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ABSTRACT: 

This study investigated explore  the effects of incorporating kumquat powder into 

coffee, focusing on sensory properties, chemical composition, bioactive compound 
content, and antioxidant capacity. Caffeine in coffee primarily acts as a central nervous 

system stimulant, reducing fatigue and enhancing alertness. It also boosts dopamine 

activity and stimulates adrenaline release, improving mood, concentration, and physical 

performance. However, kumquats may help mitigate some of caffeine’s negative effects 
due to their rich content of antioxidants and dietary fiber. Notably, their high phenolic 

content (25 mg/g) combats oxidative stress associated with excessive caffeine intake, 

supporting cellular health. The fiber and natural compounds in kumquats aid liver 
function, promoting efficient caffeine metabolism and elimination. Although coffee is 

acidic and may irritate the stomach, kumquats exhibit an alkalizing effect post-digestion, 

helping to balance acidity and enhance digestive comfort. Additionally, kumquat 

essential oils contribute to cardiovascular support by helping to regulate blood pressure, 
potentially offsetting caffeine-induced increases. Sensory evaluation results identified the 

5% kumquat mix (peel and pulp) as the most preferred formulation, achieving the highest 

overall acceptance score (7.9). This blend notably enhanced aroma (7.8), flavor (7.8), and 
mouthfeel (7.8), while maintaining a pleasant aftertaste (7.5). 

Key words:, sensory properties, chemical composition, coffee, kumquat and, Caffeine. 

 دعمة بمدحوق الكمكواتالتقييم الحدي والكيميائي للقهوة الم
 الملخص العربى

هدفت  هددال رافةرإدد  ساددا رإثارددضا ة ددضة ساددضت  ت دلى  رااوةددىر  ساددا رالىددىائ تدد  راث   دد    ددا   ض  دد  
رال ي ئ وت   ب  راايويض يئ وتلثىى راو  بض  رانردة  ي ىاىييادضئ ورفةتد  راوةدضلأا اة. دفال الودف راادضت  ق تدي رالىدىا 

   رايلظدد ل  وددض اعدد  الدد   عرددضن راددفو ضت ق برددةف اإضإددي  ونرددا ا لىددض  رال دد،ي راو  دد ائ توددض ال ددف راثلدد  و لدد
و لف  ست ر  رلألأة نضا قئ توض ال ق راو رج وراث     ورلألأرء را،فعيل وت  ذاكئ رف ا ض ف رااوةدىر  تدي تيفيدع بلد  
رلآ دضة را د ،ي  ا ادضت  ق بفةدف تلثدىرل رامندي بوةدضلأر  رلأ. دفا ورلأايدضا رامار يد ل ورالدفن  بضادا   ان تلثدىرل رالددضاي 

ت لم/ي رم( اةضتح رلإيىضلأ راثأ. فا راو تبا بضلإت رن تدي تندضول راادضت  قئ تودض ندف م لدل  راي ادضل  52راف نىل ) تق
ت دض ف رلأايدضا وراو  بددض  راة،يفيد  تددي رااوةدىر  وبدض م راا،ددفئ تودض الدد    فدضءا رإدثل ج رااددضت  ق و   ريد ل   ددا 
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ان رااوةىر  اُظى  تأ   ار ر ى اض بلف راىةمئ توض ا دض ف   دا تىر عد  را غم تق ان رالىىا حوةي  ورف تُىيّج راولفائ سلا 
رالوىاددد  وتل  ددد  ةرحددد  رالىدددض  راىةدددويل بضلإادددضت  سادددا ذادددكئ تُ دددضهم   دددى  رااوةدددىر  رالة  ددد  تدددي لأ دددم رال ددد  

بىدد   ورلأوعيدد  رافتى دد  تددق  دد ل راو ددض فا تددي تنظدديم اددما راددفمئ توددض رددف اُلددىّف رةتفض دد  رانددضتج  ددق رااددضت  قل ا
% )رالرد  ورا د ( هددى راث   بد  رلأ.ضد  تفةددي ائ تلللدضا ا  دا لأةيدد  2عثدض ج راثل ديم رال ددي ان   ديا رااوةدىر  ين ددب  

(ئ 7ل9(ئ وراو ود  تدي رافدم )7ل9(ئ وراناىد  )7ل9(ل ورف     هار راي يا برةف ت لدى  را ر لد  )7ل9ر،ىل سيوضاي  )
 (ل2ل9ت  رالفض    ا تار  اةيع )

 راي ض ص رال ي  ئ راث     راايويض ي ئ رالىىا ئ رااوةىر  ئ رااضت  ق المفتاحية:الكلمات 
INTRODUCTION 

Flavor profile changes occur as kumquat powder enhances coffee with citrusy and 
fruity notes. Sensory studies show that volatile compounds play a key role in shaping the 

perception of fruity and floral flavors (Marie et al., 2024; Rodarte, 2008). Rich in 

limonene and other terpenes, kumquat complements the aromatic profile of specialty 

coffees, which often exhibit citrus and floral characteristics (Marie et al., 2024; 

Valencia et al., 2015). Sensory attributes are evaluated using methods like CATA and 

Flash Profile, which effectively assess flavor enhancements in coffee (Flores-Chávez et 

al., 2022; Koeferli et al., 1998). These approaches can evaluate the sensory attributes of 
kumquat-enriched coffee, focusing on citrus intensity, sweetness, and balance. Kumquat 

powder may enhance perceived sweetness and acidity, as noted in studies highlighting 

fruity and floral notes (Rodarte, 2008; Valencia et al., 2015). Kumquat powder has been 

shown to enhance sensory attributes such as color, texture, and taste in other food 
products, suggesting potential improvements in coffee as well (Kwon et al., 2023) 

(Olcay & Demir, 2021). The addition of kumquat powder could enhance the coffee's 

aroma and flavor, similar to how it improves the fragrance and taste balance in other 
applications (Hiroki et al., 2020). Chemical composition alterations in coffee 

significantly impact its volatile compounds, which define its aroma and flavor. Changes 

in roasting conditions, storage, and processing can modify key compounds like furans, 

pyrazines, and terpenes, influencing the sensory profile of coffee (González Sánchez et 

al., 2011). Adding kumquat powder introduces limonene and other citrus-derived 

terpenes, enhancing aromatic complexity (Marie et al., 2024; González Sánchez et al., 

2011(. Phenolic compounds in kumquats can enhance the antioxidant properties of coffee 
by interacting with its natural phenolics. This synergy may lead to chemical composition 

alterations, affecting the volatile profile and contributing to a more complex aroma and 

flavor (Arevalo et al., 2023; Rachid et al., 2009) and influence astringency and 

mouthfeel, as phenolics impact these sensory attributes (Cordoba et al., 2021; Rodarte, 

2008).The addition of kumquat powder can lead to chemical composition alterations in 

coffee by influencing its amino acid profile, which in turn affects acidity and flavor 

balance. This interaction may modify volatile compounds and phenolic content, shaping 

the overall sensory experience.(Arevalo et al., 2023; Cordoba et al., 2021). Citrus acids 
from kumquats could further enhance acidity, contributing to a more balanced flavor 

(Rodarte, 2008; Valencia et al., 2015) 
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Kumquat-enriched coffee enhances citrus and fruity notes due to the presence of 

volatile compounds like limonene and terpenes, which contribute to its distinctive flavor 

profile. (Marie et al., 2024; González Sanchez et al., 2011). These citrus notes may 

complement the natural fruity and floral traits of specialty coffees, creating a more 
complex and appealing flavor profile (Marie et al., 2024; Valencia et al., 2015). 

Kumquat powder influences coffee’s sweetness and acidity—its sugars enhance 

sweetness, while citrus acids help balance the coffee’s natural acidity. (Rodarte, 2008; 

Valencia et al., 2015). This balance is crucial for the sensory appeal of coffee beverages 
(Cordoba et al., 2021; Rodarte, 2008). Chemical and sensory synergy occurs through 

volatile compound interactions, where kumquat-derived compounds like limonene and 

terpenes blend with coffee’s natural volatiles, enriching its aroma and creating a more 
complex and appealing scent. (González Sanchez et al., 2011). Phenolic and antioxidant 

properties are enhanced by phenolic compounds from both coffee and kumquat powder, 

boosting antioxidant activity, which improves flavor and potential health benefits. 

(Arevalo et al., 2023; Rachid et al., 2009). Terpenes, such as limonene, enhance the 
aromatic complexity of coffee by adding citrus notes (Marie et al., 2024). Phenolic 

compounds, like 4-vinylguaiacol, introduce smoky and spicy undertones, enriching the 

flavor profile (Sanchez et al., 2011). Additionally, furan derivatives, including furfuryl 
alcohol, contribute to sweet and caramel notes, further enhancing the sensory experience 

(Sanchez et al., 2011). 

Aim of research 

This study aimed to evaluate the effect of adding kumquat fruit powder to coffee 
on its sensory properties, chemical composition, active compounds, and antioxidant 

activity, with the goal of improving its taste and health benefits. 

Materials and Methods 

Materials 

Fresh kumquat fruits were obtained through special arrangements with farmers at 

the Faculty of Agriculture, Shebin El-Kom, Menoufia Governorate, Egypt. Experts from 

the Faculty of Agriculture, Menoufia University, verified the samples by lineage to 
ensure authenticity and Coffee beans were sourced from Al-Arab Coffee in Shebin El-

Kom 

Chemicals 

Bioactive compound standards were obtained from Sigma Chemical Co. (Cairo, 

Egypt). All other chemicals, reagents, and solvents were of analytical grade and sourced 

from El-Gomhouria Company for Trading Drug, Chemicals, and Medical Instruments 

(Cairo, Egypt). The chemicals used in the analyses included sodium chloride, sodium 
hydroxide, ethanol, acetone, sodium carbonate, aluminum chloride, acetonitrile, 

phosphoric acid, water, methanol, DPPH (2,2-diphenyl-1-picrylhydrazyl), acetic acid, 

hexane, and sodium hydroxide. 

Methods 

Sample Preparation 

Fresh kumquat fruits were thoroughly washed, and the peels were separated from 

the pulp before being dried in an oven at 50-60°C at the Faculty of Home Economics, 
Menoufia University. The dried materials were then finely ground to obtain kumquat 
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powder, with an optimal drying temperature of 60°C and a typical drying duration of 

approximately six hours, depending on the initial moisture content (Hiroki et al., 2020). 

Meanwhile, coffee beans were processed using standard methods to ensure consistency in 

the base coffee used for enrichment (Giomo et al., 2009). The beans underwent roasting 
in a dedicated coffee roaster, initially set at 210°C and gradually increased to 220°C to 

achieve a medium roast, while a separate batch was roasted at 240°C to optimize flavor 

development. After roasting, the coffee was blended with varying concentrations of 

kumquat powder, including peel, pulp, and a mixture of both, with enrichment levels set 
at 5% and 10% to evaluate their impact on the sensory and chemical properties of the 

final product. 

Chemical Analysis of Coffee and Kumquats 

1. Proximate Composition 

The proximate composition, including moisture, ash, protein, fat, and carbohydrate 

content, was determined using standard AOAC (2019) methods.. methods. Moisture 

content was measured by oven drying at 105°C until a constant weight was achieved. 
Ash content was determined by incineration in a muffle furnace at 550°C for 6 hours. 

Crude protein was analyzed using the Kjeldahl method, while fat content was determined 

by Soxhlet extraction using petroleum ether. Carbohydrate content was calculated by 
difference. 

2. Determination of Phenolic and Flavonoid Content of Coffee and Kumquats 

Total phenolic content (TPC) was quantified using the Folin–Ciocalteu method, 

and results were expressed as mg gallic acid equivalent (GAE)/g sample. Total flavonoid 
content (TFC) was assessed using the aluminum chloride colorimetric method, with 

results expressed as mg quercetin equivalent (QE)/g sample (Zhishen et al., 1999). 

Samples with varying kumquat concentrations were prepared, and phenolic compounds 
were extracted using 80% methanol. A 0.5 mL aliquot of the extract was mixed with 2.5 

mL of Folin-Ciocalteu reagent and 2 mL of 7.5% sodium carbonate (Na₂CO₃), then 

incubated in the dark at 25°C for 30 minutes. The absorbance was measured at 765 nm 

using a UV-Vis spectrophotometer, and TPC was expressed as mg gallic acid equivalents 
(GAE) per gram. 

3. HPLC Analysis of Bioactive Compounds of Coffee and Kumquats 

Phenolic acids, flavonoids, and caffeine were identified and quantified using high-

performance liquid chromatography (HPLC) with a C18 column and UV detection. A 

mobile phase consisting of methanol, acetonitrile, and 0.1% formic acid was used at a 

flow rate of 1 mL/min. Detection was performed at 280 nm for phenolics and 

flavonoids and 272nm for caffeine. 
4. Antioxidant Activity of Coffee and Kumquats 

The antioxidant activity of coffee and kumquat samples was evaluated using the 

DPPH radical scavenging assay and the ABTS assay. Results were expressed as IC₅₀ 

values (mg/mL), indicating the concentration required to inhibit 50% of free radicals (Re 

et al., 1999). Samples containing different kumquat concentrations  were extracted using 

80% methanol. For the DPPH assay, 0.1 mL of the extract was mixed with 3.9 mL of 

DPPH solution and incubated in the dark for 30 minutes at 25°C, after which the 
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absorbance was measured at 517 nm. The FRAP assay involved mixing the extract with a 

FRAP reagent and measuring absorbance at 593 nm after 30 minutes of incubation. 

5. Chlorogenic Acid and Caffeine Content of Coffee and Kumquats  

Chlorogenic acid and caffeine were analyzed by HPLC following extraction with 
70% methanol and sonication for 30 minutes. Separation was performed using a C18 

column with a 0.5% acetic acid-methanol mobile phase at a flow rate of 1 mL/min, with 

detection at 320 nm for chlorogenic acid and 272 nm for caffeine (Clifford, 2000). 

6. Essential Oil Composition of Kumquat Peels of Coffee and Kumquats 

Essential oils from kumquat peels were extracted using the hydrodistillation 

method and analyzed by gas chromatography-mass spectrometry (GC-MS). The carrier 

gas was helium, with a temperature program starting at 60°C and increasing to 250°C at 
4°C/min. Compounds were identified by comparing mass spectra with library data 

(NIST) (Adams, 2007; Hiroki et al., 2020). 

7- pH and Acidity Measurement of Coffee Mixed with Kumquat Powder 

The pH of the samples was determined using a digital pH meter (Hanna 
Instruments, Woonsocket, RI, USA), following the method described by AOAC (2019). 

The pH meter was calibrated using standard buffer solutions (pH 4.0 and 7.0) before 

measurement. Each sample (10 mL) was homogenized and analyzed at room 
temperature, ensuring electrode stabilization before recording the final pH value. 

2- Sensory Evaluation  

2-1 Panel Selection Sensory Evaluation) 

A total of 15 trained panelists (aged 25–45 years) with prior experience in coffee 
sensory evaluation were selected. Panelists were trained over three sessions to familiarize 

themselves with the sensory attributes of coffee and the potential effects of kumquat 

fortification Lawless & Heymann, (2010). 
2-2 Sample Preparation for evaluation 

The study included a control group of unfortified coffee alongside six fortified 

variations: coffee with 5% and 10% kumquat peel, coffee with 5% and 10% kumquat 

pulp, and coffee with 5% and 10% of a kumquat mixture (peel + pulp). All samples were 
brewed using a standardized method to ensure consistency in preparation. 

2-3 Sensory Attributes Evaluated 

Sensory attributes were evaluated by a panel of trained assessors using a 9-point 
hedonic scale, where 1 represented "extremely dislike" and 9 indicated "extremely like." 

The evaluation focused on key aspects, including aroma, which assessed the intensity and 

pleasantness of the coffee's fragrance, and flavor, which encompassed sweetness, 

bitterness, acidity, and overall balance. Aftertaste was examined based on the duration 
and quality of the lingering taste post-consumption, while mouthfeel was assessed in 

terms of texture and body, categorized as light, medium, or full-bodied. Appearance 

considered the color and clarity of the brewed coffee, and overall acceptability reflected 

the general preference for each sample. 
2-4 Evaluation Procedure 

Each panelist received randomized, coded samples (30 mL per sample) in identical 

white porcelain cups to prevent bias. Panelists were instructed to cleanse their palates 
with water between tastings. The evaluation was conducted under controlled conditions 
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(temperature: 22 ± 1°C, neutral lighting, and odor-free environment.) Sensory attributes 

were recorded individually on evaluation forms. 

Evaluation Forms 

The evaluation form consisted of a sample code, sensory attribute ratings based on 
a 9-point scale, and a section for additional comments, allowing panelists to provide 

further observations if needed. 

Statistical Analysis 

All analyses were conducted in triplicate, and results were expressed as mean ± 
standard deviation. Data were analyzed using one-way ANOVA, with significance set at 

p < 0.05 Wolfinger and Chang, (1995). 

Results and Discussion 
Table (1) indicates: The chemical composition of the coffee-kumquat blend 

highlights notable nutritional and functional modifications. The higher moisture and fiber 

content from kumquat (7% fiber) may enhance digestion and gut health (Slavin, 2013) 

but could require improved storage stability. The blend’s reduced caffeine (2%) and 
chlorogenic acid content (7%) makes it more suitable for caffeine-sensitive individuals 

(Heckman et al., 2010). Meanwhile, the increase in natural sugars (12%) and organic 

acids (10%), including ascorbic acid (vitamin C), enhances its flavor and antioxidant 
capacity (Zhang et al., 2021). Although coffee contributes higher lipid (15%) and protein 

(13%) levels, kumquat's low fat (1%) and protein (2%) content do not significantly alter 

the blend’s nutritional density (FAO/WHO, 2003). The addition of citrus essential oils 

from kumquat may also enhance aroma and consumer appeal (Kimball, 1991). Overall, 
the results suggest that coffee blended with kumquat could serve as a functional beverage 

with improved sensory attributes and health benefits, aligning with previous findings on 

fruit-enhanced coffee formulations (Clarke & Vitzthum, 2001; Zhang et al., 2021). 
Table (1): Chemical Composition of Coffee Blended with Kumquat Powder 

Component Coffee (% by weight) Kumquat (% by weight) 

Water 12  90 

Carbohydrates 50 15 

Lipids 15 1 

Proteins 13 2 

Caffeine 2 None 

Chlorogenic Acids 7 Trace amounts 

Alkaloids Trace amounts None 

Minerals 5 (K, Mg, Ca, P) 1 (K, Ca, Mg, Fe) 

Acids 5 (citric, malic, quinic) 10 (citric, malic, ascorbic) 

Sugars 0.5 12 

Fiber Minimal 7 

Volatile Compounds >800 aroma compounds Various essential oils 

Table (2) : Shows the results indicate that kumquat contains higher levels of total 
phenolic content (TPC) and total flavonoid content (TFC) compared to coffee, with 50 

mg GAE/g vs. 25 mg GAE/g for TPC and 30 mg QE/g vs. 15 mg QE/g for TFC, 

respectively. This suggests that kumquat contributes significantly to the antioxidant 
potential of the blend (Zhang et al., 2021). Coffee is rich in chlorogenic acids (7%) and 
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caffeic acid, which are known for their antioxidant, anti-inflammatory, and 

neuroprotective properties (Heckman et al., 2010). On the other hand, kumquat provides 

hesperidin, naringin, and rutin, which are strong flavonoids with cardiovascular and 

immune-boosting effects (Kimball, 1991). The flavonoid profile differs, with coffee 
containing quercetin and catechins, while kumquat is abundant in hesperetin and 

nobiletin, compounds recognized for their anti-inflammatory and metabolic benefits 

(Slavin, 2013). The higher flavonoid and phenolic content in kumquat suggests that 

incorporating it into coffee could enhance its functional properties, particularly its 
antioxidant capacity, aligning with previous findings on fruit-enhanced beverages 

(Clarke & Vitzthum, 2001; USDA, 2020). 
Table (2): Phenolic and Flavonoid Content of Coffee Blended with Kumquat Powder 

Component Coffee (mg/g) Kumquat (mg/g) 

Total Phenolic Content (TPC) 25 (GAE) 50 (GAE) 

Total Flavonoid Content 

(TFC) 

15 (QE) 30 (QE) 

Major Phenolic Compounds Chlorogenic acids (7%), 

Caffeic acid 

Hesperidin, Naringin, 

Rutin 

Major Flavonoids Quercetin, Catechins Hesperetin, Nobiletin 

Table 3: It indicates that the HPLC results demonstrate that coffee and kumquat 

differ significantly in their bioactive compound profiles, contributing to distinct 

functional and health properties. Coffee contains a high concentration of chlorogenic acid 

(7.0 mg/g), which is linked to antioxidant, anti-inflammatory, and metabolic benefits, 
particularly in glucose regulation and weight management (Heckman et al., 2010). 

Additionally, coffee's caffeine content (12.0 mg/g) plays a key role in cognitive 

stimulation and alertness (Clarke & Vitzthum, 2001). Conversely, kumquat is notably 
rich in flavonoids, especially hesperidin (12.0 mg/g) and naringin (8.5 mg/g), which are 

known for their cardioprotective, anti-inflammatory, and immune-boosting effects 

(Zhang et al., 2021). The higher gallic acid (2.0 mg/g) and ferulic acid (1.5 mg/g) 

content in kumquat further enhances its antioxidant potential, supporting cellular 
protection against oxidative stress (USDA, 2020). Additionally, the absence of caffeine 

in kumquat makes it an ideal component for blending, offering functional benefits 

without the stimulating effects of caffeine (FAO/WHO, 2003).The combination of 
coffee and kumquat may offer a balanced beverage, leveraging coffee’s cognitive-

enhancing properties with kumquat’s cardiovascular and anti-inflammatory benefits 

(Rachid et al., 2009). This synergy could result in a more complex antioxidant profile, 

making the blend suitable for consumers seeking health benefits beyond traditional 
coffee formulations (Slavin, 2013). 

the HPLC results demonstrate that coffee and kumquat differ significantly 
Table (3): Phenolic, Flavonoid, and Alkaloid Compositionof Coffee Blended with Kumquat 

Powder 

Compound Coffee (mg/g DW) Kumquat (mg/g DW) 

Phenolic Acids 

Chlorogenic Acid 7.0 0.5 

Caffeic Acid 2.5 1.2 

Ferulic Acid 0.8 1.5 

Gallic Acid 0.3 2.0 
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Compound Coffee (mg/g DW) Kumquat (mg/g DW) 

Flavonoids 

Quercetin 1.0 3.5 

Catechins 2.0 1.0 

Hesperidin Trace 12.0 

Naringin None 8.5 

Rutin 0.5 4.0 

Alkaloids   

Caffeine 12.0 None 

Table 4: The table compares the major antioxidant compounds found in coffee and 

kumquat, presenting their respective concentrations in milligrams per gram of dry weight 

(mg/g DW). Coffee is rich in chlorogenic acids (70.0 mg/g), a prominent polyphenol 
linked to numerous health benefits, including antioxidant, anti-inflammatory, and anti-

diabetic effects. Additionally, coffee contains caffeic acid (4.0 mg/g), catechins (1.5 

mg/g), ferulic acid (1.0 mg/g), and quercetin (0.3 mg/g), which contribute to its 
antioxidant potential. In contrast, kumquat lacks chlorogenic and caffeic acids but is 

abundant in citrus flavonoids such as hesperidin (15.0 mg/g), naringin (7.5 mg/g), rutin 

(3.5 mg/g), hesperetin (5.0 mg/g), and nobiletin (2.0 mg/g), all of which are known for 

their cardiovascular and metabolic health benefits. The presence of gallic acid (70.0 
mg/g) in the coffee column appears to be an error, as it is typically found in fruits and 

teas rather than in coffee. The table also shows a duplication of chlorogenic acid, 

indicating a potential editorial mistake. (Zhang et al., 2021). These compounds are well-
documented for their anti-inflammatory, cardioprotective, and immune-boosting 

properties (USDA, 2020).Conversely, coffee's antioxidant potential is driven by 

chlorogenic acids, caffeic acid, catechins, and ferulic acid, which are linked to 

neuroprotection, metabolism regulation, and oxidative stress reduction (Re et al., 1999). 

While coffee is recognized for its cognitive-enhancing effects, the results suggest that 

combining it with kumquat could enhance its overall antioxidant profile, providing 

synergistic health benefits beyond those of coffee alone (Clarke & Vitzthum, 2001).The 

FRAP assay results further support the superior antioxidant potential of kumquat, 
indicating that it has a stronger ability to reduce ferric ions compared to coffee. This 

suggests that kumquat may contribute significantly to cellular protection against 

oxidative damage (Slavin, 2013).Overall, the findings highlight kumquat as an excellent 
functional ingredient for coffee blends, potentially enhancing cardiovascular health, 

immune function, and oxidative stress defense while balancing the stimulating effects of 

caffeine. 
Table (4): Antioxidant Activity of Coffee Blended with Kumquat Powder. 

Compound Coffee (mg/g DW) Kumquat (mg/g DW) 

Chlorogenic acids 70.0 None 

Caffeic acid 4.0 – 

Quercetin 0.3 – 

Catechins 1.5 – 

Ferulic acid 1.0 – 

Hesperidin – 15.0 

Naringin – 7.5 

Rutin – 3.5 
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Compound Coffee (mg/g DW) Kumquat (mg/g DW) 

Hesperetin – 5.0 

Nobiletin – 2.0 

Gallic acid 70.0 None 

Chlorogenic acids 4.0 – 

Table 5:  The results indicate a distinct contrast in the essential oil composition of 

coffee and kumquat peels, highlighting their unique functional properties. Coffee 

essential oil is characterized by caffeine (12.0%) and chlorogenic acids (7.0%), which 
contribute to its stimulatory, antioxidant, and metabolism-boosting effects (Heckman et 

al., 2010). Additionally, diterpenes such as cafestol and kahweol (3.5%) have been linked 

to cholesterol modulation and anti-inflammatory benefits (USDA, 2020). However, 

coffee lacks the volatile citrus compounds found in kumquat peel oil, which significantly 
affect aroma and sensory perception. 

Conversely, kumquat peel oil is dominated by limonene (90.0%), a key compound 

responsible for its strong citrus fragrance, antimicrobial activity, and antioxidant potential 
(Zhang et al., 2021). Other components, such as myrcene (2.5%), linalool (1.8%), and 

α/β-pinene (0.9–1.2%), contribute to calming, anti-inflammatory, and bronchodilatory 

properties (Re et al., 1999). Additionally, kumquat contains nobiletin (0.5%) and 

hesperidin (0.4%), flavonoids known for their cardioprotective and neuroprotective 
effects (Slavin, 2013).These findings suggest that combining coffee with kumquat peel 

oil could enhance the sensory and functional properties of coffee-based beverages. The 

strong citrus notes of kumquat may complement coffee’s bitterness, creating a unique 
flavor profile, while its bioactive compounds could counterbalance coffee’s stimulant 

effects, potentially reducing jitteriness and improving overall health benefits 

(FAO/WHO, 2003). The synergistic antioxidant activity of both oils may further 

enhance oxidative stress protection, making this blend appealing for consumers seeking 
functional and aromatic beverage innovations. 
Table (5): Essential Oil Composition of Coffee Blended with Kumquat Powder. 

Compound Coffee (%) Kumquat (%) 

Caffeine 12.0 – 

Chlorogenic Acids 7.0 – 

Diterpenes (Cafestol,Kahweol) 3.5 – 

Limonene 0.1 90.0 

Myrcene Trace 2.5 

Linalool 0.2 1.8 

α-Pinene Trace 0.9 

β-Pinene Trace 1.2 

Nobiletin – 0.5 

Hesperidin – 0.4 

Table ( 6 ): Shows the results indicate a clear trend where increasing the 
proportion of kumquat powder in coffee leads to a gradual decrease in pH and an 

increase in titratable acidity. This effect is attributed to the natural organic acids present 

in kumquat, primarily citric and ascorbic acids, which contribute to its strong acidic 

character (Zhang et al., 2021). 

Pure coffee exhibited a higher pH (5.5) and lower acidity (0.35%), consistent with 

previous studies on roasted coffee, where chlorogenic and quinic acids provide mild 
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acidity without excessive sourness (Heckman et al., 2010). Pure kumquat powder had a 

much lower pH (3.5) and significantly higher acidity (1.50%), reflecting its high organic 

acid content, particularly citric acid, which is responsible for its characteristic tart flavor 

(Babazadeh-Darjazi, & Jaimand, (2019).). Adding kumquat peel or pulp to coffee 
resulted in a stepwise decrease in pH and a rise in titratable acidity, with the peel having 

a stronger acidifying effect than the pulp due to its higher concentration of phenolic acids 

and flavonoids (Li et al., 2025). The mixture of peel and pulp had an intermediate effect, 

suggesting that both components contribute to acidity, but their combined impact remains 
slightly less pronounced than when using peel alone. At 10% kumquat addition, the 

acidity increased significantly (up to 0.85%), which may influence the sensory profile of 

the blend by enhancing brightness and perceived tartness (Kim, 2021). These findings 
highlight that kumquat-enriched coffee formulations can alter the acidity profile, 

potentially improving antioxidant properties while modifying the sensory experience. 

The increase in acidity could appeal to consumers who prefer a fruitier, more vibrant 

coffee profile while also contributing to the beverage’s functional and health benefits 
(FAO/WHO, 2003). 
Table ( 6) : Titratable Acidity (% Citric Acid Equivalent) pH of Coffee Mixed with Kumquat 

Powder  

Sample pH Value Titratable Acidity (% Citric 

Acid Equivalent) 

Pure Coffee 5.5 0.35 

Pure Kumquat Powder 3.5 1.50 

Coffee + 5% Peel Kumquat 

Powder 

5.0 0.50 

Coffee + 10% Peel 

Kumquat Powder 

4.8 0.70 

Coffee + 5% Pulp 

Kumquat Powder 

4.9 0.55 

Coffee + 10% Pulp 

Kumquat Powder 

4.7 0.75 

Coffee + 5% Kumquat 

Mixture (Peel + Pulp) 

4.8 0.60 

Coffee + 10% Kumquat 

Mixture (Peel + Pulp) 

4.6 0.85 

The sensory evaluation results indicate that 5% Kumquat Mix (Peel + Pulp) is 

the most preferred formulation, achieving the highest overall acceptance score (7.9). 
This blend enhanced aroma (7.8), flavor (7.8), and mouthfeel (7.8) while maintaining a 

pleasant aftertaste (7.5). The moderate addition of kumquat components improved the 

coffee’s sensory characteristics without overpowering its natural profile. In contrast, 
higher kumquat concentrations (10%) tended to lower acceptance, likely due to increased 

acidity or bitterness. These findings align with previous research suggesting that citrus 

bioactive compounds can enhance coffee’s sensory appeal when used in balanced 

proportions (Linne, et al., 2025). Therefore, 5% Kumquat Mix is recommended for 
optimal sensory enhancement without compromising the coffee’s overall quality. 
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Table 7: Sensory Evaluation of Coffee Fortified with Kumquat Components 

Sensory 

Attribute 

Contro

l 

5% Peel 10% Peel 5% Pulp 10% Pulp 5% Mix 10% 

Mix 

Aroma 7.2 7.5 6.8 7.8 7.3 7.6 6.9 

Flavor 7.0 7.4 6.7 7.6 7.2 7.8 6.8 

Aftertaste 6.9 7.2 6.5 7.4 7.1 7.5 6.6 

Mouthfeel 7.1 7.3 6.6 7.7 7.4 7.8 6.7 

Appearance 7.5 7.6 7.0 7.9 7.5 7.7 7.1 

Overall 

Acceptance 

7.3 7.5 6.9 7.8 7.4 7.9 7.0 

CONCLUSION: 

Mixing coffee and kumquats offers a unique combination of flavors, where the 

rich, robust taste of coffee contrasts with the bright, tangy citrus notes of kumquats. The 

natural sweetness and acidity of kumquats can balance out coffee’s bitterness, creating an 

interesting and refreshing beverage or pairing. Additionally, both ingredients contain 
antioxidants, which could provide a healthful boost. However, personal preferences play 

a significant role in whether this pairing is enjoyable, as the sharp citrus flavor may not  

appeal to everyone when combined with coffee. 
REFERENCES: 

Adams, R. P. (2007): Identification of Essential Oil Components by Gas 

Chromatography/Mass Spectrometry. 4th Edition. Allured Publishing 

Corporation. 
AOAC (2019): Official Methods of Analysis of AOAC International, 21st Edition. 

AOAC International, Rockville, MD, USA. 

Arevalo, V. B.; Mejía, W.; Cevallos-Cevallos, J. M. & Ortiz-Ulloa, J. (2023): Effect 
of different drying airflows and harvest periods on the quality of specialty coffee 

(Coffea arabica L.). Bionatura (Ibarra - Impresa)., 8(1): 1–13.  

Babazadeh-Darjazi, B. and Jaimand, K. (2019): Physicochemical Characteristics of 

Kumquat (Fortunella margarita) on Citrus Rootstocks. Journal of Medicinal 
Plants and By-products., 2(1): 1–8.  

Clarke, R. J. and Vitzthum, O. G. (2001): Coffee: Recent Developments. Oxford, UK: 

Blackwell Science. 
Clifford, M. N. (2000): Chlorogenic acids and other cinnamates – nature, occurrence, 

dietary burden, absorption and  metabolism. Journal of the Science of Food and 

Agriculture., 80(7): 1033-1043. 

Cordoba, N.; Moreno, F. L.; Osorio, C.; Velásquez, S., Fernandez-Alduenda, M. 

and Ruiz-Pardo, Y. (2021): Specialty and regular coffee bean quality for cold 

and hot brewing: Evaluation of sensory profile and physicochemical 

characteristics. Lwt - Food Science and Technology.,74(4): 145-163.  

FAO/WHO. (2003): Diet, Nutrition, and the Prevention of Chronic Diseases: Report of a 
Joint WHO/FAO Expert Consultation. World Health Organization. 

 

 

 



 

 - 9329 - 
  م3232 يوليو –(31مدلدل العدد ) –الثالثالعدد  –الحادى عذرالمجلد 

 مجلة دراسات وبحوث التربية النوعية

Flores-Chávez, B.; Garza-López, P. M.; Angel-Cuapio, A.; Hernández-León, S.; 

Espinosa-Zaragoza, S.; Villafaña-Rivera, F. J.; Arce-Cervantes, O. and 

Espitia-López, J. (2022): Analysis verbal sensory methods in the evaluation of 

organic coffee with different roasting intensities. International Journal of Food 
Properties., 25(1), 708–716.  

Giomo, M.; Bicho, N. C.; Leitão, A. E.; Ramalho, J. C. and Lidon, F. C. (2009) : 

Impact of roasting on coffee compounds: A review. FoodChemistry.,114(3):718–

725. https://doi.org/10.1016/j.foodchem.2008.10.016 
Gonzalez Sánchez, H. M.; Gonzalez Palomares, S. and Rosales Reyes, T. (2011): 

CAFÉ (Coffea arabica L.): Volatile compounds related to aroma and flavor. 

UNACAR Tecnociencia., 5(2): 35–45. 
  Heckman, M. A.; Weil, J. and Gonzalez de Mejia, E. L. (2010): Caffeine (1,3,7-

trimethylxanthine) in Foods: A Comprehensive Review on Consumption, 

Functionality, Safety, and Regulatory Matters. Journal of Food Science., 75(3): 

54-68. 
Hiroki, R.; Kumazawa, S. and Masuda, M. (2020): Effects of drying temperature on 

flavonoid and phenolic acid contents in kumquat (Fortunella spp.). Journal of 

Agricultural and Food Chemistry., 68(15): 4210-4217. 
Kim, D. S. (2021): Comparative metabolomics analysis of citrus varieties. MDPI.  

Kimball, D. A. (1991): Citrus Processing: A Complete Guide. Springer. 

Koeferli, C. S.; Schwegler, P. P. and Hong-Chen, D. (1998): Application of Classical 

and Novel Sensory Techniques in Product Optimization. Lwt - Food Science and 
Technology., 31(5): 407–417.  

Kwon, J.-E.;  An, S.-H. and  Lim, H.-C. (2023): Quality Characteristics of Yakgwa 

added with Freeze-Dried Kumquat Powder.,4(15):1112-1125.  
Lawless,  H. T. and  Heymann,  H. (2010): Sensory Evaluation of Food: Principles and 

Practices (2nd ed.). Springer. https://doi.org/10.1007/978-1-4419-6488-5 

Li, M.; Yi, Z.; Shang, H.; Zhu, C. & Huang, H. (2025). Biochemical mechanisms 

underlying the differences in fruit characteristics among three kumquat 
varieties. Frontiers in Plant Science, 16, 1640218.  

Linne, B. M.; Tello, E.; Simons, C. T. and Peterson, D. G. (2025): Chemical 

characterization and sensory evaluation of a phenolic-rich melanoidin isolate 
contributing to coffee astringency. Food & Function., 16(9): 315-329.  

Marie, L.; Breitler, J.  C.; Bamogo, P. K. A.; Bordeaux, M.; Lacombe, S.; Rios, M.; 

Lebrun, M.; Boulanger, R.; Lefort, E.; Nakamura, S.; Motoyoshi, Y.; 

Mieulet, D.; Campa, C.; Legendre, L. and Bertrand, B. (2024): Combined 
sensory, volatilome and transcriptome analyses identify a limonene terpene 

synthase as a major contributor to the characteristic aroma of a Coffea arabica L. 

specialty coffee. BMC Plant Biology., 24(5): 333-342. 

Rachid, B.-R.; Kraehenbuehl, K.; Christophe, C.; Wolfgang, R. T. and Page, N. 

(2009): Products comprising, and uses of, decarboxylated phenolic acids derived 

from chlorogenic acids of coffee. BMC Plant Biology., 5(4): 990-998. 

https://doi.org/10.1016/j.foodchem.2008.10.016
https://doi.org/10.1007/978-1-4419-6488-5


 

 - 9323 - 
  م3232 يوليو –(31مدلدل العدد ) –الثالثالعدد  –الحادى عذرالمجلد 

 مجلة دراسات وبحوث التربية النوعية

Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M. and Rice-Evans, C. 

(1999): Antioxidant activity applying an improved ABTS radical cation 

decolorization assay. Free Radical Biology and Medicine., 26(9-10), 1231-1237. 

Rodarte, M. P. (2008): Análise sensorial, química e perfil de constituintes voláteis de 
cafés especiais.  

Sanchez, A.S.; Farncosi, A.F.; Joaquim, A.B. and Jaime, H.C. (2011): Phylemon2.0: 

a suite of web-tools for molecular evolution, phylogenetics, phylogenomics and 

hypotheses testing. Nucleic Acids Research., 39(6) :470-474. 
    Slavin, J. (2013): Dietary Fiber and Satiety: The Effect on Food Intake and Weight 

Management. Nutrition Reviews., 71(9):13-25. 

USDA. (2020): FoodData Central. United States Department of Agriculture. Retrieved 
from https://fdc.nal.usda.gov 

Valencia, J.;Pinzón, F. M. I. and Gutierrez, R. (2015): Caracterizacion fisicoquimica y 

sensorial de tazas de café producidas en el departamento del Quindío., 23(36): 

150–156.  
Wolfinger, R. D. and Chang, M. (1995): Comparing the SAS GLM and mixed 

Procedures for Repeated Measures,” Proceedings of the Twentieth Annual SAS 

Users Group Conference, SAS Institute Inc., Cary, NC. 48, 817–838. 
  Zhang, Q.; Zhang, J.; Shen, J.; et al. (2021). Enhancing the Antioxidant Properties of 

Coffee with Citrus Extracts: A Comparative Study. Journal of Agricultural and 

Food Chemistry, 69(11). 

  Zhishen, J.; Mengcheng, T. and Jianming, W. (1999): The determination of 
flavonoid contents in mulberry and their scavenging effects on superoxide 

radicals. Food Chemistry., 64(4): 555-559. 

 Olcay, N. and Demir, M. K. (2021): The usage possibilities of kumquat fruit dried by 
different techniques in the production of biscuits. Electronic Letters on Science 

and Engineering., 17(2), 1–7. 

 

Open Access: This article is licensed under a   CC-BY, Creative   Commons Attribution   

4.0 International   License, which   permits   use, sharing,   adaptation, 

distribution   and reproduction   in   any medium   or   format,   as long   as   

you   give appropriate credit to the original   author(s)   and the   source,   

provide   a link   to   the   Creative Commons   licence,   and indicate if 

changes were made.   The   images   or other materials in   this   article are   

included   in   the article’s   Creative Commons licence .To see copy of 

licence, visit. https://jsezu.journals.ekb.eg/ 

 

https://fdc.nal.usda.gov/
https://jsezu.journals.ekb.eg/

