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ABSTRACT

Drying is one of the most common food conservatemhniques. However, during the
process of drying, the colour of the surface otdrfoods undergoes often undesirable
changes. These changes are caused by non-enzyndteEnzymatic browning. The non-
enzymatic browning mostly results from reactionsmeen saccharides and proteins (so
called Maillard reaction). The enzymatic brownignim apples caused by enzymes with
polyphenoloxidase activity, that catalyse oxidatdiphenolic compounds in apples, when
the plant tissue is disturbed and molecular oxyiggmresent. The products of oxidation —
o-quinones then rapidly give rise to coloured pigraghtough polymeration.

'Dipping’ and 'blanching' are techniques that camsed to slow down the enzymatic
browning. 'Dipping' involves soaking the foods (lgp in liquids or solutions in order to
suppress enzyme activity, either by physically preging oxygen from interacting with the
system, or otherwise inhibiting the enzymes. I thiesis, dipping in natural juices with a
hight ascorbic acid content was used. The spectasse fruits were selected for providing
the juice areSorbus aucupariaDiospyros kakiL., Hippophae rhamnoidek., Actinidia
deliciosaandRosa canind.. The effect of these juices on colour change contbtvea
freshly cut apple was evaluated through colorimetrethods. The effect of juices was also
evaluted via sensory analysis panel, that focusedatour change, degree of browning,
change of taste and overall acceptability of r@sgicolour and taste.

It is obvious from the results of both analyseat thut of the fruits tested, enzymatic
browning is best suppresed by a macerate fRRaisa canind..

Discovery of natural, yet effective supressant méyenatic browning greatly widens

the possibilities of non-invasive food preservation

KEY WORDS:

Apple, drying, browning, inhibition of browning, @wbic acid, colorimeter



ABSTRAKT

Suseni pdt mezi jednu z beZznych konzetdch technik. V pibéhu procesu suseni a
uchovani potravin se aleémi barva povrchu. Zgma barvy je zfisobena neenzymatickym
a enzymatickym h¥dnutim. Neenzematické &mnuti je zapiceneno hlavé reakcemi
sacharid s bilkovinnymi proteiny (tzv. Maillradova reakcetnzymatické hédnuti je
zpisobeno oxidaci fenolovych skenin @i poruSeni pletiva fenoloxydasami za
piitomnosti kysliku. Vzniklé o-chinonové sléeniny nésled& polymeruji za vzniku
barevnych pigmeiit '"M&eni' a 'blanSirovani' gatmezi techniky, které se mohou vyuzit
pii zpomalené enzymatického dumuti. Ma&enim se rozumi n¢@ni potravin (jablek) v
kapalindch a cilem tohoto procesu je pald aktivity enzym, bud’ fyzicky zabragnim
pristupu kysliku, nebo jinak inhibovanim enzymové\étst V této praci jsou potraviny
m&eny v @irodnich $avach, které obsahuji zvySené mnozstvi kyselingrask/e.

Plody, které byly pro firodni $avy vybrany jsouSorbus aucuparigDiospyros kaki
L., Hippophae rhamnoidek, Actinidia deliciosaandRosa canind.. Vliv téchto $av na
zménu barvy usuSenych jablek v porovnani s jablkgstvymi byl vyhodnocen
kolorimetrickym ngétenim. Vliv £av byl vyhodnocen i senzorickym hodnoticim panelem,
ktery se zarril na zmenu barvy, miru h&dnuti, znénu chuti a celkovouifgatelnost barvy
a chuti.

Z vysledki kolorimetrického a senzorického hodnoceni jejmé, Ze z testovacich
&av je enzymatické raanuti nejvice potkeno @i pouziti vyluhu z plod Rosa canind..
Nalezeni pirodni, nicmén efektivni metody potkeni enzymatického Rdnuti zng&né

rozSkuje moznosti Setrné konzervace jidla.

KLi COVA SLOVA:

Jablka, suSeni, Kdnuti, zamezeni Rdnuti, kyselina askorbova, kolorimetr
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PREFACE

Fruit is an importnat part of human nourishmentt @gntains a number of beneficial
and essential compounds, including sacccharideamins, minerals, fiber and natural
pigments. To secure the supply of fruit throughthet whole year it is necessary to store
the fruit properly and to preserve it. Some of tidest types of preserving foods are
change of temperature and removing water from th&ixa However, through the drying
process, fruit may lose much of its natural textamd colour. The colour change is caused
by both enzymatic and non-enzymatic browning. Orieth®@ methods to suppress
enzymatic browning is through the use of ascorluicl.aSince ascorbic acid may be
difficult to obtain, however, the author attempisiind natural juices whose ascorbic acid
content is high enough to suppress enzymatic broyvduring the drying process and

subsequent storage.
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1 INTRODUCTION

1.1DRYING

Food mostly consists of various and complex bia@agmaterials, that serve as vital
sources of energy and nutrients for humans (CHBR8R

Drying, or dehydration, of foods is one of the meemmon methods used for
preserving food. Its discovery and spread alloweapte to become les dependent on daily
food supply, even despite the often difficult eowimental conditions (RAHMAN, 2007).
The dehydrated foods industry has a prominent péemeng today’s food industries all
over the Word (VEGA-GALVEZ, 2011). As a method obfl preservation, drying is used
mainly for protection against spoilage caused bgrogrganisms and against pathogenic
bakteria (CHEN, 2008).

The crucal part of the drying process is the rerhovaexcess water from the food
matrix. Because most biochemical reactions in lgickl materials need a certain level of
humidity to occur, this removal o water in effeefs to control the activity of bioactive
compounds and microorganisms in foodstuffs. Aclmgva ‘safe’ moisture level can
significantly lengthen the shelf-life of foods aocan help to maintain their ‘acceptable-to-
excellent’ edible status. The miscellaneous comptnef foods, such as proteins, fats and
saccharides, vitamins, probiotics and various emsyare also affected (CHEN, 2008).

The main effect of drying is reduced water actiwitythe dried foods. Reduced water
activity preserves foods by preventing microbiabwgth and some undesirable chemici
reactions. However, enzyme and bacterial inactowatihat accompanies heat-based drying
methods has both beneficial and adverse effecpending on what biological material is
processed. In the case of foods, the aim usuallp isvaximise enzyme and microbial
inactivation. On the other hand, when drying baateultures, enzymes or vitamins, we
seek to achieve little to no inactiavion (RAHMAN)@7).

Different types of drying and their various opergt variables affect food
microstructures that are formed during the dryingcpss, thus influencing the structure of
the final product. For example, drying in hot ag&,usually not suitable for drying fruits
and vegetables, since their high water contentiregjdong drying times, which in turn
lead to significant ganges in structure and cobmat loss of nutrients (VEGA-GALVEZ,
2011).



The conventional method for dehydrating foods iating air using an electric heater
or a flue gas. In the case of a flue gas methagl htat transfer occurs primarily through
convection. In general, the selecton of heatinghoeinfluences greatly both energy cost
and quality of drying and as such is a significaspect of the drying. Microwave, radio
frequency waves, infrared, refractance window aredediric heating are examples of
rating methods that use the electromagnetic wag#iespectrum, as these waves are a
form of energy that interacts directly with mattd@ihis interaction generates heat and
greatly increases the drying rate. Recent develogsrigave seen electrotechnology’s rise
to prominence in the field of drying, as it is abdeconsidearbly improve both quality and
efficiency of drying. Most drying processess faltad one of three broad, but distinct

categories, differing from one another in the mdthsed for removing water:

» thermal drying
» osmotic dehydration

* mechanical dewatering

Osmotic dehydration and mechanical dewatering ey®id the scope of this thesis,
hence their description will be brief. In osmotiehgdration, a solvent or solution is
applied to remove water by the process of osmasisle in mechanical dewatering

physical force, mainly through press, is used (RA&NV 2007).

1.1.1 THERMAL DRYING

Thermal drying, which is one of the most widely dismethods of drying foods, is a
process where high temperatures are used to ebienmaisture from the material. The
type or physicochemical state of the dried matara the drying process determine the
mechanisms of moisture transfer. Thermal dryingesalplace in gaseous or void
environment.
Thermal drying can be divided further into threpdy:

1. air drying

2. low air environment drying

3. modified atmosphere drying



On the drying curve, the drying rate is commonigresented as a function of drying
time or water content. The curve exhibits threemséages of drying:

« Transient early stage, during which the produtteiating up (transient period)

» Constant or first period, in which moisture is cargiively easy to remove

Falling or second period, in which moisture is bawn held within the solid matrix
(RAHMAN, 2007)

Constant rate A

First falling rate

Drying rate (kg/h m?)

E Second falling rate

Water content (kg/kg)

Figure 1.1 Typical drying rate curves: drying reéesus water conte@hyba!
Nenalezen zdroj odkas.
Source: RAHMAN, 2007

1.1.2 AIR-DRYING METHODS

» Convection Air drying

Convection pneumatic dryers are utilized especidilying industrial processing of
cereals (wet milling of wheat and corn) as they\agy useful and easily applicable for

drying of fine-grained materials due to simple ¢angion and low energy demand. The



convection dryers are designed in a way to alloeupmatic transport of the wet material
and its drying to occur concurrently. The partiadéshe processed material reach the size
of (0.05-2.00) mm and its concentration is (0.0802.kg of material per 1 kg of air. The
material is dried by a heated agent (air or gasghvbirculates at the speed (10-30371.
The water content of the material at the beginmmhthe drying process moisture can be
w;= (35-40) %. This moisture is reduced to w (10-15) %. The specific energy
consumed to remove one kg of evaporable water tisdem (3900-5040) klig~1. The
efficiency of convection pneumatic depends on wiethe drying is direct or indirect. It is
determined according to the thermal degree ofzatilbn and reaches (66-75). The volume
of water vapour in the dryer pneumatic pipe accedot approximately (300-350) kg m-
3h~1. As the material is dried in matter of severaloses, this method is suitable for
drying of foods sensitive to high temperatures (RR®@VIC; TOLMAC, 2007).

e Sundrying

In earlier times, the only possibility to dry food&s by using direct solar energy. In
this process, the material is placed on a flataserfor hanged in the air to be exposed to
direct sunlight. Although sun drying is the cheapesthod, it has a number of adverse
effects on the final product, which include contaation from the environment or by
insects and birds or bad odour. Other disadvantafjéss type of drying could be floor
space requirements, product losses and difficdlgpatrolling the process.

In case of climate unsuitable for sun drying ohieigquality requirements, sun drying
is most commonly replaced by mechanical air dryMgwadays, both types enjoy a wide
range of commercial uses (RAHMAN, 2007).

» Solar drying

Solar drying is a type of sun drying that makes afseadiation energy from the sun.
The advantages of solar drying are that it doespmotuce any pollution and uses a
renewable energy source, which is very ample andatébe monopolized. The limitations
of solar drying are similar to those of sun dryifitney include large space and labour
input requirements, no control of the drying ratel &igh risks of contamination by insects



and microorganisms. These drawbacks prevent sojamgdfrom being implemented in
large-scale production.
According to their heating modes and the way o&isbkat utilization, solar dryers

can be divided into following two main groups:

* passive solar-energy drying systems (conventiontdlyned natural-circulation
solar drying systems)
» active solar-energy drying systems (most types loickv are often termed hybrid

solar dryers).

Both groups can be further divided into followingbsclasses: integral-type solar
dryers, distributed-type solar dryers, mixed-mod&arsdryers. These sub-classes differ
primarily in the design arrangement of system comgpts and the mode of utilisation of
the solar heat (RAHMAN, 2007).

« Passive solar dryers

Passive solar dryers (also called natural circuhatir natural convection systems) are
operated utterly by solar energy. This energy edus heat up air, which is then circulated
through the material by either buoyancy forces,dmimessure or both forces combined.
The size of the natural convection systems allawshem to be used on farm. They can be
divided in direct (tent and box dryer) and indirgbinet dryer) systems (Weiss, 2003).

» Active solar cabinet dryers

Active solar dryers (also called forced convectowrhybrid solar dryers) provide the
possibility to modify the air flow and control teenature and moisture during the drying
process, regardless of the climatic conditions. sEh@roperties, combined with the
restriction of the bulk depth substantially improtiee reliability of the dryers in
comparison with the natural convection dryers, Wwhaffer much less possibility of

control, resulting in lower effectiveness.



Implementing hybrid solar dryers can result in dgytime reduction by three times
and required space can decrease by 50 %. Theré&oced convection dryers can reach a
performance equal of a natural convection dryehaitcollector six times as large. Fans
are powered by electricity, which can be even pceduusing a photovoltaic panel, if
utility electricity is unavailable. Almost all tygeof natural convection dryers can be
operated by forced convection as well (Weiss, 2003)

ACTIVE DRYERS PASSIVE DRYERS

INTEGRAL (DIRECT) TYPE

DISTRIBUTED (INDIRECT) TYPE

MIXED MODE TYPE

——> SOLAR RADIATION
—= AIRFLOW

Figure 1. 2 Classification of solar dryers
Source: Weiss, 2003



1.1.2.1LOW AIR ENVIRONMENT DRYING

e Vacuum drying

Although vacuum drying of lumber has been considldog many years, it has not
been commercially used until recent years. The mdwantage of vacuum drying is the
lowering of the boiling point of water with decr@as air pressure, so that free water can
evaporate at lower temperatures at nearly the sateeas it can with high-temperature
drying above 100°C. Drying rate is therefore enlednand the risk of damage of the
material through high temperatures above 100°vagdad. Vacuum drying is essentially

high-temperature drying at low temperatures (SIMRSTD87).
* Freeze drying

Freeze-drying is alternatively called lyophilisatiand is a crucial process for
conservation of biological material that is susi®@etto high temperatures. The spectrum
of application of lyophilisation is very wide, frompreserving food, over complex
biotechnological or pharmaceutical products, totiplying microorganisms. Beside food,
it is useful in preserving other kinds of productsich as flowers, bacteria and fungi,
medicinal drugs, medical devices, cosmetic goodsenical materials (pigments,
enzymes), etc.

In the process of lyophilisation, the solvent — evhis usually water — and/or the
suspension ‘medium’ are crystallized by freezindne Tcrystallization is followed by
sublimation. There are three main steps of thendrprocess: freezing, the primary drying
stage and the secondary drying stage. These lbagiessconsist of five operations, which
are freezing, sublimation, desorption, vacuum pungaind vapour condensation.

Despite being used in a wide variety of productsclisas pharmaceuticals and
foodstuff), lyophilisation presents a great challerior scientists in the field, especially its
usage for long-term conservation of living systéd@¥JRZYNSKA; LENART, 2011).



e Heat pump drying

One of the simpler designs where the heat gairad the solar radiation is used to
raise the drying air temperature is shown in figltreepresents a schematic layout of the
various refrigeration components and a solar systéegrating with the drying chamber.
The inlet drying air passes through the drying dbammat point 1 and picks up moisture
from the product. The moisture-laden air at poimg then directed to the evaporator coil.
Typically, two types of evaporator systems exigte@s a direct expansion coil whereby
the refrigerant undergoes a two-phase change fiqpndIto vapour to cool and dehumidify
the air. The other is a chilled water system wiretiee flow of chilled water to the coil is
controlled for cooling and dehumidification. Duririge dehumidification process from
point 2 to 3, the air is first cooled sensibly t®dew point. Further cooling results in water
being condensed from the air. Both sensible anehiabeats are then absorbed by the
evaporator for boiling of the refrigerant. The reeaed heat is "pumped" to the condenser.
At the solar collector, the solar radiation frone tbun is converted to sensible heat. Air
passing through the number of pipes in the panbles heated up. This heated air, passing
through the heat exchanger at 4, is used to preheatirying air before entering the
condenser. The pre-heated and dehumidified airadisbrbs more heat from the condenser
moving from point 5 to 6. The conditioned air ats&hen one that is higher temperature
and properly dehumidified which readily flows thgbuthe drying chamber at 1 for drying
application (SOPIAN et. al., 2006).



Solar radiation from sun \
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Figure 1. 3 Schematic representation of solar-egbkiseat pump drying system
Source: SOPIANet. al, 2006

1.1.2.2MODIFIED ATMOSPHERE DRYING

Modified atmosphere drying is a concept suitable donserving quality of food
susceptible to oxidation. It uses pump dryers vg#seous atmosphere of nitrogen or
carbon dioxide.

The modified atmosphere drying has weaker advédfsetg on the product, especially
in terms of shrinking, colour change, types of ndgubnd peroxide values (PV).

The fact that heat pump dehumidifier (HPD) dryirsgconducted in an enclosed,
insulated chamber is made use of in the developrokiite Modified atmosphere heat
pump dehumidifier (MAHPD) drying system. The air tine dehumidifier chamber is
replaced with an inert atmosphere such as nitrogarhon dioxide, or their mixtures.
Replacement of the air inside the chamber is easitsied out by exhausting the chamber
using a vacuum pump and then breaking the vacuuimg usn inert gas. Vacuum

exhaustion is a more cost-effective way to replacethan by direct purging with the



specific inert gas. Replacement of air with carlb@yxide or nitrogen by purging requires
over 50 volumes to achieve an oxygen level offleas 0.5 %.

In comparison with common drying methods, fruistiss dried by MAHPD showed
improvement in colour, lower bulk density, retaingarous structure, better rehydration
properties and retention of nutritious values alaydur compounds. This shows that
MAHPD is very suitable for preserving sensitive doand pharmaceuticals (RAHMAN,
2007).

1.2 COLOUR AND BROWNING REACTIONS

Browning reactions induce changes in the dried nateuch as colour and texture
change, nutritional value decline and formationo@fflavours. Two types of browning
reactions are recognized: enzymatic and non-enzgmat

Concerning the drying process, the non-enzymatictiens are more significant.
They include two basic types of reaction: caranagim and Maillard browning. The rate
of non-enzymatic reactions is influenced by momstlevel, temperature, pH and the
composition, whereby the highest browning rateesched in the intermediate moisture
range and declines with increasing moisture.

Browning usually sets in in the middle of the dyiperiod, probably as a result of the
soluble components migrating towards the centr®nedt is more intense towards the end
of the drying period as well. Due to low moistuexdl in the sample, the occurrence of
evaporative cooling is scarce and the temperatutieel dried material increases.

Browning takes place at temperatures between 8098A@ with the rate growing
with time and temperature. The colour change iseduy loss of sugars and amino acids
(such as lysine, histidine, threonine, methionind aysteine) from the tissue. Maillard
browning advances most rapidly when moisture isiced to 15-20 %, and then slows
down again when the moisture content reaches 2h& cdlour does not change further by
this moisture even during subsequent storage. Tlalavi browning can be thus
minimized by designing the drying systems or heptsthedules to proceed quickly
through the 20-15 % moisture range. Controllingpaiwning can differ according to the
type of foodstuff dried. While in carbohydrate f@pd can be minimized by elimination of

amines, in foods rich in proteins it is done by oeal of reducing sugars. Near the end of

10



the drying process, when the temperatures of theerrah and the drying ‘medium’
equalize and the moisture levels are low, the n@ymatic browning reaches its highest
rates. In heat pump driers, where the drying teatpess are lower, the extent of non-

enzymatic browning is reduced (CHEN, 2008).

1.2.1 ENZYMATIC BROWNING

Enzymatic browning (EB) takes place in fruits aftawuising, cutting or during
storage. In fruit processing, especially in apppesars, bananas, peaches, and grapes, it is
crucial to be able to control this process.

However, browning to a certain extent is acceptabkome products. For example in
apple processing, in certain products, like cledfiapple juice, browning is even
commercially desirable. On the other hand, in appieée or cloudy juice browning must
be prevented, as the colour should be yellowisgreenish to imply the freshness of the
product.

Phenolic Compounds and Oxidases (PPO) is an exashple enzyme that can lower
the quality of a food product by catalyzing the dation of phenolic compounds. The
susceptibility to browning may depend on PPO astiviand/or phenolic content.
Polyphenol oxidase catalyzes the initial step & gblymerization of phenolics to produce
quinones, which undergo further polymerizationrsoluble dark brown polymers known
as melanins. These melanins form barriers and (zantemicrobial properties, which
prevent the spread of infection or bruising in plassues. The formation of yellow and
brown pigments in fruit products during EB reactiois controlled by the levels of
phenols, the amount of PPO activity, and the presef oxygen. During the browning of
fruit tissue, the enzyme PPO, also called orthcehoh oxidase or catecholase, catalyzes
the oxidation of phenolic compounds related to date and containing two o-dihydroxy
groups to the corresponding o-quinone. Most ravtsfraontain polyphenols and PPOs,
located in different compartments in the cell dwee. When through damaging or
processing (e.g. milling) enzyme, substrates ang@x come into contact with each other,
and a lot of reactions start that finally lead he formation of insoluble brown pigments
(melanins). The EB of fruit and vegetables is alsvagnsidered as a quality loss of both
fresh and processed food products (LOZANO, 2006).
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1.2.2 NONENZYMATIC BROWNING

NEB via Maillard-type reactions is the most impatteoute of colour deterioration in

fruit juices as it causes unwanted alterationsiowr and aroma.

Pyrolysis: results in a flavour change, which makes the prbdoeatable

Caramelization: when the simpler sugars lose water molecules fioar structure,
through a 1:2 and 2:3-enolization. This processaffected by pH. Through many
intermediates, and in the pH 2-7 range, d-frucfoseexample can give rise to furans,
isomaltol, and maltol, well-known bread crust flafavoma

Maillard-type reaction: of amino acids and proteins with carbohydrates

Reactives S
Intermediates & >

Final
_Hexos_es products
Amino-acids o
Organic acids 2
GIScids | ﬂ[ Amadori “:> Melanoidines
Vitamins compounds

Aldehydes

Anthocyanins,
cle X
/ ﬁ Large Absorbance on

Standard Most of them very visible range
methods of reactives and unstable
determination (Exceptions: CO, and
are available 5-HMF)

Fig. 1.4 Simplified scheme for NEB reactions in trfogit juices

Source: Lozano, 2006
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The reaction begins to occur at lower temperataed at higher dilutions than
caramelization, as in fruit juices. The rate casrease by 2—3 times for each 108°C rise in
temperature. Maillard reactions have three basases$t

The initial reaction is the condensation of an aacid with a simple sugar, which
loses a molecule of water to form N-substitutedosydhmine. This is unstable and
undergoes the Amadori rearrangement to form l-amifhedeoxy-2-ketoses (or
ketosamines), which can cause complex subsequelhtyddgion, fission, and
polymerization reactions. One of the Maillard patha simple caramel reaction, catalyzed
by amino acids.

The ketosamine products of the Amadori rearrangéram then react three ways in
the second phase. One is simply further dehydratioto reductones and
dehydroreductones, which are essentially caranmdyats. Second is the production of
shortchain hydrolytic fission products such as eligic acetol, pyruvaldehyde, etc. These
then undergo Strecker degradation with amino amdsdehydes and by condensation to
aldols. Negative aromas like 2 and 3-methyl-butanalalso formed.

Third path is the Schiff's base/furfural path. This/olves the loss of 3 water
molecules, then a reaction with amino acids andemalhese also undergo aldol
condensation and polymerize further into true maldins. These products react further
with amino acids in the third phase to form thewmopigments and flavour active
compounds collectively called melanoidins. These loa off-flavours. The outcome will
depend not only on which amino acids and sugars axaglable, but also on pH,
temperature, and concentration.

In general, high levels of amino acids favour bodhamel and Maillard reactions, but
dilution eliminates caramel reactions. At tempemrdgu>1008°C pyrazines are produced.
High levels of polyphenols favour Strecker degremhatFruit juice concentrates containing
more than 65 % total solids are normally stablenftbe standpoint of fermentation at any
temperature, but when stored at relatively highperatures, NEB reactions occur. NEB
via Malillard-type reactions is the most importaatite of colour deterioration in apple
juice. The reaction takes place between amino aamdsreducing sugars present in the
juice, decreasing the alpha-amino nitrogen conftdliwed by undesirable colour, odour,
and flavour ganges (LOZANO, 2006).
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1.2.2.1INHIBITION AND CONTROL OF ENZYMATIC BROWNING

Enzymatic browning cannot be fully avoided whildging and juicing of fruit (unless
access of oxygen is prevented), as it is a ra@dti@n during which polyphenol oxidase
catalyzes the oxidation of phenols to o-quinondsclvare highly reactive compounds. O-
Quinones originated in this way subsequently polymeeand form brown pigments
(melanins). The brown colouring can be further exwed when the melanins interact with
other amino acids and proteins.

There are various techniques for preventing of eraic browning, each of them
trying to eliminate one of the key parts of thectem, including oxygen, enzymes, copper
or substrate.

Although avoiding the contact of the fruit surfagigth oxygen can be one way to slow
down EB (as it is an oxidative reaction), aftemteaduction of oxygen, the browning
reaction is started once again. Oxygen can bemited by immersing the fruit in syrup or
deoxygenated water or coating it with gas imperreshlns.

Other way to control EB is to eliminate the enzyimaictivity. Polyphenol oxidase
can be denaturated by exposure to high temperaeigesdy steam blanching. This process
is normally applied to fruits before canning oreizeng.

Oxidation can be also prevented by means of chémmcalification of phenolic
substrates, such as chlorogenic acid, caffeic aam] tyrosine. Certain chemical
compounds react with the products of polyphenotlage activity and inhibit the formation
of the coloured compounds produced in advancedsenagmatic reaction steps, which
finally lead to the formation of brown compounds.

Chemical antibrowning agents have been ordinatilized for forestalling darkening
of fruits and fruit products. They function in twoodes to inhibit coloured product
formation, either they act primarily on the enzyaréind the substrate and/or products of
the enzymatic reaction.The enzymatic inhibitorslude acids, halides, phenolic acids,
chelating agents, sulfites, and the substrate-bghndiompounds can be ascorbic acid,
guinone couplers such as cysteine, and some otertsa The most commonly used
method for preventing enzymatic browning in theitfrindustry is the addition of
sulphiting agents. PPO was successfully inhibitg@plication of sulphur dioxide (SI

but regulations were issued to restrict its utllma, as sulphites were responsible for
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triggering allergic reactions. Combinations of aboo acid (AA) with an acidic
polyphosphate is highly effective with both juicadacut surfaces. On the contrary,
combinations of betacyclodextrin with AA were efige in juice, but not on cut surfaces
(LOZANO, 2006).

* Preventive methods

Temperature Control: NEB reaction is retarded loyoing the temperature

Process Optimization: concentration by evaporaitiom very common practice in the
fruit juice and pulp industry. Multiple-effect evayators used in the fruit juice processing
plants were designed to eliminate water under vacai relatively low temperatures.
However, it is not unusual in practice to find véngh temperatures in the first stage of
processing. This can lead to changes both in ca@ndrflavour of the juice, mainly due to
NEB.

lon Exchange Treatment: ion exchange resins haea lbsed in the industry for
discoloration of syrups, the hydrolysis of lactoaed the anthocyanin recovery from fruit
bagasses among other applications (LOZANO, 2006).

+ Restorative methods

During fruit juice discoloration, chromophoric cooments are eliminated, without
modifying if possible, the other components of gveduct. While in the case of apple
juice polyphenols are to be removed, red colorationorange juice is caused by
anthocyanins. The adsorption capacity of certalvs&nces eliminating colouring matter
by adsorption is exploited for discoloration. Pndgs such as grain size, surface area, and
porosity define adsorbers’ capacity. This could dbgibuted to polyphenol adsorption.
Adsorption forces are ruled by weak Van der Waddstes, which are temperature
dependent. Adsorption of colour is usually perfadnbgy adding activated carbon (AC) as
slurry to the juice, since this gave better disippershan the addition of dry carbon.

The synthetic polymer polyvinyl polypyrrolidone (P¥), which has been used in the
beverage industry since several years, is an adspriwhich selectively affine to

polyphenols and tannins. PVPP is used not onlgiroloration of fruit juices, but also to
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prevent haze formation after processing. The gwhtPVPP to regenerate is the advantage
of this product compared with the AC treatment (LADO, 2006).

« Effect of the Ascorbic Acid (AA) content in colourchange:ascorbic acid (AA)
does not inhibit polyphenol oxidase directly butsags a reducing compound and reduces
the orthoquinones to dehydroxyphenols. This actwili continue as long as the
concentration of ascorbic acid is sufficient to mtain a low concentration of quinones. As
the concentration of AA is decreased, the quinam&entration increases and causes the
formation of the brown pigments (LOZANO, 2006).

1.3 PRETREATMENTS IN FOOD DRYING

Pre-treatments are processes that diminish dargeriithe dried fruits, especially the
ones with light-coloured pulp, such as apples, Wwibi@wn very quickly in contact with air
and even continue darkening after having been dwésbsites UNIDO, 2012).

Drying of tropical fruits is connected with sevedawbacks, such as loss of cellular
structure, browning, loss of redrying ability, arese hardening. These changes negatively
affect the market value and general acceptabilitythe products. Pre-treating will help
maintain colour (reduces oxidation of foods suchfrags and vegetable keeping them
from turning a rust-like colour), nutrients (helptain the minimal loss which tends to
occur during the drying process) and texture (thange for fibre deterioration in the
produce is lessened. There are various methodseetirgatment applied in fruit drying,
e.g. lemon juice, slat solution, honey dip, aseodwid, sulphuring, osmotic pre-treatment,
and blanching. Sulphuring or using a sulphite dithe most convenient pre-treatments for
long-term storage of dried fruits. Unfortunatelylphites may cause asthmatic reactions in
a small portion of the asthmatic populati@dBANO; SAM-AMOAH, 2011). Two basic
types of pre-treatment are recognized: dippingldadching (CHADWICK, 1995).
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1.3.1 DIPPING

Dipping is the treatment used primarily to previenits or vegetables from oxidizing.

e Sulphuring, Sulphite dips: sulphuring is an old method of fruit pre-treatmdnt
consists in burning sublimed sulphur in an enclosaatainer together with the fruit. The
sulphur vapours permeate into the fruit and slowrdgpoilage and colour change of the
fruit as well as prevents the loss of vitamins Al & The same effect as sulphuring has
sulphite dips in that it prevents the darkening ilong term. Moreover the process has the
advantage of being quicker and easier. Either sodiisulphite, which is a liquid form of
sulphur, sodium sulphite or sodium metabisulpHita tare USP (food grade) or Reagent
grade (pure) can be used for dipping when mixeti wiater. It is the most effective and
least expensive anti-oxidant. Only a food-safe wwwodibisulphate designated for
dehydration should be used (Websites UNIDO, 2012).

* Ascorbic acid when diluted in water, it is a safe means of prgwng fruit
darkening, however without a long-term effect. Aboo acid reacts easily with oxygen so
that it cannot be used by phenolase. Ascorbic alsid reduces the o-quinones formed by
phenolase to the original o-dihydroxyphenolic coompds. It is however not effective
enough in apples as the internal atmosphere ofslices contains oxygen (Websites
UNIDO, 2012). Ascorbic acid (vitamin C) is presemtall citrus fruits, from which dips
are prepared in crystal, powder or in tablet foithe fruit is then soaked in an ascorbic
acid solution for 10 minutes (CHADWICK, 1995).

* Honey dip: honey dips are applier quite commonly of driedtétuMany dried
fruits on the market have been treated this waypg fruit in honey has the
consequences of adding sweetness as well as doekgdtie to the final product
(CHADWICK, 1995).

17



1.3.2 BLANCHING

Blanching, as means of pre-treatment, can be ddaheren boiling water or by
steaming the foods. This pre-treatment is sometneiesred to as "checking” or "crazing".
This method is most effective on tough-skinnedtérsiuch as grapes, plums, cranberries,
etc. By boiling fruits in water for 1 to 2 minutdbge skin "cracks" and allows the moisture

to escape more quickly, thus reducing the dryinggti

» Water blanches:fill a large pan over half full with water. Brirthe water to a boil
and stir the food directly into the boiling wat€over and blanch for approximately 3
minutes. Remove food from the boiling water anct@ld into ice water to cool. Blot with

a towel to remove excess water before drying (CHADW, 1995).

« Steam blanching: Steam blanching also helps retain colour and sa&wation.
However, the flavour and texture of the fruit imobed. Directions: place several inches of
water in a large saucepot with a tight fitting lideat to boiling. Place fruit not more than 2
inches deep, in a steamer pan or wire basket aikndpwater. Cover tightly with lid and
begin timing immediately. See below for blanchimgpeas. When done, remove excess
moisture using paper towels and place on dryestfBBARRISON; ANDRESS, 2010).

» Electric steamers: electric steaming is probably the best way of tfamg. The
electric steamer preserves the nutrients as weheasolour of the food and heightens the
natural flavour of the product (CHADWICK, 1995).
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2 AIM OF THE THESIS

The objectives are to evaluate the influence oit fluices Sorbus aucuparia
Diospyros kakiL., Hippophae rhamnoides., Actinidia deliciosa Rosa caninal.)
containing ascorbic acid on degree of browning oéd fruit and to compare the

influence of fruit juices and pure vitamin C.
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3 MATERIALS AND METHODS

Natural juices from fruits of five species contamihigh amounts of vitamin C
(Sorbus aucupariaDiospyros kakiL. , Hippophae rhamnoides. , Actinidia deliciosa
Rosa canind.. ) and 1 % solution of ascorbic acid were pregakitamin C content in the
juices was measured by means of high-performagaallichromatography. A single juice
or ascorbic aqcid solution was applied always e 8lices of apples (Idared), by soaking
the slices for ten minutes.

The treated apple slices as well as an untreatettat@f 10 pieces were dried in a
home fruit dryer. After drying, the degree of bramgiwas measured on a colorimeter. The
organoleptic properties of apples were also evatudty fourteen trained panelists. The
degree of browning of untreated apples, applesetleaith fruit juices and apples treated

with pure ascorbic acid were compared.

3.1 PLANT MATERIAL

Although up to 84 % of its mass consists of watleere are numerous organic and
inorganic compouds in apples, which make its chahgomposition quite complex. The
most abundant components are soluble solids whiakenup 13.2 % of apple’s mass.
Sspecifically there is 2.3 % of pectin 1.3 % ofagise, 5.9 % of fructose, 2.1 % of sucrose,
0.37 % of total are acids, vitamins, and mineratsl ather biologically valuable
substances. (PAUNOY, 2010).

These other micro biogenic and macro biogenic camgs found in apples include
tannins, starch, cellulose, enzymes and phytohoesioiMost represented chemical
elements are carbon, nitrogen, oxygen, phosphpntassium, calcium, sulphur, iron and
magnesium. Organic compounds’ content in fruit aejgeon fruit cultivar, ripeness,
physiological condition of the tree as well as soitl weather conditions. The average pH
value is 3.57. (NOURt al, 2010).

The apples used for the measurement of browning wkthe Idared variety, which is
of Czech origin. The apples were bought at a gyostore, washed in distilled water,

sliced into slices 7 mm in width and immediately fe soak in of the juices for ten
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minutes. One group of apples was soaked in frgai@lgared 1 % solution of pure ascorbic
acid.

3.1.1 JUICE PREPARATION

Fruits of five species, chosen for their high vilanC content were used for
preparation of the juices, namely: European Mourfegh Sorbus aucuparig Dog Rose
(Rosa caninal.), Seabuckthorn Hippophae rhamnoided..), Japanese Persimmon

(Diospyros kakL.) and Chinese Goosebel@ctinidia deliciosa.

e Sorbus aucupariabelongs to the family Rosaceae Juss. Fruits aorted.5 %
sugar, 2.7 % organic acids, pectins, tannins, witat (200 mg per 100 g), carotene (20
mg per 100 g), and vitamin P. Dry fruits contaiergly of vitamins and so are, together
with blossoms, often used as a remedy in folk medi¢(N.V. TEREKHINA, 2005).

* Rosa caninal. belongs to the family Rosaceae Juss. The fruittefose species,
especially rose hip (dog rose), are rich in mirgeraérotenoids, tocopherol, bioflavonoids,
vitamins, sugars, phenolic compounds, tannins, mecgacids, fruit acids, aminoacids,
volatile oils, and pectin. Unsaturated and polytunsded fatty acids are also found in the
seeds of rose hips. Fruit - hip consists from namer(about 16) nutlets enclosing in
gipantii locking after blossom. Furthermore, rosgt$ also possess extraordinarily strong
antioxidant and microbial capacity (KAZA&. al, 2009). Fruits are usually between 1.5-
2.6 cm in length, naked, ovoid, rarely sphericatpsth. When mature the fruits are of
bright orange-red colour. Average weight of a fisif..7-3.2 g, amount of the flesh - up to
70.8 %. Fruits accumulate great amounts of vita@incarotenes and organic acids
(DORONINA; TEREKHINA, 2005).

e Hippophae rhamnoided. belongs to the family Elaegnaceae Juss. The &fuit
seabuchthars is quite rich in vitamins and otheattive substances. It has high content of
vitamin C, flavonoids, tannins, oils and oil solebbioactive compounds as well as
minerals (SAVAet al, 2001). Fruits are up to 1cm in length and rederbkrries. They

are orange to reddish in colour and contain onlg seed. The seed itself contains
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vitamins, sugars (up to 6.6 %), organic acids (up.b %), and fatty oils (up to 9 % in pulp
and 12 % in seeds).

» Diospyros kakiL. belongs to the family Ebenaceae. Fruits are rocowical, often
oblate, or nearly square, enclosed in persistdyxcteir skin is thin, smooth and glossy.
The colour varies - yellow, orange, red or evennmish-red kaki fruits can be found. The
flesh similarily varies - it can be yellow, orang®, dark-brown. It is always juicy and
gelatinous, but it may or may not contain seedspeddenig on the variety (ORW& al.,
2009).

» Actinidia deliciosa,otherwise known as ‘kiwi’, belongs to the family #pygidae.
It is a good source of potassium and has a highspatm to sodium ratio. The fruits are a
useful source of magnesium as well, but other miseare not found in significant
guantities. They also contain 2-3 % of pectin, sodre valued as a source of dietary fibre.
Kiwi fruits are also high in vitamin C content amdhat is more, very little of the 85 mg

ascorbate/100 g of fresh weight gets lost on seoorgipening (JANICK, 2008).

» Origin and pre-processing of fruits used in the exgriments

The fruits ofRosa canind.. come from the region of #&dni posazavi in the Czech
Republic. The fruits oSorbus aucuparialso come from Stdni posazavi in the Czech
Republic. The fruits oHippophae rhamnoidels. were harvested in the Suchdol locality in
Prague. The fruits of Chinese goosbery @&nhdspyros kakiL. come from Greece and
Spain, respectively and both were purchased aagulergrocery store.

All the fruits were obtained in October 2011. The¢ from the fruits oRosa canina
L. was obtained by soaking the fruits in dark foridurs at the constant temperature of
18°C. The juices from the fruits éfippophae rhamnoidek., Sorbus aucupariaChinese
gooseberryDiospyros kakiL. were prepared using a juicer. All juices wer@asgguently

frozen and kept at -15°C. until the soaking of apglices took place.
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3.1.2 DETERMINIG THE VITAMIN C CONTENT IN JUICES

After unfrozing the juices, their ascorbic acid @1 was measured using High
Performance Liquid Chromatography [HLPC]. Sampleguwes were centrifuged in 1.5
ml Eppendorf test tubes at 14.500 rpm and theredilthrough PTFE filter of 0.4%m pore
size. The samples were water diluted in propor#i@rl and then analyzed at HLPC-DAD
Dionex Summit (Dionex Inc, US). The chromatogragtonditions were as following:
isocratic elution, mobile phase: 0.1 % TFA, flovterad,8 ml/min, column: Gemini C-18,
250 x 4,6 mm, particle size: pym (Phenomenex, Inc, USA) with a C-18 pre-column.
Column temperature: 25°C, injection: gD The program duration was 7.5 minutes with
elution time of the ascorbic acid at 6.2 minutesafification 243 nm wavelength after
external calibration by linear calibration for adwo acid of 0.004-1.000 mg/ml.

It was not possible to determin the ascorbic aoitent in the fruits oDiospyros kaki
L., most probably due to their high content of sacddearand resuling high viscosity of
the measured sample. Available literature qutoesatlerage vitamin C contect at 0.62-
0.70 mg per 10Qg

3.1.3 DRYING OF THE TREATED AND UNTREATED APPLE
SLICES

The drying process took place in a labortory withoastant temperature of 24.7°C
and relative humidity of 24 %. Then both treated antreated apple slices were laid on
mesh screens and put into the fruit-drying overe T@mperature in the oven was set at
57°C and the constant air flow rate was 1,0 m/$of@ethe drying process, the apple slices
were weighed to determine their water content. Wadatent is defined as the loss of mass
at experimental conditions. The samples are théyrdakd at 80°C for 24 hours and then
the difference in mass before and after the drysngneasured. The water content is then

calculated from the mass loss.
szo - 100 (mr;mdm) [%]
m = mass of the sample before drying in grams

my,, = mass of the sample after drying in grams
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3.2 COLOUR MEASUREMENT

Colour, taste and appearance are all significactofa influencing people’s decision
process whenever food consumption is concernedouCa@nd general appearance are
important because mainly they create the first @apio a dish or a food product. On the
other hand, texture together with flavour, as sategories of taste play a major part after
the food is ingested. Vision psychology, science cofour, colour psychology, the
technologies that measure colour and computer mgadiave all been developed in order
to design foods, quantify colour and improve thaldy of the foods (CHEN, 2008).

Colour is the result of an interaction of light itthe observed object and
consequently with the human eye. As light is thsible part of the electromagnetic
spectrum, it comprises different wavelenghts. Thesebe either absorbed or reflected by
the surface of the observed object. It is thisratBon - combination of absorptions and
reflexions of different wavelengths of light - atiek light's subsequent interaction with the
human eye that give rise to our perception of aolMiavelengths are measured in
nanometers (Color Guide and Glossary, 2004).

Nowadays, the colour measurement is usually peddrasing the CIELAB or the
L*—a*—b* system, established in 1976. The paramelté&rsa* and b* can be measured
measured using a colorimeter such as the Huntermstrument (CHEN, 2008).

The L*a*b* colour space makes use of the fact, that greemexhdre mutually exclusive
colours (colour cannot be red and green at the $@neg, as are yellow and blue. In other
words, thelL*a*b* colour space is a ‘colour-oponent’space. Thus, whenolour is
expressed in the CIE* a* b* system, thea* denotes the value on a scale from red to
green, whereab* dentoes the value on a scale from blue to yellowthen represents
brightness (Color Guide and Glossary, 2004).

Lx = O corresponds to Blackx = 100 denotes White. There are hence 100 degrees
between white and black, in other words, the shadegrey. Asax — +a, the colour
approaches pure Red; andaas— —a, the colour approaches pure Greemtowards pure
Blue and b towards pure Yellow. The resulting colour is thecombination o+ andbx
at the same level of brightneks. Red, Blue and Yellow can act as primary colours to
make up other colours by their combination (CHEBQ®). The proper quantification and
interpretation of such tristimulus colorimetry dégdased upon trigonometric functions. A

colour wheel subtends 360°, with red-purple tradiilly placed at the far right (or at an
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angle of 0°); yellow, bluish-green, and blue foll@sunterclockwise at 90°, 180°, and
270°, respectively (RAYMOND G. MCGUIRE, 1992).

* Colorimeter: a colorimeter breaks the light down into its RG®Bnponents (in a
manner similar to that of the human eye, a mondol scanner) and then measures their
respective intensity. The CIEa*b* system is them used to determine colour’'s numlerica

value and to plot a graph in a colour space.

* Tolerance sphere:In CIELAB, the control colour or original specificatiois
precisely determined by measurement data inLtiagb* colour space. Then a value of
AE* is calculated directly from thé*a* and b* values.AE* represents the total colour
difference betweeen e.g. the control and the medstolour AE* can also be interpreted
as a surface of a ‘tolerance sphere’ around théraooolour. Samples that fall in the
sphere are acceptable and those that fall beyoadeitunacceptable’. The size of this
sphere is chosen arbitrarily (RAYMOND G. MCGUIRE99R). AE* is also very

important for ‘sensory’ evaluation . The calculatiof AE*:

AE*=AL*2 + Aa*2 + Ab *2

Trace level difference AE* = 0-0.5
Slight difference AE* =0.5-1.5
Noticeable difference AE* =1.5-3.0
Appreciable difference AE* =3.0-6.0
Large difference AE* =6.0-12.0

Very obvious difference AE* >12.0
(CHEN, 2008)
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Figure 3.5 An illustration of the CIELAB colour epgssion systém
Source: CHEN, 2008

* Browning index: browning indexBl) represents the purity of brown colour and is
generally accepted as a significant parameter (MBINWAD et. al 2008). The formula
for calculating the Browning Index is as follow (Ml@MMAD et. al 2008):

100 (x - 0.31) _ a+175L
- 017 X = 5645+ a—3.012b

Browning index assumes values between 0 and 10€renhcorresponds to black and 100
corresponds to white.

* Metric chroma, Metric hue-angle (h°): both of these parameters can be calculated
directly from thelL*a* and b* values. These parameters are for various reasoms mo
appropriate for interpreting the colour analyziertitheL*a* and b* values themselves.
They serve purpose for example when we are inestest judging the efficacy of
postharvest treatments. Chro@as roughly analogous to colour saturation or intensity

26



» Chroma (Saturation index): represents the hypotenuse of a right triangletedea
by joining points (0, 0),&*, b*), and &* 0) (RAYMOND G. MCGUIRE, 1992). The
greater theC x the purer the colour appears to be (CHEN, 2008).

Hue angle:is defined as the angle between the hypotenus®@and thea* (bluish-
green/red-purple) axi$® is calculated from the arctangentldfa*. The hue angle value
corresponds to whether the object is red, orarglw, green, blue, or violet.

Since arctangent, assumes positive values in tsieaiind third and negative values in
the second and fourth quadrants we needttie remain positive between 0° and 360° of
the colour wheel for useful interpretation (RAYMONR MCGUIRE, 1992).

Chromaic *= +/(a *)% + (b *)?

b*
Hue anglehue = arctan (;)

3.2.1 COLOUR ESTIMATION

To determine the colour change properly, the apmur characteristics were
measured using MiniScBnXE Plus. sd The diameter of the test prod was 8mm.

Controlization on a MiniSc&hXE Plus model with 45°/0° geometry required regdif
the black glass and white tile.

First freshly cut apples were measured, as a dodtfier that, apples treated with the
fruit juices, 1 % ascorbic acid and the untreatpples were also measured. All these

values were compared with the control.

 The measurement of control: Five halves of freshly cut apples of the Idared
variety were measured six times each. All theseesalwere averaged and the resulting
value was taken as a control. That means, thatctmrol is the average of thirty

measurements of apple halves.
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* The measurement of colour change of dried appleshe method was similar to
the measurement of control - six values (threeefirh side) were taken for each of five
slices and then the values were averaged. This thayaverage colour for each kind of
treated apples was obtained. The same procedureappied for comparing freshly cut
apples with apples that were treated with 1 % smiuascorbic acid and with apples that

were not treated by any juice or solution.

3.3 SENSORY ANALYSIS OF DRIED APPLES

One part of sensory analysis was photodocumentaticaapples. Pictures of all the
apples were taken at identical conditions and thetqgraphs may be used for later
analysis.

Fourteen trained university students participatethe sensory analysis as panelists.
In the course of the analysis, the participant finderwent a training session explaining
the aim of the sensory analysis. During subsegp@nél tasting, the participants filled out
a questionnaire about the perceived colour chategreee of browning, taste and overall
attractivness of presented dried apples. The degjréeowning and colour change were
evaluated in comparison with freshly cut applestaDgathared from the questionnaires
was consequently converted into percentages. Thstiqunaire is in the sexction Annex
A.
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4 RESULTS AND DISCUSSION

4.1 ASCORBIC ACID CONTENT IN THE JUICES

Fruits that were used for making the juices hadrga;m amount of ascorbic acid. This
amount was determined using HLPC, except in the ca®iospyros kakiL, where this
method failed. The highest amount of ascorbic agd found in the juice fronSorbus
aucupariaandHippophae rhamnoidels., About one third of that amount was found in the
fruits of Rosa canind.. andActinidia deliciosa The average amount of ascorbic acid in
the fruits of Diospyros kakiL. was taken from literature and is similar to th&tRmsa
caninalL.

Tab. 4.1 The amount of ascorbic acid in juices

Natural juices Ascorb acid [mg/ml]
Sorbus aucuparia 1,79
Rosa canind.. 0,57
Hippophae rhamnoidels. 1,65
Diospyros kakL. Not detected
Actinidia deliciosa 0,50

4.2 THE WATER CONTENT IN APPLES

The average water content in apples is 80-90 %leSppeated witlDiospyros kakL
or Rosa canind.. juice and those that were left untreated contathedmost water. Less
water was found in apples treated wiippophae rhamnoidek., Sorbus aucupaa and
Actinidia deliciosa The least water was present in apples treateld Wito solution of

ascorbic acid.
Tab. 4.2 Water content in apples

Dried apples m mg,, MC

Sorbus aucuparia 0.014 0.0066 88,2

Rosa canind.. 0.013 0.0013 90,1

Hippophae rhamnoides. 0.011 0.0011 89,5

Diospyros kakL. 0.017 0.0011 93,4

Actinidia deliciosa 0.012 0.0016 86,2

1 % solution AA 0.011 0.0014 87
Untreated apples 0.012 0.0009 92,6

*m = mass of sample before drying in kilograms;,,, = mass of sample after drying in

kilograms , MC = moisture contef#o]
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4.3 COLORIMETRIC MEASUREMENTS

* Colour measurement of the control

The control freshly cut apples show a light shaidgreen. Yellow and slighthly green

shade is only very light.

Tab.4.3 Colour of the Control

L* ax b*
Control 86,78 -0,29 25,71

» Colour measurement of apple slices treated with naral juices, 1 % ascorbic

acid solution and of untreated samples

+AL = sample is lighter than the control: apples @ediefore drying are lighter than
freshly cut. No apples achieved this value.

-AL = sample is darker than the control: all the ama@eples are darker than the
control The closest equivalent to the control wB®@sa caninal., Sorbus aucuparia
Diospyros kakiL., Actinidia deliciosa untreated applesjippophae rhamnoidek. And

the farthest value from the control was 1 % solutb AA.

+Aa = sample is redder than control: the closest ed@nts to the control wefRosa
canina L., Diospyros kaki L., Actinidia deliciosa Sorbus aucuparia Hippophae
rhamnoided.., untreated apples and the farthest values tr@rcontrol was 1 % solution
of AA.

-Aa = sample is greener than control: appleas trdatéale drying are not greener on

the surface that freshly cut.
+Ab = sample is yellower than control: samples clogesiie control werélippophae

rhamnoided.., Actinidia deliciosaDiospyros kakL, untreated apples. The farthest values

from the control waSorbus aucuparia
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-Ab* = sample is bluer than control: the closest edentato the control were 1 %
solution of AA andRosa canind..

AE* = the closest equivalent to the control were thepas treated witliRosa canina
L. The second smallest difference was with the eppleated witlDiospyros kakiL. and
Actinidia deliciosa juicesThe colour difference was more pronounced with samples
treated withHippophae rhamnoidek. juice and with the apples that were not treaed
all. Samples treated with the 1 % ascorbic aciditemi and Sorbus aucupariguice

showed the greatest difference in colour.

Tab. 4.4 Colorimetric raw data and derived valwesample treated with natural

juices, 1 % ascorbic acid solution and untreateulesp

Dried apples L* a* b* AL* Aa* Ab* AE*
Sorbus aucuparia 82.076 7.272 40.979 -4.704 7.562 15.269 18.113
Rosa canind.. 84.291 4.405 23.180 -2.052 4.695 -2.530 8.509
Hippophae rhamnoidds. 77.481 7.821 27.153 -9.299 8.111 1.443 13.145
Diospyros kakL. 80.462 5.557 31.442 -6.318 5.847 5.732 10.516
Actinidia deliciosa 79.342 6.208 27.464 -7.438 6.498 1.754 10.815
1 % solution of AA 74.088 11.565 25.285 -12.692.855 -0.425 17.764
Untreated apples 77.783 8.185 31.892 -8.997 8.4751826 13.976

» Calculation of Hue angle, Saturation index, Browniig index

Data used for the calculation of Hue angle, Satmaand Browning index was
obtained from the measurements taken at the Minida Plus. Parametels’, a*, b*
were used. Apples treated with the juice from Adiendeliciosa, Hippophae rhamnoides
and 1 % ascorbic acid solution showed the leasiviirg. Still quite low degree of
browning was found with the samples treated vidibspyros kakiL. juice and with the
untreated apples. The browning index was highest thie samples treated wiorbus

aucupariaandRosa canind..
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Tab. 4.5 Calculation Hue angle, Saturation indewyBing index

Dried apples h° C* Bl
Sorbus aucuparia 79,939 41,619 73,529
Rosa canind.. 79,24 23,595 73,53

Hippophae rhamnoidels. 73,933 28,257 50
Diospyros kakL. 79,977 31,93 52,941
Actinidia deliciosa 77,262 28,156 47,059
1 % solution AA 65,418 27,804 52,941
Untreated apples 75,60432,925 58,823

4.3.1 COLORIMETRIC MEASUREMENTS

Apple samples treated with either natural juice$o Jascorbic acid solution or not
treated at all before drying did not achieve atkglshade than a freshly cut apple. The
comparatively lowest degree of browning was foumdapples, treated with juices from
Rosa canina, whereas higher degree of browningolvasrved with apples treated with 1
% ascorbic acid solution. Also, none of the apmebieved a greener shade than the
control. All the dried apples showed an increastheyellow colour component with the
most prominent difference measured on 8w@rbus aucupariassamples. The smallest
difference in the yellow component was found witle Hippophae rhamnoide&. and
Actinidia deliciosasamples A certain amount of blue colour compomwesd found with
the ascorbic acid andosa canind.. samples.The results show, that according toAtee
values (total colour difference), the samples &@atvith Rosa canind.. samples were in
colour the closest to the control. On the otherdh&émeSorbus aucuparisamples were in
total, the farthest. Collected data is in the secAnnex B.

4.4 SENSORY ANALYSYS RESULTS

* The colour change in comparison with fresh apple

The results of sensory analysis revealed, thatepexd colour change was rated as

‘moderate’ in samples treated witosa canind..andascorbic acid (AA) solution. In the

Actinidia deliciosa Hippophae rhamnoidek., Diospyros kakiL. and untreated samples,
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the colour change was rated as ‘medium’ and theavgkes treated witBorbus aucuparia
achieved the level ‘significant’.

* Browning as compared to fresh apple

The results of sensory analysis showed, that samp@ated with the juice from Rosa
canina L. displayed the lowest degree of browning. Thewes a ‘medium’ degree of
browning in apple slices treated with the AA sadatiwith juice fromActinidia deliciosa
Sorbus aucupariandDiospyros kakiL. and those that were left untreated. The strongest

browning effect was observed in tHgppophae rhamnoidds. samples.

« Overal appearance

Another part of the sensory analysis dealt with @asi appearance. The appearance was
not compared with the control; rather it focused the overall acceptability by the
consumer.

The most positive grades were given to appleseadeaith the 1 % AA solutiorRosa
canina L. juice and to the untreated samples, while sampiested with Actinidia
deliciosa Diospyros kakiL., Sorbus aucuparianostly obtained the ‘satisfactory’ grade.
On the other hand, the grade for apples treateld jice from the fruits oHippophae

rhamnoided.. averaged between ‘satisfactory’ and ‘unaccdptab

Figure 4.6Sorbus aucuparia Figure 4.7Rosa canind..
Source: Hub&kova, 2011 Source: Hu#ova, 2011
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Figure 4.8Hippophae rhamnoidés

Source: Hub&ova, 2011

Figure 4.1QActinidia deliciosa
Source: Hub&ova, 2011

P— e

Figure 4.12 Untreated apples
Source: Hub&ova, 2011

Figure 4.9Diospyros kakL.
Source: Hutiov4, 2011

oy ey =

Figure 4.11 1 % solution AA
Source: Hutiéova, 2011

Figure 4.13 Frestyappple
Source: Hutlkkova, 2011



* Sweetness, bitterness and sourness

The fourth aspect evaluated via sensory analyss taste, specifically sweetness,
bitterness and sourness of the dried apples. B $sveeet of dried apples were Rusa
caninasamples. Sweet taste was more pronounced in tilesapeated with juices from
Hippophae rhamnoidek., Diospyros kakiL., Actinidia deliciosaand AA solution. The
sweetest were notreated apples.

Most apples showed only a ‘mild’ degree of bittessieonlySorbus aucupari@aused
the samples to be rated as ‘medium’ with regaruitterness.

Sourness was least pronounced in apples treatdd Duitspyros kakiL. and in
untreated samples. Samples treated Withinidia deliciosa Hippophae rhamnoides.,
Sorbus aucupariaand Rosa caninalL. showed a ‘medium’ degree of sourness, whereas

those treated with AA solution were rated as thetsour.

* Overal flavour

Apples treated with the juice frohlippophae rhamnoideachieved the highest rating
of overall flavour. TheRosa caninalL., Diospyros kakiL., Actinidia deliciosa Sorbus

aucuparia,1l % solution of AA and untreated samples receinesbtly a ‘satisfactory’

rating.
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Tab. 4.6. Evaluation of the questionnaire

Sample Color
No. Name The color change in Browning compared witfh Overal appearance
comparison with fresh apple fresh apple
1 Sorbus aucuparia 2,6 2,1 2,1
2 Rosa canind.. 1,0 1,0 1,8
3 Hippophae rhamnoidés. 2,1 3,0 2,6
4 Diospyros kakL. 2,3 2,3 2,0
5 Actinidia deliciosa 1,9 2,0 1,9
6 1 % solution of AA 1,3 1,6 1,9
7 Untreated apples 2,3 1,8 1,7
Sample Flavour
No. Name Sweetness Bitterness Sourness Overal Overal preference
flavour
1 Sorbus aucuparia 1.8 1,5 2,1 2,3 4,6
2 Rosa canind.. 15 1,3 2,1 1,8 4,1
3 Hippophae rhamnoidés. 19 1,4 1,8 15 29
4 Diospyros kakL. 2,0 1,3 1.4 2,0 3,5
5 Actinidia deliciosa 2,0 1,3 1,6 2,1 41
6 1 % solution of AA 1,6 14 2,6 2,3 4,6
7 Untreated apples 2,1 1,1 1,5 2,0 4.1
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4.5 EVALUATION OF THE RESULTS OF MEASUREMENTS AND
SENSORY ANALYSIS

Untreated apples:the untreated apple samples show ‘medium’ totllucalifference
(AE) compared to the samples treated with natural guemed 1 % AA solution. The
Browning Indexvalue was also in the ‘medium’ range. Based onréselts of sensory
analysis, the “colour change in comparison withftesh apple” (further “colour change”)
was very pronounced. Only the colour chang8afous aucuparidamples was percieved
as stronger. “Browning compared with freshly cuplap (further only “browning”) was
also pronounced, however it did not score the lEghmong the other juices. According to
the panelists, these apple were rated the sweddest, sour and least bitter of all the
samples. Most of the untreated samples achivefaetiory’ grade in the Overall flavour

category.

1 % solution of Ascorbic acid: The colorimetric results show a significant total
colour difference compared to the other sampleswBing index is in the ‘medium’
range. The sensory analysis in the visual categomdour change and browning was
graded as ’slight’. Sweetness and sourness rarkadedium’ and bitterness ranked only
‘mild’. As well as the untreated aples, these sam@aichieved mostly ‘satisfactory’ score
in the Overall flavour category. Compared to thieeotsamples, these apple slices were
more sour and less sweet. It should be noted, henvélvat the samples treated with the
AA solution displayed very different degrees ofwning in different parts of the cut. It
seems (as can be seen from the photographs ANNEX&) browning was much more
marked in the centre of an apple slice, than orsithes, where the colour was significantly

paler. The reason for this phenomenon is unknowintamas reproduced.

Sorbus aucuparia These samples have the highest value of totaucaldference,
but very high Browning index, which indicates loegiee of browning. Their total colour
difference was much higher than that of untreaj@oles. Sensory analysis supports the
colorimetric data in both colour change and brownoategories. ‘Significant’ colour
change and a ‘medium’ degree of browning was reporOverall appearance ranked
mostly ‘satisfactory’. In all three of these catege theSorbus aucuparidamples scored

worse than untreated apples and apples treatedlwith AA. Sweetness, bitterness and
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sourness were graded ‘mild’ and overall flavour fieasd to be most often ‘satisfactory’.
However, even here the apples treated with 1 % &lAti®n achived better results.

Rosa caninaL.: the value of the total colour difference was thedst out of all
samples. Also, the Browning Index was among thdédsg which indicates a very light
shade. The sensory analyisisRisa canina.. samples is one of the best rated. Colour
change and browning both ranked as ‘slight’ and uhleles are on average lower than
those of untreated apples and apples treated wi#t AA solution. Overall appearance
ranks as ‘satisfactory’ and almost achieves thdayd untreated samples. Sweetness and
sourness of the samples both achieve the ‘milddgravhile bitterness was graded on
averag ‘medium’. Overall flavour ranked ‘satisfagto Rosa canind.. samples achieve on

average better results than both the untreatedn@n8A samples.

Hippophae rhamnoidesL.: the value of the total colour difference was averag
compared to other samples and it is on a levellaind the untreated apples. Also, the
Browning Index was comparatively low - even loweart Bl of untreated apples and the
AA solution treated ones. The sensory analysiHmipophae rhamnoide&. samples
shows, that colour change and browning both rardeedmedium’. Overall appearance
ranked “unacceptable. Sweetness, sourness anchegseall ranked ‘medium’ and overall
flavour ranked ‘satisfactory’. In the categorz aleflavor theHippophae rhamnoidek.

samples achieved on average better results tharttmuntreated and the AA samples

Diospyros kakiL.: The value of the total colour difference wastguow compared
to other samples and it's on a level similar toreated apples. The browning index was
also low. Untreated apples achieved worse resaltspugh the difference is not very
pronounced. In sensory analisisibspyros kakiL samples colour change and browning
both ranked as ‘slight’. Overall appearance ranked ‘satisfactory’. Sweetness was
perceived to be significant, sourness and bitterbesh ranked ‘mild’ and overall flavour
ranked ‘satisfactory’ Diospyros kakiL. achieved similar results to those of 1 % AA

solution samples.
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Actinidia deliciosa in samples treated witlActinidia deliciosa the total colour
difference was the lowest from all the tested saspAlso Browning index was the lowest
from all the tested samples. According to the doletric measurements, th&ctinidia
deliciosasamples achieved better results than both unttegiples and those treated with
1 % AA solution. According to the sensory evaluatiboth “colour change” and browning
ranked close to ‘medium’, while overall appearamwas found to be ‘satisfactory’.
Sweetness and sourness were both graded as ‘medibereas bitterness was ‘mild’.
Overall flavour was ‘satisfactoryActinidia deliciosaachieved the same sensoric results as

both untreated apples and the samples treatedlwitlsolution of ascorbic acid.
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5 CONCLUSION

The aim of this thesis was to experimentally evi@ube influence of fruit juices with
high content of ascorbic acid on enzymatic brownimgried apple slices. The degree of
browning, overall colour change and taste of theddapple samples were measured via

sensory analysis and colorimetric techniques. @uketric measurements were carried out

on a colorimeter MiniSc&h XE Plus. Fourteen panelists participated in thessey
analysis. The fresh apple slices were used asalaiair comparison of browning and
colour differenceAE).

According to the colorimetric measurements, thelagamples treated with juice
from the fruits ofRosa canina.. showedthe smallest total colour diference, the lowest
degreee of browning after drying. Sensory analgsamples treated witRosa canind..
supports these findings &osa caninal. samples achieve the best score in categories
‘degree of browning in comparison with a freshilyt @apple’ and ‘colour change in
comparison with a freshly cut apple’ and the sedoest score in the ‘overall appearance’
category.Rosa canind.. samples also scored second best in the ‘overatbdila category
of sensory testing. It may be concluded that frdintha five natural juices tested, tRosa
caninal. juice is clearly the best substitute for théclascorbic acid solution, which is
commonly used in the foodstuff drying industry.

The rest of the juices did not provide equally gaogrovements over the untreated
samples or the 1 % ascorbic acid solution. Altho@&grbus aucuparigcores well on the
Browning Index, it has the highest Total Colour fBXiénce of all tested juices. It also
scores second worst in the sensory analysis, wherategories 'browning compared with
fresh apple' and ‘browning in comparison with fregsple’ it rated between ,medium’and
‘significant’. Most importantly, th&orbus aucuparisamples scored poorly in the ‘overall
flavour’ category of sensory analysis, probablytieé bitter and sour taste they acquired
from the rowan juice.

The unknown affect of many bioactive chemical coomus in the fruits of selected
species makes it difficult to identify precise r@as for the overall results. However, given
that the main reason for browning of dried appksssumed to be the phenoloxidase
activity, further research might focus on the PR@itors that may be present in tResa

caninalL. andSorbus aucuparigapart from ascorbic acid.
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7 ANNEX

SENSORY ANALYSIS - QUESTIONNAIRE

Sample Color
The color change in Browning compared with
No. Name _ _ Overal appearance
comparison with fresh appl fresh apple
1 Sorbus aucuparia
2 Rosa canind.. 1 = slight browning on the cuit
3 Hippophae rhamnoidels. 1 = slight color changg surface 1 = very good
_ 2 = medium color _ _
4 Diospyros kakL. 2 = medium brown 2 = satisfactory
change
5 Actinidia deliciosa 3 = significant color 3 = significant 3 = unacceptable
6 1% solution of AA change
7 Untreated apples




Sample

Flavour

Overal preference

No.

Name

Sweetnhess

Bitterness Sourness

Overalfla

v

Order by preference:
1 = most preferm,

7 = least preferred

Sorbus aucuparia

Rosa canind..

Hippophae rhamnoidels.

1 = mild

1 = mild 1 = mild

1 = very good

Diospyros kakL.

2 = medium

2 = medium 2 = medium

2 = satisfactq

Dry

Actinidia deliciosa

3 = significant

3 = significant 3 = significant

3 = unacceptabl

11%

1% solution of AA

N Oof o1 B W N -

Untreated apples




COLORIMETRIC MEASUREMENT

% .
e

*SA = Sorbus aucuparieRC =Rosa canind..,HR = Hippophae rhamnoidds, DK = Diospyros kakL., AD = Actinidia deliciosa,

1% solution of AA, UA = Untreated apple



PHOTOGRAPHS OF DRIED APPLE TREATED WITH DIFFERENTANURAL
JUICES

» Sorbus aucuparia




* Rosa caninal.




» Hippophae rhamnoides..




» Diospyros kakiL.




+ Actinidia deliciosa




¢ 1 9% solution AA




* Untreated apples




