches the signal from the
fluorescent probe, fluorescein. The addition of amtioxidant produces a more stable
fluorescence signal with the fluorescence signaedding on the antioxidant’s capacity
(more antioxidant capacity, more signal). The ORAGsay is a Kkinetic assay, ie
measurements are taken repeatedly over a timedp@rsoially 60 or 90 minutes after addition
of AAPH). Over the course of the assay, the andiamt capacity of the antioxidant is “used
up” and the fluorescence decreases to reflect #wedsing antioxidant capacity of the
substance. The antioxidant Trolox (a water-soludn@logue of vitamin E) is used as a
standard against which all other antioxidants avemared. Hence, the ORAC result is
expressed as micromole Trolox Equivalents (TE)gram (Ganske and Orban, 2009).

The ORAC assays have their limitations as they db directly measure the scavenging
capacity against the ROS found in the body, becabseactivity and mechanism of
multifunctional natural antioxidants are affected rhany factors. Therefore, many analysts
suggest that the influence of all these factorsnotibe evaluated using only a single assay
(Bank and Schauss, 2004). Biological activity obpblic compounds is often assessed by
using cultured cells as tissue models (Roupas avakés, 2010). However the ORAC assay
has the advantage of being standardised, relatsigiple and inexpensive, and in microtitre
plate format allows for the measurement of antiaridactivity in a large number of samples
simultaneously.
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Aim and Objectives

The main aim of this study was to examine the aunté phenolic compounds and their
contribution to the antioxidant activity in variotyges of apple juices (cloudy and clarified)
made from imported concentrate and from Austrakgples. An HPLC technique was
employed to measure the phenolics and the ORACyasaa used to measure antioxidant
activity.

Therefore the objectives of this study were:
1. To determine the content of the phenolic compouatt$ the antioxidant activity in
commercial apple juices made from imported conedatand from Australian grown

apples.

2. To determine the content of the phenolic compouwamts the antioxidant activity in
cloudy and clarified commercial apple juices.

3. To determine the content of the phenolic compouwamtts$ the antioxidant activity in
apples (Royal Gala and Granny Smith) and to quatiié loss of these during the
juicing process.

4. To determine the relationship between the contéttieophenolic compounds and the
antioxidant activity of apples and apple juice.
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M aterials and M ethods

General Materials

Chemicals and reagents

The phenolic standards; gallic acid, chlorogenid,azaffeic acidp-coumaric acid, quercetin,

quercetin glucoside, phloridzin and naringenin wererchased from Sigma Aldrich

Laboratory Chemicals (Castle Hill, NSW). Ascorbicica(HistoLabs) was purchased from
Fronine Ltd., NSW. Extraction and mobile phase es#g for HPLC included ortho-

phosphoric acid (APS Chemical, Seven Hills, NSWBtrahydrofuran, HPLC grade
acetonitrile and HPLC grade methanol (Lomb Scientifaren Point, NSW). Liquid nitrogen

was provided by the University of Newcastle. Thagents for the ORAC assay were
potassium phosphate, potassium hydroxide, sodiumardscein, Trolox and gallic acid
(Sigma Aldrich Laboratory Chemicals, Castle HilLlSW) and 2,2’-azobis(2-amidino-

propane) dihydrochloride (AAPH) (Wako Pure Chem.IndIC). Deionised water was

prepared on the day of use with a Millipore MilliN@ater purification system (Millipore

Australia, Pty, Ltd. North Ryde, NSW).

Apples and apple juices

Seventeen commercial apple juices (eleven clariied six of cloudy appearance) were
purchased from supermarkets in Sydney and the N&Wr&l Coast. A batch of each juice
was purchased on three separated occasions (Ebat€f these juices, ten were bought from
the refrigerated section of the stores (chilled) aaven were obtained from the long life non-
refrigerated shelves of the stores (shelf).

From the selected eleven clarified apple juiceserwere made from imported concentrate
and two were made from Australian grown applesth@fsix cloudy juices, four were made
from Australian apples. However, juice C7 was méaaen a combination of imported
concentrate and Australian apple, while C8 wasr@gtmade from concentrate produced in
Australia.

The juices were randomly allocated a code betweg&na@d C17 with C standing for
‘Commercial’, as listed in Table 2.

Juice preparation from apples

A batch of Granny Smith and Royal Gala apples ve¢se purchased from the supermarket.
Cloudy juice was made from 250 g of each type gil@gRoyal Gala and Granny Smith)
using a Sunbeam domestic juice extractor. The ymfdjuice (ml) was recorded for
calculation purposes. A sample of the cloudy juiltgseach type of apple was then clarified
by centrifugation at 12,100 g using a Beckman J2-AC centrifuge (Beckman Instntsie
Inc., California, USA) at 5°C. The resulting supaant was vacuum filtered through a double
layer of cheese cloth. Three different juice samplere prepared for each of the Granny
Smith and Royal Gala apples.

Samples from one batch of clarified and one battltloudy apple juice made from a
combination of Granny Smith and Royal Gala applesevalso obtained from a commercial
apple processor.

16



Table 2. Origins of the commercial apple juices use  d in study

, - Apples* /

Samples ?glrlllgﬁcl Clarified/Cloudy Conggntrate** Source
C1 Shelf Clarified Concentrate Imported
C2 Shelf Clarified Concentrate Imported
C3 Shelf Clarified Concentrate Imported
C4 Shelf Clarified Concentrate Imported
C5 Shelf Clarified Concentrate Imported
C6 Shelf Clarified Concentrate Imported
C7 Chilled Cloudy Concentrate and Apples  Imported and Australia
C8 Chilled Cloudy Concentrate Australia
C9 Chilled Clarified Concentrate Imported
C10 Chilled Cloudy Apples Australia
Cl1 Chilled Cloudy Apples Australia
C12 Chilled Clarified Apples Australia
C13 Chilled Cloudy Apples Australia
C14 Chilled Clarified Apples Australia
C15 Chilled Cloudy Apples Australia
Cl6 Chilled Clarified Concentrate Imported
C17 Shelf Clarified Concentrate Imported

* ‘Apples’ refers to juice made directly by crushing apples.
** ‘Concentrate’ refers to juice made by reconstituting concentrated
apple juice with water.

Measurement of the physical properties of applejuices

The physical properties of the apple juices wer@sueed as parameters for analysing the
relationship between the nature of the juices &ed tontent of phenolic compounds and in
turn, their antioxidant activity.

Turbidity

The commercial juices were subjected to turbidityeasurement using a UV-VIS
spectrophotometer CARY 50 BIO (Varian Australia .Ptytd. Oakleigh, VIC) with
absorbance set at 600nm (Venddiaal, 1974). Each of the three batches of the commierci
juices was analysed once and the three valuesgaei@nd expressed as meanzS.E. of the
Abs at 600nm.

Viscosity

A Brookfield Viscosmeter Model DU-11+ (Brookfield Engering Labs. Inc.,
Massachusetts, USA) was used to measure the wganisithe commercial apple juices
(Oszmiansket al, 2009). For each of the three batches of the cawiatguices, one 100mL
sample was conditioned at room temperature priarsing spindle 3 at 50rpm to determine
the viscosity. The three values were averaged apiessed as meantS.E. in centiPoise (cP).
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Total soluble solids

The measurement of the total soluble solids (T8%)lijuices was carried out using a Pocket
Refractometer PAL-1 (ATAGO, Tokyo, Japan; supplieg Extech Equipment Pty. Ltd.,
Melbourne, VIC) (Goldinget al, 2001). Each of the three batches of the comnigrazes
was measured in triplicate with deionised watedusewash the optical lens in between each
reading. The values for the triplicates were avedatp generate a value for each of the three
batches. These values were then averaged to gemevatue for the TSS in each commercial
juice and expressed as meanzS.E. °Brix.

HPL C identification and quantification of phenolic compounds and vitamin C in apples
and applejuices

Extraction of the phenolic compounds from apples

The method for extracting the phenolic compoundmfapples was adapted from Goldetg
al. (2001). The Granny Smith and Royal Gala applegwbced and weighed into three 20 g
samples. Both peel and flesh were included. Eastpkeaof the apple slices was then frozen
with liquid nitrogen to optimize the crushing preseA WARING Commercial Blender set at
low speed (John Morris Scientific Pty. Ltd., Chated, NSW) was used to crush the apple
slices into a powder.

An extraction stock solution containing the intérséandard (IS) (0.1mM naringenin in
HPLC grade methanol) was prepared. In order torensn accurate concentration, this stock
solution was made fresh on the day prior to ansly®aringenin has been selected as an IS
for the analysis of the apple phenolic compoundstduhe similarity of its UV spectrum and
retention time with those of the apple phenolias] decause it is not naturally present in
apples (Hoangt al.,2011).

The powder from the blender (being 20g apple) wassdhwith 100mL of the extraction
stock solution and sonicated for 20 min with anrdASIONIK 57X NEY sonicator (Extech
Equipment Pty. Ltd., Melbourne, VIC) before it weacuum filtered through a double layer
of cheese cloth. The filtrate was finally filterédrough a 0.45 pm Phenex syringe filter
(Phenomenex, Lane Cove, NSW) to guarantee the r@anubvany residue. The filtrate was
transferred into a clean and labelled amber HPLAT amd placed on the autosampler of the
HPLC system.

Preparation of the apple juices for HPLC analysis

The apple juices were prepared for HPLC analysismbyng one part of each juice with one
part of the extraction stock solution (0.1mM ISmrethanol) and kept at 4°C in a refrigerator
for 20 min. The concentration of the IS in thesegumixtures was 0.05mM.

The mixtures were then filtered through a 0.45 pimerféx syringe filter to guarantee the
removal of any residue. The filtrate was transtrirgo a clean and labelled amber HPLC
vial and placed on the autosampler of the HPLCesyst

The HPLC system

A Shimadzu (Shimadzu Scientific Instrument, RydalneNSW) Ultraviolet-Visible High
Performance Liquid Chromatography (UV-VIS HPLC) teys was used to identify and
quantify the phenolic compounds in the apple anpdeajuices samples with a method adapted
from Goldinget al.(2001) and Hoangtal. (2011).

The HPLC system consisted of a LC-10 AT liquid chatography pump and sample runs
were initiated via a SIL-10 A XL VP autoinjectortwia 100uL sample loop. The phenolic
compounds were separated using a reverse phasgy@idS-3 Phenomenex Column (5um,
100A, 250 x 4.6mm, cat no. 00F-4097-E0) which westqeted by an analytical-size guard
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column. The level of absorbance was determined8at #hd 254nm wavelengths using a
SPD-10 A Dual 1/2 UV-VIS detector. A SCL-10 A VPntml unit and the Class VP 5.03
software were used to control the system. The fime was set at 1mL/min and the injection
volume was 20ul with the maximum pressure set 8088. The column was kept at 40°C
and the total running time for each sample was B#imjection.

Mobile phase A consisted of 88.5% of 0.2% (v/v)horphosphoric acid, 10% (v/v)
acetonitrile and 1.5% (v/v) tetrahydrofuran. Mohplease B was 48.5% of 0.2% (v/v) ortho-
phosphoric acid, 50% (v/v) acetonitrile and 1.5%v)uetrahydrofuran. The mobile phase
sequence was 100% mobile phase A for the first i thien a gradient from 100% mobile
phase A to 100% mobile phase B from 5 to 50 mion¥50 to 55 min, 100% mobile phase B
was maintained, then from 55 to 60 min, mobile phBswas decreased to 0 while mobile
phase A was increased to 100%. There was a 5 nrindpallowed to re-equilibrate the
column using 100% mobile phase A in between eagttion (Goldinget al, 2001 and
Hoangetal., 2011).

The elapsed HPLC running time for each sample vasi® and the time for each batch of
samples was limited to 30 h to prevent possibleation of the phenolic compounds prior to
injection. For each batch of samples on the HPL&armaple of 0.1mM IS in methanol was
placed at the start to prepare the whole systenpaiticular the UV-VIS detector which,

according to the operation manual, requires apprately 60 min to perform properly. A

blank containing deionised water was also plactst avery ten samples.

Identification and quantification of phenolic comyals

Eight apple phenolic compounds from three majossga (phenolic acids, dihydrochalcones
and flavonol glycosides) were used in this studye $election was made based on Gol@ing
al. (2001), whose methodology was adapted for thislyaisa Each phenolic standard
containing 3mM gallic acid, chlorogenic acid, ca&ffeacid, p-coumaric acid, quercetin,
quercetin glucoside, phloridzin and 0.1mM IS in Ingetol (HPLC grade) was run through the
HPLC one compound at a time in order to identifgithietention times. The retention times
were recorded for the subsequent identificationreath of these phenolics in the HPLC
chromatograms for the apple and apple juice samples

To generate external standard curves, an extetaradlard stock solution containing 3mM of
each phenolic compound (gallic acid, chlorogeniid,acaffeic acid, p-coumaric acid,
guercetin, quercetin glucoside, phloridzin) andntML IS was prepared in methanol (HPLC
grade) and stored at 4°C in the dark until used &kternal standard curve solutions were
prepared from the external standard stock solubiprserial dilution with 100% methanol
containing 0.1mM IS to give concentrations rangifrgm 0.003mM to 3mM. The
concentration of the IS in all the external staddarrves solutions was 0.1mM.

The standard curve for each phenolic compound vesergted by plotting the peak area
ratios (the peak area of each phenolic externatista divided by the peak area of the IS) on
the y-axis against the known concentrations of ghenolic compounds. Microsoft Excel
2007 from Microsoft Office was used to obtain thgression line equations and thevlalues
for the external standard curves.

Identification of the phenolic compounds in the lappand the apple juices was done by
comparing their retention times and UV-spectra witlose of the external standards.
Quantification was done by using the regressionatons generated from the standard
curves. For the apples, the concentration (in mMdazh phenolic compound was converted
into mass (in pg) using the known volume of metharsed for the extraction (100mL) and

the respective molecular weight of the phenolic pounds. The value (ug) generated was
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then divided by the initial mass of apple used g2@nd the final concentration expressed as
pg of each phenolic compound per g of apple (1g/g).

In the quantification of the phenolic compoundsha apple juices (but not the fresh apples),
there was a systematic error due to a 2-fold ditutiwhich occurred during sample
preparation; the naringenin concentration was eidub 0.05mM from the intended 0.1mM.
Therefore, to allow the use of the regression egustgenerated from the phenolic
compounds standard curves the IS was first norewlisom 0.05mM to 0.1mM by
multiplying by a factor of two. This is supported the results in Figure 3 which shows that a
doubling of the naringenin concentration gives alding of the peak area.
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Naringenin (mM)
Figure 3. Naringenin standard curve
The area of the naringenin peak after HPLC andctieteat 280nm
is plotted against increasing naringenin conceninat

After normalizing the IS to 0.1mM, the concentragoof the phenolic compounds (in mM)
were calculated using the regression equation Fm éxternal standard curves. The
concentrations of the phenolic compounds in thdeapfices were then converted from mM
to uM for ease of use.

For the concentrations (in uM) of the phenolic compds in the juices made in the
laboratory from Granny Smith and Royal Gala appies,values were also converted into pg
of the phenolic compounds per g of apple to allomparisons with the whole apples and the
calculation of the % recovery in the juice compatedhe initial apples. This was done by
converting the concentration (in uM) of each phenocdbmpound using the known volume of
the juice (for example 103.3ml for cloudy juice rfrcGranny Smith and 104ml for cloudy
juice from Royal Gala) and the respective moleculaight of the phenolic compounds. The
value generated was then divided by the initialsyasapple juiced (250 g) and expressed as
the pg of each phenolic compound per g of applégjudhe % recovery was calculated by
multiplication by 100 the ratio of the mass of pbkn compounds retained in the juice
divided by the mass of the phenolic compounds énirtitial apple by 100.
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Quantification of vitamin C in apple juices

A solution of 64mM of ascorbic acid (vitamin C) wasepared in deionised water. This
solution was then diluted one to one with a staalltgon containing 0.2mM IS in methanol,
yielding a solution of 32mM of vitamin C and 0.1mdf IS in 50% (v/v) methanol.
Concentrations for the vitamin C standard curvegirag from 0.03 to 32mM, were then
prepared by serial dilution with 0.1mM IS in metban

The standard curve for vitamin C was generatedlbiyipg the peak area ratios (peak area of
the vitamin C divided by the peak area of the I9) the y-axis against the known
concentrations of vitamin C. Microsoft Excel 200@nh Microsoft Office was used to obtain
the regression line equation and ttfevRlue for the vitamin C standard curve.

Quantification of the vitamin C in the apple juicgas done by using the regression equation
generated from the standard curve and the contiemtraf the vitamin C in the juices was
expressed in uM. However, the vitamin C concertratould not be determined using the
methanol extracts from the Granny Smith and Royda@pple because vitamin C is not very
soluble in methanol.

M easurement of antioxidant activity in apples and applejuices

The ORAC assay system and Trolox Equivalents eicns

The antioxidant activity assay was carried out imiarotitre plate format using the ORAC
method described previously by Cabal. (1993), Ouet al. (2001) and Prioet al. (2003).
The FLUOstar Omega microplate reader (BMG LABTEQHM. Rtd., Mount Eliza, VIC) was
used with excitation and emission wavelengths ddn#8 and 520nm respectively. The
antioxidant Trolox (a water-soluble analogue ofwiin E) is used as the standard against
which all other antioxidants are compared, andathtexidant activity is expressed as Trolox
equivalents.

Stock solutions of 10nM fluorescein, 240mM AAPH ab@OuM Trolox were prepared in
10mM potassium phosphate buffer, pH 7.4. The 500udMox stock standard was then used
to prepare the following Trolox working standardncentrations: 50uM, 37.5uM, 25uM,
12.5uM, 6.25uM and 3.125uM in 10mM potassium phaspbuffer, pH 7.4. Quality control
solutions of 10uM and 20uM of gallic acid in 10mMtassium phosphate buffer, pH 7.4
were also used.

Prior to determining the antioxidant activity, stote dilutions of the samples in 10mM
potassium phosphate buffer, pH 7.4, were estallisheensure that the readings would fall
within those of the Trolox standard curve. Thoulgéré were some exceptions, 1 in 250 and
1in 500 dilutions gave the best results for thel@ppce and apples respectively.

The antioxidant assay was done in a black 96-vetlbiottomed microtiter plate. The assay
set-up is summarised in Table 3. For the assatgldaidilutions of one of the three batches
of commercial apple juices, the methanol extraminfthe Granny Smith apples, the methanol
extract from the Royal Gala apples, the cloudy @adfied juices from the Granny Smith and
from Royal Gala apples and the cloudy and clarifieides from the commercial apple
processor were all analysed in triplicate.

The blank of 10mM potassium phosphate buffer (p#),the 6 Trolox standards and the 2
gallic acid control samples were also analysedpmhidate.

The assay ran for a total of 60 cycles, with tihet fLO cycles used to equilibrate the system to
37°C. After the 18 cycle was completed, 25paf AAPH was automatically added by the
injector in the instrument (Table 3).
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Table 3. Setup for the microtiter plate ORAC assay

Reagents Volume
10nM Fluorescein* 150 pL
Sample, standard, control or buffer* 25 uL
240mM AAPH** 25 uL

*Added into wells before the assay was started.
**Added into wells after the 10th cycle by the FLUOstar Omega’s
injector. A cycle was 75 sec long.

Using the FLUOstar Omega MARS Data Analysis Sofevé8MG LABTECH Pty. Ltd.,
Mount Eliza, VIC), the area under the curve (AU@ue for the fluorescence in Relative
Fluorescence Units (RFU) measured over time mines\JC for the blank (buffer only) was
calculated for each Trolox concentration. This kladjusted AUC for each Trolox
concentration was plotted against the Trolox cotreéions (UM) to construct a standard
curve. The regression equation for the standardecwas then used to determine a Trolox
Equivalents (TE) for each of the samples after std)g their AUC by subtracting the AUC
for the blank. The antioxidant activity of the sdegpwas then expresses in terms of uM TE.

Calculation of the non-vitamin C antioxidant aciyvof the apple juices

The ORAC antioxidant assay (Cao al. 1993; Ouet al. 2001; Prioret al. 2003) was also
done for a series of concentrations of vitamin €dostruct a standard curve to determine the
contribution of vitamin C to the total antioxidaattivity of the apple juices. Following the
same ORAC procedure as for the apple juice andeapplract samples, the antioxidant
activity of the vitamin C standards, ranging fro@01to 1000 uM in deionised water, were
plotted against the known concentrations of thamih C. Microsoft Excel 2007 from
Microsoft Office was then used to obtain the regj@s line equation and the? Ralue for the
vitamin C standard curve.

Using the vitamin C concentration measured by HiLE€ach apple juice and the regression
line equation for the vitamin C standard curve, doatribution of vitamin C to the total
antioxidant activity of each juice was determined &xpressed in UM TE. For each juice,
this value was then subtracted from its total amdi@nt activity to determine the non-vitamin
C antioxidant activity (UM TE) of the apple juicddis calculated non-vitamin C antioxidant
activity was taken to represent the antioxidanivagtwhich could be due to the phenolic
compounds. The contribution of the phenolic conmatsutowards the antioxidant activity
(LM TE) of the juices was thus calculated by sudting the contribution of vitamin C from
the total antioxidant activity in the juices.

Statistical analyses

Statistical analyses were performed using the Sizai Package for the Social Science
(SPSS) (Licensed to the University of Newcastled 8ficrosoft Excel 2007 Package with
statistical significance for difference sefpat 0.05 for all statistical tests.

For comparing mean values between 2 samples, thée®t T-Test was used and for
comparing mean values between more than 2 santplegine-way ANOVA and the LSD
post-hoc test were used.

The SPSS software was also used to generate Peanselation coefficients anglvalues for
correlations between parameters of the commerpfeguices.
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Results
Physical properties of the commercial applejuices

The physical properties of the juices (turbidityscosity and total soluble solids) are
presented in Table 4. The turbidity of the juicessvelearly related to whether the juice was
cloudy or clarified. The clarified apple juices hadnuch lower level of turbidity, with values
< 0.06 Abs at 600nm, than the cloudy juices (TableTshe turbidity of the cloudy juices
ranged from 2.22 to 5.35 Abs at 600nm; these valggs at least 37 times higher than that of
the clarified juice with the highest turbidity (O14

Table 4. Physical properties of commercial apple ju ices

Samples Clarified/Cloudy ( Ag: gocl)%lzn)* V'?gg?liy gglﬁglss(%lrji%f
c1' Clarified <0.01 8 11.1+0.0
c2' Clarified 0.02+0.01 8 11.1+0.1
c3' Clarified 0.01+0.00 8 11.2+0.0
c4' Clarified 0.02+0.01 8 10.9+0.0
C5' Clarified 0.03+0.01 8 11.1+0.0
c6' Clarified 0.01+0.01 8 11.0+0.0
c7'" Cloudy 4.12+0.01 10 12.0+0.1
cs' Cloudy 4.460.03 12 11.2+0.0
co' Clarified 0.01+0.06 8 11.1+0.0
Cc10* Cloudy 2.22+0.01 10 11.940.1
c11t Cloudy 2.30+0.04 10 13.1+0.0
c12* Clarified <0.01 8 12.1+0.0
ci13* Cloudy 5.35+0.05 10 11.040.1
ci4* Clarified 0.06+0.01 8 13.4+0.1
c15* Cloudy 3.60+0.09 8 12.2+0.0
ci16' Clarified 0.02+0.01 8 12.4+0.1
ci7t Clarified 0.02+0.01 8 11.740.1

* Values are expressed as meanzS.E. for the three batches of each juice.
** Values for the three batches of each juice were exactly the same.

T Made from reconstitiuted juice concentrate; * Made from crushed apples
™ Made from reconcentrated juice concentrate and crushed apples

The viscosity was also dependant on whether tlee jwias cloudy or clarified (Table 4). All

the clarified juices showed the same level of ##g(8 cP). Of the six cloudy juices, 5 juices
had a higher viscosity (10 or 12 cP) than the fotatijuices. However, the other cloudy juice
(C15) had the same viscosity level as the clarifiedes (8 cP). With a viscosity of 12 cP,
cloudy juice C8 was the most viscous of all thegsi

In general, the measurement of the total solublelsdor the juices reconstituted from
concentrate generated similar °Brix values (1019.2°Brix), regardless of the type of juice,
clarified or cloudy (Table 4). However, C16 and Calthough made from concentrate, had
higher amounts of soluble solids (12.4 and 11.%Bespectively). On the other hand, most
of the juices made from crushed apples had highkreg than those made from concentrate
and the values had more variance, ranging from°1118.4°Brix. However, C13, made from
crushed apples had a °Brix value (11.0 °Brix) samito most of the juices made from
concentrate.
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HPL C analysis of the apple phenolic compounds and vitamin C

The peaks indicating the elution time for each le# phenolic compounds of interest are
presented in Figure 4 and the standard curve foin @henolic compound is presented in
Figure 5. The Rvalues or correlation for all the phenolics staddzurves were very close to
1, indicating near-perfect linear relationshipserdiore, the external standard curves were
reliable for translating the peak areas generatetiPLC, for each of the monitored apple
phenolic compounds in the analysed juices, into t@centrations.

Quercetin was not found in any of the samples aealyThis finding indicated that there was
no free quercetin in the apples or apple juiceserdiore, the results presented in the

subsequent tables and graphs, do not report ocejirer

mAbs

4004

2004

3.5483 714

2 (d) .
: = L)
s (b & To o 2
A nm(f): S
il el |
(a) (c) (e) (9) (i)
0 20 40

min

Figure 4. Typical HPLC chromatogram for apple pheno lics with the
internal standard (IS)

The peaks separated by HPLC and detected at 280nm are in order of elution (a) gallic
acid, (b) chlorogenic acid, (c) caffeic acid, (d) coumaric acid, (e) rutin, (f) quercetin
glucoside, (g) phloridzin, (h) quercetin, (i) naringenin (1S).

The concentration of the apple phenolic compounds was 0.375mM and the IS was

0.1mM.
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Figure 5. Apple phenolic compound standard curves
As detected at 280nm, the peak area of each phenolic compound was divided by the
peak area of the IS (Peak Area Ratio)

In order of elution from the HPLC column, the standard curves are for: A. gallic acid, B.
chlorogenic acid, C. caffeic acid, D. coumaric acid, E. rutin, F. quercetin glucoside, G.
phloridzin and H. quercetin
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In addition to phenolics, vitamin C content wasoatseasured in all the apple juices as it
significantly contributes to the total antioxidaadtivity. Figure 6 shows the identification of
the vitamin C peak after HPLC and detection at 254n

The standard curve for vitamin C is also shown mufe 7. The Rvalue was close to 1,
ensuring the reliability of the linear regressiaquation for use in calculating the vitamin C
concentration in the apple juices.
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.
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20 40
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Figure 6. Typical HPLC chromatogram for Vitamin C

The peaks separated by HPLC and detected at 254nm are in order of elution:
(a) vitamin C and (b) naringenin (IS)

The concentration of the vitamin C is 4mM and IS is 1mM
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Figure 7. Vitamin C standard curve
As detected at 254nm, the peak area of vitamin C was divided by the peak area of the
IS (Peak Area Ratio)
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Phenolics and vitamin C in commercial apple juices

Table 5 shows the concentration of vitamin C andnglics in the nine commercial apple
juices made from imported concentrate as determuyddPLC analysis. Of these C5, C1 and
C3 had the highest vitamin C concentrations (2,885.2,447uM and 2,406uM,
respectively). In the other six juices, the vitan@nconcentrations ranged from 606 pM to
1,528uM.

Of the phenolic compounds, gallic acid and chlomgeacid were predominant in all the

commercial juice made from imported concentrateepk for C9, in which the caffeic acid

was at a similar lower level to the gallic acid.eTtlarified juice C4 had the most gallic acid
(665uM) and C3 had the highest concentration ajroglenic acid (461uM). Caffeic acid was
present in seven out of these nine commercial guicwstly at a lower concentration

compared to gallic acid (except C9) and chlorogemicl, and the highest concentration of
caffeic acid was found in C3 (74uM). However C1,6GIhd C17 had no detectable caffeic
acid.

Coumaric acid, rutin, quercetin glucoside and pbion were all very low across the juices
made from the imported concentrate and were absenoeost of these juices. The total
phenolic compound concentrations ranged from a i@xy48uM in juice C16 to 954uM in
juice C3.

Commercial apple juices from Australian apples

Table 6 shows the concentrations of vitamin C amenplics in the eight commercial apple
juices made from Australian apples. On average viteanin C content in the juices made
from Australian apples (Table 6) did not diffgr £ 0.228) from those made from imported
concentrate (Table 5). The highest in vitamin CemMéB, C10 and C13 (3237uM, 3,128uM
and 2,751uM, respectively) and the lowest concéatravas in juice C11 (829uM).

The phenolics were more widely distributed in tg®up of juices, although gallic acid,

chlorogenic acid and caffeic acid were still thegominant compounds present in all the
juices made from Australian apples. In contrasthi® reconstituted juices, coumaric acid,
rutin, quercetin glucoside and phloridzin were presin most of the juices made from
Australian apples; of these compounds, only cowraaid, rutin and phloridzin were absent
in one juice for each. The total phenolic compouradgyed from 276uM (C15) to 2,510uM

(C8).

Comparison of juices from Australian apples witltg@s from imported concentrates.

The comparison of the phenolic components of tiheegumade from Australian apples with
the juices made from imported concentrate is ptesein Figure 8. As depicted in the graph,
the apple juices made from Australian apples caathhigher concentrations of chlorogenic
acid ( = 0.024), caffeic acidp(= 0.018), rutin p = 0.007) and quercetin glucoside £
0.0009). However, the concentration of gallic a@dumaric acid and phloridzin did not
differ between the two types of juice. Furthermdies total phenolic compounds did not
significantly differ between the two types of juiegher p = 0.058).

Clarified juices — imported concentrates versustéalisin apples

A comparison between the nine clarified apple jsicede from imported concentrate (Table
5) and the 2 clarified apple juices made from Aal&in apples (C12 and C14, Table 6) was
also done. Statistical analysis showed no sigmficdifference in the total phenolic
compounds between these two groups=(0.327), despite the Australian clarified juices
being significantly higher in caffeic acid, rutindaquercetin glucoside (= 0.012, <0.01 and

= 0.014, respectively) than the clarified juicesdm&om imported concentrate.
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Table 5. Constituents in apple juices made from imp  orted apple juice concentrate

Commercial Apple Juices Made from Imported Concentr ate

Constituents

C1 Cc2 C3 Cc4 C5 C6 C9 Cle6 C17
Clarified Clarified Clarified Clarified Clarified Clarified Clarified Clarified Clarified
Vitamin C (uM) 2,447+116  1,378+58 2,406+92 1,528+188 2,835+91 606+38 1,067+36 1,133+47 951443
Gallic Acid (M) 21418 456161 370194 665+111 236124 177419 4049 3310 89161
Chlorogenic Acid (uM) 16+2.8 291+133  461+132 188465 151426 68122 372159 1542 22+7
Caffeic Acid (uM) 0 40121 74162 45134 27+14 50150 44120 0 1+1
Coumaric Acid (M) 0 0 140.6 0 0 0 32432 0 0
Rutin (M) 0 0 1+1 0 0 445 19+10 0 0
Quercetin Glucoside (uM) 0 0 12+10 0 0 515 67+15 0 1+1
Phloridzin (uM) 0 0 35110 0 312 13+13 1+1 0 713
Total Phenolics (UM) 231 +10 787+£116 9544289 898458 41753 317£75 574111 48+10 12073

Values are expressed as meanzS.E. for the three batches of juice.
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Table 6. Constituents in apple juices made from Aus tralian apples

Commercial Apple Juices Made from Australian Apples

Constituents

cr* C8** C10 Cl1 C12 C13 C14 C15
Cloudy Cloudy Cloudy Cloudy Clarified Cloudy Clarified Cloudy
Vitamin C (UM) 2,533+142 3,237+118 3,128+44 829+31  1,252+55 2,751+136 1,290+81 1,920+99
Gallic Acid (uUM) 144421 934+197 7044329 37429 6+4 160+72 12+1 68+21
Chlorogenic Acid (uM) 459+93  1,131+204  793+89 869+337 109+4 736+45 231+18  165+35
Caffeic Acid (uM) 5543 124+47 78+24 82436 6717 90+ 14 156+46 3+2
Coumaric Acid (LM) 0 14+14 14+14 23116 1648 242 12+2 242
Rutin (uM) 26+13 70+35 7818 61+30 24+7 21421 27+5 0
Quercetin Glucoside (UM) 8318 183+31 101442 103+29 45+20 144459 7816 3918
Phloridzin (uM) 13+7 55+28 2316 27113 12+10 15+15 515 0
Total Phenolics (uM) 780491 25104394 1,791+329 1,202+467 279+43 1,167+170 522+50 276421

Values are expressed as meantS.E. for the three batches of juice.

*C7 was made from a combination of imported apple juice concentrate and Australian apples.

**C8 was made from concentrate originating from Australian apples.
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Figure 8. Comparison of phenolic compounds in the c ommercial
apple juices made from imported concentrate (  m) vs. from Australian

apples (o)

The bar values are means+S.E. and the numbers over the bars indicate the p
value for the comparisons between the two types of juices

Juices from Australian apples — cloudy versus fildijuices

A comparison was also made between the six clouidg$ and the two clarified juices
within the commercial apple juices made from Austraapples (Table 6). Statistically,
the cloudy apple juices contained higher total jpfiercompounds than the clear juices
(p = 0.041) which appeared to be due mainly to diffees in chlorogenic acig =
0.013) as no other phenolic compound was signifigadifferent in concentration
between the cloudy and clarified juices made fronstéalian apples.

Clarified versus cloudy juices, irrespective ofgomi

Based on the difference in the total content ofnplie compounds between the cloudy
apple juices and the clear juicgs £ 0.041) made from Australian apples, the two
Australian clear apple juices were grouped with ¢leified apple juices made from
imported concentrate as shown in Table 7. Similalthough one of the other juices
contained imported concentrate and another was finateAustralian concentrate, the
other six apple juices were all cloudy and wereugenl together as shown in Table 8.
This allowed for a comparison to be made betweencttmmercial apple juices based
on whether they were clarified or cloudy irrespeetiof whether they originate in
Australia or not or from concentrate or not.
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For vitamin C levels, there was no differenpe=(0.074) between the average content in
the clarified apple juices (Table 7) versus theidipapple juices (Table 8). However, as
seen in Figure 9, the total content of phenolic goumds in the cloudy juices was
significantly higher in comparison with their cléed counterpartsp(= 0.049) which
appeared to be mainly due to a higher concentratfarhlorogenic acidg = 0.011),
although rutin p = 0.037) and quercetin glucoside < 0.004) were also higher in the
cloudy juices compared to the clarified juices.
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Figure 9. Comparison of phenolic compounds in the ¢ ommercial
clarified apple juices ( =) vs the commercial cloudy apple juices ( 0)

The bar values are meanszS.E. and the numbers over the bars indicate the p
values for the comparisons between the two types of juices
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Table 7. Constituents in commercial clarified apple juices

Commercial Clarified Apple Juices

Constituents C1 c2 C3 C4 C5 C6 C9 C12 Cl4 C16 C17
Imported Imported Imported Imported Imported Imported Imported Aus** Aus** Imported Imported
Conc.* Conc.* Conc.* Conc.* Conc.* Conc.* Conc.* Apples Apples Conc.* Conc.*
Vitamin C (uM) 2,447+116 1,378458 2,406+92 1,528+188 2,835+91 606+38 1,067+36 1,252+55 1,290+81 1,133+47 951443
Gallic Acid (uLM) 21448 456161 370194 665+111 23624 177419 4049 614 12+1 3310 89161
Chlorogenic Acid (uM) 16+2.8 291+133 461+132 18865 151426 68+22 372+59 109+4 231+18 15+2 2247
Caffeic Acid (LM) 0 40+21 74162 45134 27+14 50+50 44+20 67£17 156+46 0 1+1
Coumaric Acid (UM) 0 0 1+0.6 0 0 0 32432 1618 12+2 0 0
Rutin (uM) 0 0 1+1 0 0 415 19+10 24+7 2715 0 0
Quercetin Glucoside (uUM) 0 0 12+10 0 0 515 6715 45120 7816 0 1+1
Phloridzin (uM) 0 0 35110 0 3+2 13+13 1+1 12+10 515 0 7+3

Total Phenolics (pM) 231+10 787116 954+289 898+58 417453 317+£75 5744111 279+43  522+50 48+10 120+73

Values are expressed as meanzS.E. for the three batches of juice

* ‘Imported Conc.’ refers to juices made from imported concentrate
** ‘Aus Apples’ refers to juices made from Australian apples
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Table 8. Constituents in commercial cloudy apple ju ices

Commercial Cloudy Apple Juices

Constituents *Im;(:;rted C8 C10 Ci11 C13 C15
Conc. & ***Aus **Aus **Aus **Aus **Aus
*Aus Conc. Apples Apples Apples Apples
Apples
Vitamin C (uM) 2,5633+142 3,237+118  3,128+44 829+31 2,751+136  1,920+99
Gallic Acid (M) 144421 934+197 7041329 37129 160+72 68+21
Chlorogenic Acid (uM) 459+93 1,131+204 793189 8691337 736145 165+£35
Caffeic Acid (uM) 55+3 124447 78124 82136 90+14 312
Coumaric Acid (UM) 0 14+14 14+14 23+16 242 242
Rutin (uM) 26+13 70+35 78+8 61+30 21+21 0
Quercetin Glucoside (uM) 8318 183+31 101442 103+29 144459 3918
Phloridzin (uM) 13+7 55428 2316 27413 15415 0
Total Phenolics (uM) 780191 2,510+394 1,791+329 1,202+467 1,167+170 276121

Values are expressed in mean+S.E. for the three batches of juice

* ‘Imported Conc.’ refers to juices made from imported concentrate
** ‘Aus Apples’ refers to juices made from Australian apples
** ‘Aus Conc.’ refers to juices made from Australian concentrate
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Phenalics and vitamin C in Granny Smith and Royal Gala apples and their
laboratory prepared juices

Granny Smith and Royal Gala apples

The content of the phenolic compounds in a batcsm@inny Smith and a batch of
Royal Gala apples is presented in Table 9. The RGgda apples contained over
twice the total phenolic compounds (2,363 ug/g) parad to the Granny Smith
apples (1,036 pg/g) mainly due to their almost folot higher content of chlorogenic
acid (2,125 pg/g) compared to Granny Smith apf@s (1g/g).

Compared to the commercial juices (Table 5, 6, d &n chlorogenic acid was still
the largest contributor to the total phenolic coompids in the two apple cultivars
(Table 9). Gallic acid, a major phenolic in comni&rfuices, was present at only low
levels in these two cultivars. In fact, the phemoWith the second highest
concentration was quercetin glucoside, followedttdin, caffeic acid and phloridzin.
However, the concentration of vitamin C was veny,lalue to the vitamin not being
very soluble in methanol.

Table 9. Constituents in Granny Smith and Royal Gal  a apples

Constituents* Granny Smith Royal Gala

Vitamin C (uM) 4.3+0.01° 1.5+0.01°
Gallic Acid (ug/g) 9.7+1.2% 18.2+6.5°
Chlorogenic Acid (ng/g) 590.7+10.1° 2,124.89.3"
Caffeic Acid (ug/g) 44.4+1.6° 45.4+0.6°
Coumaric Acid (ug/g) 8.8+1.1° 10.7+0.5%
Rutin (ug/g) 58.8+2.5 49.1+7.5°
Quercetin Glucoside (ug/g) 308.7+2.2% 97.2+4.0°
Phloridzin (ug/g) 15.0+0.62 17.240.5°

Total Phenolics (pg/g) 1,036.0+9.0? 2,362.6+2.7"

*The values are the meantS.E. for one batch of each apple type of apple
measured in triplicate and are expressed as pg of constituent per g of apple

(Ho/9)
Values in a row not sharing a superscript letter are significantly different

from each other (p<0.05)

Cloudy and clarified juices fro@ranny Smith and Royal Gala apples

The constituents measured in the cloudy and daarifiices made from the analysed
batch of Granny Smith and of Royal Gala applegpaesented in Table 10. Similar to
the content in the apples used to make the jutbes¢hlorogenic acid levels in both
the cloudy (39.8 £ 7.4ug/g) and the clarified (3%.4.619/g) juices from the Royal

Gala apples were higher compared to their countsrpaade from Granny Smith

(cloudy, 20.5 + 0.8ug/g and clarified, 8.6 + 5.ag)g/However, there were no

differences in the total phenolic compounds betwagnof the four juices (Table 10).

All the juices also had very similar values foralagoluble solids and vitamin C.
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Table 10. Constituents in juices made in the labora tory from Granny
Smith and Royal Gala apples

Constituent Granny Smith Royal Gala
onstituents
Cloudy Clarified Cloudy Clarified

Total soluble solids (°Brix) 11.840.0* 11.6+0.1* 11.8+#0.1* 11.7#0.1%
Vitamin C (UM) 125+3° 78+8° 88+17° 71+8°
Gallic Acid (ug/g) 3.8+0.3° 1.2+0.6° 0.4+0.42 0?
Chlorogenic Acid (ug/g) 20.5+0.8°°  8.6x5.6%°  39.8+7.4" 37.4+1.6"
Caffeic Acid (ug/g) 6.2+1.2° 3.1+0.2° 3.440.4° 2.7+0.3"
Coumaric Acid (pg/g) 1.7+0.4? 0.740.1° o° o°
Rutin (ug/g) 4. 9+4° 1.2+0.1° 0? 0?
Quercetin Glucoside (ug/g) 9.0+0.7*  3.0+0.2° 4.9+0.3*  1.8+0.2°
Phloridzin (ug/g) 0.6+0.5? 0.5+0.1*  2.47+0.1°  2.6+0.2°

Total Phenolics (ug/g) 46.6+4.4%  18.2+3.2° 50.9+6.0°  44.5+0.3°

Values are expressed as meanzS.E. for three juice samples made from one batch of
apples

Values in a row not sharing a superscript letter are significantly different from each
other (p<0.05)

Total phenolic compounds

The values for the total polyphenolic compoundth@ Granny Smith apples and in its
cloudy and clarified juices and in the Royal Gatglas and its cloudy and clarified
juices are presented in Figure 10. The total phemmaimpounds in the Granny Smith
apples was statistically different to the total pblec compounds in the Royal Gala
apples p < 0.01) and the total phenolic compounds in alljthees were dramatically
lower than in the applep € 0.001).

Recovery of phenolic compounds in juices

Table 11 shows the percentage recovery of the pilseswnpounds in the juices (Table
10) compared to their content in the Granny Smiith Royal Gala apples used to make
the juices (Table 9). Overall, the recovery of théal polyphenols was very low,
ranging from 1.7 + 0.6% for the Granny Smith ciedf juice to 4.5 £ 0.4% for the
Granny Smith cloudy juice. Apart from the recovefyphloridzin being higher in the
juices made from the Royal Gala apples (14.4 + Oi&ethe cloudy juice and 10.7 +
1.1% for the clarified juice) compared to the Grnai@mith apples (3.6 + 2.6% for the
cloudy juice and 2.3 + 0.2% for the clarified juicthere were no major differences in
the recovery of phenolic compounds between ankiefuices.
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Figure 10. The total phenolic compounds in apples a  nd their cloudy
and clarified apple juices

The total phenolic compounds are expressed in pg/g of apple. Values not
sharing a superscript letter are significantly different from each other (p<0.05).

Table 11. Recovery of apple phenolic compoundsinj  uice

Granny Smith Royal Gala

Phenolic Compounds
Cloudy Clarified Cloudy Clarified

Gallic Acid (% Recovery) 38.9+3.5%  12.3+0.4* 1.8+1.8% 0®
Chlorogenic Acid (% Recovery) 3.5+0.1° 1.5+0.1% 1.9+0.3% 1.8+0.3%
Caffeic Acid (% Recovery) 13.94#1.6*  6.9+0.5" 7.5+1.3° 6.0+0.2"
Coumaric Acid (% Recovery) 19.6+0.9°  7.2+0.03" o° o°
Rutin (% Recovery) 8.3+6.9° 2.0+0.1° 0* 0®
Quercetin Glucoside (% Recovery) — 2.9+0.2%° 1.0+0.2? 5.1+0.5" 1.8+0.3%
Phloridzin (% Recovery) 3.6x2.6° 2.3+0.2°  14.4+05° 10.7+1.1°

Total Phenolics

a a a a
(% Recovery) 4.540.4 1.740.6 2.240.4 1.940.3

Values are expressed as meanzS.E. for three juice samples made from one batch of

apples
Values in the row not sharing a superscript letter are significantly different from each
other (p<0.05)
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Cloudy and clarified juices obtained direct fronc@mmercial apple processor

The values for the constituents measured in thaedglaand clarified apple juices
obtained from a commercial apple processor areepted in Table 12. These juices
were made from a combination of Granny Smith angaR&ala apples. The total
soluble solids values for the cloudy and clarifjactes from the commercial apple
processor (12.0 and 11.6 °Brix, respectively) weithin the range of the values from
all other juices measured in this study (Tablead ¥0). Both the cloudy and clarified
apple juices from the commercial apple processartaioed higher vitamin C

(p<0.01) than the cloudy and clarified commerciallagpices. Chlorogenic acid was
the predominant phenolic compound in both juicdss Tesult was consistent with
the measurement of the phenolic compounds in tle@r Smith and Royal Gala
apples where chlorogenic acid was also the higblesholic. Significant differences
between the commercial apple processor cloudy kidied juices were only found

for caffeic acid and phloridzin (Table 12) with hdieing higher in the cloudy juice.

Table 12. Constituents in the commercial apple proc  essor juice

Constituents Cloudy Clarified
Total soluble solids (°Brix) 12.0+0.0? 11.6+0.0°
Vitamin C (uM) 5,919+90.8° 4,652+48.9"
Gallic Acid (uM) 68+7.8% 36+10.5%
Chlorogenic Acid (uM) 600+10.6% 412+79.6°
Caffeic Acid (UM) 129+3.12 57+8.4°
Coumaric Acid (uM) 0* 1+1.42
Rutin (LM) 88+1.1% 71+14.6°
Quercetin Glucoside (UM) 27+0.9% 19+3.3%
Phloridzin (uM) 27+0.4% 16+3.4°
Total Phenolics (ug/g) 939+12.43% 613+117.5%

Values are expressed as meanzS.E. for three juice samples obtained
from commercial apple processor
Values in the row not sharing a superscript letter are significantly
different from each other (p<0.05)

Comparison of commercial processor juices with raggourced juices

A comparison of the total phenolic compounds in teenmercial apple processor
juices with the commercial apple juices (Figure Ehowed that there was no
difference between the juices. The only significdifterence in the comparison was
that the cloudy market-sourced commercial juiced aaigher content of phenolic
compounds than the clarified market-sourced comialefaices, as previously

observed in Figure 9.
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Values sharing a superscript letter are not significantly different from each other
(p<0.05).

ORAC assay antioxidant activity of applesand applejuices

Trolox and Vitamin C standard curves

Figure 12 shows a Trolox standard curve, plottimg fluorescence AUC relative to
Trolox concentration that was used to subsequam&yse samples and convert their
antioxidant activity into uM TE. A standard curver fthe antioxidant activity of
vitamin C based on its concentration was also cocisd. Increasing concentrations
of vitamin C were measured for their antioxidartivaity and then plotted as shown in
Figure 13. Both relationships showed a very gooedi response with’Ralues close
to 1, thus allowing the generated linear equatiorise used in subsequent analyses.

600 -
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AUC (RFU * 1000)

100 -

0 10 20 30 40 50 60
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Figure 12. Trolox Standard curve for ORAC assay

The area under the curve (AUC) in relative fluorescence units (RFU) is plotted
against increasing concentrations of Trolox
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Figure 13. Vitamin C antioxidant activity standard curve

The area under the curve (AUC) in relative fluorescence units (RFU) for
increasing concentrations of vitamin C were converted to Trolox Equivalents
using the regression equation in Figure 11 and plotted against the vitamin C
concentration

In Table 13, the measured total antioxidant agtithe vitamin C antioxidant activity
and the non-vitamin C antioxidant activity (totainms vitamin C antioxidant activity)
are presented for all the apples and apple juicedysed. The non-vitamin C
antioxidant activity was taken to reflect the cdmition of the phenolic compounds to
the total antioxidant activity of the juices. VitanC was not the major source of the
antioxidant activity in the juices, only contribogi on average 0.62% of the total
antioxidant activity in the juices. The highestiaxidant activity was exhibit by C15
(36,001 uM TE) and the lowest antioxidant actilagtonged to C6 (93 uM TE).

Phenolic antioxidant activity

Using thepM TE values for the phenolic antioxidant activities Table 13, the 8
commercial apple juices made from Australian apf@ses C7, C8, C10-15) were
found to exhibit a significantly higher antioxidaanttivity (o = 0.033) in comparison
with the 9 commercial apple juices made from im@adrconcentrate (juices C1-C6,
C9, C16, C17). It was also found that the 6 cloagdple juices (juices C7, C8, C10,
C11, C13, C15) possessed significantly more ardamti activity p = 0.036)
compared to the 11 clarified apple juices (C1-C8, C12, C14, C16, C17). There
was no significant difference in the antioxidantivaty from vitamin C across all the
commercial juices.

Antioxidant activity in apples compared to cloudyalarified juices

The antioxidant activity in the Granny Smith andyRloGala apples compared to the
antioxidant activity retained in the cloudy andrifiad juices made from these apples
is presented in Figure 14. Similar to the total qilie compounds measured in the
initial apples and in their juices (Figure 10),rhavas a substantial loss of antioxidant
activity when the apples were processed into juidé® antioxidant activity of the
Royal Gala apples was significantly£ 0.031) higher than the Granny Smith apples,
which mirrored the higher total phenolic compoumdsasured in the Royal Gala
apples compared to the Granny Smith apples (Tgble 9
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Table 13. Antioxidant activity of apple juices

Total Vitamin C Phenolic**
— »
i Mhom Concenraion  AnoddanE AT
(M TE) (M) (UM TE) (M TE)
Commercial
C1 5,873 2,447 66 5,807
Cc2 2,989 1,378 37 2,952
C3 3,213 2,406 64 3,138
C4 6,551 1,528 41 6,510
C5 5,201 2,835 76 5,125
C6 109 606 16 93
Cc7 11,414 2,533 68 11,346
Cs8 13,859 3,237 87 13,772
C9 9,863 1,067 29 9,835
C10 7148 3,128 84 7,064
Cl11 4,465 829 22 4,443
C12 10,931 1,252 34 10,898
C13 10,115 2,751 74 10,041
Cl4 7,908 1,290 35 7,873
C15 36,053 1,920 51 36,001
C16 4,237 1,133 30 4,206
C17 4,455 951 25 4,429
Lab made from
Apples***
Cloudy GS 4,450 125 3 4,447
Clarified GS 4,073 78 2 4,071
Cloudy RG 4,544 88 2 4,542
Clarified RG 4,169 71 2 4,167
Whole apples
Granny Smith 6,128 4.3 <1 6,128
Royal Gala 10,058 1.5 <1 10,058
Commercial
processor
Cloudy 14,519 5,919 125 14,394
Clarified 8,512 4,652 159 8,353

*Vitamin C antioxidant activity was calculated using the regression equation obtained
from the standard curve shown in Figure 13 and the HPLC determined vitamin C
levels

**Phenolic antioxidant activity was calculated by subtracting the antioxidant activity of
vitamin C from the total antioxidant activity, except for apples where the vitamin C
concentration was negligible as seen in Table 9

***GS means juice from Granny Smith apples and RG means Royal Gala apples
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Figure 14. The antioxidant activity measure in appl e, cloudy juice
and clarified juice of two apple cultivars (Granny Smith and Royal
Gala)

The antioxidant activities were expressed in pg Trolox Equivalents (TE) per g of

apple

Correlations between parameters of the commercial applejuices

The correlation between the total phenolic compsuadd the total antioxidant

activity (Figure 15) and between the total phenalenpounds and the vitamin C
corrected antioxidant activity (Figure 16) in treranercial samples did not show any
significance withp = 0.068 ang = 0.069, respectively.

Figure 17 shows the relationship between the lef/@lirbidity and the total phenolic
compounds in the commercial apple juice samples. Rtvalue indicated that there
was approximately a 48% chance that the increatelidity will lead to an increase
in the total phenolic compound concentratigpx(.01). However, there was no
significant correlation = 0.28) between the turbidity and the vitamin Creoted
antioxidant activity of the commercial apple jui¢ésgure 18).

However, viscosity showed a significant correlatiom both the total phenolic
compounds (Figure 19) and the vitamin C correcteobgidant activity (Figure 20) in

the commercial apple juicep € 0.001 andh = 0.005, respectively). Based on the R
values, there was approximately a 75% chance ahemease in the total phenolic
compounds and a 45% chance of an increase in thexigant activity as the

viscosity increased.

41



[}
=
=
o 20
=
=
= 15
s *
C*]
= .
£ 10 -
= y=2.6406x+4691.8
£ 5 R*=0.2187
S * o
H
0 *— : : : : .
0 500 1000 1500 2000 2500 3000
Total Polyphenolic Compounds (ulM)
Figure 15. Correlation between the phenolic compoun  ds and the

total antioxidant activity in the commercial apple
correction for the vitamin C content  (p = 0.068.)

juices without

[}

[}

=

w20

S

=

= 15 -

= &

=

S 10 * ¢

e i y=2.6172x+4662

5 * R*=0.2164

£ 05 -

= IR

H 0 é T T T T T 1
0 500 1000 1500 2000 2500 3000

Total Polyphenolic Compounds (uM)

Figure 16. Correlation between the phenolic compoun
total antioxidant activity in the commercial apple
correction for the vitamin C content  (p = 0.069)

ds and the
juices with

42



3HHY

=

=

2 2500 .

§_~ 2000 -

2 \4

1500 - /

E

o * *

2 1000

2 .

g 00 3":3&3'_18*;:;0'6;
0 T T T T T 1

0 1 2 3 4 Bl )

Turhidity (Absorbance at 600mmn)

Figure 17. Correlation between the turbidity and th e phenolic
compounds in the commercial apple juices (p <0.001)

16
14
12
10

= @

y=1176.1x+5350.6
R*=0.3706

Trolox Equivalent (uM) x 1000
-3 [#2a]

0 1 2 3 4 5 6

Turbidity (Absorbance at 600nmn)

Figure 18. Correlation between the turbidity and th e vitamin C
corrected antioxidant activity in the commercial ap ple juices
(p =0.28)

43



3000

Total Polyphenolics Compounds
(uM)

2500

2000

1500

1000

500

y=45541x-3197.6
R==0.7491

[=s]
fl=}

10 11 12 13
Viscosity (cP)

Figure 19. Correlation between the viscosity and th e phenolic
compounds in the commercial apple juices (p <0.001)

Trolox Equivalent (uM) x 1000

y=2027.2x- 10695

R= 04472
&

e T T T T 1
8 9 10 11 12 13

Viscosity (cP)

Figure 20. Correlation between the viscosity and th e vitamin C
corrected antioxidant activity in the commercial ap ple juices

(p = 0.005)

44



Discussion

A range of 17 commercial apple juices (11 clarifjedes and 6 cloudy juices) were
purchased from the market and analysed for thegisipal and chemical properties.

The physical properties of the different apple gsiavere measured. As expected the
results showed that cloudy apple juices had a nigier level of turbidity than the
clarified juices and were often at least 37 timghér than that of the clarified juice.
The levels of TSS were similar in all juice samp(£8.9 - 13.4° Brix), regardless of
the type of juice, clarified or cloudy. This wasedio the a standardisation procedure
employed by the juice manufacturers to determieeatinount of water to be added to
a concentrate based on calculation of the initgix° of the concentrate and the
targeted °Brix in the final product (Ashurst, 2005)

The main aim of this study was to examine the aunté phenolic compounds and
their contribution to the antioxidant activity imnous types of apple juices (cloudy
and clarified). The first objective under this awas to determine the content of
phenolic compounds in the commercially availabl@laguices. Each juice was
analysed by HPLC and a comparison made of the pbiholic compounds between
the different juices.

Clarified juice phenolic content
The concentrations of total phenolics in clarifjeites were variable and ranged from
a very low 48 uM in juice C16 to 954 uM in juice.C3

High levels of gallic acid, chlorogenic acid andfem acid were measured in the
clarified juices. These compounds were presenll ihlaclarified juices with juice C4

having the most gallic acid (665 puM) and juice @G¥ihg the highest concentration of
chlorogenic acid (461 uM). Caffeic acid was detédte 8 out of the 11 clarified

juices but mostly at a lower concentration compdoedallic acid (except juice C9)
and chlorogenic acid. The highest concentratioradfeic acid was found in juice
C14 (156 uM). However, juices C1, C16 and C17 doethno detectable caffeic
acid.

The levels of coumaric acid, rutin, quercetin gkide and phloridzin were all very
low or absent in the clarified juices (C3, C9, G2l C14).

Cloudy juice phenolic content

The concentrations of total phenolics in cloudg@s were high and ranged from 276
MM (juice C15) to 2510 uM (juice C8). The phenalmmpounds were more widely
distributed in the cloudy juices, although gallad chlorogenic acid and caffeic acid
were still the predominant phenolics in all cloydices. In contrast to the clarified
juices, coumaric acid, rutin, quercetin glucosidd @hloridzin were present in most
of the cloudy juices. Of these compounds, only caiienacid, rutin and phloridzin
were absent in one juice for each.

In this study, the total content of phenolic compasl in the cloudy juices was
significantly higher compared to the clarified j@ifp = 0.049) (1,288 versus 468 uM,
respectively). This increase in phenolic contenpesgped to be due to higher
concentrations of chlorogenic acid, rutin and qgatncglucoside.

The large variance of the phenolic compound corderdss the different commercial
juice samples may be due to different conditiond arethods employed during the
processing. According to Van der Sles al. (2002), the processing steps in the
making of apple juice such as filtering and claafion were the major reasons for the
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loss of phenolic compounds and different processueghods will result in different
concentrations of the compounds in the final prodiT order to reconfirm this
observation, phenolic compounds in Granny Smith Rwayal Gala apples were
measured. These cultivars were chosen to mirroapipdes used by industry. In this
study, the percentage recovery of the phenolic camgs after the juicing process
was determined by making cloudy and clarified appiees from Granny Smith
apples and from Royal Gala apples in the laboraisinyg a domestic juice extractor.
The clarification was then achieved by conductiagtafugation followed by vacuum
filtration on the cloudy juice. The results showtbdt Royal Gala apples contained
higher total phenolic compounds compared to thex@r&mith apples. However, the
recovery of the phenolic compounds and of antiaxidectivity was extremely low
(<5%) for both cloudy and clarified juices. Thisshalso been observed in other
studies which have also shown that the majoritthefphenolics present in the apples
were not present in the juice (Van der Sluis et2002; Van der Sluis et al., 2004;
Bhushan et al., 2008; Oszmianski et al., 2009).

Comparison of imported and local juices

The comparison of the imported juices with locatgs is problematic as almost all
apple juices in the local market that are made fimported concentrate are clarified
apple juices, while the majority of the juices méaen Australian apples are cloudy.
According to Ashurst (2005), to avoid any impraality, the majority of the juice
manufacturers will market their reconstituted applees as clarified apple juice.
Therefore, when comparison is made solely basedhensource of ingredients
regardless of the type of the juice, it is likehat apple juice made from Australian
apples could contain higher levels of phenolic coumas because only the Australian
juices will be cloudy. Therefore these comparisordicate that the type of apple
juice is likely to be the major factor influencirige total phenolics content in the
product.

Antioxidant capacity

Antioxidants are very important compounds as thetaet cells from oxidation by

being oxidized themselves. The major contributarstite antioxidant activity in

apples are vitamin C and the phenolic compounds.orter to calculate the
contribution of the phenolic compounds to the totaltioxidant activity, the

antioxidant activity of vitamin C must be takendraccount. However, the correlation
between the total phenolic compounds and the wtafi corrected antioxidant
activity was not significant. This suggests that ianrease or decrease in total
phenolic compounds in apple juice does not necéssaean a direct increase or
decrease in the total antioxidant activity.

However it was found that, on average, the six adyo@apple juices possessed
significantly more phenolic antioxidant activitys(aneasured with the ORAC assay)
compared to the eleven clarified apple juices (18,#%ersus 5,533 uM TE,

respectively). This difference was also observeth he laboratory made clarified

apple juices. suggesting that clarification advigrsdfects the phenolic compound
content in apple juice.

Clarification was also shown to decrease the amt#a activity of the juice, mainly
due to the decrease of the phenolic compound ctnatiem. According to the
literature, the clarification of apple juice maymificantly lower the total phenolic
compounds as these compounds are mainly foundeippulp (Van der Sluist al,

2001, Van der Slui®t al, 2002; Van der Sluiget al, 2004). However, phenolic
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compounds with high solubility in water, such adligaacid and chlorogenic acid,
which were consistently observed in all juices gsedl in this study (Bhushaat al;
2008 Oszmianslet al, 2009).

The establishment of scientific evidence for anyittmanal or functional claim

The term “claim”, as defined by The Codex Alimentarin the General Guidelines
on Claims (1991) isAny representation which states, suggests or imphat a food
has particular characteristics relating to its ong nutritional properties, nature,
production, processing, composition, or any othealdy”. By the same guidelines, a
“nutritional claim” is “Any representation and any advertising messagehngtetes,
suggests or implies that a foodstuff has particulatrition properties’

Although there is still a debate on whether or pbenolics / antioxidants are
considered nutrients, under this definition, sdfenevidence for a nutritional claim

may be established based on this current studig, thvet specific condition of the type
of apple juice, while ensuring strict quality caitrof the raw materials, the

processing line and the degree of turbidity whictiigates the amount of apple pulp
in the juice. Based on the results from this stutlgre was a trend showing that
cloudy apple juice contained more phenolic compsuadd in turn antioxidant

activity compared to clarified apple juices.

However, the functional claim must be supportedsbientific evidence that the
phenolic compounds may have beneficial functioratirgy to normal human body
physiological conditions, while a health claim must¢ supported by scientific

evidence on how these compounds may aid in impgowime human body’s

physiological functions (The Codex Alimentarius,020 FSANZ, 2003). Therefore,

unless studies are conducted to address thesersnatielation to apple juices, there
is no functional nor health claim which could beabsished based on this current
study.

Conclusions

The results indicated that cloudy apple juice wasoeiated with a higher

concentration of phenolic compounds and a highgoxidant activity in the analysed

commercial apple juices. Therefore, the clarifieatprocess in apple juice production
has a significant deleterious effect on the phenalbmpound content and the
antioxidant activity of the final juice product. Wever, due to the limited number of
samples and geographical sampling area, a larggeraf apple juice samples would
be required to further validate these results.

Recommendations

Due to the large variation between juices any &istudies should increase sampling
numbers, so that the accuracy, precision and repioidity of the data can be
improved. Furthermore, expanding the study’s cayeray increasing the variety of
apple juices from a larger geographical area aachthmber of apple cultivars would
also increase the validity of the study. A furtleralysis conducted on apple juice
concentrate made from Australian apples versusitag@pple juice concentrate may
also allow for a better understanding of the natfrehenolic compounds in apple
juice. Comparisons on Australian apple juices wéethoudy, clear or reconstituted
concentrate, with a wider range of juices made fammorted juice concentrate would
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provide evidence on whether Australian apple juiges superior to imported juice
concentrates as a source of phenolic compoundsemzke antioxidants. If Australian
apple juices did provide possibly greater nutridioralue and provide additional
health benefits, this would be of great use innttaeketing of Australian apple juices.
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