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Abstract

Drying or dehydration is one of the most populathods for food preservation,
despite it has some disadvantages. The main dr&awbalcat dryed fruits or vegetables
undergo browning reactions. Browning foods may esirdble, as in caramelisation, or
undesirable, as in an apple turning brown aftendgp@ut. Foods, including beverages,
can turn brown through either enzymatic or non-emetyc processes. The prevalent use
of sulfites as inhibitors of enzymatic browning fmods can cause allergic reactions
sometimes exhibited by individuals with respirat@yments. The main aim of this
thesis is to present a comprehensive overview garoc substances, which inhibited
enzymatic browning effect during storage and durisglar drying. Potentially
interesting organic inhibitors are summarized ie thble as a result of this study.
Alternatives to chemical substances include: ascoalsid, citric acid, glutathione,

bezoic acid, etc.

Key words: enzymatic browning, anti-browning agents, dryingievent

browning, food storage

Abstrakt

SuSeni neboli dehydratace je jeden z nejpoujSt zpisohi konzervace
potravin, fgestoze ma i &které zaporné stranky. Hlavni nevyhodou je, Ze evac
zelenina p suSeni podléha procesuddnuti. Tato reakce @Ze byt Zadouci, jako tomu
je u karamelizace, nebo nezadouci,ifidgad jabl&né hrédnuti po rotiznuti. Potraviny,
véetnd ndpofi, mohou hednout kvali enzymatickému nebo neenzymatickému procesu.
Prevladajici pouzivani 8titana, jakozto inhibitoé enzymatického hidnuti potravin
muze zmsobit alergickou reakci, zejména u jedine respirdnim onemocénim.
Hlavnim cilem této prace jergdstavit ucelenyiehled latek firodniho mvodu, které
potlatuji efekt enzymatické taalnuti @i skladovani a solarnim su$eni. Literarni reSerSe
definuje suSeni jako termin, klasifikuje typy suSen rozdluje solarni susarny.

Potencional& zajimavé organické inhibitory jsou shrnuty v tataJljako vysledek této

Vi



prace. Alternativami k chemickym latkam mohou bwpiklad: kyselina askorbova,
kyselina citronova, glutathione, kyselina benzojedod.

Kli¢ova slova: enzymatické he&dnuti, agenti proti h¥dnuti,suSeni, #edchazeni

hneédnuti, skladovani potravin
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Preface

This thesis focuses on the possibilities of readuncf enzymatic browning in food
processing. Enzymatic browning is undesirable chahprocess which degrades the
product, which leads to large losses. Therefors Vtery important to treated properly
the food before processing. From this reason, thera worldwide need to find
alternative preservatives based on natural commyumchich could theoretically
substitute traditionally used chemical substances aa pretreatment before food
processing.

Each type of food needs a different kind of treattm® avoid the enzymatic
browning as much as possible. For example in cadralte foods, it can be minimized
by elimination of amines, in foods rich in proteithss done by removal of reducing
sugars. Also the concentration of selected treatrisemery important and just small
changes in concentration can cause different sesult

There are various techniques for preventing of eratic browning, each of them
trying to eliminate one of the key parts of thectam, including oxygen, enzymes,
copper or substrate. For example: dipping, blarghépraying, coating, etc. 'Dipping’
involves soaking the foods in liquids or solutionorder to suppress enzyme activity,
either by physically preventing oxygen from inteénag with the system, or otherwise
inhibiting the enzymes.

The enzymatic inhibitors include acids, halidesenqolic acids, chelating agents,
sulfites, and the substrate-binding compounds @iadzorbic acid, quinone couplers
such as cysteine, and some other agents. The noostn@nly used method for
ihnibiting enzymatic browning is the addition of Ighiting agents. PPO was
successfully inhibited by application of sulphuoxde (SQ), but regulations were
issued to restrict its utilization, as sulphitesreveesponsible for 15 triggering allergic
reactions. For this reaseon, organic compounds hwhave similar effect on PPO

activity as chemical substances needs to be studogd intensively.
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1 Introduction

Solar radiation used for drying is one of the oldgsplications of solar energy. It
was used since the dawn of mankind mainly for fpogservation but also for drying
other useful materials as cloths, construction nase etc. The first installation for
drying by solar energy was found in South Franakiarmdated at about 8000 BC. Solar
heat was the only available energy source to mankimtil the discovery and use of
wood and biomass. Until today in remote small comitires, not only in the so-called
third world regions, but also in the western comstr people take advantage of solar
radiation to dry and preserve small amounts of food

Drying by solar energy is a rather economical pdoce for agricultural products,
especially for medium to small amounts of produidgreserve excess of production. It
is friendly to the environment. It is still used fdomestic up to small commercial size
drying of crops, agricultural products and foodktafich as fruits, vegetables, aromatic
herbs, wood, etc., contributing thus significartthythe economy of small agricultural

communities and farms.

1.1 Drying

There are two main sources of food; plants and alsimAlthough various
researchers have classified foods in different wagmnerally they are categorized as
perishable (which spoils very fast), non-perishaltelatively slower spoilage)
(Rahman, 1999).

All variety of foods in our day to day life requiresome form of preservation
mainly to reduce or stop spoilage, to make it add throughout the year, to maintain
desired levels of nutritional properties for thadest possible time span and to make
value-added products. Amongst these, spoilageeddlremost reason for employing
food preservation techniques. Spoilage or detdrmraf food occurs during handling
or due to mechanical, physical, chemical or mia@bdamage. Out of these, chemical
and microbial damages are most frequent causesr(&aH999; Mujumdar, 2007).

Microbial growth depends on the storage conditiand the moisture level in the
product. Different micro-organisms have differenbwth rates depending on the



conditions. There can also be several chemical andymatic changes during
processing and storage of foods, e.g. browning.

Commonly employed methods for food preservation: dreezing, vacuum
packing, canning, preserving in syrup, food irréidia adding preservatives, and the
most popular method, dehydration or drying. Howewrying will never replace
freezing and canning, because of their bettertghib retaining the taste, appearance,
and nutritive value of fresh food.

Drying, or dehydration, of foods is one of the mostnmon methods used for
preserving food. Its discovery and spread allowedpte to become less dependent on
daily food supply, even despite the often difficaftvironmental conditions (Rahman,
2007).

The dehydrated foods industry has a prominent plac®ng today's food
industries all over the Word especially in devehgptountries (Vega-Galvez, 2011).

The main effect of drying is reduced water activitythe dried foods. Reduced
water activity preserves foods by preventing mi@ablgrowth and some undesirable
chemical reactions. However, enzyme and bactarédtivation that accompanies heat-
based drying methods has both beneficial and aelveffects, depending on what
biological material is processed. In the case od#) the aim usually is to maximize
enzyme and microbial inactivation. On the otherdhamhen drying bacterial cultures,
enzymes or vitamins, we seek to achieve littledanactivation (Rahman, 2007).

Different types of drying and their various opengtivariables affect food
microstructures that are formed during the dryingcpss, thus influencing the structure
of the final product (Vega-Galvez, 2011).

Selection of dryers for particular food producitgelf a complex step as there are
hundreds of dryers available and more than oner dige suit a particular application.
In developing countries food products are drieditranally by open sun drying.
Although this method is still common at severalcpkfor non-commercial use, there
have been numerous efforts to develop advancedgimiethods for food products on

commercial scale (Kudra and Mujumdar, 2009).



1.1.1 Classification of dryers

There are many schemes used to classify dryersufitigr, 2007; Van't Land,
1991). Classification of dryers on the method ukedremoving water is perhaps the
most useful since it allows one to identify somg features of each class of dryers:

» thermal drying
* osmotic dehydration

* mechanical dewatering

Osmotic dehydration and mechanical dewatering arige gout of scope of
presented thesis. Thus they were excluded fromhdurtclassifications of drying

systems.

1.1.2 Thermal drying

Thermal drying, which is one of the most widely diseethods of drying foods, is a
process where high temperatures are used to etenmaisture from the material. The
type or physicochemical state of the dried matennal the drying process determine the
mechanisms of moisture transfer. Thermal dryingesallace in gaseous or void
environment.

Thermal drying can be divided further into threpdy:

* 1. Airdrying
e 2. Low air environment drying

* 3. Modified atmosphere drying

1.1.2.1 Air drying methods

Convection pneumatic drying

Application of the convection pneumatic dryers epresented especially in food
industry in plants for industrial processing of igea(wet milling processing of wheat
and corn). Generally, such dryers can be usedrongl of meal-like and fine-kernel
materials. Simple construction and a relatively mmsumption of energy have enabled

successful application of such dryers in the abstated industrial branches. The



construction of the convection dryer enables siamdbus pneumatic transport of wet
material and its drying. The material is are diiednatter of several seconds, therefore
method is suitable for drying of foods sensitivehigh temperatures (Prvulovic and

Tolmac, 2007).

Sun Drying

The most basic method of drying is to spread tl@ on a surface exposed to the
sun (Heindl, 2000).

From an ancient times, solar drying was the only,wew to dry foods. In this
process, drying material is laid on the ground anded in the air to be exposed to
direct sun light. The advantage of solar dryinghist it uses renewable energy source.
Although sun drying is the cheapest and also léastanding way, how to dry foods, it
has many disadvantages. For example the tempersasewithout regulation. Drying
is therefore uneven, and caramelized and crusttkepiresult. The direct exposure to
the sun also destroys color, vitamins and flavad there is chance of contamination
with dust, dirt, insect infestation, and contacthwother pests. They may also be
drenched by rain or dew and, may need further driimold growth is to be avoided
during storage. Sun-drying may take 2-14 days@eman and Siemonsma, 1999).

In-store drying

In-store drying is also called low temperature dgyor in-bin drying. Commonly it
iIs used when grains or another crops are storetbfger time or until sold. Tropical
climate weather conditions are less favorable g type of drying, because of high

ambient temperatures and relative humidity valirggh(man, 2007).

Spray Drying

Spray drying is a method of producing a dry powlilem a liquid or slurry by
rapidly drying with a hot gas. This is the prefermaethod of drying of many thermally-
sensitive materials such as foods and pharmac&utida consistent particle size
distribution is a reason for spray drying some stdal products such as catalysts. Air
is the heated drying medium; however, if the ligisgda flammable solvent such as

ethanol or the product is oxygen-sensitive therogén is used (Mujumdar, 2007).



1.1.2.2 Low air environment drying

Vacuum Drying

Vacuum drying of lumber has been considered forymaars, but until recently
has not been in commercial use. The main attraadiomacuum drying is that by
lowering the boiling temperature of water in vacydree water can be vaporized and
removed at temperatures considerably below 100h@st as rapidly as it can with
high-temperature drying above 100°C. Vacuum dryggssentially high-temperature

drying at low temperatures (Simpson, 1987).

Freeze drying

Freeze-drying, lyophilization or cryodesiccationaislehydration process typically
used to preserve a perishable material or makenthterial more convenient for
transport. Freeze-drying works by freezing the mmateand then reducing the
surrounding pressure to allow the frozen watehenrhaterial to sublimate directly from
the solid phase to the gas phase (Garrett, 2012)

Despite being used in a wide variety of productslisas pharmaceuticals and
foodstuff), lyophilization presents a great chajjerfor scientists in the field, especially

its usage for long-term conservation of living gyss (Ciurzinska and Lenart, 2011).

Heat pump drying

The heat pump dryer is a further extension of theventional convection air dryer
with an inbuilt refrigeration system (Figure 1).yChieated air is supplied continuously
to the product to pick up moisture. This humid @assses trough the evaporator of the
heat pump where it condenses, giving up its ldteat of vaporization to the refrigerant
in the evaporator. This heat is used to reheatlthair passing over the hot condenser
of the refrigeration circuit and used to reheatahevithin the dryer. The use of the heat
pump dryer offers several advantages over conwegitioot air dryers for drying food
products, including higher energy efficiency, betproduct quality, the ability to
operate independent of outside ambient weatheritbomsl and zero environmental
impact(Rahman,2007).
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Figure 1: Solar assisted heat pump drying system

Source: (Jangam, 2011)

1.1.2.3 Modified atmosphere drying

This is practically a new concept of drying foodsng heat pump dryers, which
uses modified atmospheres such as nitrogen anarcatioxide. These atmospheres
help maintain better quality and preservation ohstiuents of foods, prone to
oxidation. Technologies to create the modified aph@re drying are now evolving.
The modified atmosphere drying has weaker advédfeetg on the product, especially
in terms of shrinking, color change, types of mpldad peroxide values (Rahman
2007).



1.2 Solar-energy Drying

Solar drying has not yet widely commercialized. é8ofiryers are equipment,
generally of small capacity and based rather onigeapand semi-empirical data than
in theoretical designs. The majority of the numsersolar dryer designs, which are
available, are used mainly for drying of variousps either for family use or for small-
scale industrial productiorsolar radiation, in the form of solar thermal eryeng an
alternative source of energy for drying especi&dlydry fruits, vegetables, agricultural

grains and other kinds of material, as wood, elis procedure is especially applicable

in the so-called'sunny belt world wide, i.e. in regions where the intensity saflar

radiation is high and sunshine duration long. Bsimated that in developing countries
there exist significant post harvest losses ofcadfral products, due to lack of other
preservation means, that can be saved by usingdykers.

Solar drying is an extension of sun drying thatsusaliation energy from the sun.
Solar drying is a non-polluting process and useewable energy. Moreover, solar
energy is an abundant source, that cannon be mbreghoHowever, solar drying has
some disadvantages that limit its in large-scatelpction. It also needs large areas of
space and high labor inputs and there is againilplitys of insect infestation and

microbial contamination. (Rahman, 2007)

1.2.1 The principle of solar drying

Solar drying technique uses the energy from thetsureat a stream of air, which
in turn flows by natural or forced convection thgbua bed of the commodity to be
dried.

Scientists opined that in addition to the qualtyprovement, heat energy from
collectors could also be stored, if needed, whietmyits drying to continue during the

night or cloudy periods (Jose, 2004).



1.2.2 Importance of solar dryers in developing countries

In comparison with developed countries has agticeltn developing countries an
irreplaceable role in terms of the number of ecowally active population, the
agricultural sector employs an average of 50% efetonomically active population in
developing countries (FAO, 2015). Moreover, agtiid in developing countries
constituted in 2013 average 12% of GDP (World B&K,5).

Agricultural production in developing countries égca number of problems that
cannot be discussed here due to their extent.riargewe can say that most of them are
economic, technological and political charactere@hthe main problem is the lack of
adequate technology for the processing of food, thdreplant or animal origin,
inappropriate cultivation methods and fertilizatiggoor marketing, poor logistics and
high post-harvest losses. It is estimated thaatieve problems in developing countries
have resulted in 10-40% losses in food productiuarthy, 2009).

A partial solution of this situation may be the rottuction of appropriate
technologies for processing of agricultural proguttere, offers primarily the drying as
one of the oldest methods of post-harvest procgdhat is used in agriculture. Even in
developing countries, it is now possible to obseameincrease of small and medium-
sized enterprises oriented on drying as agricdltpraducts processing. Drying of
agricultural products in developing countries maiptovides these positives (Jon and
Kiang, 2008):

* increases agricultural production through theodtiction of alternative products
on the market,

* generates job opportunities in urban and rurehsr

* reduces the losses of harvest fresh producdgfnuegetables, and others)

 improves nutrition of the producers themselvesniers) due to possible reserves
of dried products outside their harvest season,

* generates a new source of income for farmers,

* creates new value-added products.



Despite the technological level of the food indystthe vast majority of
agricultural products in developing countries isqassed by drying directly on the sun
(Imre, 2007). The technique of drying of agricudluproducts on the sun has a
disproportionately large losses (up to 30% of tpt@duction) and it is mainly due to
the factors as damage of products by domestic dsymualents and birds during drying,
exposing to the direct impact of climate (rainfalew, wind, etc.), contamination of

products by insects, bacteria or mold.

For many reasons, suitable alternative to traditioinying on the sun in developing
countries could be solar dryers. Above all, we nraatize, that more than 80% of all
food in developing countries is produced by smedidpcers or small-farmers (Murthy,
2009), who do not have needful money capital, teesh it in relatively expensive
sophisticated technologies for food processingaiSaiyers could be a possible options
for farmers in developing countries, mainly, beeao$ their advantages as low input
and operating costs, simple construction, easyicemwithout complicated electronic
and mechanical features, more efficient comparet twaditional drying methods and

easy maintenance and replacement of spare parts.

Another and equal important fact, which contributethe usage of solar dryers for
agriculture products processing is changing humew in the field of usage energy in
developing countries. In the last two decades, are abserve some effort on energy
independence, environmental protection and inteneite usage of renewable energy
sources at the expense of fossil fuels (Imre, 2007)

1.2.3 Classification of solar-energy drying systems

All drying systems can be classified primarily acbog to their operating
temperature ranges into two main groups of high perature dryers and low
temperature dryers. However, dryers are more cortyraassified broadly according
to their heating sources into fossil fuel dryerofencommonly known as conventional
dryers) and solar-energy dryers. Strictly, all picadly-realized design of high
temperature dryers are fossil fuel powered, whike low temperature dryers are either

fossil fuel or solar-energy based systems.



To classify the various types of solar dryerss ihecessary to simplify the complex
construction and various modes of operation tdodmc principles. Solar dryers can be

classified based on the following criteria:

Mode of air movement

» Exposure to insulation

» Direction of air flow

* Arrangement of the dryer

e Status of solar contribution

Another useful classification is based on (1) thethrad of transferring heat to the
wet solids or (2) the handling characteristics physical properties of the wet material.
The first method of classification reveals diffetesa in dryer design and operation,
while the second method is most useful in the selecof a group of dryers for

preliminary consideration in a given drying problem

A classification chart of drying equipment on thesis of heat transfer is shown in
Figure 3 (Ekechukwu, 1999; Sharma et al., 2009).

This chart classifies dryers as direct or indiredgth subclasses of continuous or
batch wise operation. Solar-energy drying systeraskassified primarily according to
their heating modes and the manner in which thardotat is utilized (Belessiotis,

2011). In broad terms, they can be classified twim major groups, namely:

* passive solaenergy drying systems (conventionally termed
naturalcirculation solar drying systems) and,

» active solafenergy drying systems (most types of which arenaiéemed
hybrid solar dryers).

10



SOLAR DRYERS

Conventional
drying

Solar energy drying

Bulk or sto- Batch and con- MNatural dryers Solar energy
rage (low tinuous flow dryers
tempera- (high tempera-

ture) ture) dryers
dryers
Crops dried
in-situ
Active Passive
dryers dryers
Distributed Mixed Integral
type dryers mode type dryers
dryers
. - Distributed Mixed Integral
Drying on Drying on type dryers mode type
ground trays dryers dryers
mats con-
crete and ‘
floor |
Cabinet Green house
Horizontal Vertical or in- type dryers dryers
trays clined racks

Figure 2: Classifications of dryers and drying models
Source: (Ekechukwu, 1999)

Three distinct sulzlasses of either the active or passive solar drgiystems can

be identified namely:

* integraltype solar dryers;

» distributedtype solar dryers; and

* mixed-mode solar dryers.

11



The main features of typical designs of the variolasses of solaenergy dryers
are illustrated in Figure 3, showing three mainugfor solar dryers on the basis of the
energy sources used (Leon et al., 2002). The dedigolar dryers is adjusted to the
quantity, character, and designation of the mdtewide dried as well as to the energy
sources used and accordingly, various types of soy&rs have been developed and are
in use to date.

ACTIVE DRYERS PASSIVE DRYERS

INTEGRAL (DIRECT) TYPE 2

="
I_.

p
Sk

DISTRIBUTED (INDIRECT) TYPE

MIXED MODE TYPE

~——> SOLAR RADIATION
—= AIRFLOW

Figure 3: Typical solar energy dryer designs
Source: (Ekechukwu and Norton, 1999)

The mode of drying can be differentiated into direod indirect, depending

whether the product is directly exposed to soldratgon or dried in the shade. In direct

mode, the product itself serves as absorber,hechéat transfer is affected not only by

12



convection but also by radiation according to thiee@o of the product surface.
Therefore, the surface area of the product beiregidras to be maximized by spreading
the crop in thin layers. To obtain uniform final istore content, the crop has to be

turned frequently.

It should be noted, that sunlight may affect certessential components in the
product e.g. chlorophyll is quickly decomposed. Du¢he limitation of the bulk depth,
such dryers need large ground surface areas. uhgsoare scarce, indirect mode type of

dryers are preferred for drying large quantitiee({%8, 2003).

1.2.3.1 Passive solar dryers

In a passive solar dryer, air is heated and citedlaaturally by buoyancy force or
as a result of wind pressure or in combination athb Normal and reverse absorber
cabinet dryer and greenhouse dryer operates inveas®de. Passive drying of crops is
still in common practice in many Mediterranean,ptcal and subtropical regions
especially in Africa and Asia or in small agricwulibicommunities. These are primitive,
inexpensive in construction with locally availabteaterials, easy to install and to
operate especially at sites far off from electrigiadl. The passive dryers are best suited
for drying small batches of fruits and vegetablashsas banana, pineapple, mango,

potato, carrots etc. (Hughes et al., 2011).

They can be either direct (e.g. tent and box drgerpdirect (e.g. cabinet dryer).
Natural-circulation solar dryers depend for theperation entirely on solar-energy
(Weiss, 2003)

Tent solar dryers are consist of a frame of woold@gcoovered with plastic sheet.
This is the main reason, why are these dryers chaedpsimple to construct. Important
is, that black plastic should be used on the wading away from the sun. They are
usually used for fruit, fish, coffee or other pratiifor which wastage is otherwise high.

Even so, they have disadvantage of being easilyadathby strong wind.

13



The aim of solar cabinet dryers is mainly to imgqgroduct quality by reducing
contamination by dust, insect infestation, and ahiaor human interference. It consists
of a hot box with a transparent top and blackensetrior surfaces. Ventilation holes in
the base and upper parts of slide walls maintainadtural air circulation (Szulmayer,
1991).

A number of other designs of passive solar cahiinger in configuration to that
developed by Brace Research Institute have bednamnd tested for a variety of crops
and locations. Ezekwe (1981) reported a modificatd the typical design shown in
Figure 4 equipped with a wooden plenum guiding direinlet and a long plywood

chimney to enhance natural circulation, accelegative drying rate by about 5 times
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A hybrid type passive solar-energy dryer would h#we same typical structural

features as the indirect-type and direct-type @.esolar air heater, a separate drying
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chamber and a chimney), and in addition has glazdl$ inside the drying chamber so

that the solar radiation impinges directly on tihheduct as in the direct-type dryers.

1.2.3.2 Active solar dryers

Active solar dryers system are constructed inclgdexternal means, like fans,
ventilators or pumps, for moving the heated airaasolar energy, from the collector
area to the drying beds. By their application, aitive solar dryers are forced
convection dryers. A classical active solar dryepehds on solar energy only for the
heat source, while for air circulation uses mowxalizans or ventilators. These dryers are
commonly used in large-scale commercial drying apens in combination with
convectional fossil-fuel to have a better contreérodrying by inhibiting the effect of
fluctuations of solar insolation on the drying smperature. Active solar dryers are
known to be suitable for drying higher moisture teor foodstuffs such as papaya, kiwi
fruits, brinjal, cabbage and cauliflower slices.variety of active solar-energy dryers
could be divided into either direct-type, indirégpe or hybrid dryers. (Visavale, 2012)

Indirect-type active solar drying systems

These active dryers have a separate collector ayidgdunit. They are usually
composed of four basic components viz., a soldneater, drying chamber, a fan for air
circulation and ductings (Visavale, 201E)gure 5 shows a typical in-direct active solar
dryer.
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The direct-type active solar drying systems areges! with integral solar energy
collection unit. Generally, three distinct desigrglirect-type active solar dryers can be
classified viz., the absorption type, storage tymel greenhouse dryers (Visavale,
2012).

The hybrid solar dryers combine the features aflarenergy with a conventional
or some auxiliary source of energy and can be tp@raither in combination or in
single mode with either source of energy. Thesemrgenerally are medium to large
installations operating in the range of-60%, and compensate the temperature

fluctuations induced by the climatic uncertainfj¢ssavale, 2012).

1.2.4 Enzymatic browning during solar drying

Many crops, fruits and vegetables are immediatéhr darvest treated and dried.
Pretreatment helps to slow down the activity ofyenes.
Drying is applied to prolong the fruit shelf lifétdowever, the appearances of

dehydrated fruit may change significantly owing ttee Maillard reaction, pigment
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degradation, enzymatic browning and ascorbic axidation during drying (Manzocco
2001).

Solar drying conditions play an important roledetermining the quality of the
final product, especially in terms of its antioxidiaactivity, colour and pro-healthy
properties. Therefore it is very important to cl@ogtimal drying method for food. The
reduced levels of the polyphenolic compounds oemtictive compounds found in
dried food were related in correlation to the axiiant activity, and indicated that the
decrease of antioxidant activity resulted from thegradation of biologically active
compounds at high temperatures, due to chemicayneatic or thermal decomposition
(Nicoli, 1999).

Moreover, in forced convection drying, phytocheahicompounds can oxidise
because the plant material has greater contactaxygen. Direct exposure to the hot
air also destroys the colour, vitamins, and flavauir fruits, therefore new and
innovative techniques that increase the drying eate@ enhance product quality have
achieved considerable attention in the recent (@stng, 2013)

17



1.3 Enzymatic browning and pre-treatment of food beforedrying

1.3.1 Browning reaction

Browning reactions induce changes in the dried rtsuch as colour and texture
change, nutritional value decline and formatioroféfflavours. Two types of browning
reactions are recognized: enzymatic and non-enzgntdncerning the drying process,
the non-enzymatic reactions are more significariteyTinclude two basic types of
reaction: caramelization and Maillard browning. Thge of non-enzymatic reactions is
influenced by moisture level, temperature, pH dreddomposition, whereby the highest
browning rate is reached in the intermediate maoesttange and declines with

increasing moisture.

Browning reaction requires oxygen, phenolic comgband polyphenol oxidizes
and is usually initiated by the enzymatic oxidat@immonophenol into O-diphenol and
O-diphenol into quinines, which undergo further femzymatic polymerization lead to
the formation of pigments (He et al. 2008). Enzymbhtowning is a result of the action
of endogenous polyphenol oxides (enzymatic brownfolowed by the spontaneous
polymerization of quinonoid compounds with othelodocomponents (lyengar R.
1992).

Enzymatic browning may occur in many fruits and etaples. When the tissue of
fruits is cut or pealed, it rapidly darkens on exg@do air. As a result, conversion of
phenolic compounds to brown melanin occurs. Thenvbiog phenomenon usually
impairs the sensory properties of products becatiske associated changes in color,
flavor and softening. The enzymes involving thewmimg reaction are monophenol
monoxyganese or tyrosinase, diphenol oxidase @chat oxidase polyphenol oxides.
For mushroom, browning occurs as a result of twatirtit mechanisms of phenol
oxidation which is activation of tyrosinase. Tyma&se is an enzyme belonging to the
polyphenoloxidase family or spontaneous oxidatibtartinez and Whitaker 1995; O.
Nerya et al 2006).
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1.3.2 Polyphenoloxidase

Polyphenol oxides catalyses two basic reactionowshin Figue 5) which is

hydroxylation to the o-position adjacent to an grgs hydroxyl group of the phenolic
substrate and oxidation of diphenol to o-benzogué#so Both reactions utilize
molecular oxygen as a co-substrate. Whether aesiagkyme system exhibits both
monoand di- phenol oxides activities is still urgleHowever, when both monophenol-
and diphenol oxidizes are present in plants, thie cd monophenol to diphenol oxides

activity is usually 1:10 or as low as 1:40 (Marslealal., 2000).

OH OH O
o OH O
2Cu* 2Cu2+
R R
Monophenol Diphenol Quinone

Figure 5: The reactions catalyzed by polyphenol oxidaseamtsl First the
hydroxylation of monophenol to a diphenol. Thendlkalation of diphenol to a
quinone

Source: Queiroz, 2008

1.3.3 Postharvest technologies and enzymatic browning

Postharvest technologies have allowed food indesto meet the global demands
of local and large-scale production and intercarttal distribution of fresh produce
that have high nutritional and sensory quality. wéated products are metabolically
active, undergoing ripening and senescence preedsaemust be controlled to prolong
postharvest quality. Inadequate management of tpeseesses can result in major
losses in nutritional and quality attributes, oetiks of foodborne pathogens and

financial loss for all players along the supply ioharom growers to consumers.
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Optimal postharvest treatments for fresh produe& s@ slow down physiological aging

of senescence and maturation, reduce/inhibit dpwsdémt of physiological disorders

and minimize the risk of microbial growth and contaation. In addition to basic

postharvest technologies of temperature managemaengrray of others have been
developed including various physical (heat, irridia and edible coatings), chemical
(antimicrobials, antioxidants and anti-browning)dagaseous treatments. (Mahajan,
2014)

1.3.4 Pretreatments in food drying

Pretreatments are processes that reduce darkeridgyed fruits, especially the
ones with ligh-coloured pulp, such as apples, wibidwn very rapidly in contact with
air and even continue darkering after having beaddUnido, 2015).

Drying of food is connected with many disadvantagesh as browning, loss of
cellular structure, loss of redrying ability andseéhardening. These changes negatively
change the market value and also acceptabilithefproducts. Pre-treating will help
maintain colour (reduces oxidation of foods suclirags and vegetable keeping them
from turning a rust-like colour), nutrients (helggain the minimal loss which tends to
occur during the drying process) and texture (th@nge for fibre deterioration in the
produce is lessened. There are various methodsedfgatment applied in fruit drying,
e.g. lemon juice, slat solution, honey dip, asaorécid, sulphuring, osmotic pre-
treatment, and blanching.

For long-term storage of dried fruit, sulphuringusing a sulphite dip are the best
pretreatment. However, sulphites found in the fafidr either of these treatments have
been found to cause asthmatic reactions in a odion of the asthmatic population.
Thus, some people may want to use the alternativees-term pre-treatment (Abano
and Sam-Amoah, 2011). There are two basic typepreftreatments: dipping and
blanching (Chadwick, 1995)
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1.3.4.1 Dipping

Dipping is the treatment, which is usually usedptevent fruits and vegetables

from oxidation.

* Sulphuring, sulphite dip
Sulphuring is an old method of retreating fruitstbiimed sulphur is ignited and
burned in an enclosed box with the fruit. The sulplumes penetrate the fruit and act
as a pretreatment by retarding spoilage and dargewii the fruit. The sulphur fumes
also reduce the loss of vitamins A and C. The saffext as sulphuring has sulphite
dips in thatr it prevents the darkering in lorgteMoreover, this procces is quicker and
easier. Either sodium bisulphite, which is a ligtodm of sulphur, sodium sulphite or
sodium metabisulphite that are food grade or Reageade (pure) can be used for
dipping when mixed with water. It is the cheapésit, most effective antioxidant. Only
a food-safe sodium bisulphate designated for dedtigar should be used (Unido, 2012).

» Ascorbic Acid
Ascorbic acid (vitamin C) mixed with water is a eafvay to prevent fruit
browning. However, its protection does not lastlasy as sulphuring of sulphating.
Ascorbic acid reacts easily with oxygen and diminasxygen that will be used by
phenolase. Ascorbic acid also reduces the o-qusdoened by phenolase to the
original o-dihydroxyphenolic compounds. Protectagea inst browning last as long as
any ascorbic acid remains. Ascorbic acid (vitam)nghot satisfactory for apples since
internal atmosphere of the slices contains oxyggmndo, 2012). Ascorbic acid (vitamin
C) is present in all citrus fruits, from which dipse prepared in different formy (in
crystal, powder or in tablet). The fruit is theraked in an ascorbic acid solution for 10
minutes (Chadwick, 1995).

» Ethyl oleate dip
Ethyl oleate increase the evaporation rate of wiatehe initial stages of drying,
acts as surfactant by increasing the spreadinge®f Wwater within the sample and
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remove the skin wax / cell wall of certain produsteh as grapes, maize grains, starch
pastes (Unido, 2012).

e Honey dip
Many store-bought dried fruits have been dipped roney solution. A similar dip
can be made at home. Honey dipped fruit is mucherign calories. Honey dips are
applier quite commonly of dried fruits.. Dippingiir in honey has the consequences of
adding sweetness as well as energetic value tineproduct (Chadwick, 1995).

1.3.4.2 Blanching

Blanching, as means of pre-treatment is sometiraéssred to as "checking" or
"crazing". It can be done either in boiling waterby steaming the foods. This method
is most effective on tough-skinned fruits such easpgs, plums, cranberries, etc. By
boiling fruits in water for 1 to 2 minutes, the sKicracks" and allows the moisture to
escape more quickly, thus reducing the drying time.

Blanching can achieve a renge of objectives, ddpgndn the aplication. For
many fruits and vegetable as well as seafoodsatefrozen, canned, or dehydrated,
blanching inactives enzymes and reduces microbedd to improve food safety and
increase shelf life. For potatoes that become Fréames, blanching also leaches sugars
to improve product texture and color. For some nagat poultry products as well as
bagels and potato products that are ready-to-katching cooks the products. For nuts,
blanching can facilitate peeling or kill microbasck as salmonella, depending on the
temperature and duration of the blanching operatféithin each of these applications,
a food processor has a variety of water blanchimysteam blanching technologies to

choosen from (Johnson, 2011).

» Steam blanching
With steam blanching, product is exposed direatlyfdod-grade steam that is
typically 212F (100C) as it is conveyed within a chamber. Some stelamchers use
convection technology that forces the steam thrdbglbed of product in a single layer

to achieve quick blanching. To minimize the protieixposure to heat, some steam
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blanchers follow the heat penetration stage witholling stage that allows the core
temperature of the product to rise without the aaoldiof more stream (Johnson, 2011).
Steam blanching also helps retain colour andav stxidation. However, the

flavour and texture of the fruit is changed.

* Water blanching
Both immersion and deluge water blanching, whethenieved with a rotary,
auger, double draper or belt-conveying system, lmaeething in common: product is
exposed directly to food-grade water, that is tgfhjcranges in temperature from P68
to 212F (7¢°C to 100C) (Johnson, 2011).

» Electric steamers
Electric steaming is probably the best way of btamng. The electric steamer
preserves the nutrients as well as the colourefdbd and eightens the natural flavour
of the product (Chadwick, 1995).
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2 Objectives

This study is focused on literature review and ewcmeg of potential natural
preservatives, which inhibit enzymatic browningfobd. The natural compounds are
selected as potential anti-browning preservativdsch may be used as pretreatments

during hot air and solar drying of food.
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3 Methodology

Bachelor thesis is conceived as a literature revimmused on the collection and
comparison of scientific data. Collecting of thetsa was provided through internet
sources to the extent that they have explanatolyevabout commonly used organic
substances, which inhibit browning effect of foodridg storage and during drying.
Sources of scientific literature were searched amrough Web of Science, Scopus

and Google Scholar. The majority of the scientifierature was in English.
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4 Results and discussion

We have analyzed 33 natural compounds, which arstlynased for their
inhibitory effect on polyphenoloxidase activity, wh causes enzymatic browning in
foods during processing. All of these compoundsehgut at least some inhibitory
effect on polyphenoloxidase activity. It cannot ddearly presented, which of these
substances is the most effective, because it dgpendmore conditions, than those
evaluated in this study such as kind of food, défe methods of application of the
treatment substance and its concentration

However it was found, that the most commonly used also the most effective
natural compounds, which inhibited the polyphenmlage activity include Ascorbic
acid, which demonstrated 100% inhibitory effecthe combination wittBrassicaceae
extract (Altunkaya and Gokmen, 2009). Ascorbic a@dalso very effective in
combination witchRosa canina extract, inhibitory effect in this case was 95%dé&w®co
Zocca et al., 2011). On the other hand, Altunk&gi 1) shown, that effect of Ascorbic
acid acts more as an antioxidant than as an enayhileitor because it reduces the
initial o-quinone formed by the enzyme to the ora@idiphenol before it undergoes
secondary reaction which leads to browning.

Another effective acids are: Citric acid, Kojic @ciCinamic acid, Benzoic acid,
Phytic acid, which also shown 100% inhibitory effem PPO activity in apple juice
(Cheema and Sommerhalter, 2015).

Another organic compound, which proved to be a gwmdubitor, which act as
antioxidant is 4-hexylresorcinol that inhibited yahenoloxidase activity, for example,
in red delicious apple to 12.4% (Hesham A. EisS862.

Marti’'nez-Alvarez (2007) shown, that spraying ofhekylresorcinol based
formulation to prevent enzymatic browning in Norwiapster during chilled storage,
inhibit polyphenoloxidase aktivity to 9%.

Yaguang Luo et al.(2011) described anti browninigatfof calcium ascorbate,
which completely inhibited PPO activity in applacsk, after dipping in treatment

solution for one minute.
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All investigated substances are summarized in taplwhere are shown different
effects depended on used foodstuff, method of egjptin and on the most effective
concentration.

According to the theoretical knowledge about ndtcoanpounds, which have got
inhibitory effect on enzymatic browning we conaudhat some of founded
compounds could be potential alternatives to themercially used treatments such as
sulfites, whose sides effects on human health wenmgy time discussed in the literature.
For example they can cause breathing difficultyhimitminutes after eating a food
containing it, due to allergic reaction (Califorid@partment of Public Health, 2015).
Byatt (2011) stated that sulfites and related camps are powerful inhibitors of
enzymatic browning, but their use is limited sitleey can produce adverse reactions in
a significant proportion of the population. Safel &ffective alternatives to sulfites

could be very useful to the food processing ingustr
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Table 1

Comprehensive overview of organic substances inhiing enzymatic browning

Name of active

Most effective

substance Used foodstuff Method of application . Effect Reference
concentration
Ascorbic Acid Fresh lettuce homogenized in 9 milistilled water 0.50% Temporary inhibition of browwg 1
o dipped in the treatment solution o o
Red delicious apples _ - inhibit PPO activity to 11.4% 6
for 5 min
o dipped in the treatment solution o o
Red delicious apples _ 0.5mg/100ml water inhibit PPO activity to 63.5% 17
for 5 min
) _ dipped in the antioxidant solution _ _ _
Rojo Brilante _ 1.12% effective protection against PPO 2
for 3 min
Potato combined with reaction medium 100f 0.5 g/l AA inhibit PPO activity to 15.6% 7
Apple jucie mixed with crude PPO extract 0.05mM hilrit PPO activity to 14% 14
_ _ _ o 100l DRE and 10Qu S o
+ Dog rose extract Artichokes combined with reactivedium inhibit PPO activity to 5.04% 7
of 0.5 g/l AA
: : : - 100l PGE and _— .
+ Pomegranate Artichokes combined with reactioniomd inhibit PPO activity to 50.13% 7
100ul of 0.5 g/l AA
10 mg LPW /1.0
+ BPW Grape combined with reaction medium ml of DW and 100yl 100% inhibition of PPO 26
of 0.5 g/l AA
Citric Acid Fresh lettuce homogenized in 9 ml ditidied water 0.50% inhibitory effect on PPO adijvi 1
) _ dipped in the antioxidant solution o o
Rojo Brilante _ 0.21% inhibitory effect on PPO activity 2
for 3 min
o dipped in the treatment solution o o
Red delicious apples _ - inhibit PPO activity to 31.2% 6
for 5 min
Apple jucie mixed with crude PPO extract 10mM bihPPO activity to 59% 14



Table 1

Comprehensive overview of organic substances inhiiiig enzymatic browning (Table continuing)

Name of active

Most effective

substance Used foodstuff Method of application . Effect Reference
concentration
Ataulfo mango extract combined with reaction mediu 20mM 100% inhibition of PPO 21
. _ o _ _ o inhibit PPO activity and bleaches
Kojic Acid Amasya apple juice combined with 50 nfljucie 4mM _ 11
melanin

Ataulfo mango extract combined with reaction mediu 20mM 100% inhibition of PPO 21

Cinamic Acid Golden delicious apples added to appe 1mM prevent browning 22
_ _ _ _ ) ) XG powder: 2.5 inhibited PPO activity approx. by
Cinamic Acid+XG Pear slices coated with solution , 19
g/L+CA: 1g/L three times
_ ) _ _ o inhibit PPO activity by chelating
Oxalic Acid Fresh lettuce homogenized in 9 ml aftitied water 0.50% 1
copper
Benzoic Acid Ataulfo mango extract combined withecgon medium 20mM inhibit PPO activity to 44% 21
o ) ) mixed with enzyme extract o o
Salicylic Acid Chinese chestnut _ 0.5¢/L inhibit PPO activity to 46.3% 4
solution
Phytic Acid Apple jucie mixed with crude PPO extrac 0.1mM 100% inhibition of PPO 14
EDTA Ataulfo mango extract combined with reactioadium 20mM inhibit PPO activity to 23% 21
) o dipped in the treatment solution o o
4-hexyl resorcinol Red delicious apples for 5 rmy 0.1 mg/100ml water inhibit PPO activity to 12.4% 17
or 5 min
spraying of 4-hexyl resorcinol o o
Norway Lobster 0.05% inhibit PPO activity to 9% 20

based formulation



Table 1

Comprehensive overview of organic substances inhiiiig enzymatic browning (Table continuing)

Name of active

Most effective

substance Used foodstuff Method of application . Effect Reference
concentration
Apple jucie combined with apple juice 0.35g/L 100%hibition of PPO 25
Acidified Sodium _ _ _ _ _ o
_ Apple slices dipped in the solution for 1 min 300 bt 100% inhibition of PPO 15
Chlorite
Calcium Chlorite Apple slices dipped in the solatfor 1 min 20g & inhibit PPO activity to 21% 15
) o mixed with ChA (1.0mM of final o
N-acetyl cysteine Loquat juice , 0.3mM 100% inhibition of PPO 16
concentration)
_ o dipped in the treatment solution S o
Cysteine L-glucose Red delicious apples for 5 mi 500 mL/100ml Water inhibit PPO activity to 15.5% 17
or 5 min
_ o mixed with ChA (1.0mM of final o o
L-cysteine Loquat juice , 0.3 mM inhibit PPO activity to 20% 16
concentration)
o dipped in the treatment solution o o
Red delicious apples _ 0.5 mg/2100ml Water inhibit PPO activity to 29.4% 17
for 5 min
inhibitor of PPO, but this
Golden delicious apples added to apple jucie 1I¥VB concentration produced undesirable 22
odour and a bleaching effect
, o dipped in the treatment solution o o
Reduced Glutathione Red delicious apples for 5 rmy 0.5mg/100ml Water inhibit PPO activity to 18.2% 17
or 5 min
_ o mixed with ChA (1.0mM of final o o
Glutathione Loquat juice 0.2mM inhibit PPO activity to 25% 16

concentration)



Table 1

Comprehensive overview of organic substances inhiixig enzymatic browning (Table continuing)

Name of active

Most effective

substance Used foodstuff Method of application concentration Effect Reference
Ataulfo mango extract combined with reaction mediu 2mM 100% inhibition of PPO 21
o combined with 0.04% glutathione 100 mL of 0.04% GTS o
Grape juice _ 100% inhibition of PPO 24
solution and 100 mL PPO extract
Calcium Ascorbate Apple slices dipped in solutionX min 20g E? 100% inhibition of PPO 15
Sodium Ascorbate Ataulfo mango extract combinedh weaction medium 2mM 100% inhibition of PPO 21
Allium, Brassica lyophilized vegetable extract inhibited PPO activity up to 15
Avocado pulp _ ) 10g/100g _ _ 5
extracts were added to final concentration days of refrigeration
Grape seeds extract Fresh lettuce combined wittiogamedium 0.75mg/L inhibit PPO activity to 50% 8
heated GLE combined with o o
Grape leaves extract Fresh lettuce ) _ 90mg/mL inhibit PPO activity to 45% 9
reaction medium
Onion extract Taro dipped in heated onion extract Amg/L inhibit PPO activity to 46.2% 12
_ added to 2g of homogenate and 3 _ o
Honey White cabbage o 60g/L reduced browning activity to 31% 10
ml of distilled water
PFH Apple jucie combined with juice 3.5¢/L inhiBIPO activity to 14.5% 25
_ _ dipped in 1% phytoncide inhibiting effect against PPO and
Oil from pine leaves Fresh lettuce S _ - o 13
essential oil diluted with ethanol POD activity
Whey protein added to 3g of homogenate and 9 S o
Fresh lettuce 28mg/L inhibit PPO activity to 40% 18

concentrate

ml of distilled water



Table 1

Comprehensive overview of organic substances inhiiiig enzymatic browning (Table continuing)

Name of active Most effective

substance Used foodstuff Method of application concentration Effect Reference

Arginine+GLC Apple pureé added to 10g of homogenate 1mL inhibit PPO activity to 25% 23
Potato cubes dipped in solution 1mL inhibit PROvity to 49% 23

Histidine+GLC Apple pureé added to 10g of homogenat 1mL inhibit PPO activity to 48% 23
Potato cubes dipped in solution 1mL inhibit PROvaty to 47% 23

Note: EO: eectrolyzed, DW: Distilled water, PPO: popyphenol oxidase, GLE: grape leaves extract, DRE: Dog rose extract, PGE: Pomegranate extract,
ChA: Chlorogenic Acid, XG: Xanthan gum, CA: Cinamic Acid, EDTA: Ethylenediaminetetraacetic acid, GLC: Glucose, PFH: Palo fierro honey extract,
(L)BPW: (lyophilized) Brassicacaea processing water, mM: millimolar (10 mol/dm3), L™= L

(1) Altunkaya and Gékmen, 2009; (2) Ghidelli et 8D13; (3) Rojas et al., 2008; (4) Zhou et al12(05) Bustos et al.,2005; (6) Kim and Hung, 2014
(7) Zocca et al., 2011; (8) Altunkaya and Gokmebil2 (9) Altunkaya, 2014; (10) Nyawali et al., 20{51) lyidogan and Bayindirli, 2004; (12) Lee,
2007; (13) Kim et al., 2014; (14) Du et al., (201@%) Luo et al., 2011; (16) Ding et al., 20027 Eissa et al., 2006; (18) Altunkaya, 2011; (1Bai®na
and Rao, 2014; (20) Alvarez et al., 2007; (21)&ha and Sommerhalter, 2015; (22) Ozoglu and Bayin2002; (23) Mogol et al., 2010; (24) Wu,
2014; (25) Rosa et al., 2011; (26) Zocca et all020



5 Conclusion

Enzymatic browning is a significant problem durfiogd processing. Many scientists deals
with finding the most suitable natural substancat ttan inhibit popyphenoloxidase activity,
which cause enzymatic browning.

The aim of this thesis was to present a comprehermsierview of natural preservatives,
which inhibit enzymatic browning effect during sige. Thirty-three compounds have been
found and summarized in this thesis.

According to comparison of all founded natural connpds, we are in agreement with the
majority of published studies, that ascorbic agdthe most effective antibrowning agent,
especially in combination with some other natumahpounds. Also citric and kojic acid showed
very good results in inhibition of enzymatic browgi

We suppose, that natural compounds, whose effamstgenzymatic browning were proved
during storage and which are summarized in theeldphave got some potential to be used in
drying industry, where they can be used as prenreats of dryed products during hot-air
drying and solar drying.

Due to our literature research, we can state teaetis no similar summary of antibrowning

agents as in this thesis. That is why more studiessed on this issue are needed.

33



References

Aaltunkaya A, Gokmen V. 2011. PPO, POD and LOX frosttuce. Food Technol. Biotechnol.
49: 249-256.

Abano EE, Sam-Amoah LK. 2011. Effects of differpregtreatments on drying characteristics of
banana slives. ARPN Journal of Engineering and ikddbciences 6: 121-129.

Belessiotis V, Delyannis E. 2011. Solar drying.eé8d&nergy 85: 1663691.

Brandon G. 2012. An Indepth look at the freezemdyyrocess and its origins. Available
at http://www.thereadystore.com/food-and-waterager2813/an-in-depth-look-at-
freeze-drying-the-origins-and-process/: AccessekbAMB-12.

Byatt J. 2011. New Class of Compounds for Inhilgittnzymatic Browning of Food Products.
Available at http://apps.research.ufl.edu/otl/pafrketing/12693.pdf: Accessed 2015-
04-05.

California Department of Public Health. 2015. Fe@odl Drug Branch. Avaliable at
http://www.cdph.ca.gov/pubsforms/Guidelines/Docuts#db%20Sulfites.pdf:
Accessed 2015-04-1.

Chadwick J. 1995. The Busy Persons Guide to PriegpRood: Easy Step-by-Step Instructions
for Freezing, Drying, and Canning. Food preservali224-232.

Chong CH, Law CL, Figiel A, Wojdyto A, Oziembtowsk. 2013. Colour, phenolic content and
antioxidant capacity of some fruits dehydrated lepmbination of different methods.
Food Chemistry 141: 3889-3896.

Ciurzynska A, Lenart A. 2011. Freeze drying: ApplicatiarFood Processing and
Biotechnology. Pol. J. Food Nutr. Sci. 61: 171-174.

De Guzman CC, Siemonsma JS. 1999. Plant Resour&sath-East Asia. Leiden: Backhuys
Publishers, 400p.

Ekechukwu OV, Norton B. 1999. Review of setarergy drying systems |. an overview of
drying principles and theory. Energy Conversion Brahagement 40: 593-613.

Ezekwe CI, 1981. Crop drying with solar air heatarsopical Nigeria, ISES, Solar World
Forum: 997-1005.

Food and Agriculture Organization. 2015. FAOSTATatlase. Available at
http://faostat.fao.org/default.aspx: Accessed 20324.

34



He Q, Yaguang L, Pei C. 2008. Elucidation of thehamism of enzymatic browning inhibition.
Food Chemistry 110: 847-851.

Heindl A. 2000. Solar drying of medicinal and ardimmalants. Zeitschrift fur Arznei- &
Gewurzpflanzen 5: 80-88.

Hughes BR, Oates M. 2011. Performance investigati@npassive solaassisted kiln in the
United Kingdom, Solar Energy 85: 143498.

Imre L. 2007. Solar drying. Mujumdar AS editor.Hiandbook of industrial drying. Florida:
CRC Press, 1280p.

lyengar R. 1992. Anti-browning agents: alternatiteethe use of sulfites in foods. Opta Food
Ingredients: 60-63

Johnson S. 2011. Steam blanching vs water blancBiost, efficiency and product quality.
Walla Walla: Key Technology Inc, 7p.

Jon CK, Kiang, CS. 2007. Food Dehydration and Dmpiely Countries. Food Drying Science
and Technology: 67.

Jose KP, Joy CM. 2004. Solar tunnel drying of ttimm@Curcuma longa linn. syn. C. domestica
val.) for quality improvement. Journal of Food R¥ssing and Preservation 33: 121-
135.

Kudra T, Mujumdar AS. 2009. Advanced Drying Teclogiés. US: CRC Press, 483p.

Leon MA, Kumar S, Bhattacharya SC. 2002. A compnehe procedure for performance
evaluation of solar food dryers. Renewable and&tusble Energy Reviews 6:
367-393.

Mahajan PV. 2014. Postharvest treatments of frestiyzce. Philos Trans A Math Phys Eng
Sci. Available at http://www.ncbi.nlm.nih.gov/pubdi24797137: Accessed 2015-02-
09.

Manzocco L, Calligaris S, Mastrocola D, Nicoli MCegrici CR. 2001. Review of non-
enzymatic browning and antioxidant capacity in pssed foods Trends in Food
Science and Technology 11: 340—-346.

Marshall MR, Jeongmok K, Cheng W. 2000. EnzymatiovBing in Fruits, Vegetables and
Seafoods.Available at http://minnie.uab.es/~vel@@b4/Enzymatic%20Browning.htm:
Accesssed 2015-03-18.

Martinez MV, Whitaker JR. 1995. The biochemistrglawontrol of enzymatic browning. Trends
Food Sci. Technol. 6: 195-200.

35



Mujumdar AS. 2007. Handbook of industrial dryindgS{UCRC Press, 710p.

Murthy MVR. 2006. A review of new technologies, netgland experimental investigations of
solar driers. Renewable and Sustainable EnergyelRevi3: 835-844.

Nerya O., Musa R, Khatib S, Tamir S, Vaya J. 2@8ytochemistry 65: 1389-1393.

Nicoli MC, Anese M, Parpinel M.1999. Influencembcessing on the antioxidant properties of
fruit and vegetables. Trends in Food Science & Tetdgy 10: 94—100.

Passos ML, Ribeiro CP. 2009. Innovation in Foodig®gring: New Techniques and Products.
US: CRC Press, 747p.

Prvulovic S, Tolmac D. 2007. Convection drying e food industry. International Commission
of Agricultural Engineering: 1682-1130.

Queiroz C, Mendes Lopes ML, Fialho E, Valente-MetsguL. 2008. Polyphenol Oxidase:
Characteristics and Mechanisms of Browning Confobd Reviews International 24:
361 - 375

Rahman MS. 1999. Handbook of Food Preservation. Xesk: CRC Press, 1088p.

Sharma A, Chen CR, Lan NV. 2009. Sedgrergy drying systems: A review, Renewable and
Sustainable Energy Reviews 13: 11BAL0.

Simpson WT. 1987. Vacuum drying northern red oakeBt products journal 37: 35-38.

Szulmayer W. 1991. From Sun-Drying to Solar Dehigdral and II. Food Technology in
Australia: 440-501.

Tiwari RB. 2005. Application of osmo-air dehydratitor processing of tropical fruits in rural
areas. Indian Food Ind 24:62—-69.

Van't Land CM. 1991. Industrial Drying Equipmenglé&ction and Application. New York:
Marcel Dekker, 362p.

Vega-Galvez A, Ah-Hen K, Chacana M, Vergara J.12Eiffect of temperature and air velocity
on drying kinetics, antioxidant capacity, total pbkc content, color, texture and
microstructure of apple (var. Granny Smith) slidesod Chemistry 132: 51-59.

Visavale GL. 2012. Principles, Classification aredeStion of Solar Dryers. Solar drying:
Fundamentals, Applications and Innovations: 1-50.

Weiss W, Buchinger J.2003. Solar drying: establishinof a production, sales and consulting
infrastructure for solar thermal plants in Zimbabwegailabla at http://www.aee-
intec.at/Ouploads/dateien553.pdf: Accessed 20186)2-

36



World bank. 2015. World Bank Data.Available at:
http://data.worldbank.org/indicator/NV.AGR.TOTL.Z8Untries/1W-XL-ZF-4E-7E-
XJ-XQ?display=graph: Accessed 2015-02-10

37



