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ABSTRACT 5 

Coenzyme Q10 (CoQ10), a bioactive, fat-soluble compound with potent antioxidant and 6 

therapeutic properties, plays an essential role in cellular energy production and protection against 7 

oxidative stress. In this study, dark chocolate was selected as a promising vehicle for CoQ10 8 

delivery. Standard dark chocolate manufacturing processes were employed, and different 9 

concentrations of CoQ10 (0.0, 0.2, 0.4, 0.6, and 0.8%) were added to the chocolate formulation. 10 

The products were stored at 25°C for 90 days, and the physicochemical properties and stability of 11 

formulated samples were evaluated during storage. The peroxide value (PV) increased with higher 12 

CoQ10 concentrations during storage, peaking at 6.74 meq peroxide/kg of oil (in the sample 13 

containing 0.8% of CoQ10) after 60 days, which was influenced by the dark chocolate’s matrix 14 

ingredients. HPLC analysis indicated that CoQ10 content was 27.0% and 82.7% in samples 15 

containing 0.4% and 0.6% CoQ10, respectively. Colorimetric assessments showed visual changes, 16 

while sensory evaluation revealed no significant differences in texture, flavor, or overall 17 

acceptability between fortified and control samples, suggesting consumer acceptance at all CoQ10 18 

levels. This study confirms the feasibility of utilizing dark chocolate as a delivery system for 19 

CoQ10, despite certain processing and storage limitations. Future research should prioritize 20 

enhancing CoQ10 stability, examining its long-term health benefits, and evaluating its 21 

effectiveness in promoting consumer health. 22 

Key words: CoQ10 stability, Functional food, Health, HPLC, Oxidative stress. 23 

 24 
INTRODUCTION 25 

Non-communicable diseases (NCDs) such as cardiovascular diseases, diabetes mellitus, cancer, 26 

and neurological disorders rank among the top ten causes of mortality worldwide (WHO, 2024). 27 

Emphasizing a balanced diet and appropriate nutritional supplementation plays a crucial role in 28 
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reducing healthcare costs and minimizing adverse effects associated with more invasive 29 

treatments. This highlighting the need for continued research in food science and nutrition to 30 

address these emerging public health challenges (Arenas‐Jal et al., 2020). Micronutrients- vitamins 31 

and minerals- are vital for maintaining optimal physiological function and preventing disease. 32 

Since the human body has a limited capacity for the endogenous synthesis of many essential 33 

micronutrients, these nutrients must be obtained through diet or supplementation. Effective 34 

strategies to combat micronutrient deficiencies include oral supplementation, public health 35 

initiatives, and food-based interventions such as food fortification (Mannar & Wesley, 2025). 36 

Coenzyme Q10, also known as ubiquinone or ubidecarenone, is the third most widely consumed 37 

dietary supplement after fish oil and multivitamins (Kapoor & Kapoor, 2013). Its biological 38 

activity is largely attributed to its antioxidant properties, with its reduced form, ubiquinol, acting 39 

as a hydrophobic antioxidant that protects lipids within cellular membranes and helps preserve 40 

mitochondrial proteins and DNA from oxidative damage (Aaseth et al., 2021). 41 

Numerous strategies have been developed to improve CoQ10 bioavailability, including the use 42 

of nanoemulsions, cyclodextrin complexes, and encapsulation with suitable coating materials 43 

(Barakat et al., 2013; Xia et al., 2006). In vitro studies have corroborated CoQ10's neuroprotective 44 

properties, demonstrating its ability to mitigate dysfunction and cell death associated with 45 

neurodegenerative diseases such as Alzheimer's, Parkinson's, and Huntington's (Somayajulu et al., 46 

2005). 47 

Several studies have demonstrated successful fortification approaches, such as encapsulating 48 

CoQ10 using the complex coacervation method in functional yogurt (Ahmadi et al., 2015) and 49 

assessing the effects of thermal processing and simulated gastrointestinal digestion on its retention 50 

in processed meat products (Tobin et al., 2014). The suggested daily intake of CoQ10 for healthy 51 

individuals ranges from 30 to 100 mg, with potential increases to 1200 mg in specific medical 52 

conditions (Pravst et al., 2010). Dietary sources typically provide only 3- 6 mg daily (Kubo et al., 53 

2008). 54 

Cocoa and chocolate products are widely consumed globally, with increasing per capita intake 55 

across diverse populations (Arunkumar & Jegadeeswari, 2019; Zugravu & Otelea, 2019). Given 56 

their widespread consumption, chocolate products presents an attractive matrix for bioactive 57 

compounds delivery. Previous research has successfully fortified chocolate with phytosterols, fish 58 

oil, peanut oil, cinnamon, and bulk sweeteners, while maintaining products stability and consumer 59 
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acceptance (Kiumarsi et al., 2017; Agibert & Lannes, 2018; Botelho et al., 2014; Dwijatmoko et 60 

al., 2016; Hadnađev et al., 2023). 61 

Dark chocolate`s high lipid content offers an advantageous matrix for CoQ10 fortification, as 62 

it enhances the solubility of this lipophilic compound. The relatively mild thermal processing 63 

involved in chocolate production may better preserve CoQ10`s structural integrity compared to 64 

other food matrices. Additionally, the presence of dietary lipids facilitates CoQ10 absorption via 65 

lipid-mediated pathways in the gastrointestinal tract, potentially improving its bioavailability 66 

(Pravst et al., 2010). The widespread consumer acceptance of chocolate makes it a promising 67 

vehicle for delivering CoQ10, provided that stability and sensory qualities are maintained 68 

throughout processing and storage. 69 

The study aimed to evaluate the feasibility of fortifying dark chocolate with CoQ10 to develop 70 

a scalable, consumer-acceptable functional food. The objectives included assessing product quality 71 

and stability through physicochemical analyses- such as peroxide value (PV), acidity, and 72 

colorimetry- and evaluating consumer acceptance via sensory evaluation. Additionally, HPLC was 73 

employed to quantify CoQ10 content during a 90-day storage period at 25oC, thereby determining 74 

its stability within the chocolate matrix. 75 

 76 

MATERIALS AND METHODS 77 

Chemicals and Materials 78 

Coenzyme Q10 (CoQ10, ≥99%) was purchased from Xi’an Natural Field Bio-Technique Co., 79 

Ltd. (CAS No: 303-98-0, China). Various chemicals and reagents were used, including n-hexane, 80 

ethanol, potassium iodide, potassium hydroxide, acetic acid glacial, chloroform, sodium 81 

thiosulfate, methanol, and ferric chloride (FeCl3), all supplied by Merck Chemical Co. (Darmstadt, 82 

Germany). Acetonitrile, tetrahydrofuran (THF), and 2-propanol were obtained from Caledon 83 

Laboratories Ltd. (Canada). All chemicals were of analytical grade.  84 

 85 
Dark Chocolates Preparation 86 

Dark chocolate was industrially produced and fortified in a pilot at Zarkam Food Research and 87 

Industry Company (Alborz, Iran). The base formulation consisted of natural cocoa mass (46%), 88 

crystalline sugar (40%), cocoa butter (6% added initially, with an additional 6% incorporated 89 

during the final conching stage), cocoa powder (1.5%), and vanilla essential oil (0.03%). All 90 
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ingredients were mixed to obtain a uniform structure and refined to minimize particle size, 91 

achieving a smooth, grit-free texture. Five formulations were prepared: a control sample without 92 

CoQ10 (A) and four fortified variants containing CoQ10 at concentrations of 0.2% (B), 0.4% (C), 93 

0.6% (D), and 0.8% (E). The refined chocolate was conched at 45°C for 3 h to enhance flavor and 94 

texture (Dand, 2011). During the final 30 min of conching, the remaining cocoa butter (6%)- in 95 

which CoQ10 was easily dissolved due to its lipophilicity- was added along with lecithin (0.43%) 96 

and polyglycerol polyricinoleate (PGPR) emulsifier (0.04%) to ensure a homogeneous mixture in 97 

4 kg batches. Following conching, the chocolate was tempered to stabilize β₂ crystal formation, 98 

essential for achieving optimal texture, gloss, and resistance to fat bloom. Manual tempering was 99 

performed by rapidly cooling the chocolate from 44°C to 28°C (Castro-Alayo et al., 2023). 100 

Subsequently, the chocolate was molded, cooled, and packaged in dark, air-impermeable 101 

aluminum foil to preserve stability and quality. Samples were stored at 25°C for 90 days. Tests 102 

were conducted each 30 days, with three replicates per analysis.  103 

 104 
Acid Value Determination 105 

The acid value- defined as the milligrams of potassium hydroxide required to neutralize the 106 

free fatty acids present in one gram of sample oil- was determined according to the AOAC method 107 

(2023a) during 90 days storage.  A 5.00 ± 0.05 g sample of extracted oil (using n-hexane) combined 108 

with 75 mL of neutralized ethanol in a 250 mL flask. The solution was titrated immediately with 109 

0.1 M potassium hydroxide in the presence of 0.5 mL phenolphthalein indicator until a stable pink 110 

endpoint was observed. 111 

This results were expressed as the acid value itself or as the percentage of free fatty acids 112 

(%FFA), expressed as percent of oleic acid. 113 

 114 
Peroxide Value (PV) Determination 115 

The PV quantifies all substances that react with potassium iodide (KI) under specified test 116 

conditions, expressed as milliequivalents of peroxide per kilogram of oil. These substances are 117 

typically recognized as peroxides or other oxidative by-products of fats. PV was determined using 118 

the AOAC method (2023b). A 5.00 ± 0.05 g of oil sample oil was mixed with 30 mL of an acetic 119 

acid-chloroform solution (3:2, v/v), followed by the addition of 0.5 mL of saturated potassium 120 

iodide (KI). After one minute, the peroxides in the sample reacted with KI in the acidic conditions. 121 
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The liberated iodine was titrated with 0.01M sodium thiosulfate solution in the presence of 0.5 mL 122 

of 1.0% starch indicator until the dark blue color disappearance. The peroxide value was calculated 123 

as follows: 124 

PV (milli equivalent peroxide/kg of oil) =  
(S−B)×M×1000

W
                                              [1] 125 

where B, S, M, and W are the volume of the used titrant (mL) for the blank, volume of the used 126 

titrant (mL) for the sample, molarity of the sodium thiosulfate solution, and sample weight (g), 127 

respectively. 128 

Color Evaluation 129 

The effect of CoQ10 fortification on chocolate color and appearance was evaluated using a 130 

HunterLab ColorFlex colorimeter (USA). Prior to measurement, the device was calibrated using 131 

standard black and white reference plate. Color parameters L* (lightness), a* (red-green 132 

coordinate), and b* (yellow-blue coordinate), were recorded. The color differences (ΔΕ) among 133 

the samples was calculated as follows (Hadnađev et al., 2023): 134 

ΔΕ = √(ΔL∗)2 + (Δa∗)2 + (Δb∗)2                                                                                [2] 135 

Interpretation of ΔE values: ΔE < 1, color difference not perceptible to the human eye; ΔE < 3, 136 

color difference barely perceptible; ΔE > 3, color difference clearly visible. 137 

 138 

Determination of CoQ10 Content 139 

The  remaining CoQ10 content was quantified using a modified AOAC method (Lunetta & 140 

Roman, 2008). Extraction was performed using a solvent mixture of acetonitrile, tetrahydrofuran 141 

(THF), and water (55:40:5, v/v/v), which served as both the mobile phase and the extraction 142 

solvent. To oxidized the reduced form of CoQ10 (ubiquinol) into oxidize form (ubiquinone), 0.1% 143 

Fe(III) chloride solution in alcohol (90% ethanol, 5% methanol, and 5% 2-propanol) was added to 144 

the extract.  145 

A CoQ10 standard (125.0 ± 0.1 mg, 99.2% purity) was accurately weighed and transferred to a 146 

100 mL volumetric flask. Approximately 50 mL of the mobile phase was added, and the solution 147 

was sonicated for 30 min, then diluted to volume with the mobile phase to obtain 1.25 mg/mL 148 

stock solution.. A five-point calibration curve (linear range 0.025 to 0.125 mg/mL) was ploted. 149 

Sample preparation: melted chocolate samples were weighed (15 g for samples B and C, 10 g 150 

for samples D and E) and transferred to 100 mL volumetric flasks. About 50 mL of the mobile 151 
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phase was added, and the mixtures were sonicated for 30 min. The solutions were then diluted to 152 

volume, filtered through DP 595090 filter paper (Hahnemühle Dassel, Germany), and 8 mL of 153 

each solution was transferred to another 100 mL volumetric flask. To each, 10 mL of Fe(III) 154 

chloride in alcohol was added and the volum adjusted with mobile phase. The mixtures were 155 

filtered through 0.45 µm PTFE syringe and injected into the HPLC system under the following 156 

conditions: HPLC System (Waters liquid chromatograph with 600E pump and 2487 Waters dual 157 

wavelength UV detector (USA)); column (Develosil ODS-UG-5 (4.6 mm × 250 mm, 5 µm, 158 

Japan)); mobile phase flow rate= 1.0 mL/min (isocratic); injection volume (20 µL); detection 159 

wavelength (λ= 275 nm); column temperature (25oC). 160 

To validate analytical accuracy, known quantity of CoQ10 standard was spiked into the samples, 161 

and all procedures were repeated. 162 

 163 
Sensory Evaluation 164 

A total of 40 panelists (21 males and 19 females, aged 12-70 years) participated in the sensory 165 

evaluation. All participants confirmed that they were not on special diets and had no allergies to 166 

chocolate ingredients. The molded chocolate samples, wrapped in aluminum foil, were labeled 167 

with five-letter random codes. Before evaluating each sample, participants rinsed their mouths 168 

with warm water to remove residual flavors. A 5-point hedonic scale was used, where 5 represented 169 

“extremely good” and 1 represented “extremely poor”. Participants rated each attribute- color, 170 

taste, texture, melting properties, oil extrusion, and overall acceptance- caaording to their 171 

preference (Dwijatmoko et al., 2016).  172 

 173 
Statistical Analysis 174 

Data were analyzed using a completely randomized design and one-way analysis of variance 175 

(ANOVA). Statistical analysis was performed using IBM SPSS Statistics 27 software, and graphs 176 

were generated in Microsoft Excel 2019. Tukey’s test was applied to determine significant 177 

differences at a 95% confidence level (p < 0.05). Results are reported as mean ± standard deviation 178 

(n=3). 179 

 180 
 181 
 182 
 183 
 184 
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RESULTS AND DISCUSSION 185 

Acidity Results 186 

As presented in Table 1, formulations with higher concentrations of CoQ10 exhibited 187 

significantly lower acid values. Notably, formulation E (containing 0.8% CoQ10) recorded the 188 

lowest acidity at 1.76 ± 0.09 % (FFA) after 90 days, demonstrating a statistically significant 189 

difference (p< 0.05) compared to the control formulation. 190 

According to international quality standards, the permissible limit for free fatty acid (FFA) 191 

content in chocolate and cocoa butter is generally below 1.75 % (expressed as oleic acid) (Codex 192 

Alimentarius Commission, 2022). FFA values exceeding this threshold typically indicate 193 

hydrolytic rancidity and lipid degradation, which can adversely affect both the sensory attributes 194 

and storage stability of chocolate products. As presented in Table 1, all CoQ10-fortified 195 

formulations, including the control, exhibited FFA levels within or close to the acceptable range 196 

throughout the 90-day storage period. Although the control sample (A) showed a significant 197 

increase in acidity, reaching 2.72 ± 0.13 %, slightly above the recommended limit, formulations 198 

containing CoQ10- particularly samples D and E- maintained considerably lower FFA values (1.91 199 

± 0.04% and 1.76 ± 0.09%, respectively) after 90 days of storage. These results suggest that CoQ10 200 

incorporation effectively mitigates lipid hydrolysis and oxidation deterioration, thereby preserving 201 

the chemical integrity of the lipid fraction during storage. Moreover, the lower FFA levels observed 202 

in CoQ10-fortified samples suggest enhanced resistance to rancidity, likely duo to the antioxidant 203 

properties of CoQ10. Overall, CoQ10 fortification appears to be a promising strategy for 204 

improving both the nutritional value and physicochemical stability of chocolate products, 205 

extending their shelf life while maintaining compliance with international quality standards. 206 

The observed reduction in acidity is likely due to the potent antioxidant properties of CoQ10, 207 

which suppress lipid oxidation and consequently limit the formation of free fatty acids. In lipid-208 

rich matrices such as chocolate, lipid oxidation results in the formation of acidic by-products, 209 

including free fatty acids. CoQ10 seems to mitigate these reactions by neutralizing free radicals 210 

and interacting with fatty acids through its functional groups. Supporting this, a meta-analysis by 211 

Zhai et al. (2017) indicated that CoQ10 significantly decreases malondialdehyde levels- a 212 

biomarker of lipid peroxidation associated with increased acidity- in various food systems. Table 213 

1 illustrates the trends in acidity over the storage period, revealing that formulations E and D, 214 

which contain higher concentrations of CoQ10, exhibited a decreasing trend in acidity. This trend 215 
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is consistent with previous studies demonstrating that antioxidant-rich matrices can delay the onset 216 

of lipid oxidation (Littarru & Tiano, 2007). Conversely, a study by Rossini et al. (2011) on white 217 

chocolate reported a significant increase in acidity over a 10-month storage period across three 218 

treatments, including two antioxidant agents (casein hydrolysate and Grindox 562) and a control, 219 

indicating variability depending on formation and antioxidant type. 220 

Table1. Acidity of CoQ10-fortified chocolates during 90 days storage (% free fatty acid). 221 
Sample Storage time (day) 

30 60 90 

A* 2.21±0.05aB 2.21± 0.02aB 2.72±0.13aA 

B 2.29±0.03aA 2.02± 0.02cB 1.88±0.02bB 

C 2.09±0.05bA 2.05± 0.01cA 1.78±0.08bB 

D 2.23±0.02aA 1.96± 0.01dB 1.91±0.04bB 

E 2.27±0.01aA 2.11± 0.01bA 1.76±0.09bB 

*A: control without CoQ10; B: sample containing 0.20% CoQ10; C: sample containing 0.40% CoQ10; D: sample 222 
containing 0.60% CoQ10; E: sample containing 0.80% CoQ10. Values are means ± standard deviation of three 223 
replicates. Different higher case letters within the same row and different lowercase letters within the same column 224 
are significantly different (p< 0.05). 225 

 226 
Peroxide Value (PV) Results 227 

In this study, significant differences in oxidative stability among various formulations were 228 

observed (Table 2). The control treatment (A) showed the lowest PV throughout the storage period, 229 

reaching 1.79 ± 0.06 meq peroxide/kg of oil after 90 days. In contrast, samples fortified with 230 

CoQ10 displayed progressively higher PVs correlating with increased CoQ10 content. 231 

Specifically, formulation E, containing 0.8% CoQ10, recorded the highest PV of 6.74 meq 232 

peroxide/kg of oil; however, all values remained below the Codex Alimentarius Commission`s 233 

recommended limit of 10 meq peroxide/kg of oil (Codex Alimentarius Commission, 2023) 234 

The elevated PVs observed in the CoQ10-fortified samples suggest a potential pro-oxidant 235 

effect of CoQ10. The isoprenoid side chain of CoQ10, which is rich in double bonds, inherently 236 

predisposes it to oxidation. This characteristic may facilitate its role as a scavenger antioxidant, 237 

potentially protecting the lipid matrix of chocolate from oxidative degradation (Valgimigli, 2023). 238 

While multiple double bonds in CoQ10 might theoretically compete with lipids for oxidation, 239 

current evidence indicates that CoQ10 primarily acts as an antioxidant within the chocolate matrix. 240 

Its ability to react with free radicals may mitigate extensive lipid peroxidation, thereby preserving 241 

the integrity of the fat structure in chocolate. 242 

 243 
 244 
 245 
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Table 2. Peroxide value of CoQ10-fortified chocolates during 90 days of storage (meq peroxide/kg 246 
oil). 247 

 

Sample 

Storage time (day) 

30 60 90 

A* 0.70±0.01eB 0.89±0.01eB 1.79±0.06eA 

B 1.84±0.06dB 1.52±0.01dC 2.37±0.02dA 

C 3.47±0.08cA 2.25±0.09cC 2.56±0.01cB 

D 4.59±0.09bA 3.13±0.16bC 3.43±0.02bB 

E 6.31±0.03aB 6.74±0.14aA 5.80±0.05aC 

*For abbreviations, see Table 1 footnote. Values are means ± standard deviation of three replicates. Different higher 248 
case letters within the same row and different lowercase letters within the same column are significantly different (p< 249 
0.05). 250 

 251 
Supporting this hypothesis, the thiobarbituric acid-reactive substances (TBARS) assay 252 

conducted on sample E at day 90 revealed a malondialdehyde (MDA) content of 0.026 mg 253 

MDA/kg of oil, accompanied by a PV of 5.80 ± 0.05 meq peroxide/kg of oil. Low MDA levels, 254 

reflected by minimal TBARS values, are widely recognized in the literature as indicative of limited 255 

secondary lipid oxidation (Aguilar Diaz De Leon & Borges, 2020). In food systems, the efficacy 256 

of antioxidant treatments is often validated by their capacity to inhibit increases TBARS value (Li 257 

et al., 2023). Therefore, the observed MDA concentration of 0.026 mg/kg of oil suggests that 258 

CoQ10 effectively mitigated secondary lipid oxidation under the storage conditions employed, 259 

despite the concurrent increase in PV, which primarily reflects primary oxidation products. This 260 

indicates that CoQ10 may exert a protective effect against the progression of lipid oxidation 261 

beyond the initial peroxidation stage. 262 

Comparable studies have also investigated the effect of various fortifying agents on the 263 

oxidative stability of chocolate. For instance, Rossini et al. (2011) examined the impact of two 264 

different antioxidants on the physicochemical properties of white chocolate over its shelf life. Their 265 

findings align with our results, showing increased PVs in antioxidant-treated samples. Specifically, 266 

they reported a maximum PV of approximately 8.1 meq peroxide/kg of oil in samples stored at 267 

28°C with Grindox antioxidant after 10 months. Similarly, Vercet (2003) reported a PV of 9.5 meq 268 

peroxide/kg of oil after 15 months of storage, further emphasizing the influence of antioxidant type 269 

and storage conditions on oxidative stability. 270 

Other comparable findings have been reported in chocolate fortification studies. Quispe-271 

Sánchez et al. (2023) observed that fortifying dark chocolate with essential oils (Cymbopogon 272 

citratus, Pimpinella anisum, and Minthostachys mollis) resulted in a concentration-dependent 273 

increase in peroxide value during storage, particularly at higher inclusion levels.  274 
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In summary, while the incorporation of CoQ10 into dark chocolate formulations resulted in 275 

higher PVs, its overall antioxidant capacity appears to play a crucial role in protecting the lipid 276 

fraction from oxidative degradation. These findings highlight the complex role of CoQ10, which 277 

may exhibit pro-oxidant tendencies under certain conditions but predominantly functions as an 278 

antioxidant within the product matrix. Further research should focus on elucidating the 279 

mechanisms underlying CoQ10`s dual role in oxidative processes, aiming to optimize formulations 280 

for enhanced shelf life and quality preservation in chocolate and other lipid-based foods. 281 

 282 
Colorimetric Results 283 

Appearance and color are crucial parameters influencing consumer acceptability of food 284 

products. In this study, colorimetric tests were conducted to investigate the impact of CoQ10 285 

fortification on the color parameters and total color difference (ΔE) of formulated dark chocolates. 286 

The coloration of chocolate is influenced by multiple factors, including production processes, 287 

formulation composition, and the crystalline structure of the fat used (Saputro et al., 2017). 288 

Measurements were taken over a 90-day storage period, and ΔE was calculated to quantify 289 

perceptible color deviations induced by fortification and storage conditions (see Table. 3). 290 

The results demonstrated variations in the CIELAB color parameters- L* (lightness), a* (red-291 

green), and b* (yellow-blue)- corresponding to different CoQ10 concentrations. Both CoQ10 level 292 

and storage duration had statistically significant effects (p< 0.05) on these parameters, suggesting 293 

that CoQ10 addition can alter surface coloration, likely due to its inherent coloration and potential 294 

interactions with the cocoa matrix components. 295 

Throughout the 90-day storage period, changes in color parameters were observed. The control 296 

sample maintained relative stability, whereas CoQ10-fortified chocolates exhibited incremental 297 

changes in L*, a* and b* values. These findings imply that the color stability of fortified chocolates 298 

may be compromised over time, potentially due to oxidative processes or matrix interactions. 299 

Measurement accuracy was carefully considered; potential sources of error include instrument 300 

calibration drift, surface irregularities of samples, and environmental factors such as ambient light 301 

and temperature fluctuations during storage. These variables can introduce minor variability in 302 

color measurements. 303 

The observed increase in ΔE values over time, particularly at higher CoQ10concentrations, 304 

suggests that oxidation, degradation processes, and interactions between CoQ10 and other 305 



Journal of Agricultural Science and Technology (JAST), 28(6) 

In Press, Pre-Proof Version 
 

11 
 

chocolate ingredients may adversely affect color stability. Although most ΔE values remained 306 

below the threshold of human perceptibility, sensory evaluations corroborated these findings, 307 

indicating minimal perceptible color changes. 308 

Comparative studies highlight varying impacts of fortification on chocolate color stability. For 309 

instance, Botelho et al. (2014) reported that phytosterols-fortified chocolates maintained color 310 

stability up to 90 days, after which surface bloom caused lightening. Similarly, Rajabi and 311 

Sedaghati (2024) found that chocolates fortified with encapsulated herbal extracts exhibited a 312 

significant (p< 0.05) increase in lightness shortly after production, which was deemed acceptable 313 

by sensory panels. 314 

In the present study, the dark coloration of chocolate likely masked the orange hue of CoQ10, 315 

especially given the low concentration and small particle size of the CoQ10, minimizing visually 316 

perceptible color alterations. 317 

 318 

Sensory Evaluation Results 319 

The sensory evaluation of CoQ10-fortified dark chocolates provided valuable insights into 320 

consumer acceptability. Across CoQ10 concentrations ranging from 0.0 to 0.8%, no statistically 321 

significant differences (p< 0.05) were observed in sensory attributes such as color, taste, texture, 322 

melting properties, oil extrusion (surface oil separation), and overall acceptance. Tukey’s post hoc 323 

tests confirmed that even at the highest fortification level, sensory qualities remained comparable 324 

to control samples (Fig. 1). 325 
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 326 

Figure 1. Sensory evaluation of CoQ10-fortified dark chocolates. A: control without CoQ10; B: 327 

sample containing 0.20% CoQ10; C: sample containing 0.40% CoQ10; D: sample containing 328 
0.60% CoQ10; E: sample containing 0.80% CoQ10. Values are mean ± standard deviation. 329 

 330 

Although CoQ10`s intrinsic orange coloration initially raised concerns about potential visual 331 

alterations, instrumental colorimetric data (Table 3) and consumer ratings indicated negligible 332 

differences. This likely results from the deep brown color of the chocolate matrix and effective 333 

dispersion of CoQ10 particles within the product. Similar findings were reported by Botelho et al. 334 

(2014), who observed that phytosterols fortification did not affect chocolate appearance. 335 

Taste scores remained high, with no significant differences (p< 0.05). Contrasting findings from 336 

Rajabi and Sedaghati (2024) indicated that consumers could detect differences between control 337 

and fortified samples, highlighting variability based on formulation and detection thresholds. Other 338 

research (Hadnađev et al., 2023) noted consumer preference for control chocolates over those 339 

fortified with fish oil, which can impart off-flavors. 340 

Overall, the sensory data suggest that dark chocolate is an effective delivery matrix for CoQ10, 341 

maintaining sensory quality and consumer acceptability. These findings support further 342 

exploration of bioactive compounds incorporating into food products, with potential for functional 343 

food development.344 

0.00

1.00

2.00

3.00

4.00

5.00

Color

Taste

Texture

Melting properties

Oil extrusion

Ovral acceptance

A

B

C

D

E



Journal of Agricultural Science and Technology (JAST), 28(6) 

In Press, Pre-Proof Version 
 

13 
 

Table 3 Color parameters (L*, a*, b*, and ΔΕ) of CoQ10-fortified chocolates during 90 days storage. 

 Storage time (day) 

Samples 

30 60  90 

L* a* b* ΔΕ L* a* b* ΔΕ L* a* b* ΔΕ 

A* 20.01±0.12aB 
14.80±0.09

aA 

19.98±0.34
aA 

0.00  21.69 ± 

0.01bA 

13.54±0.23b

B 

16.51±

0.10cB 

0.0

0 
 18.92±0.4

3bC 

13.74±0.09
cB 

17.13±1.4

1bB 
0 

B 20.14±0.04aB 
14.54±0.06

abA 

20.59±0.06
aA 

0.68  20.57 ± 

0.06dA 

14.25±0.11a

B 

19.70±

0.14aB 

3.1

9 
 20.15±0.0

4aB 

14.55±0.07
bA 

18.88±0.1

9abC 

2.2

8 

C 20.20±0.11aB 
14.60±0.09

abA 

20.07±0.15
aA 

0.30  20.48 ± 

0.04dA 

14.06±0.08a

B 

17.42±

0.53bB 
1.6  19.85±0.0

5aC 

14.65±0.07
abA 

19.19±0.3

1aA 

2.4

3 

D 20.16±0.08aB 
14.35±0.29

bA 

19.83±0.71
aA 

0.51  21.80 ± 

0.02aA 

13.41±0.04b

B 

17.23±

0.29bcB 

0.7

3 
 19.72±0.0

4aC 

14.70±0.05
abA 

20.21±0.1

0aA 

3.3

2 

E 20.08±0.05aB 
14.76±0.03

aA 

20.69±0.17
aA 

0.71  21.33 ± 

0.04cA 

13.54±0.07b

B 

17.50±

0.11bC 

1.0

5 
 20.05±0.0

4aB 

14.74±0.06
aA 

20.06±0.3

0aB 

3.2

7 
*For abbreviations see Table 1 footnote. Values are mean ± standard deviation of three replicates. Different higher case letters within the same row and different 

lowercase letters within the same column are significantly different (p< 0.05). 
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CoQ10 Content of Produced Samples 363 

The residual CoQ10 content was quantified using RP-HPLC-UV. Representative 364 

chromatograms are shown in Fig. 2A for the standard solution and Fig. 2B for CoQ10 extracted 365 

from the fortified chocolates. The calibration curve exhibited excellent linearity within the tested 366 

concentration range, with an R2 value of 0.9997 and the equation Y= 19,960X + 42,252, indicating 367 

reliable quantification. Initial analyses indicated that residual CoQ10 content in the samples ranged 368 

from approximately 54.86% to 82.66% of the initially added amount, suggesting variable retention 369 

efficiency across samples. Over the storage period, as depicted in Fig. 3, there was a gradual 370 

decrease in CoQ10 levels, which could be attributed to several factors. Potential mechanisms 371 

include interactions between CoQ10 and components of the chocolate matrix- such as lipids, 372 

proteins, and polyphenols- that may influence its stability and bioavailability. Additionally, 373 

incomplete extraction of CoQ10 from the matrix and possible oxidative degradation may 374 

contribute to the observed decrease. 375 

  

Figure 2. Chromatogram of CoQ10 standard (0.10 mg/ml); B: Chromatogram of extracted CoQ10 376 

from produced dark chocolate (0.8% CoQ10). 377 
 378 

Over a 90-day storage period, CoQ10 levels exhibited a gradually decline, as illustrated in Fig. 379 

3. For example, treatment E retained approximately 49% CoQ10 after 30 days, decreasing to 37% 380 

at 90 days. The observed trend aligns with previous studies indicating that CoQ10 stability is 381 

influenced by formulation composition, the presence of antioxidants, and storage conditions. 382 
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Temova Rakuša et al. (2021) demonstrated that the reduced (ubiquinol) and oxidized (ubiquinone) 383 

forms of CoQ10 exhibit different stability profiles, with degradation rates varying depending on 384 

the carrier systems- being more pronounced in capsule formulations. Similarly, Tobin et al. (2014) 385 

reported a 21% reduction in CoQ10 content following cooking processes in meat products, 386 

highlighting the influence of thermal and processing conditions on CoQ10 retention. Pravst et al. 387 

(2009) found stable CoQ10 levels in fortified dairy products during storage, although the 388 

hydrophobicity nature of CoQ10 poses challenges for water-base formulations. These findings 389 

underscore the critical importance of formulation strategies aimed at enhancing CoQ10 stability. 390 

Incorporating antioxidants into the formulation or employing encapsulation techniques can 391 

mitigate oxidative degradation and improve shelf life (Domínguez et al., 2021; Sereti et al., 2025). 392 

For instance, microencapsulation using lipid-based carriers or antioxidant coatings has been shown 393 

to significantly increase CoQ10 stability during storage. 394 

In addition, the general observations showed that when compounds are added under controlled 395 

condition, phenolic compounds, vitamins, or other bioactive fortificants remain stable. It has been 396 

also proven that the addition of heat-sensitive compounds such as phytosterol esters during 397 

tempering substantially increases total phenolics and antioxidant capacity, while high temperatures 398 

can degrate such compounds and accelerate oxidation in unsaturated bioactive compounds (Topka 399 

et al., 2024). Similarly, adding CoQ10 at the final stage of conching, likely minimized thermal 400 

stress, preserving its integrity. 401 

Despite the observed degradation, the residual CoQ10 levels in the fortified dark chocolate 402 

remained within the effective intake range of 30-100 mg/day (Pravst et al., 2010). This suggests 403 

that fortified dark chocolate can serve as a viable functional carrier for CoQ10, providing a 404 

convenient and palatable matrix. Future research should focus on the impact of varying storage 405 

conditions, including temperature and light exposure, to enhance CoQ10 retention and 406 

bioavailability. 407 

 408 
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 409 

Figure 3. 90-day stability study of CoQ10-fortified dark chocolates. A: control without CoQ10; 410 
B: sample containing 0.20% CoQ10; C: sample containing 0.40% CoQ10; D: sample containing 411 

0.60% CoQ10; E: sample containing 0.80% CoQ10. Values are mean ± standard deviation of three 412 
replicates. 413 
 414 

CONCLUSIONS 415 

This study demonstrated that CoQ10 fortification and storage duration markedly influence the 416 

physicochemical and sensory properties of dark chocolate. Fortified chocolates showed a reduction 417 

in acidity and an increase in peroxide values over time, indicative of oxidative processes 418 

potentially catalyzed by CoQ10. Nonetheless, CoQ10 retention remained acceptable after 90 days, 419 

confirming the feasibility of using dark chocolate as a delivery matrix for this bioactive compound. 420 

Sensory evaluation revealed no significant differences in appearance, aroma, texture, or overall 421 

acceptability between control and fortified samples, indicating that CoQ10 incorporation does not 422 

compromise consumer perception. Based on the findings, CoQ10 concentrations of 0.6% and 0.8% 423 

were identified as optimal for dark chocolate fortification. The 0.6% formulation exhibited better 424 
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CoQ10 recovery and good oxidative stability, while the 0.8% formulation showed the lowest 425 

acidity (1.76% FFA) and maintained excellent sensory acceptability. Therefore, fortification within 426 

this range effectively balances CoQ10 stability, retention, and overall product quality, confirming 427 

its suitability for functional chocolate development. To improve stability and preserve functional 428 

benefits, future research should explore strategies such as natural antioxidants addition or 429 

advanced encapsulation techniques. Overall, the results support the potential of CoQ10-fortified 430 

dark chocolate as a functional food, offering a convenient and palatable means of delivering 431 

nutraceutical benefits. Further studies assessing long-term health impacts and optimizing 432 

formulation stability are recommended to maximize the efficacy and consumer acceptance of such 433 

products. 434 
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 561 

 562 آن  یو سلامت یاه یو خواص تغذ ایبهبود مزا یبرا نینو  یکردیرو  وتن،یک میشکلات با کوآنز یسازی غن

 563 

 564 روستا  ی کمال لایلو ، یسحر  ی، محسن برزگر، محمدعلیمحمد رضایعل
 565 ده یچک

 566 یموثر است که نقش اساس  یو درمان  یشیبا خواص ضداکسا  ی و محلول در چرب  فعالستیز  یب ی( ترکCoQ10)  وتنی ک  میکوآنز
 567 یحامل برا کیعنوان پژوهش، شکلات تلخ به  نی. در اکندیم  فای ا یشیو محافظت در برابر تنش اکسا یسلول یانرژ دیدر تول
 568روز در   ۹۰مدت ها بهو نمونه  دیاستفاده گرد یاستاندارد صنعت یندهایفرآ ازشکلات،  دیتول یانتخاب شد. برا  CoQ10انتقال 

 569 ی ابیمورد ارز وتنیک میکوآنز یداریو پا  ییایمی کوشیزیف یهایژگیمدت و نیا  یشدند. ط ینگهدار گرادیدرجه سانت  ۲۵ یدما
 570و در روز    افتهی  شیافزا  ینگهدار  طولدر    CoQ10غلظت    شی( با افزاPV)  دیپراکس  سینشان داد مقدار اند  جیقرار گرفت. نتا

 571که به نظر   دیروغن رس  لوگرمیبر ک  دیپراکس  والانیاکیلیم  74/6به مقدار    CoQ10  زانیم  نیشتریب  یشصتم در نمونه دارا
 572نشان داد که درصد    HPLCبا    CoQ10مقدار    نییشکلات بوده است. تع  باتی ترک  یهاکنشبرهم  ریامر تحت تأث  نیا  رسدیم

 573  ی بررس   یدرصد بوده است. برا  7/82و    0/27  بی ترتبه  وتنیک  میدرصد کوآنز  6/0و    4/0با    شدهی غن  یهادر نمونه  نآ  یابیباز

سنج  یهاآزمون  ،یاحتمال  یظاهر  راتییتغ همچن  یرنگ  شد.  مق  یحس  یابیارز  ن،یانجام  از  استفاده  امت   اسیبا   574  ی ازیپنج 

معن   کیهدرون تفاوت  داد  بافت، طعم    یدارینشان  نظر  که    شدهیغن  یهانمونه  نیب  یکل  رشیپذ  ایاز  ندارد  وجود  شاهد   575و 
 576  از یامت  CoQ10درصد    8/0  ی عنوان مثال، نمونه حاواست. به  CoQ10سطوح    یکننده در تماممصرف  رشیدهنده پذنشان
 577از لحاظ   اهتفاوت  نیدست آورد که ا( نسبت به نمونه شاهد به85/3( و بافت )08/4(، طعم )10/4)  یکل  رشیدر پذ  یبالاتر

 578را با در نظر    CoQ10سامانه موثر جهت انتقال    کیعنوان  استفاده از شکلات تلخ به  تیمطالعه قابل  نیمعنادار نبودند. ا  یآمار
 579فراسودمند   یغذاها  دیتول  شیپژوهش همسو با روند رو به افزا  نیا  جی. نتا کندیم  دییتأ  یو نگهدار  دیتول  یهاتیگرفتن محدود

 580  شنهاد ی. پدهدیقرار م  ییدهندگان محصولات غذاتوسعه  اریدر اخت  ونی فرمولاس  یسازنهی به  یبرا  یمندارزش  کردیبوده و رو 
 581 ی نقش آن در ارتقا  یابیبخش بلندمدت آن، و ارزسلامت  یا یمزا  ی، بررسCoQ10  یداریبر بهبود پا  ندهیآ  قات یتحق   شودیم

 582 کنندگان متمرکز شوند.سلامت مصرف
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