ADAU-nun ELMI OSORLORI

ISSN 2310-4104 E-ISSN 2790-5799
10.30546/2790-5799.4.2025.4017

MOISTURE LOSS DYNAMICS IN HAZELNUTS UNDER SUN AND SHADE
CONDITIONS
Ayhan Hadis oglu Ahmadov!

SUMMARY

The purpose of the research - The research aimed to investigate the dynamics of moisture loss in hazelnuts
under different drying conditions. The goal was to compare the effectiveness of sun and shade drying and to
analyze how different genotypes, including the local ‘Ata-baba’ cultivar, respond to these treatments.
The methodology of the research - Hazelnut samples (‘Ata-baba’ and two genotypes) were collected from
orchards in Lekit village, Gakh district of Azerbaijan. Drying treatments were arranged so that genotype 1 was
dried only in shade, genotype 2 only in sunlight, and ‘Ata-baba’ under both conditions. Nuts were weighed
individually twice daily until a constant weight was achieved, and percentage moisture loss was calculated.
The practical importance of the research - The study provides practical recommendations for hazelnut
producers to choose effective drying methods that minimize biochemical deterioration and preserve kernel
quality.
The results of the research - Sun drying was significantly more effective, with nuts reaching constant weight
within 5-6 days, while shade drying required longer. Total moisture reduction ranged from 19.33% in genotype
1 (shade) to 27.94% in ‘Ata-baba’ (sun). Initial drying rates were also higher under sun conditions, highlighting
both environmental and genetic influences.
The scientific novelty of research - This is the first comparative study in Azerbaijan that systematically
evaluates the combined effect of drying conditions and genotype on hazelnut moisture loss.
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Introduction

Drying is one of the oldest processing methods and involves the evaporation of both
free and bound water from moist material (Karam, 2016; Turan and Islam, 2019).

Despite the development of numerous preservation techniques in recent years in line
with technological progress, drying continues to be one of the most widely applied and
preferred methods, as it effectively lowers the moisture content of foods to levels that inhibit
microbial growth and spoilage (Kose, 2018).

As one of the main quality indicators, the moisture content of hazelnut fruits must be
below 12% in the whole nut and below 6% in the kernel. At harvest time, the moisture
content of ripe fruits that have fallen to the ground ranges between 16-30%. In rainy months,
this amount is even higher (Sirin, 2004; Solar and Solar, 2016). Since moisture distribution in
the raw material greatly affects the roasting process (Fontana, 2014), having moisture spread
evenly can be viewed as a desirable quality characteristic (Vrtodusi¢ 2022).

It is well understood that when the moisture level is high, it creates favorable conditions
for the growth of micro-fungi. These fungi release enzymes that break down carbohydrates
into their basic building units. High moisture can also cause lipids to undergo hydrolysis,
leading to the formation of free fatty acids. In nuts, such chemical changes often cause the
product to develop a bitter flavor, which is undesirable for consumers and can negatively
affect different industrial uses of the nuts (Silvestri, 2021).

In an experiment, mold developed least when the nuts were incubated in dry conditions
— either placed on wire screens or on dry soil. The greatest mold growth occurred on nuts kept
on moist soil, showing a significantly higher incidence compared to those on air-dried soil or
wire screens. When humidity was high but the nuts were not in direct contact with moisture,
those placed on wire screens showed noticeably more mold than nuts kept in completely dry
environments (Pscheidt, 2019).
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When hazelnuts are kept at high moisture levels and elevated temperatures, they can
quickly become rancid. Researchers have identified more than 100 different mould species on
hazelnuts, and some of them can produce harmful toxins under certain conditions. Two
species of particular importance are Aspergillus flavus and Aspergillus parasiticus, both of
which are capable of producing aflatoxins — highly toxic compounds. Aflatoxins are the most
common toxins found in hazelnuts. They usually form when mould grows on the nuts in the
field, but their levels can continue to rise during storage (Kibar and Oztiirk, 2009).

There are two forms of drying: natural and artificial. Natural drying is carried out using
sunlight and is economically efficient; however, depending on environmental conditions, the
duration and rate of drying may vary (Maisnam, 2017). Among sun-drying techniques, drying
hazelnuts on concrete ground is recognized as more effective than using grass surfaces
(Turan, 2018).

Maintaining market supply with superior products remains a critical necessity (Kaya,
2011). For lipid-rich commaodities, the speed of drying plays a decisive role in maintaining
postharvest quality. Hazelnuts are particularly sensitive, as any delay in moisture reduction
after husk removal increases the risk of biochemical changes. To preserve quality, the kernels
must be dried rapidly to a safe threshold of less than 6% moisture. Extended drying periods,
especially under direct solar exposure, accelerate lipid hydrolysis, resulting in elevated free
fatty acid levels and subsequent product deterioration (Wang, 2018; Turan and Islam, 2019).

The primary purpose of this research was to compare the efficiency of sun and shade

drying methods in reducing moisture content of hazelnuts and to evaluate how different
genotypes respond to these treatments. Since drying directly affects lipid stability, free fatty
acid development, and overall kernel quality, understanding the dynamics of moisture loss
under varying conditions is essential for improving postharvest practices. By quantifying
moisture reduction rates across environments and cultivars, this study aims to identify the
most suitable drying approach for hazelnut production in Azerbaijan, thereby supporting both
quality preservation and market competitiveness.
Materials and methods. The study was initiated on 20 August, with samples collected in
their husks from three different orchards located in Lekit village, Gakh district of Azerbaijan.
The material comprised the ‘Ata-baba’ cultivar along with two distinct genotypes. Drying
treatments were arranged as follows: genotype 1 was dried only under shaded indoor
conditions, genotype 2 was dried only under direct sunlight, while the ‘Ata-baba’ cultivar was
subjected to both treatments.

For each case, 20 hazelnuts were selected; 10 were subjected to the respective drying
condition, while the remaining 10 were reserved for comparison. In the sunlight treatment,
nuts were placed on a concrete surface, and each nut was weighed individually twice daily
using a precision balance with an accuracy of 0.01 g. The same procedure was applied in the
shaded treatment, where nuts were placed on a dry wooden surface under room conditions.
The sun-dried samples were transferred indoors during the night and returned outdoors during
the day.

In both drying environments, the process was continued until a constant weight was achieved.
Moisture content reduction (%) was calculated using the following formula:
Weight Loss (%) = w x 100
1
where W; is the initial weight and W; is the weight at a given time.

The air temperature ranged between 20-32 °C (Graph 1). During the day, the relative

humidity was 40-45%.
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Graph 1. Temperature conditions during drying
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Results and discussion. The study revealed that moisture loss varied both by drying
environment and by genotype. For example, genotype 2, which was dried exclusively under
sunlight, initially lost 6% moisture while in shade prior to treatment, but subsequently
exhibited a further 12% reduction in moisture after 8 hours of direct sun exposure. In contrast,

the ‘Ata-baba’ cultivar, dried directly under sunlight from the outset, lost only 7% moisture
over the same 8-hour period.

Graph 2. Dynamics of moisture loss in genotypes under sun and shade drying
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Graph 3. Moisture reduction in Ata-baba cultivar across drying methods
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Drying curves of Ata-baba hazelnuts in grams under sun and
shade conditions
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Genotype 1, which was dried solely in shaded indoor conditions, exhibited its greatest
moisture loss during the first day, particularly at night. This effect may be explained by the
accumulation of daytime heat indoors. Thereafter, the rate of moisture loss gradually
decreased, stabilizing from the fifth day onward. A similar stabilization trend was observed in
the sun-dried treatments (genotype 2 and ‘Ata-baba’), which reached constant weight on the
5th—6th days.

The rate of moisture loss was highest during the initial stages of drying and varied with
treatment conditions. On the first day, the rate of moisture reduction was 0.62%/hour for
genotype 1 (shade), 0.24%/hour for ‘Ata-baba’ (shade), 1.45%/hour for genotype 2 (sunlight),
and 1.39%/hour for ‘Ata-baba’ (sunlight).

Overall, by the end of the 5th-6th days, the total moisture loss amounted to 19.33% for
genotype 1 (shade), 24.68% for ‘Ata-baba’ (shade), 27.34% for genotype 2 (sunlight), and
27.94% for ‘Ata-baba’ (sunlight).
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FINDIGIN GUNOS VO KOLGO SORAITINDO NOMLIK iTKiSININ DINAMIKASI

XULASO9

Tadgiqatin magsadi - Todgigatin magsadi findigin miixtalif qurudulma soraitinds nomlik itkisinin dinamikasini
dyranmokdir. Burada giines va kélgods qurudulma tisullarmim effektivliyi miiqayise olunmus vo yerli “Ata-baba”
sortu ilo yanagt miixtalif genotiplorin nomlik itkisi dinamikasi aragdirilmigdir.
Tadgiqatin metodologiyas1 - Nimunoalor Qax rayonunun Loakit kendinds yerlogon baglardan gétiirtilmiisdiir.
Genotip 1 yalniz kolgads, genotip 2 yalniz glinagds, “Ata-baba” isa hor iki soraitde qurudulmusdur. Findiglar
glin arzindas iki dofs ayrica gokilmis, sabit ¢oki alda olunana gadoar proses davam etdirilmis va namlik itkisi faizlo
hesablanmigdir.
Tadgiqatin tadbiqi shamiyyati - Tadqiqatin naticalori istehsalgilara findigin keyfiyyatini qorumag, biokimysvi
dayisikliklorin gargisini almaq va itkilori minimuma endirmok Uclin diizgin qurudulma dsulunun segilmosinda
praktik tévsiyalor verir.
Tadgiqatin naticalari - Ginasdo qurudulan nimunslar 5-6 glin arzinds sabit ¢okiys ¢atmis, kolgads isa proses
daha uzun cokmigdir. Nomlik itkisi 19,33% (genotip 1, kolge) ilo 27,94% (“Ata-baba”, giinog) arasinda
doyismisdir. Ilkin quruma siirati giinesds daha yiiksok olmusdur ki, bu da miihit vo genotip amillarinin tosirini
gostorir.
Toadgiqatin elmi yeniliyi - Azorbaycanda ilk dafs olaraq findiglarin qurudulma soraiti va genotip amilinin
nomlik itkisins tosiri sistemli sokildo miigayiso edilmisdir.

Acar sozlar: Findig, Nomlik itkisi, Qurudulma Usullari, Ata-Baba sortu, Genotiplor

JAUHAMMUMKA TIOTEPHU BJIATH Y ®YHAYKA IIPU YCJIOBUAX CYIIKH HA
COJIHIIE 1 B TEHHA

PE3IOME

Hean uccienosanus - Llensro nccnenoBanys ObIIO U3y4eHUE TUHAMHUKY MOTEPH BIAru y (QyHAYKA MPH PA3HBIX
ycioBusIX cymku. Pabora HampasieHa Ha cpaBHEHHE Y(QEKTUBHOCTH CYIIKH Ha COJHIIE M B TEHH, a TaKKe Ha
BBISIBJICHHE PEAKIMH pa3IMIHBIX TeHOTHITOB, BKIFOYasi MECTHBIH COpT «ATa-06a0a».

MeTonosnorus uccienopanus - O0pasipl copra «ATta-6aba» M IByX T€HOTHUIOB ObUIM coOpaHbI B cene JIekuT
(Taxckwit paiion, AzepOaiipkan). ['eHoTnn | cymmics TOabKO B TEHH, TEHOTHUIT 2 — TOJBKO Ha COJHIIE, a COPT
«ATa-6ab6a» — B 00omx BapuaHTax. Opexy B3BEIIMBAINCH IBAXKIBI B IEHD 10 TOCTHXEHUS ITOCTOSTHHOTO Beca, U
paccunThIBaIach MOTEPS BIIATH B MIPOIEHTAX.
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BakHOCTh WCCJIENOBATENBLCKOT0 MNpUIokKeHus: - [lomydeHHbIe pe3ynbTaThl JAalOT  MPAKTHYECKHE
PEKOMEH/IAIMH MPOU3BOAUTENSAM IO BBIOOPY ONTHMAIIBHOIO METOJa CYIIKU Ul COXpaHEHHs KadecTBa spa,
MpenoTBpaNieHNs OHOXUMHUYECKUX U3MEHEHHUH U COKPAICHHSI TIOTEPb.
Pe3yabraTsl uccienoBanus - [Ipy cylike Ha CONHIIE OpPEXH JIOCTHTAIH ITOCTOSIHHOTO Beca 3a 5—6 JHeH, Toraa
KaK B TEHH IPOIIeCC 3aHuMaJI OoJbiie BpeMmeHu. OOras moteps Biaaru coctaBmia ot 19,33% (renorun 1, TeHB)
1o 27,94% («Arta-6aba», comHie). CKOPOCTh HAYaJIBHON CYIIKA OBUTAa BBHINIC HA COJHIIG, YTO yKa3bIBAaeT Ha
BJIMSTHUE KaK YCIOBHI Cpelibl, TAK U TCHOTHIIA.
HayuHnasi HoBU3HA HcciieioBaHusi - BrepBeie B AsepOaiipkaHe MPOBEJCHO CHCTEMHOE CPAaBHEHUE BIHSHUS
YCITOBUH CYIIKU U TEHOTHIIA Ha TIOTEPIO Biard y QyHIyKa.

Karouessie cioBa: ®ynnyk, [loreps Biaru, Meronsr cymku, Copt Ata-bada, I'eHoTurs
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