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Abstract

The objective of this study was to evaluate the physical, structural, and hydration properties of
nine apricot varieties grown in the Bukhara region of Uzbekistan — “Sinchalak”, “Kandak”, “Ak
Navat”, “Shirin Djaupazak”, “Childona”, “Bodomcha”, “Kandak Krasny”, “Maisky”, and “Javzak”
— and to develop, on this basis, an energy-efficient mechanized method for producing salted
kernels (shurdanak) from apricot processing waste. For each variety, 100 pits were measured for
length, width, shell thickness, joint width and mass using a digital caliper (+0.01 mm) and an
analytical balance (£0.001 g); water-absorption kinetics were determined gravimetrically at 55+1°C
in a 25-30 % saline solution over 0.5-4.0 minutes for intact and pre-cracked pits, and mechanical
fracture resistance was measured with a digital force gauge; each experiment was replicated three
times and evaluated by one-way ANOVA with Tukey’s post-hoc test (p<0.05). Shell thickness
ranged from 0.72+0.04 mm (‘Childona’) to 1.24+0.08 mm (‘Ak Navat’), with corresponding
minimum fracture forces of 145+12 N and 385+22 N. Pre-cracking increased the brine-absorption
rate up to 2.8-fold relative to intact pits: ‘Childona’ reached 34.8+2.2 % moisture uptake within 2.0
minutes of soaking. The proposed continuous sequence — calibration, mechanical pre-cracking,
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controlled saline soaking, thermal stabilization, and roasting — raised throughput from 7.5+2.5 to
75.045.0 kg/h, reduced specific electrical energy consumption by 32.5 % (12.0 to 8.1 kWh/t) and
thermal energy consumption by 28.0 % (4.82 to 3.47 MJ/kg), while lowering the kernel defect rate
from 14.5£1.8 % to 2.1+0.3 % and improving salinity uniformity (RSD from 24.1 % to 3.8 %).

AHHOTanus

Llenbl0 HACTOALLETO MCC/IeI0BaHUSl SIBMS/IaCh OLleHKAa (DM3UYeCcKuX, CTPYKTYPHBIX U
T'W/paTalioHHbIX CBOWCTB [€BSATH COPTOB abpHWKOcCa, BhIpaliBaeMbIXx B Byxapckoil obmactu
Y3bekucrana — «CuHuanak», «KaHpgak», «Ak Hasar», «Illupun [Ixaymaszak», «UunmoHa»,
«bomomua», «Kanmak KpacHslit», «Maiickuii» u «KaB3ak», — a Tak>kKe pa3paboTka Ha 3TOW OCHOBe
5Hepro3((eKTUBHOr0 MeXaHU3MPOBAHHOIO MeTO/la MPOM3BO/CTBA COJIEHbIX KOCTOUeK (IypZaHak)
13 OTXO/I0B TepepaboTku abpukocoB. [Iist kakgoro copra y 100 KocTouek ¢ OMOIIBI0 LH(pPOBOTO
mTaHreHUpKyns (0,01 mm) u aHanutuyeckux BecoB (20,001 1) u3Mepsiiv [AUHY, IIUPHHY,
TOJIIIMHY CKOpJIyIIbl, IIMPUHY CThIKA M MacCy; KHWHETHKY BJ/IarolomOLleHNUs Olpese/Isiid
rpasuMeTrpuyecky npu 55£1°C B 25-30 % coneBoM pactsope B TeueHue 0,5—4,0 MUHYT AJ1 Lje/IbIX
Y Tpe/iBapuTe/IbHO HaJKOJIOThIX KOCTOYEK, MeXaHWUYeCKyl0 IPOYHOCTh Ha paspylleHue HU3Mepsiiv
U(POBLIM JUHAMOMETPOM; KaXKIbIM OIBIT TIOBTOPSU/IA TPWKABI C TOC/IeAyoieil 006paboTKoit
MeTOZI0M 0JHO(AKTOPHOI0 AUCIIEPCMOHHOTO aHasm3a ¢ post-hoc Tectom Teroku (p<0,05). TonmmHa
ckopsiynibl BapbupoBana ot 0,72+0,04 mm («Hunmona») go 1,24+0,08 mm («Ak Haear»), npu
COOTBeTCTBYIOLLIUX MUHUMAJIbHBIX YCUIUAX paspyluenus 145+12 H u 385122 H. IIpegsaputesnbHoe
pacKasiblBaHMe II0BBIIIAI0 CKOPOCTh BJIArOMNOIVIOLeHUs [0 2,8 pas3a IO CPaBHEHWIO C LieJIbIMU
KOCTOYKaMu: copT «YwigoHa» pocturan BiaaronomioieHus 34,8t2,2 % 3a 2,0 MUHYTHI
3amauviBaHusl. [IpesioykeHHasi HelpepbIBHAs TIOC/IeA0BaTe/IbHOCTh — KaaMOpOBKA, MeXaHUYeCKOoe
Tipe/iBapyTe/IbHOe pacKajbiBaHKe, KOHTPOJMpyeMoe 3acajvBaHHe, TepMUdecKas CTabuam3auys u
ob)kaprBaHHe — TOBBICK/IA TTPOMU3BOJUTENBHOCTE C 7,5+2,5 mo 75,0+5,0 Kr/u, cHU3WMA y#eabHOe
notpebieHue 3mekTposHeprud Ha 32,5 % (¢ 12,0 go 8,1 kBt-u/T) u yzensHoe TOTpebneHue
TerioBoii 3Heprun Ha 28,0 % (c 4,82 mo 3,47 MJIX/Kr), Ipyu 3TOM [0S AeQeKTHbIX sifiep
cHm3unack ¢ 14,5+1,8 % mo 2,1+0,3 %, a paBHOMEpPHOCTb 3acCO/IKU (KO3(p(ULMEHT Bapuarjiu)
yayuiinace ¢ 24,1 % po 3,8 %.

Keywords: processing, pit of apricot, salted kernels, the mechanization process, the formation
of cracks, shells, bone, research, waste, water absorption, grade.

KnroueBbie cioBa: mepepaboTKa, KOCTOUKAa abpuKkoca, cosieHble KOCTOYKH, MeXaHW3arust
npouiecca, oOpa3oBaHWe  TpPeIIWMHBI, CKOpJAyla  KOCTOUKM,  WCC/IeIOBAHUS,  OTXOABI,
B/IarOTIOT/IOIeHe, COPT.

Introduction

In the East, where the apricot has long been known for its healing properties, apricot kernels
were harvested in large quantities, dried and prepared similarly to other nuts (almonds, walnuts,
etc.). An apricot kernel is a woody, shell-covered core found within the pulp of the apricot. Kernels
are primarily used as seeds for plant propagation.
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Apricot kernels contain a large amount of fatty acids, several mineral compounds, organic
acids, and a number of both essential and replaceable amino acids [5, p. 366]. The presence of
various fatty acids determines the energy value of the product. Organic acids and minerals have a
positive effect on the functioning of internal organs and metabolism.

In Central Asia, more specifically in the ancient city of Bukhara, known as the «Pearl of the
East,» an ancient recipe for making traditional salted pits — shurdanak - has been preserved since
ancient times. The traditional preparation method involves mechanically cracking the shells (by
striking each pit with a hammer) to create cracks, soaking them in a brine solution for 1 to 4
minutes at a temperature of 50 to 60°C, and then roasting them in a cauldron. However, this
artisanal method is labor-intensive, has low productivity, and lacks quality control [10].

The relevance of this study is determined by the need to process apricot fruit waste (pits) and
to mechanize the artisanal production of the national product «salted kernels.» The aim of this study
is to establish, through comparative analysis of the physical, structural and hydration properties of
nine apricot varieties, an optimal, energy-efficient method for preparing salted pits by mechanizing
the shell-cracking process and intensifying the subsequent heat- and mass-exchange stages of
soaking, thermal treatment and frying [1, p. 174-175]. To achieve this aim, the following tasks were
set: (1) to measure and compare the geometric, mass and mechanical fracture characteristics of pits
from nine varieties; (2) to determine the water-absorption kinetics of intact and pre-cracked pits
under controlled saline-soaking conditions; and (3) to develop, on this basis, a mechanized
processing sequence and to quantify its productivity, defect-rate and energy benefits relative to the
traditional artisanal method.

Unlike existing artisanal methods, our proposed method combines calibrated cracking,
controlled saline soaking, and thermal treatment in a single integrated sequence, allowing for
process intensification and reduced energy consumption.

Research Methods and Methodologies

Sampling and Varietal Classification: We examined nine different apricot varieties and their
kernels, grown in the Bukhara region of Uzbekistan: “Sinchalak”, “Kandak”, “Ak Navat”, “Shirin
Djaupazak”, “Maisky”, “Childona”, “Kandak Krasny” and “Bodomcha”. All samples were
harvested at commercial maturity (June—July 2025).

Geometric and Mass Parameters Measurement: For each variety, 100 randomly selected pits
were measured using a digital caliper (Absolute Digimatic model, precision +0.01 mm) and
weighed on an electronic analytical balance (OHAUS Pioneer model, precision +0.001 g). The
following parameters were recorded: maximum pit length (mm), maximum pit width (mm), shell
wall thickness (mm) — measured at three points per pit, shell joint width (mm), and the weight of
individual pit (g). All measurements were taken by the same operator to minimize inter-observer
variability.

Hydration Kinetics Determination: Water absorption by apricot kernels was studied at 55+1°C
in a 25-30 % saline solution. A thermostatically controlled water bath (model TW-2, precision
+0.1°C) was used to maintain the solution temperature. Samples were first dried to a constant initial
moisture content (6.5+0.2 %), then both intact and mechanically pre-cracked pits were immersed in
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the saline solution for periods of 0.5 to 4.0 minutes; after extraction, surface moisture was removed
by vacuum filtration blotting and samples were re-weighed. Water absorption (W, %) was calculated
as:

my

w="w M 100%
mg

where m,, = mass after soaking, m; = dry mass. Each experiment was replicated three times.

Mechanical Cracking and Thermal Processing Line: Mechanical fracture resistance was
measured using a laboratory compression tester fitted with a digital force gauge (up to 1 kN,
precision +1 N). The pre-cracking step was performed using a dual-roller mechanical cracker with
adjustable clearance, applying a controlled, reproducible force along the suture line of each pit.
Energy consumption during thermal treatment and roasting was recorded with calibrated multi-
function energy meters connected to the experimental processing line. The integrated sequence
consists of:

1. Calibrating pits according to maximum and minimum sizes;

2. Pre-cracking the shell using a mechanical cracker (controlled force application);

3. Moistening in 25-30 % saline solution at 50-60°C for 1.5-2 minutes;

4. Thermal stabilization at 105-110°C for 1.5-2 minutes to expand internal vapor pockets and
lock the structural cracks;

5. Continuous roasting at 140—150°C for 2—3 minutes.

Statistical Analysis: Data are presented as mean + standard deviation. Comparisons between
varieties were made using one-way ANOVA with Tukey’s post-hoc test (p < 0.05) in SPSS software
to determine statistically significant differences.

Results and Discussion

Table 1. Summarizes the dimensional and mass parameters of the nine studied varieties (mean +
SD, n = 100 pits per variety)

Variety Length (mm) | Width (mm) | Shell thickness (mm) | Joint width (mm) | Weight (g)
Sinchalak 19.1 £ 0.5 18.0+ 0.4 0.81 £ 0.05 4.0+0.3 1.2-1.7
Kandak 20.2+£0.6 14.1+0.5 1.02 £ 0.07 3.0+0.2 1.0-1.2
Ak Navat 19.4+0.4 152+ 0.4 1.24 £ 0.08 50104 0.9-1.2
Shirin Djaupazak |21.0 0.7 14.3+£0.5 1.05 £ 0.06 4.0+0.3 1.0-1.3
Childona 153+ 04 13.2+04 0.72 £ 0.04 3.0+£0.2 0.7-0.9
Bodomcha 20.1+0.5 28.2+0.6 0.84 + 0.05 50+ 04 1.1-1.5
Kandak Krasny 20.3+0.6 17.1+£0.5 1.01 £ 0.06 4.0+0.3 1.0-1.2
Maisky 20.2+0.5 18.1+04 0.98 + 0.05 4.0+0.3 0.4-0.8
Javzak 20.4+£0.6 15.3+0.5 1.03 £ 0.07 4.0+0.3 0.9-1.4

As shown in Table 1, the nine varieties differ markedly in both size and shell structure (p <
0.05). The “Childona” variety exhibited the smallest shell thickness (0.72+0.04 mm) and lowest
mass range (0.7-0.9 g), and required the lowest fracture force (Fcr = 145+12 N) to produce a stable,
non-destructive crack along the suture. Conversely, ‘Ak Navat’ had the thickest shell (1.24+0.08
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mm) and the highest fracture threshold (Fcr = 385+22 N), while ‘Bodomcha’ combined a wide joint
(5.0+0.4 mm) with the largest width (28.2+0.6 mm). These results establish that individual sorting
and size calibration by variety are necessary before mechanical cracking, to avoid core crushing in
thin-shelled varieties and incomplete cracking in thick-shelled ones.

The penetration of brine solution into the kernel cavity depends strongly on whether the shell
is intact or pre-cracked, and on the width of the suture joint. Table 2 summarizes the hydration

kinetics at 55°C for three representative varieties (Sinchalak, Childona, Ak Navat).

Table 2. Brine absorption kinetics (W, %) of intact versus pre-cracked apricot pits at 55°C

Soaking time | Sinchalak (in- | Childona (in- | Ak Navat (in- Sinchalak Childona Ak Navat
(min) tact) tact) tact) (pre-cracked) | (pre-cracked) | (pre-cracked)
0.5 2.1+0.2 3.4+0.3 1.5+0.1 8.5+ 0.6 12.4+£0.9 6.2+04
1.0 45+0.3 6.8+0.5 3.1+0.2 152+ 1.1 22.1+15 11.4+0.8
1.5 7.2+0.5 9.5+0.7 50+£04 224+1.6 31.2+2.1 16.8+1.2
2.0 9.8+0.8 12.1+£0.9 6.8 £0.5 28.1+1.9 348122 22.1+1.5
3.0 142+1.1 17.5+1.2 9.9+0.7 29.4+2.0 35.2+2.3 26.4+1.8
4.0 18.1+1.4 21.3+1.5 12.5+£0.9 29.8+2.1 354 +22 28.9+2.0

A comparative operational assessment between the traditional artisanal method and the
proposed mechanized continuous processing line was conducted to quantify system-level
efficiencies; results are summarized in Table 3.

Table 3. Technical, economic and energy-efficiency comparison of production methods

Operational parameter Artisanal method Proposed mechanized method
Process continuity Discontinuous Continuous (automated)
Throughput (kg/hour) 75125 75.0 £ 5.0
Specific electrical energy demand 12.0 8.1 (1 32.5%)

(kWhtt)

Specific thermal energy demand (MJ/ 4.82 3.47 (1 28.0%)
kg)

Kernel defect rate (%) 145+ 1.8 2.1+0.3
Product salinity uniformity (RSD, %) 24.1 3.8

As shown in Table 3, the mechanized sequence raises throughput roughly tenfold, from
7.5%2.5 to 75.0+5.0 kg per hour. Specific electrical energy demand falls by 32.5 % (from 12.0 to 8.1
kWh/t), reflecting the replacement of manual hammering with a single optimized cracking
operation, while targeted heat transfer in the continuous thermal-stabilization and roasting stages
reduces specific thermal energy demand by 28.0 % (from 4.82 to 3.47 MJ/kg) relative to open-
cauldron heating. The kernel defect rate falls from 14.5+1.8 % to 2.1+0.3 %, and salinity-uniformity
variation (RSD) falls from 24.1 % to 3.8 %, confirming that the proposed sequence not only saves
energy and labor but also yields a more consistent, higher-quality product. The present results,
obtained at laboratory and pilot-line scale, establish the varietal, hydration-kinetic and energy basis
of the proposed sequence; remaining steps toward full industrial implementation include
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mathematical modeling of coupled heat and mass transfer during thermal stabilization and roasting,
long-term durability testing of the mechanical cracker under continuous operation, and sensory and
shelf-life evaluation of the finished product.

Conclusion

We have identified the key physical, structural and hydration properties of nine apricot
varieties grown in Uzbekistan: shell thickness ranging from 0.72+0.04 mm (‘Childona’) to
1.2440.08 mm (‘Ak Navat’), corresponding fracture forces of 145+12 N to 385422 N, and pre-
cracked brine-absorption rates up to 2.8-fold higher than intact pits. The ‘Childona’ wvariety,
combining the thinnest shell, lowest mass and lowest fracture force, is most suitable for mechanized
salted-kernel production.

The proposed continuous method — calibration, mechanical pre-cracking, controlled saline
soaking, thermal stabilization, and roasting — raises throughput from 7.5+2.5 to 75.0+5.0 kg per
hour, reduces specific electrical energy consumption by 32.5 % and specific thermal energy
consumption by 28.0 % relative to the traditional artisanal method, lowers the kernel defect rate
from 14.5+1.8 % to 2.1+0.3 %, and improves salinity uniformity (RSD from 24.1 % to 3.8 %),
providing a scientifically grounded basis for the industrial scale-up of shurdanak production from
apricot processing waste.

Future research will focus on:

» Mathematical modeling of coupled heat and mass transfer during thermal stabilization and
roasting

* Long-term durability and throughput testing of the mechanical cracker under continuous
industrial operation

 Sensory evaluation and shelf-life assessment of the finished product
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