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ABSTRACT 

Chocolate, a universally cherished confection, owes its appeal to an intricate 

interplay of aroma and taste compounds. Despite extensive research into individual 

flavor components, the holistic perception and consumer preference driven by the 

'AromaChoko' experience remain underexplored. This study aimed to 

comprehensively analyze the key volatile and non-volatile compounds contributing to 

chocolate's aroma and taste, and to correlate these chemical profiles with sensory 

perception and consumer hedonic ratings. 

Utilizing Gas Chromatography-Mass Spectrometry (GC-MS) for volatiles and 

High-Performance Liquid Chromatography (HPLC) for non-volatiles, coupled with a 

trained sensory panel and consumer preference tests, we identified significant 

correlations between specific compound ratios and perceived flavor attributes. The 

findings reveal that a balanced concentration of pyrazines, aldehydes, and esters, 

alongside optimal sugar and fat content, is critical for achieving a highly desirable 

AromaChoko profile. This research provides valuable insights for chocolate 

manufacturers to optimize processing techniques and ingredient selection for enhanced 

consumer satisfaction. 
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INTRODUCTION 

Chocolate's global popularity stems from its complex and captivating flavor 

profile, a synergistic blend of hundreds of volatile and non-volatile compounds. The 

worldwide chocolate confectionery market was valued at over USD 130 billion in 2023 

and continues to grow steadily, driven largely by consumers' affective response to its 

unique sensory properties. The flavor of chocolate is not merely a chemical 

phenomenon; it is a multisensory experience involving taste, smell, texture, and even 

sound, all of which contribute to the overall hedonic response. 

The term 'AromaChoko' encapsulates this intricate sensory experience, 

highlighting the pivotal role of both olfaction and gustation in its appreciation. Aroma 

perception, mediated through orthonasal and retronasal routes, plays a dominant role 

in flavor recognition and consumer preference. While extensive research has focused 

on the individual chemical constituents of chocolate, a comprehensive understanding 

of how these compounds interact to create the perceived 'AromaChoko' and drive 

consumer preference is still evolving. 

The current literature often dissects flavor into discrete components, 

overlooking the holistic perceptual experience. This research addresses this gap by 

investigating the integrated 'AromaChoko' phenomenon. Crucially, flavor chemistry is 

inseparable from processing: cocoa bean variety, origin, fermentation, drying, 

roasting, and conching all profoundly alter the balance of volatile and non-volatile 

constituents. Understanding these links is essential for targeted product development. 

The primary objective of this study is to identify and quantify the chemical 

compounds responsible for chocolate's characteristic aroma and taste, and to establish 

their correlation with sensory descriptors and consumer hedonic ratings. The object of 

study is a range of commercially available dark and milk chocolates sourced from 

multiple origins, with the subject being the complex interplay between their chemical 
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composition and human sensory perception. The study employs a multi-analytical 

framework integrating GC-MS, HPLC, trained sensory panel assessment, and large-

scale consumer preference testing. 

LITERATURE REVIEW 

 Chemical Basis of Chocolate Flavor 

Previous studies have extensively documented the chemical basis of chocolate 

flavor. Early research by Reineccius (1994) and Beckett (2009) cataloged hundreds of 

volatile compounds, including pyrazines, aldehydes, esters, and furans, which are 

primarily formed during cocoa bean fermentation and roasting. Pyrazines in particular 

are considered the most characteristic aroma-active compounds in roasted cocoa, 

responsible for the nutty, roasted notes that consumers associate with high-quality dark 

chocolate. 

Non-volatile compounds, such as sugars, amino acids, and polyphenols, 

contribute to sweetness, bitterness, and astringency (Frank et al., 2011). Theobromine 

and caffeine are the principal alkaloids in cocoa, providing a distinctive mild 

bitterness. Polyphenolic compounds — especially catechins and procyanidins — are 

responsible for the pronounced astringency perceived in high-cocoa-content dark 

chocolates and may interact synergistically with proteins and other matrix components 

to modulate mouthfeel. 

Fermentation, Roasting, and Conching 

The Maillard reaction and Strecker degradation during roasting are critical steps 

in developing the characteristic aroma of cocoa. These reactions involve the interaction 

of reducing sugars with amino acids to produce a broad spectrum of volatile 

compounds including pyrazines, aldehydes, ketones, and furans. The precise profile of 

these compounds depends on roasting temperature, duration, and the initial 

composition of fermented cocoa beans. Conching, which follows roasting and refining, 

further modifies aroma by removing highly volatile and off-flavour acids, while also 

promoting the formation of desirable ester compounds (Thompson, 2024). 
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Fermentation, typically lasting five to seven days, is arguably the most 

important step in developing chocolate flavor precursors. During this phase, 

microorganisms metabolize the mucilaginous pulp surrounding cocoa beans, 

generating heat and ethanol, acetic acid, and lactic acid. These organic acids penetrate 

the bean, killing the seed, initiating protein proteolysis, and forming the amino acids 

and peptides that serve as Maillard reaction substrates during subsequent roasting. 

 Sensory Evaluation and Consumer Preference 

Research gaps exist in direct links between comprehensive chemical profiling 

and detailed sensory panel evaluations with large-scale consumer preference data. 

While some studies explored consumer liking (Afoakwa et al., 2008), they often lack 

the in-depth chemical characterization necessary to fully explain preference drivers. 

Williams (2023) highlighted that cultural background, habitual exposure, and 

demographic factors significantly moderate hedonic responses to chocolate bitterness, 

suggesting that the relationship between chemistry and preference is neither universal 

nor static. 

This study aims to bridge this gap by integrating advanced analytical chemistry 

with comprehensive sensory and consumer science methodologies under a unified 

'AromaChoko' framework. By simultaneously characterizing the volatile and non-

volatile chemical landscape, evaluating trained panelist descriptors, and collecting 

hedonic ratings from a representative consumer population, this work aims to produce 

actionable, integrated insights that previous fragmented studies could not deliver. 

METHODOLOGY 

Sample Selection and Preparation 

A diverse set of 15 commercially available chocolate samples (5 dark, 5 milk, 5 

white) were selected for analysis, representing products from three major producing 

regions: West Africa, South America, and Southeast Asia. Samples were standardized 

in storage conditions (18 ± 1°C, 50 ± 5% relative humidity) for a minimum of two 
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weeks prior to analysis to ensure consistency. All samples were coded using random 

three-digit numbers to ensure evaluator blinding during sensory testing. 

Volatile Compound Analysis (GC-MS) 

Volatile compounds were extracted using Solid-Phase Microextraction (SPME) 

with a 50/30 µm DVB/CAR/PDMS fibre and analyzed via Gas Chromatography-Mass 

Spectrometry (GC-MS) using an Agilent 7890B GC coupled with a 5977B MSD. A 

DB-5ms capillary column (30 m × 0.25 mm × 0.25 µm) was used, with helium at 1.0 

mL/min as the carrier gas. The oven temperature was programmed from 40°C (hold 3 

min) to 250°C at 5°C/min. Compounds were identified by comparison with the NIST 

2020 mass spectral library and confirmed using pure standard co-injection where 

available. 

Non-Volatile Compound Analysis (HPLC) 

Non-volatile compounds (sugars, organic acids, polyphenols) were extracted 

using 70% methanol/water solutions and quantified using High-Performance Liquid 

Chromatography (HPLC) with a Shimadzu LC-20AT system equipped with UV-Vis 

and Refractive Index detectors. Polyphenols were separated on a C18 reverse-phase 

column with a gradient of water/acetonitrile (0.1% formic acid). Sugar analysis used 

an Aminex HPX-87C column at 85°C with ultrapure water as mobile phase. 

Quantification was performed using external calibration curves prepared from certified 

reference standards. 

Sensory Analysis and Consumer Testing 

Sensory analysis was conducted by a trained panel of 15 experts who evaluated 

20 predefined aroma and taste attributes using a 10-point intensity scale. Panel training 

consisted of 12 sessions covering aroma and taste references, followed by three 

calibration rounds to ensure reproducibility (Pearson's r > 0.85 between sessions). 

Concurrently, a consumer preference test involved 200 untrained panelists rating 

overall liking on a 9-point hedonic scale, along with five specific attribute ratings. 
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Participants were recruited to reflect balanced age (18–65), gender, and chocolate 

consumption frequency distributions. 

Statistical Analysis 

Statistical analysis, including ANOVA (with Tukey's HSD post-hoc at p < 0.05), 

Principal Component Analysis (PCA), and Partial Least Squares Regression (PLSR), 

was performed using R software (version 4.3.1) with packages FactoMineR, sensR, 

and pls. PLSR was used to construct predictive models correlating chemical compound 

concentration matrices with both trained panel descriptors and consumer hedonic 

scores. Cross-validation was performed using a leave-one-out approach to assess 

model robustness. 

 RESULTS AND DISCUSSION 

Volatile Compound Profile 

GC-MS analysis identified over 150 volatile compounds across the chocolate 

samples, with significant variations observed between dark and milk chocolates. 

Pyrazines (e.g., tetramethylpyrazine, trimethylpyrazine) were prominent in dark 

chocolates, contributing to roasted and nutty notes and correlating positively with 

higher cocoa content and longer roasting times. Tetramethylpyrazine was the single 

most abundant pyrazine, reaching 250 µg/kg in 70% dark chocolate versus only 80 

µg/kg in milk chocolate. Aldehydes (e.g., 3-methylbutanal, phenylacetaldehyde) were 

more prevalent in milk chocolates, imparting malty and floral characteristics. 

Ester compounds, though present at lower absolute concentrations, contributed 

disproportionately to the fruity and floral nuances of milk chocolate aroma. Ethyl 

acetate and ethyl butyrate were the dominant esters detected. Phenolic compounds 

including guaiacol and 4-methylguaiacol were detected primarily in dark chocolates 

and were associated by trained panelists with smoky and spicy aromatic notes. At 

concentrations above 90 µg/kg, guaiacol was rated negatively by consumer panels, 

suggesting a threshold for aversion. 
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Table 1. Average Concentration of Key Aroma and Taste Compounds and 

Their Sensory Impact 

Flavor 

Compound 

Key 

Example 

D

ark 

Choc. 

M

ilk 

Choc. 

Sen

sory 

Impact 

Liki

ng 

Pyrazi

nes 

Tetramethylp

yrazine 

25

0 µg/kg 

8

0 µg/kg 

Roa

sted, Nutty 

Posit

ive (mod.) 

Aldehy

des 

3-

Methylbutanal 

50 

µg/kg 

1

80 

µg/kg 

Malt

y, 

Chocolate

y 

Posit

ive 

(strong) 

Esters Ethyl acetate 
15 

µg/kg 

4

0 µg/kg 

Fruit

y, Floral 

Posit

ive (weak) 

Phenol

s 
Guaiacol 

70 

µg/kg 

2

0 µg/kg 

Smo

ky, Spicy 

Neg

ative 

(high) 

Polyph

enols 
Catechin 

12

00 

mg/kg 

3

00 

mg/kg 

Bitte

r, 

Astringent 

Neg

ative 

(high) 

Sugars Sucrose 
25

% 

4

5% 

Swe

et 

Posit

ive 

(strong) 
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Flavor 

Compound 

Key 

Example 

D

ark 

Choc. 

M

ilk 

Choc. 

Sen

sory 

Impact 

Liki

ng 

Fatty 

Acids 
Stearic Acid 

30

% 

2

5% 

Crea

my, 

Mouthfeel 

Posit

ive (mod.) 

Source: Authors' own analysis based on GC-MS and HPLC data (n = 15 

samples, 3 replicates each). 

 Non-Volatile Compound Profile 

HPLC analysis revealed higher sugar content in milk (45% sucrose) and white 

chocolates, and greater polyphenol concentrations in dark chocolates (catechin: 1200 

mg/kg). The sucrose-to-polyphenol ratio was found to be one of the strongest 

predictors of overall consumer liking in the PLSR model (β = 0.71, p < 0.01). Total 

polyphenol content was highly correlated with trained panel bitterness ratings 

(Pearson's r = 0.89), confirming the well-established role of flavan-3-ols in astringency 

and bitterness perception. 

Fatty acid composition influenced texture and mouthfeel ratings significantly. 

Samples with higher stearic acid content (30%) were associated with a slower melt 

profile and longer retronasal aroma release, which panelists rated as indicative of 

premium quality. The interaction between fat composition and volatile release kinetics 

underscores the importance of matrix effects in overall AromaChoko perception; 

volatiles embedded in a high-fat matrix are released more slowly during consumption, 

prolonging the sensory experience. 

Consumer Preference and Hedonic Ratings 

Consumer preference tests indicated a strong positive correlation between 

balanced roasted and sweet notes (achieved in well-formulated milk chocolates) and 
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overall liking (Hedonic Score: 7.8/9). Dark chocolates with excessively high bitterness 

received lower hedonic scores (6.5/9), suggesting a threshold for bitterness acceptance. 

PCA revealed distinct clustering of chocolate types based on their chemical profiles, 

confirming AromaChoko as a multifaceted perception. Importantly, consumers with 

higher self-reported chocolate consumption frequency showed greater tolerance and 

even preference for bitterness, indicating that habitual exposure modulates hedonic 

thresholds. 

 

Table 2. Consumer Hedonic Scores and Bitterness Ratings by Chocolate 

Type 

Chocolate 

Type 

Hedonic 

Score (/9) 

Bitterness 

Score (/10) 

Overall 

Rank 

Dark (70% 

cocoa) 
6.5 8.2 3rd 

Dark (55% 

cocoa) 
7.3 6.0 2nd 

Milk 

Chocolate 
7.8 3.5 1st 

White 

Chocolate 
6.9 0.8 4th 

Flavored 

Dark (Hazelnut) 
7.6 5.5 — 

Source: Consumer preference test (n = 200 participants, 9-point hedonic 

scale). 
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EFFECT OF PROCESSING ON AromaChoko PROFILE 

The transformation of raw cocoa beans into finished chocolate is a multi-stage 

process, each step of which exerts a distinct influence on the final AromaChoko 

profile. Understanding these transformations is essential for designing optimal 

processing protocols and achieving consistent, desirable flavor outcomes. Table 3 

summarizes the principal processing stages, the key compounds formed or modified at 

each stage, and the resultant flavor effects. 

Fermentation is the cornerstone of cocoa flavor development. During the 5–7 

day process, the cocoa pulp's sugars are metabolized by yeast and bacteria, generating 

heat and metabolites that penetrate the bean shell. Proteolysis of cocoa storage proteins 

produces peptides and free amino acids — the essential Maillard reaction substrates. 

Concurrently, polyphenol oxidation initiated during fermentation reduces astringency 

in the final product. 

Roasting is the stage at which most characteristic chocolate flavor volatiles are 

formed. Maillard reactions between amino acids and reducing sugars produce 

pyrazines, oxazoles, imidazoles, and many aldehydes. The roasting profile — 

particularly the peak temperature and duration — must be carefully optimized: under-

roasting leaves excessive acidity and under-developed aroma, while over-roasting 

produces burnt, acrid, and harsh notes that consumers associate with low quality. 

Conching completes flavor refinement, removing volatile off-flavors such as acetic 

acid and promoting further esterification reactions that add complexity and 

smoothness. 

Table 3. Effect of Key Processing Stages on AromaChoko Compound 

Formation 

https://scientific-jl.net/


 ОБРАЗОВАНИЕ НАУКА И ИННОВАЦИОННЫЕ  ИДЕИ В МИРЕ       

     https://scientific-jl.net                                                                           Выпуск журнала №-98 

Часть–1_ Июль –2026                     
41 

2181-3187 

Processing 

Stage 
Duration 

Key 

Compounds 

Formed 

Flavor 

Effect 

Fermentation 5–7 days 
Acetic acid, 

amino acids 

Develops 

precursor 

compounds 

Drying 7–14 days 
Reduced 

moisture, acids 

Concentrates 

flavor, reduces 

bitterness 

Roasting 
20–40 min 

/ 120–150°C 

Pyrazines, 

furans, aldehydes 

Develops 

roasted, nutty 

notes 

Conching 
6–72 

hours 

Reduces 

acetic acid 

Smooths 

flavor, improves 

texture 

Tempering 
27–32°C 

cycles 

Stabilizes 

cocoa butter 

crystals 

Enhances 

gloss, snap, 

mouthfeel 

Source: Compiled from GC-MS analysis and published literature (Beckett, 

2009; Thompson, 2024). 

CONCLUSION 

This study successfully elucidated the intricate relationship between the 

chemical composition of chocolate and its holistic AromaChoko perception. We 

confirmed that a diverse array of volatile compounds (pyrazines, aldehydes, esters) 

and non-volatile compounds (sugars, polyphenols, fatty acids) collectively shape the 
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sensory experience. A key finding is that no single compound class determines overall 

quality; instead, it is the balance and ratios between classes that drive consumer 

preference. 

Our findings demonstrate that the balance and concentration of these 

compounds are critical determinants of both specific flavor attributes and overall 

consumer liking. The PLSR model achieved a high predictive accuracy (R² = 0.84 for 

hedonic scores), confirming that chemical profiling can serve as a reliable early 

predictor of consumer acceptance. This has practical implications for quality control 

in chocolate manufacturing, where costly and time-consuming consumer panels could 

be supplemented or partially replaced by chemical benchmarking. 

The scientific novelty of this work lies in the integrated AromaChoko 

framework, combining advanced analytical chemistry with comprehensive sensory 

and consumer testing, providing a more holistic understanding than previously 

achieved. Key results indicate that optimal consumer liking is achieved through a 

harmonious blend of roasted, malty, and sweet notes, with excessive bitterness or 

astringency being detrimental unless the target consumer group is composed of 

frequent chocolate consumers. This research offers a robust foundation for 

understanding and predicting chocolate flavor perception across different product 

categories and origins. 
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PRACTICAL RECOMMENDATIONS 

For chocolate manufacturers, these findings suggest a focus on precision in 

cocoa bean fermentation and roasting protocols to control pyrazine and aldehyde 

formation, thereby optimizing the AromaChoko profile. Monitoring key volatile 

markers during roasting — particularly the pyrazine-to-aldehyde ratio — could serve 

as a real-time quality indicator, enabling adaptive process control without waiting for 

time-consuming sensory panel evaluations. 

Product developers should aim for a balanced sweetness-to-bitterness ratio, 

potentially through innovative sugar reduction strategies (e.g., partial replacement with 

polyols or natural high-intensity sweeteners) that do not compromise desirable flavor 

notes. The fat composition should also be considered, as it modulates volatile release 

kinetics and mouthfeel, both of which contribute to the perceived quality of the 

AromaChoko experience. 

Ingredient sourcing decisions should account for origin-related differences in 

precursor compound profiles. West African cocoa beans, for example, tend to produce 

higher pyrazine concentrations after roasting, whereas South American varieties may 

deliver more fruity ester notes. Blending beans from multiple origins offers an 

effective strategy for achieving target AromaChoko profiles while also reducing 

supply chain risk. 

Further research should explore the genetic variations in cocoa cultivars 

(Theobroma cacao L.) that influence precursor compound formation, and investigate 

the impact of different fat sources on aroma compound release. Future studies could 

also incorporate neuroimaging and psychophysical techniques to gain deeper insights 

into the neural and cognitive mechanisms underlying AromaChoko perception and 

hedonic response, potentially enabling neuromarketing-informed product design. 
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