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ABSTRACT

This study was to investigate the impact of artificial drying on the quality
of Turkish hazelnuts by using a horizontal cylindrical type dryer. The ha
zelnut samplesweredried in agitated heated air with aswirl flow in contrast
to the conventional drying method. Drying characteristics of the hazelnuts
were described as being in the range of 40-55 °C air temperature with con-
stant of dry air velocity 1.0 m/s. Specifying the artificial drying conditions
for freshly reaped hazelnut, which has an initial high moisture content
ratio, and experimentally researching the effects of drying conditions for
hazel nuts were the main objectives of the study. The optimum conditions
for drying fresh hazelnutsin an artificial dryer were determined as having
maximum moisture content (5-6%) to facilitate long-term storage. There-
sults showed that anormal drying time followed by hot air drying with the
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shortest drying time to be measured as a 10.5 hours.
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INTRODUCTION

Turkey isthe one of the main hazelnut (Corylus
avellenal..) producersof theworld—followed by Italy,
the USA and Spain — with about 600.000 tons pro-
duction per year; 80-90% of this production is ex-
ported. Hazel nutsare an important export of Turkey to
theworld market, and are marketed asnatural and pro-
cessed kernds. Thetotd export revenueof Turkey from
hazel nutsand hazelnut productsisabout two billionUS
Dollarsannually. Inthetraditional drying method, ha:
zelnutshave an average humidity ratio of 25-30% after
dispelling. Newly reaped hazelnuts are spread out asa
thin 3-5cm thick layer over aconcretefloor under the
sunfor 2-3 days at an average temperature of 25-32
°C. histraditional and ssmpledrying method doesn’t

protct the product from dust, unexpectedrain, dirt and
damage from insectsand microorganisms. During the
traditiona drying process, unpleasant odours, colours
and flavourscan beformed ashazel nuts may undergo
undesirablereactionsthat degrade quality. For these
reasons, atificid hazel nut dryingisthecurrent preferred
method*9. During summer months; weather conditions
areusudly cloudy andrainly, sothat drying of hazenuts
on the concrete surfaces to reduce the moisture con-
tent to 5-6% for long term storageis not sufficiently
achieved at the hazelnut production region. Hazel nut to
be stored for about 6 months or longer should usualy
be dried to the moistureratio of 5-6 %104
Asiswell known, thedrying processwasthefirst
technique of food preservation used by human be-
ings. Dryingsmall grainsisanimportant industrial ac-
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tivity inthefield of drying of raw food material*213,
Dehydration of vegetables and other food crops by
thetraditional method of open-air dryingisunsatis-
factory, as products can easily becomeinfected with
bacteriaand contaminated by insects, and can dete-
rioraterapidly in the ambient conditions of high tem-
peraturesand humidity of the storage area. Dehydra-
tion or drying operations areimportant stepsin stor-
age and processing of grains. Drying of foodstuffs
dependson the heat and masstransfer characteristics
of the product being dried. Dataon the temperature
and moisturedistribution in the product isvital for
equipment and processdesign, and for quality control
methods chosen for appropriate storage and handling
practiced151¢. Almost all of thedrying of thegrain
and nut products occursin environmentsat which the
dryingrateismainly controlled by interna diffusion of
moisture. Theeffect of air velocity onthedrying rate
isasignificant factor when aboveacritica vaue. Criti-
cal air velocity, at which thedesired drying rateis
achieved, isgiven as0.102 m/s graing/17-19,

It can be seen from Figure 1 that drying of grains
exhibitsafaling moisturerate and constant rate peri-
odswhoserel ative magnitudes depend on the system
conditions. Inthe congtant rate periods, thedrying rate
can be enhanced by an increasein temperature. The
presence of the constant rate period providesindica-
tionsasto whether the dehumidifyingislimited to ex-
ternd diffusion, or thediffusion of moisturethrough the
layer at thesurface. Theinfluenceof temperaureisrda
tively smdl inthediffus on-controlled process, whileits
effectisdightly higher intheexternd diffuson-controlled
process. Thesuperficid velocity of thedryingmedium
influencestherate of drying only when externa diffu-
sion on the surface of the solid particleisadominant

—&—Falling rate period
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Figurel: Dryingtimeversusfreemoisture(7)
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factor inthedrying process. During conventiona hest-
ing, heat transfer islimited to theinner sectionsof food
because of thelow thermal conductivity of food mate-
rial. Basicaly, solid foods are porous hygroscopic ma
teridsinwhichmoistureisheld a higher bound srengths
as moisture content decreases® 21314, For thedrying
process, the energy ba ance between water and drying
arisgivenasEquation 1. Inthisequation, m andm,
denote massflow rates of water evaporated from the
sampleand water absorbed by drying air, respectively.
T.istheinitid temperaturesand T, isfina temperatures
of thedrying air, respectively. L isthelatent heat of
vaporization for water at 55 °C and C isthe specific
heet of air.

m, L=mC(T-T)

Lower temperaturesrequirelonger drying times,
and theoptimal drying air temperature recommended
is between 40-55 °C for hazelnuts. The upper tem-
peraturelimit of 55°C isrecommended for drying ha-
zelnuts. Drying at higher temperatures causesthe deg-
radation of hazelnut quality duetoincreased enzymatic
inactivationf>41129_ |n recent years, researchershave
started focusing on different grain drying theoriesand
techniques. Boyce proposed a stationary bed model
andinthismodel, adeep bed of grainisrepresented as
athin layer for the devel opment of asemi-empirical
graindryingmodd. Two adjacent thinlayersare coupled
through thebulk flow of air over thecontrol volumein
the deep bed!.

Brooker presented thetheoretical non-equilibrium
grain drying model for a stationary deep bed under
cross, concurrent and counter-flow drying conditions.
Mixed flow dryers have been recently devel oped. In
mixed flow dryers, theflow directionof grainand airis
acombination of counter-flow, cross-flow and concur-
rent flow?2, Bakker et al, who reported aset of grain
drying model sand itssimulationin stationary and mov-
ing bedsof grain, devel oped atheoretica non-equilib-
rium moded®!, Srivastavaand John reported about the
modeling of deep bed drying of grainsunder unsteady-
dateconditions, smulaing of variation of moisture, grain
temperature and air temperaturealong thebed??. The
fluidized bed drying of hazel nutswasimplemented and
amathematicd modd for thesmulationof Smultaneoudy
variableheat and masstransfer in afluidized bed drying
was devel oped, by Topuz et a, who reported agood
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agreement between thenumerical and experimental re-
sultsobserved™, Akpinar tested some cropsusing the
connective cyclonedryer at air temperaturesof 60, 70
and80°C, and air velocitiesof 1.0-1.5 m/s%.

CONSTRUCTION OF EXPERIMENTAL
SYSTEMSAND METHODS

Therotary, horizonta and cylindricd artificia dryer
was developed at the Erzincan University, Department
of Mechanica Engineering’s technology laboratory. Fig-
ure 2 showsagenera view of thedryer which consists
of anair heater, acentrifugal fanfor generatinganair
flow, drying chamber, hazel nut entry and exit channdls.
Thedrying chamber hasahorizonta cylindrical shape.
Dimensions of thedrying chamber are 560 mmindi-
ameter, 2500 mmin length, with acapacity of 100 kg.
Theair heater system consistsof eight strip electric dl-
ementshaving atota power of 8kW. Theair flow rate
isadjusted and flowsinto the system by means of a
centrifugal blower. During the experiments, thedrying
cylinder wasrotated at 4 rpm by meansof an electric
motor. In the measurement of temperatures, K type
copper-constant thermocouples were used with 12
channels. Thebest qudity hazelnut cultivarisgrownin
the Giresun region of Turkey, thereforethe Giresun va-
riety was used in this study. Fresh hazel nut was har-
vested and pre-sun drying was conducted to remove

2 Flowmeter
3 Adr blower
4 Heater swich
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the outer covering. Hazel nut used in the study wasap-
proximately spherica. Themoisture content at the start
of each experiment was approximately measured as
being in the range of 28.2 % on adry basis. Before
placingthesamplesinthedrying unit, thesysemranfor
at least 1 hour, to provide optimum drying conditions.
Inthisstudy, air velocity was kept constant at 1.0 m/s
throughout the experiments, in order not to influence
thedryingrateby air velocity. Air velocity was mea-
sured with aTesto 400 air anemometer at theinlet of
the heater unit. During theexperiments, adatarecorder
recorded air temperatures, drying air velocity and the
atmospheric conditionsautomaticaly at 5-minuteinter-
vas. Drying temperatureswere selected at 40, 45, 50,
55°C. At theend of each drying process, 3kg samples
weretaken and put into sealed plastic bags, and kept in
storage at 0 °C until the quality parameters could be
measured. After each drying experiment, themoisture
content of hazel nut samples on awet basiswas mea
sured. Thedryingtimefor achieving thedesired mois-
ture content of 5-6% on thewet bas swas significantly
reduced. Drying temperatureswerevery closeto the
temperatures used in moi sture content determination,
inwhich samplesweredried at 105°C inthedrying
oven (ELE Int. Limited, England model S91-028) by
standard methods (T SE 1978). Moisturelosswas mea-
sured by using adigita baance(Sartoriusmodde M Cl-
Laboratory LC220S, Germany) with ameasurement
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Figure?2: Schematic diagram of experimental system.
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range of 0- 4000 g and an accuracy of 0.01g. Ineach
experiment, the moisture content asapercentagefor
each ground sampleof 5 gramswasdetermined by us-
ingadryingovenat 105 °C. During thedrying process,
moisturelosswas measured at 30-minuteintervalsin
order to determinethedrying curves. Equation 2 was
used inthecal culation of moisture content. Inthisequa:
tion, misthe moisture content percent of the samples,
M, and M, denotetheinitia andfina weights(g) of the
sample plussampleplate, respectively, whileM  isthe
weight(g) of theempty sample platg91324,

= MxlOO

1 0

RESULTSAND DISCUSSION

At thebeginning of the drying experiments, hazel -
nuts initial moisture content was determined to be
28.2%, and after the drying process, the moi sture con-
tent was measured at 5-6%. In thisstudy, thefollowing
variationswereconsideredin detall.

Drying characteristicsof hazelnuts

Four groupsof hazel nut sampleswiththe sameini-
tial moisture content weredried inthedrying cylinder
and datawas obtained on their drying characteristics.
When the moisturevalueswereused in plotting of the
drying curves, it was observed that dryingtimewasan
independent variable and percent moi sture content was
adependent variable. Another result that camefrom
theexperimentsisthat thedryingtimeto reach thede-
sired moisture content of 5-6% ismoreinfluenced by
drying air temperatureintheartificia dryer systemin
comparison to the conventiona drying method. Figure
3and Figure4 show theartificid drying characteristics
of Giresunhigh qudity hazelnut. Drying processeswere
varied between 40, 45, 50, 55°C, and acomparison of
the observed significant differenceswas made. Figure
3 showstheeffect of increasingdrying air temperature
on thefresh hazel nuts during drying process and the
variaionsof moisture content during dryingtimeat dry-
ing temperaturesof 40, 45, 50, 55 °C. Thedryingtime
was varied to achieve moisture content 5-6%, and this
wassignificantly influenced by thedrying air tempera-
ture. Drying time decreased exponentialy with thein-
creaseof air temperatureand ahigher drying tempera
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tureresulted inahigher drying ratewith decreased dry-
ingtime periods. During the experiments, inthefirst 30
min of drying, themoisturewasvaried from 28.2%to
26.1%, 26.7, %, 27.3 %, 27.5% at air temperatures of
55, 50, 45, 40 °C respectively. At 55 °C air tempera-
ture, theinitial moisture content of samplesof newly
harvested hazel nut wasreduced from 30%1t0 5.6%in
adrying time of 10.5 hours, in three other samples,
initial moisture content was reduced to 7.4%, 10.1%,
and 12.9% respectively over the samedrying time pe-
riod. At air temperatures 55, 50, 45 and 40 °C respec-
tively, and aconstant air velocity (1m/s), theaverage
drying timesdetermined to reducetheinitia moisture
content of 28.2%to 5-6% moisture content were 10.5,
13.5,17 and 19.5 hoursrespectively. Theartificia dry-
ing characteristicsof Giresun qudity hazel nut, with dif-
ferent humidity content showed that thehigher thetem-
perature used, thelesswasthedrying time required.
Thereisaninverserelationship between air tempera-
tureand dryingtime; anincreaseindrying air tempera-
tureresulted in adecreaseinthedryingtime.

Figure4 showsthe effect of increasing drying air
temperatureonthe haze nut shellsduring thedrying pro-
cess, and the variations of moi sture content during dry-
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ing timeat drying temperatures of 40, 45, 50, 55 °C.
Although hazelnut initial moisture contentswerethe
same, the hazel nut shell moi sture contentswerefound
to bedifferent at the beginning of thedrying process;
shdl moisture content measured differently from hazel -
nuts moi sture content a thebeginning of thedrying pro-
cess. Thereasons can explain the effect of fast drying
andthedryingair effect directly with hazelnut shell sur-
face. It was observed that changesin the moisture of
shells, like hazel nuts moi sture changes, depended on
drying temperatures, and drying timesreduced at high
temperatures.

Quality evaluation

Inthisstudy, hazel nut quality waseva uated accord-
ing to colour, taste and smell by selected tastetest as-
sessors. Theother factors evaluated wereacid levels,
anisdinevalueand oil content. The smell and taste of
hazelnut hot effect isdeterioration during thedrying pro-
cess but isdrawn to the surface of hazelnut shell was
observed. Hazelnut quality ismainly based on mois-
ture content and gppearance and these criteriaare till
used in domestic and internationa markets. Hazel nut
with moisture content of 5-6 percent and of awhite
color iseasily marketed. But hazel nut of a scorched,
burned, sooty, moldy appearance, and withhighmois-
ture content, issold at discounted prices. Samplesdried
nutswereanayzed in Sagrahazelnut plant aboratory
which thebest industrial production of hazelnut pro-
ng. Officid and chemical laboratory drying anay-
sisresults of the four hazelnut samplesaregivenin
TABLE 1. Thereareno significant differencesamong
the hazel nut samplevarietiesfrom the point of view of
moisture content (M C<5-6 %). Closdly with theartifi-
cia drying hazelnut values asmoisture, freeacid and
peroxideweresimilar for compared to natural drying
hazelnut quality. Concealed damageinthe hazelnutsis
defined by theindustry asthe browning of kerndl inte-
rior after moderating to high heat processing such as

TABLE 1: Dryinganalyzereport (27).
1st 2nd 3rd 4th

Results Sample Sample Sample Sample
M oi sture content 4.5% 4.4% 4.3% 4.1%
Freeacid (dleicAcid) 0.09% 0.09% 0.09% 0.09%
Peroxide 0 meg/kg 0 meg/kg O meg/kg O meg/kg

Induction Time 22 hrs 22 hrs 22 hrs 22 hrs

—=> [y|| Paper

drying, roasting and cooking. The concealed damage
disorder isapparently initiated when kernelsare ex-
posed toawarm and moist environment. Hazel nutsmost
likely experiencethe concealed damagewhenit rains
during harvest and pre-drying periods.

CONCLUSION

Theresultsof theartificid drying processfor newly
harvested hazelnuts covered in thisstudy are given be-
low.

Research was carried out on the effect of initial
moisture content, drying time (period), qudity of hazel-
nuts, moisture content, drying characteristicsof thear-
tificd dryer.

At the beginning of thedrying process, thedrying
rate was very high dueto the high moisture content of
hazel nuts, and this decreases with the evaporation of
surface moi sturetowardsthe end of thedryingtime.

Experimental study hasbeen shown that hazelnuts
exposed to high temperature for along time may be
oxidized. Itisobserved that amaximum drying tem-
perature of 55°Cisoptimal for Turkish haze nutsbased
ondrying.

Theresultsof chemicd |aboratory andysisaregiven
inTABLE 1. Thereare no differencesamong the ha-
zelnut samplevarietiesfromthepoint of view of mois-
ture content (M C 5-6 %).

Air temperatureand dry air velocity arevery im-
portant for ensuring the desired quality characteristics
of the hazelnut. At the constant air speed, when the
dryingtemperatureishigher, dryingtimeisshorter. The
conventional open-air drying processtook nearly three
timeslonger incomparisontotheartificia drying.

Drying process of hazelnut occurred inthefalling
rate period.

Using a pre-drying process or a graded drying,
energy consumption can bereduced.

NOMENCLATURE

Themassflow rate of evaporated water
Massflow rateof air

Initial temperatureof dryingair

Final temperatureof dryingair
Thelatent heet
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Specific heat capacity of air.

Fina or equilibrium moisture content

Initid mass of the as-received sampl es.
Samplesmoisture content %

Theinitid weight of samplesplussampleplate
Thefina weight of samplesplussampleplate
Theweight of empty sampleplate

—

NP

3550

o
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