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Effect Of Traditional Clay Oven (Uzbek Tandir) Cooking On
Nutritional And Sensory Properties Of Meat
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Master cook from Bukhara, Uzbekistan

ABSTRACT

Traditional clay oven cooking, exemplified by the Uzbek tandir (tandyr), represents one of the
oldest high-temperature cooking methodologies in Central Asian culinary culture. This review
examines the mechanisms through which tandir cooking affects the nutritional composition,
protein structure, lipid stability, and sensory characteristics of meat. The tandir's unique thermal
environment—characterized by temperatures exceeding 480°C, radiant heat from clay walls,
and wood-fire smoke infusion—creates distinct biochemical transformations that differentiate
it from conventional cooking methods. While tandir cooking enhances flavor development
through Maillard reactions and preserves certain nutritional properties, it also presents
challenges regarding the formation of heat-induced carcinogens including heterocyclic amines
(HCAs) and polycyclic aromatic hydrocarbons (PAHS). Understanding these transformations
is essential for optimizing traditional cooking practices within modern nutritional frameworks.
Keywords: tandir, tandoor, Uzbek cuisine, meat cooking, Maillard reaction, protein
denaturation, heterocyclic amines, polycyclic aromatic hydrocarbons, sensory properties,

nutritional quality

1. INTRODUCTION

The Uzbek tandir is a cylindrical clay oven
traditionally fueled by wood or charcoal,
representing a culinary technology that has
persisted across Central Asia for millennia
(Sharma, 2025). Unlike the Indian
subcontinent tandoor (from which the term
likely derives via Persian tandr, meaning
"fire oven"), the Uzbek tandir features
distinct construction adaptations for both
bread baking (tandyr nan) and meat
preparation (Grokipedia, 2022; Sharma,
2025). In Uzbek cuisine, meat—yparticularly
lamb and beef—constitutes the central
nutritional component, with traditional
dishes emphasizing high-calorie
preparations using cottonseed oil or animal
fats combined with spices (Western
European Journal of Linguistics and
Education, 2024; People Travels, 2024).
Meat serves as the primary protein source
in Uzbek dietary patterns, with sheep meat
(lamb and mutton) and beef forming the
cornerstone of traditional dishes such as
palov (pilaf), kabob, and tandir-kabob
(People Travels, 2024; PMC, 2023). The
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Uzbek population's food consumption
patterns between 1992—-2019 demonstrate
a diet composed mainly of wheat, rice, and
meat, with sheep meat holding particular
cultural and nutritional significance (PMC,
2023). Understanding how traditional tandir
cooking modifies the nutritional and sensory
properties of these meats is essential for
evaluating both the health benefits and
potential risks associated with this ancient
culinary technique.

Despite the widespread use of tandir ovens
throughout Central Asia, scientific literature
specifically addressing the nutritional and
sensory transformations of meat cooked in

Uzbek tandirs remains limited. Most
existing research focuses on Indian
tandoori cooking or general high-

temperature meat processing. This review
synthesizes available scientific evidence on
high-temperature cooking effects,
traditional oven thermal characteristics, and
meat biochemistry to construct a
comprehensive framework for
understanding tandir-specific
transformations.
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2. MATERIALS AND METHODS

This review was conducted through
systematic literature searches across
multiple databases including PubMed,
ScienceDirect, Google Scholar, and
relevant culinary science publications.
Search terms included combinations of
"tandir,” "tandoor,” "Uzbek cooking,” "clay
oven,"” "high-temperature meat cooking,"
"Maillard reaction," "heterocyclic amines,"

"polycyclic aromatic hydrocarbons,"
"protein denaturation,” and "meat sensory
properties." Additional sources were
identified through cross-referencing

bibliographies of retrieved articles.

Studies were selected based on relevance
to: (1) thermal characteristics of clay or
tandoor-type ovens; (2) biochemical
transformations of meat proteins and lipids
during high-temperature cooking; (3)
formation of heat-induced contaminants;
and (4) sensory evaluation of roasted or
grilled meat products. Where direct data on
Uzbek tandir cooking was unavailable,
inferences were drawn from comparable
high-temperature cooking methods, with
explicit acknowledgment of methodological
limitations.

Thermal data for tandir ovens were
compiled from culinary science sources and
traditional cooking documentation.
Nutritional composition data for Uzbek
meats were obtained from published food
composition studies. Biochemical
transformation pathways were analyzed
based on established meat science
literature regarding protein denaturation,
lipid oxidation, and Maillard reaction
kinetics.

3. RESULTS AND DISCUSSION

3.1 Thermal Characteristics of the Uzbek
Tandir

3.1.1 Temperature Profile and Heat
Transfer Mechanisms
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The tandir operates through a complex
multimodal heat transfer system. Traditional
tandoor-type  ovens reach internal
temperatures of 480-540°C (900-1000°F),
creating an environment where radiant heat
from clay walls, convection from swirling hot
air, and direct flame exposure operate
simultaneously (DineTime, 2024; MTL
Wholesale, 2023; Sharma, 2025). This
thermal profile differs fundamentally from
conventional oven roasting (typically 150—
230°C) or pan-frying methods.

The clay construction provides excellent
thermal mass, storing and radiating heat
evenly while the cylindrical shape promotes
natural convection  currents  (MTL
Wholesale, 2023; Grokipedia, 2022). For
meat cooking, pieces are typically
skewered and placed vertically inside the
oven, allowing exposure to radiant heat
from all sides while fat and juices drip onto
the hot coals below, generating flavor-
infusing smoke (DineTime, 2024; Sharma,
2025).

3.1.2 Comparison with Other
Temperature Methods

Scientific studies on roasting temperatures
demonstrate that even conventional high-
temperature roasting (150-310°C)
significantly impacts meat biochemistry
(ScienceDirect, 2025). The tandir's extreme
temperatures—often double those of
conventional roasting—accelerate chemical
reactions exponentially, following Arrhenius
equation principles where reaction rates
increase with temperature.

3.2 Nutritional Modifications
Tandir Cooking

3.2.1 Protein Transformations
Denaturation and Aggregation. Protein
denaturation in meat follows specific
temperature-dependent pathways. Myosin,
a primary myofibrillar protein, begins
denaturation at approximately 40-53°C,
with complete denaturation above 53°C
(PMC, 2022). Actin denatures at higher
temperatures (66—73°C), and this transition

High-

During
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is primarily responsible for meat toughening
and moisture loss (ThermoWorks, 2026).

In  tandir cooking, where surface
temperatures far exceed these thresholds,
the extreme thermal gradient creates rapid
surface protein coagulation. Research on
beef patties roasted at 150-310°C
demonstrates that myosin heavy chain (220
kDa) degrades significantly with increasing
temperature, while actin (42 kDa) shows
greater thermal stability (ScienceDirect,
2025). At tandir temperatures (>480°C),
surface myosin likely undergoes near-
instantaneous denaturation and
degradation, creating a crust while the
interior may remain at lower temperatures
depending on cooking duration.

The rapid surface searing in tandir cooking
may paradoxically help retain interior
moisture by creating a barrier, though
prolonged exposure leads to substantial
moisture loss. Studies indicate that
moisture loss in  meat increases
dramatically once internal temperatures
reach 66°C (150°F), with actin denaturation
driving this expulsion (ThermoWorks,
2026).

Protein Oxidation and Amino Acid
Modifications. High-temperature cooking
induces significant protein  oxidation,
generating reactive oxygen species (ROS)
that attack amino acid side chains
(ScienceDirect, 2025). Research on beef
roasted at various temperatures (150—
310°C) reveals that free thiol content
decreases significantly with increasing
temperature (p < 0.001), while protein
carbonyl content increases, indicating
oxidative damage. Tryptophan residues
undergo significant oxidative modification,
producing kynurenine and 3-
hydroxykynurenine (ScienceDirect, 2025).
Advanced glycation end products (AGES)
form when lysine residues react with
reducing sugars, producing
carboxymethyllysine (CML) and
carboxyethyllysine (CEL), particularly at
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temperatures above 230°C (ScienceDirect,
2025).

At tandir temperatures (>480°C), these
oxidative modifications likely intensify,
though the short cooking duration may
partially mitigate total exposure compared
to prolonged conventional roasting.
Nutritional Availability. Despite
denaturation, cooked meat protein
maintains high bioavailability (90-95%
absorption rate) (NutriScan, 2024). The
tandir-cooked meat provides complete
protein containing all nine essential amino
acids. Comparative analysis shows beef
contains higher levels of essential amino
acids than lamb, with 1.25-1.48 times more
valine, lysine, threonine, leucine, and
histidine (Western European Journal of
Linguistics and Education, 2024). However,
excessive oxidation may reduce protein
solubility and functional properties. Studies
demonstrate  that protein  solubility
decreases significantly at temperatures
above 150°C, affecting water-holding
capacity and texture (ScienceDirect, 2025).
3.2.2 Lipid Transformations

Fatty Acid Stability. Lipid oxidation
represents a primary deteriorative reaction
during high-temperature meat cooking.

Research demonstrates that roasting
temperature  directly correlates  with
increased peroxide value (PV),

thiobarbituric acid reactive substances
(TBARS), and malondialdehyde (MDA)—a
cytotoxic lipid oxidation product detected in
samples cooked above 230°C
(ScienceDirect, 2025).

Uzbek cuisine traditionally uses lamb with
higher fat content (8—20% depending on
fatness grade) compared to beef (4—-15%)
(Western European Journal of Linguistics
and Education, 2024). The higher fat
content in tandir-cooked lamb increases
susceptibility to oxidation, though the
presence of fat-soluble antioxidants
(vitamin E) in lamb (0.6 mg/100g, 1.5%
higher than beef) may provide partial

Page74



T §iE

International
Technology Language
P Journal of
Psychology MUItidiSCipline

TLEP —International Journal of Multidiscipline
(Technology, ,
ISSN: 2488-9342 (Print) | 2488-9334 (Online)

, and Psychology)

Open Access | Peer-Reviewed | Monthly Publication | Impact factor: 8.497 / 2025

protection (Western European Journal of
Linguistics and Education, 2024).

Fat Rendering and Juiciness.
Intramuscular fat begins rendering at 52—
54°C  (125-130°F), contributing to
succulence (ThermoWorks, 2026). In tandir
cooking, rapid surface searing may limit
excessive fat loss while creating
characteristic flavor compounds. However,
prolonged cooking or excessive
temperatures can lead to complete fat melt-
out, reducing caloric content but potentially
compromising texture.

3.2.3 Vitamin Retention and Mineral
Stability

B-Complex Vitamins. Meat serves as an
important source of B vitamins, particularly
B3 (niacin), B6 (pyridoxine), B12, and B2
(riboflavin) (Western European Journal of
Linguistics and Education, 2024; PMC,
2023). Thermal processing generally
reduces heat-labile vitamins. Thiamine (B1)
is highly heat-sensitive; lamb contains 0.08
mg/100g (5% daily requirement) and beef
0.06 mg/100g (4% daily requirement)
(Western European Journal of Linguistics
and Education, 2024). Riboflavin (B2) is
moderately stable, while niacin (B3) is
relatively heat-stable; beef contains 8.2
mg/100g (41% daily requirement) versus
7.1 mg/100g (36%) in lamb (Western
European Journal of Linguistics and
Education, 2024).

The short cooking duration in tandir ovens
may partially preserve these nutrients
compared to prolonged boiling or stewing,
though surface charring at extreme
temperatures may destroy surface-layer
vitamins.

Mineral Retention. Minerals (iron, zinc,
selenium, phosphorus) remain stable
during cooking. Sheep meat contains
higher levels of heme iron (h-Fe)—the most
bioavailable form—compared to beef, along
with significant calcium, magnesium, cobalt,
copper, and selenium (PMC, 2023). Tandir
cooking does not significantly alter mineral
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content, though dripping fat may carry away
fat-soluble compounds.
3.3 Formation of
Contaminants

3.3.1 Heterocyclic Amines (HCAS)

HCAs form in meat cooked at high
temperatures through Maillard reactions
involving creatine/creatinine, amino acids,
and reducing sugars (News-Medical, 2025).
Two classes exist: thermic HCAs, which
form at 100-300°C, and pyrolytic HCAs,
which form at temperatures exceeding
300°C (News-Medical, 2025).

Given tandir temperatures (>480°C),
pyrolytic HCAs likely form in significant
guantities, particularly on charred surfaces.
Research on lamb cooked by various

Heat-Induced

methods (roasting, frying, pan-frying,
stewing) detected higher heterocyclic
aromatic amine content in stewing,

suggesting that moisture and duration may
be as critical as temperature (PMC, 2022).

3.3.2 Polycyclic Aromatic Hydrocarbons
(PAHS)

PAHs form when fat drips onto hot coals or
flames, generating smoke that deposits
compounds such as benzo[a]pyrene onto
meat surfaces (News-Medical, 2025).
Wood combustion specifically promotes
PAH synthesis, particularly during early
combustion stages when flames dominate
and oxygen levels are lower (PMC, 2025).

Studies comparing wood-fire cooking
(asado method) with charcoal grilling found
approximately 5x higher benzo[a]pyrene
levels in wood-cooked meat, attributed to
active wood burning versus pre-combusted
charcoal (PMC, 2025). This finding is
particularly relevant to Uzbek tandir
cooking, which traditionally uses wood or
charcoal. The dripping of lamb fat (with its
higher fat content) onto hot coals creates
optimal conditions for PAH formation.

3.3.3 Advanced Glycation End Products

(AGEs)
The Maillard reaction, responsible for
desirable browning and flavor, also
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produces AGEs. These compounds form
when lysine residues react with reducing
sugars, creating CML and CEL
(ScienceDirect, 2025). Research shows
these modifications appear at temperatures
above 230°C and increase with thermal
intensity (ScienceDirect, 2025). At tandir
temperatures, AGE formation likely
accelerates, though the brief cooking period
may limit total accumulation compared to
slower methods.

3.4 Sensory Properties

3.4.1 Flavor Development

Maillard Reaction and Volatile
Compounds. The Maillard reaction
between amino acids and reducing sugars
creates hundreds of volatile flavor
compounds, including pyrazines, furans,
and thiazoles, contributing to the
characteristic "roasted" flavor (News-
Medical, 2025; Orka Tech, 2024). At tandir
temperatures  (>480°C), this reaction
proceeds rapidly, creating intense surface
browning and complex flavor profiles.
Research on dry-aged beef demonstrates
that grilling at 230°C produces significantly
stronger "roasted flavor" compared to oven
roasting at the same temperature, attributed
to direct heat transfer and Maillard reaction
intensity (PMC, 2022). The tandir's radiant
heat and smoke infusion likely amplify these
effects.

Smoke Infusion. The tandir's open-flame
environment creates distinctive smoky
aromatics through: (1) wood smoke
volatiles (guaiacol, syringol, and other
phenolic compounds from wood
combustion); (2) fat pyrolysis products
(volatile  fatty acids and carbonyl
compounds from dripping fat) (News-
Medical, 2025); and (3) clay wall adsorption,
where the porous clay surface may adsorb
and later release flavor compounds
(Grokipedia, 2022).

Vol 3. Issue 4 (2026)

3.4.2 Texture and Tenderness

Surface Crust Formation. The extreme
surface temperatures in tandir cooking
create a rapid crust through protein
coagulation and dehydration. This crust
provides textural contrast—crispy exterior
versus potentially juicy interior. However,
overcooking leads to excessive moisture
loss and toughness.

Collagen Transformation. Connective
tissue  collagen undergoes  critical
transformations during heating: transition
from crystalline (helical) to amorphous
(randomly coiled) structure at 58-64°C;
unrestrained collagen fiber shrinkage at 60—
70°C; and gelatinization and solubilization
above 80°C (PMC, 2022). In tandir cooking,
the rapid temperature gradient may create
uneven collagen transformation, with
surface gelatinization while interior collagen
remains intact, resulting in variable
tenderness depending on meat cut and
cooking duration.

3.4.3 Color Development

Meat color changes during tandir cooking
follow established pathways: myoglobin
denaturation occurs at ~60°C, converting
red myoglobin to brown metmyoglobin
(ThermoWorks,  2026;  ScienceDirect,
2025); Maillard browning creates golden-
brown to dark brown surface coloration
(ScienceDirect, 2025); and extreme
temperatures may create blackened
carbonized areas. The characteristic red-
orange color of tandoori-type meats often
comes from spice marinades (turmeric,
paprika, Kashmiri chili) rather than the
cooking process itself (NutriScan, 2024).
3.4.4 Sensory Profile Summary

Table 1 presents a summary of sensory
attributes affected by tandir cooking.
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Table 1. Sensory attributes of tandir-cooked meat and their underlying mechanisms.

SENSORY TANDIR COOKING | MECHANISM

ATTRIBUTE EFFECT

Aroma Intense smoky, roasted Wood smoke + Maillard volatiles + fat

pyrolysis

Flavor Complex, umami-rich, | Maillard products + smoke compounds
slightly bitter + spice integration

Texture Crusty exterior, variable | Rapid surface dehydration + uneven
interior heat penetration

Appearance Charred spots, golden- | Direct radiant heat + Maillard browning
brown surface

Juiciness High if properly timed; dry if | Rapid surface sealing vs. prolonged
overcooked moisture loss

Table 2 compares key nutritional
3.5 Comparative Nutritional Analysis parameters across different cooking
3.5.1 Tandir-Cooked vs. Other Methods methods.

Table 2. Comparative nutritional and safety parameters across cooking methods.

PARAMETER TANDIR COOKING BOILING FRYING GRILLING

Protein High (90-95% | High Moderate- High

retention bioavailable) High

Fat content Moderate (some drips | Low (leaches | High (oil | Moderate
away) into water) absorption)

Vitamin B | Moderate (short | Low (leaching) | Moderate Moderate

retention duration helps)

HCA formation | High (pyrolytic class | Low Moderate Moderate-
likely) High

PAH formation | High (wood smoke) Negligible Low Moderate

Moisture Moderate High Moderate Moderate

retention

Caloric density | Moderate (187 | Low High Moderate
kcal/110g chicken leg)

Beef (per 100g): Calories 208 kcal; Protein

3.5.2 Nutritional Value of Tandir-Cooked 18.6g; Fat 4-15g; Cholesterol 80mg; Niacin
Uzbek Meats 8.2mg (41% DV); Vitamin B6 0.37mg (19%
Based on compositional data for raw meats DV).

(Western European Journal of Linguistics Tandir cooking modifies these values
and Education, 2024; PMC, 2023): primarily through: (1) fat reduction (15-30%
Lamb (per 100g): Calories ~200-250 kcal of fat may drip away during cooking); (2)
(depending on fatness); Protein ~18-20g; moisture loss (20-40% weight reduction
Fat 8-20g; Iron high (heme form, highly depending on duration); and (3)
bioavailable); Vitamin B12 significant; concentration effect (nutrients become
Vitamin E 0.6 mg (higher than beef). more concentrated per gram of cooked

meat).
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3.6 Health
Assessment
3.6.1 Beneficial Aspects

Tandir cooking offers several nutritional
advantages: high protein bioavailability with
complete amino acid profile maintained
(NutriScan, 2024; Western European
Journal of Linguistics and Education, 2024);
lower fat content compared to fried
preparations as fat drips away during
cooking (NutriScan, 2024); no added oils
required unlike frying (NutriScan, 2024);
mineral preservation with iron, zinc, and
selenium remaining intact (PMC, 2023);
and potential probiotic contribution when
yogurt-based marinades are  used
(NutriScan, 2024).

3.6.2 Risk Factors

Primary risk factors include: PAH exposure
from wood-fire cooking, with chronic
consumption potentially increasing cancer
risk (News-Medical, 2025; PMC, 2025);
HCA formation at high temperatures
creating mutagenic compounds (News-
Medical, 2025); protein oxidation with
advanced oxidation products potentially
reducing nutritional quality (ScienceDirect,
2025); elevated sodium content from
traditional marinades; and advanced
glycation end products (AGESs) linked to

Implications and Risk

inflammation  and  oxidative  stress
(ScienceDirect, 2025).

3.6.3 Mitigation Strategies
Evidence-based mitigation  strategies

include: antioxidant-rich marinades (yogurt,
lemon, spices) that may reduce HCA
formation by 30-90% (PMC, 2025);
trimming fat to reduce PAH-generating
drippings; avoiding direct flame contact to
minimize charring; and moderate
consumption frequency, consistent with
traditional Uzbek dietary patterns where
meat dishes were typically consumed
weekly rather than daily (Western European
Journal of Linguistics and Education, 2024).
4. Conclusion

Vol 3. Issue 4 (2026)

The Uzbek tandir represents a
sophisticated thermal processing system
that fundamentally transforms meat
chemistry through extreme radiant heat,
rapid surface dehydration, and smoke
infusion.  Nutritionally, tandir cooking
preserves high-quality protein and essential
minerals while reducing fat content through
dripping. However, the extreme
temperatures (>480°C) accelerate the
formation of potentially harmful compounds
including PAHs, HCAs, and protein
oxidation products.

Sensory-wise, tandir cooking creates an
unparalleled flavor profile through intense
Maillard reactions, wood smoke volatile
incorporation, and characteristic textural
contrasts. The method's short cooking
duration may partially mitigate some
thermal damage compared to prolonged
conventional roasting, though the extreme
temperatures introduce unique risks that
require consideration.

Future research should focus on: (1)
guantitative analysis of HCA and PAH
levels specifically in tandir-cooked Uzbek
meats; (2) optimization of cooking protocols
to minimize harmful compound formation
while preserving sensory quality; (3)
investigation of traditional spice marinades'
protective effects against heat-induced
contaminants; and (4) comparative studies
between traditional wood-fired and modern
gas-fired tandir variants.

The Uzbek tandir exemplifies the dual
nature of traditional cooking technologies:
they offer exceptional sensory experiences
and cultural value while requiring modern
scientific understanding to optimize safety
and nutritional outcomes. As global interest
in traditional foods continues to grow,
integrating ancient culinary wisdom with
contemporary food safety knowledge
represents the most promising path forward
for preserving these cultural heritage
practices.
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