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Abstract 

This study investigated the effect of fermentation time on tea produced from sweet orange peel powder. Orange peels were 

processed into powder, with a portion fermented for 1 day and another for 2 days. Teas from fermented and unfermented powders 

were analyzed for proximate composition, phytochemicals, antioxidant activity (DPPH), sensory, and physicochemical 

properties. Lipton tea served as the control in sensory evaluation. Fermentation increased ash, fat, crude fiber, and protein, while 

reducing carbohydrate content. Moisture content increased slightly during fermentation compared with unfermented powder and 

was lowest in Lipton tea. Although some phytochemicals declined, fermentation increased flavonoid content and improved the 

tea's antioxidant activity, with DPPH values increasing across samples, though the day 2 sample showed a significant decrease. 

Fermentation also reduced pH and total soluble solids but increased total titratable acidity. Sensory scores for color, flavor, and 

mouthfeel improved, while taste and overall acceptability decreased with longer fermentation. Significant differences (p<0.05) 

were found only in taste and overall acceptability, where unfermented tea was preferred. The study concludes that sweet orange 

peel is suitable for producing fermented and unfermented teas. Tea fermented for 1 day is recommended for its higher 

phytochemical content and antioxidant activity, as a short fermentation period appears most suitable for balancing nutritional 

quality, bioactive compounds, and sensory appeal. 
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1. Introduction 

Citrus (Citrus spp.) is one of the most abundant fruit crops 

globally, with an estimated annual production of over 115 

million tonnes. Africa contributes substantially to this volume, 

and Nigeria remains one of the leading producers of citrus 

fruits in the region [1]. The major species cultivated include 

sweet orange (Citrus sinensis), tangerine (Citrus reticulata), 

lemon (Citrus limon), lime species, and grapefruit (Citrus 

paradisi) [2]. Citrus fruit processing generates large quantities 

of by-products, primarily peels, pulp residues, and seeds, 

which account for nearly 40–50% of the fruit mass [3]. These 

materials are often discarded without proper utilization, con-

tributing to environmental waste challenges, despite being 
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rich in valuable compounds such as dietary fibre, phenolic 

acids, flavonoids, carotenoids, vitamins, and essential miner-

als [3, 5]. 

Improper disposal of citrus peel contributes to fermentation 

odors, microbial proliferation, and waste management bur-

dens for processing industries, underscoring the need for 

sustainable value-addition alternatives. Citrus peels them-

selves possess strong bioactive potential, with previous re-

search demonstrating high levels of flavonoids, phenolic acids, 

vitamin C, pectin, and organic acids [4-7]. Studies have fur-

ther shown that extracts from citrus peels exhibit considerable 

antioxidant potential due to their phenolic constituents [7]. 

Mahato et al. reported that phytochemicals from citrus peels 

exhibit diverse biological activities, mainly due to their fla-

vonoid and phenolic composition [8]. These findings high-

light citrus peels as a promising raw material for the devel-

opment of functional foods. Beyond their inherent bioactivity, 

citrus and other plant-based materials respond significantly to 

fermentation. Fermentation has been reported to modify the 

phytochemical composition, enhance the flavour and aroma 

compounds, increase the bioavailability of nutrients, and 

reduce antinutritional factors [11, 24]. Earlier studies on 

fermented fruit and vegetable products demonstrated im-

provements in antioxidant activity, mineral accessibility, and 

sensory characteristics, indicating that controlled fermenta-

tion can be a valuable tool for developing functional bever-

ages. However, limited work has focused specifically on 

fermented citrus peel tea, and little is known about how fer-

mentation time affects its nutritional, phytochemical, and 

sensory qualities. 

A significant innovation of this research is the direct com-

parative evaluation of fermented sweet orange peel tea against 

a widely consumed commercial tea (Lipton). This bench-

marking provides clear evidence of how citrus-based teas 

compare with established products in terms of antioxidant 

activity, sensory appeal, and chemical composition, thereby 

supporting their potential for market substitution or diversi-

fication. This study highlights fermentation as a low-cost, 

resource-efficient technique that can improve the nutritional 

and functional attributes of citrus peel products without spe-

cialized equipment or microbial starter cultures. Such sim-

plicity makes it highly adaptable for small-scale processors 

and citrus-producing communities seeking value-added ap-

plications for fruit wastes. 

Therefore, this study addresses a critical research gap by 

evaluating how fermentation influences the proximate com-

position, phytochemicals, antioxidant activity, physicochem-

ical properties, and sensory attributes of tea produced from 

sweet orange peel. The objective was to compare fermented 

and unfermented sweet orange peel teas and assess their po-

tential as value-added products derived from citrus processing 

waste. 

 

2. Materials and Methods 

2.1. Collection of Raw Materials 

Fresh sweet oranges (Citrus sinensis) were procured from 

Oba market in Benin City, Edo State, Nigeria. All chemicals 

and reagents used for the analysis were of analytical grade and 

were obtained from the Department of Biological Sciences, 

Benson Idahosa University, Benin City, Edo State. 

2.2. Production of Sweet Orange Peel Tea 

Powder 

2.2.1. Peel Preparation and Pre-treatment 

The oranges were manually peeled, and the peels were 

thoroughly washed under running water to remove dirt and 

residual sugars. The cleaned peels were chopped into small 

pieces and soaked in clean water for 10 minutes to reduce 

bitterness and residual sugars [9]. The peels were then 

blanched in hot water at approximately 90°C for 3 minutes to 

inactivate enzymes and reduce microbial load. 

2.2.2. Drying and Grinding 

The blanched orange peels were dried using a cabinet dryer 

at 60°C for 24 hours until crisp. This was done to ensure safe 

moisture content and extend shelf life [10]. The dried samples 

were milled using a laboratory blender and sieved through a 1 

mm mesh to obtain uniform powder consistency. 

2.2.3. Fermentation Treatment 

The orange peel powder was divided into three portions: 

Unfermented Sample (AAA), which was packaged directly 

without fermentation. 1-Day Fermented Sample (BBB), for 

these samples, A portion of the powder was moistened and 

subjected to natural (semi-solid) fermentation at ambient 

temperature (~28°C) for 24 hours. Then the 2-Day Fermented 

Sample (CCC), where another portion of these samples was 

fermented for 48 hours under the same conditions. 

Fermentation was carried out in covered containers to allow 

the activity of naturally occurring microorganisms, as de-

scribed by Sani et al. [11]. Throughout fermentation, the 

ambient temperature (27–29°C) was monitored at 6-hour 

intervals using a calibrated digital thermometer. Containers 

were kept in a shaded, ventilated area to maintain stable con-

ditions. Temperature stability was necessary to support con-

sistent microbial activity and prevent overheating, which 

could denature enzymes or inhibit beneficial fermentative 

microorganisms. After fermentation, the powders were 

re-dried at 60°C for 12 hours to reduce moisture to safe levels 

for storage and further analysis. 

Fermentation periods of 1 day and 2 days were selected 

based on prior studies demonstrating that short-term natural 

fermentation effectively enhances phytochemical release, 
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flavor development, and microbial enzymatic activity in plant 

materials while minimizing spoilage risk [11, 24]. Pilot trials 

showed that fermentation beyond 48 hours resulted in exces-

sive acidification, off-flavors, and undesirable darkening of 

the substrate, consistent with previous observations in tropical 

fruit fermentations. Therefore, 24–48 hours was chosen as an 

optimal window to examine the biochemical and sensory 

modifications without compromising product safety and ac-

ceptability. 

Fermentation was allowed to proceed naturally without 

inoculation to reflect traditional low-cost processing. While 

natural fermentation promotes diverse enzymatic activity, it 

also introduces variability in microbial populations. To 

minimize contamination, all equipment was sanitized, fer-

mentation containers were tightly covered, and the substrate 

was moistened with boiled-and-cooled water. Although mi-

crobial counts were not quantified in this study, the re-drying 

of fermented material to ≤10% moisture and the acidic 

end-pH (<4.5) provided an additional safety margin by in-

hibiting spoilage organisms. 

2.2.4. Packaging 

All tea powders (fermented and unfermented) were stored 

in sterile, airtight containers at room temperature until analy-

sis. (See Figure 1) 

 
Figure 1. Flow Diagram of the Production of Sweet Orange (Citrus 

sinensis) Peel Tea Powder. 

2.3. Analytical Procedures 

2.3.1. Proximate Composition 

Proximate parameters, including moisture, ash, crude fat, 

crude fiber, crude protein, and carbohydrate content, were 

determined using methods described by the Association of 

Official Analytical Chemists [12]. Carbohydrates were cal-

culated by difference: 

Carbohydrate (%) =100− (Moisture + Ash + Fat + Fiber + 

Protein) 

2.3.2. Phytochemical Analysis 

Total Phenol Content: Determined using the Folin–

Ciocalteu method, and results expressed in mg gallic acid 

equivalent per gram (mg GAE/g) [13]. Flavonoid content was 

measured by the aluminum chloride colorimetric method, 

while the total alkaloid content (TAC) was determined using 

the gravimetric method adopted from [14]. 

2.3.3. Antioxidant Activity 

The antioxidant properties of the samples were determined 

using the DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical 

scavenging assay as described by Salem et al. [15]. The ab-

sorbance was measured at 517 nm using a UV–VIS spectro-

photometer, and the percentage of radical scavenging activity 

was calculated. 

2.3.4. Physicochemical Properties of Tea Infusions 

All tea infusions were prepared using potable distilled 

water heated to 100°C. Water quality was kept constant to 

avoid mineral or chlorine interference with flavor and phy-

tochemical extraction. The steeping time (5 minutes) and 

tea-to-water ratio (2 g/100 ml) were standardized to ensure 

comparability across all tea samples. After filtration, the pH 

was measured using a digital pH meter according to the 

method. At the same time, Titratable Acidity (TTA) was 

determined by titration with 0.1 N NaOH using phenol-

phthalein as an indicator, with results expressed as % citric 

acid. The total soluble solids (TSS) were then measured 

in °Brix using a handheld refractometer according to the 

method of El-Adawy et al. [16]. 

2.3.5. Sensory Evaluation 

Sensory evaluation of tea infusions was carried out by a 

20-member semi-trained panel familiar with tea consumption. 

A semi-trained panel of 20 individuals (ages 18–45) who 

regularly consume tea products was recruited from the uni-

versity community. Panelists were screened to exclude indi-

viduals with citrus allergies, colds, or impaired taste/smell. 

Each sample was evaluated in three independent tasting ses-

sions to ensure replicability. Tea infusions were coded with 

random three-digit numbers and presented in balanced order 

to minimize positional bias. Palate cleansing was achieved 
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with warm water between samples. 

Evaluations were performed using a 9-point Hedonic scale 

(1 = Dislike extremely, 9 = Like extremely). Sensory param-

eters assessed included color, flavor, mouthfeel, taste, and 

overall acceptability. Commercial Lipton tea was used as the 

control. Randomized presentation and blind testing were 

employed to reduce bias [13]. 

2.4. Statistical Analysis 

All experiments were conducted in triplicate, and results 

were expressed as mean ± standard deviation. Data were 

analyzed using one-way analysis of variance (ANOVA) to 

determine significant differences among samples. Where 

significant differences were detected (p < 0.05), means were 

separated using Tukey's HSD post-hoc test. Statistical anal-

yses were performed using IBM SPSS Statistics. Graphical 

presentations were generated using Google Colab. 

3. Results 

3.1. Proximate Composition of Tea Samples 

Table 1 shows the proximate composition of the tea sam-

ples; fermentation and sample type had a clear influence on 

the proximate composition. Moisture content increased 

slightly from 9.05% in AAA to 10.00–10.10% in BBB and 

CCC, while LLL showed a markedly lower value of 1.70%. 

Ash content followed a similar trend, rising from 5.00% in 

AAA to about 6.00% in the fermented samples, but dropping 

to 1.10% in LLL. Fat content decreased from 7.25% in AAA 

to 6.95% and 6.80% in BBB and CCC, respectively, with LLL 

having the lowest fat level at 2.65%. Crude fiber increased 

steadily from 4.95% in AAA to 7.00% and 9.05% in BBB and 

CCC, and peaked at 11.50% in LLL. Protein content rose 

from 8.45% in AAA to 12.41% in CCC, whereas LLL rec-

orded a lower value of 5.89%. However, carbohydrate content 

reduced from 65.13% in AAA to 55.65% in CCC, while LLL 

exhibited the highest value at 87.52%. Overall, fermentation 

altered the nutrient profile of the experimental tea samples, 

while the commercial tea showed distinct compositional 

characteristics. 

Table 1. Proximate composition (%) of Tea Samples. 

Sample Moisture Ash Fat Crude fiber Protein Carbohydrate 

AAA 9.05b±0.07 5.00b±0.00 7.25a±0.07 4.95d±0.07 8.45c±0.06 65.13b±0.13 

BBB 10.00a±0.00 6.05a±0.07 6.95b±0.07 7.00c±0.00 8.66b±0.00 61.34c±0.14 

CCC 10.10a±0.14 6.00a±0.00 6.80b±0.00 9.05b±0.07 12.41a±0.03 55.65d±0.25 

LLL 1.70c±0.00 1.10c±0.00 2.65c±0.07 11.50a±0.07 5.89d±0.04 87.52a±0.18 

Values are mean ± standard deviation (n=3). Means with the same superscript within a column are not significantly different (p>0.05). AAA = 

Unfermented sweet orange peel powder, BBB = Day 1 fermented sweet orange peel powder, CCC = Day 2 fermented sweet orange peel 

powder, LLL = Lipton tea. 

3.2. Phytochemical Composition and 

Antioxidant Properties of Tea Samples 

Table 2 shows the phytochemical and antioxidant proper-

ties of the tea samples. Total phenol content decreased pro-

gressively from 262.49 GAE/g in AAA to 244.34 GAE/g and 

203.33 GAE/g in BBB and CCC, respectively, while LLL 

recorded the highest level at 302.50 GAE/g. Flavonoid con-

tent followed a similar pattern, increasing from 16.84% in 

AAA to 23.78% and 26.67% in BBB and CCC, and reaching a 

peak value of 65.45% in LLL. Alkaloid content remained 

relatively stable across the experimental samples, ranging 

from 1.24% in AAA to 1.21% and 0.97% in BBB and CCC, 

while LLL showed the highest value at 1.42%. DPPH activity 

varied considerably among the samples, rising from 29.86% 

in AAA to 44.21% in BBB, but dropping to 15.19% in CCC, 

whereas LLL showed the strongest antioxidant activity at 

75.21%. Generally, fermentation influenced the phytochem-

ical levels and antioxidant capacity of the tea samples, with 

the commercial tea exhibiting consistently higher values 

across most parameters. 
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Table 2. Phytochemical Composition and Antioxidant Properties of Tea Samples. 

Sample Total phenol (GAE/g) Flavonoid (%) Alkaloid (%) DPPH (%) 

AAA 262.49b±0.12 16.84d±0.08 1.24b±0.00 29.86c±0.11 

BBB 244.34c±0.23 23.78c±0.16 1.21b±0.01 44.21b±0.11 

CCC 203.33d±0.71 26.67b±0.16 0.97c±0.01 15.19d±0.11 

LLL 302.50a±1.17 65.45a±0.16 1.42a±0.03 75.21a±0.98 

Values are mean ± standard deviation (n=3). Means with the same superscript within a column are not significantly different (p>0.05). AAA = 

Unfermented sweet orange peel powder, BBB = Day 1 fermented sweet orange peel powder, CCC = Day 2 fermented sweet orange peel 

powder, LLL = Lipton tea. 

3.3. Physicochemical Properties of Sweet 

Orange Peel Tea Extracts 

Table 3 shows the physicochemical properties of the sweet 

orange peel tea extracts. Total titratable acidity increased 

steadily from 0.09% in AAA to 0.19% and 0.26% in BBB and 

CCC, respectively, while LLL showed a moderate value of 

0.13%. pH values decreased with fermentation, dropping 

from 5.05 in AAA to 4.30 and 4.15 in BBB and CCC, whereas 

LLL had an intermediate pH of 4.70. Total soluble solids also 

declined progressively from 4.00 °Brix in AAA to 3.00 °Brix 

and 1.50 °Brix in BBB and CCC, with LLL exhibiting the 

lowest value at 0.50 °Brix. Generally, the results indicate that 

fermentation reduced pH and soluble solids while increasing 

acidity, with the commercial tea displaying distinct interme-

diate characteristics. 

Table 3. Physicochemical Properties of Sweet Orange Peel Tea Extracts. 

Sample Total titratable acidity (%) pH Total soluble solids (oBrix) 

AAA 0.09d±0.01 5.05a±0.01 4.00a±0.00 

BBB 0.19b±0.01 4.30c±0.00 3.00b±0.00 

CCC 0.26a±0.01 4.15d±0.07 1.50c±0.00 

LLL 0.13c±0.00 4.70b±0.00 0.50d±0.00 

Values are means ± standard deviation (n=3). Means with the same superscript within a column are not significantly different (p>0.05). AAA = 

Unfermented sweet orange peel powder, BBB = Day 1 fermented sweet orange peel powder, CCC = Day 2 fermented sweet orange peel 

powder, LLL = Lipton tea. 

3.4. Mean Sensory Scores of Tea Samples from 

Sweet Orange Peel Powders 

Table 4 shows the mean sensory score of the various tea 

samples. The color scores increased slightly across the ex-

perimental samples, ranging from 7.67 in AAA to 8.00 in 

CCC, while LLL received the highest rating of 8.47. Flavor 

and mouthfeel followed a similar pattern, with the experi-

mental samples showing comparable scores between 7.47–

7.60 for flavor and 7.20–7.60 for mouthfeel, whereas LLL 

consistently recorded higher values of 8.33 for both attributes. 

Taste scores declined slightly with fermentation, decreasing 

from 7.33 in AAA to 7.00 and 6.80 in BBB and CCC, while 

LLL showed the highest taste rating at 8.13. Overall accept-

ability also followed this trend, with values ranging from 7.27 

to 7.60 among the experimental teas, and peaking at 8.53 in 

LLL. Generally, the commercial tea sample was preferred 

across all sensory parameters, while the experimental samples 

showed moderate acceptability and were comparable. 
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Table 4. Mean Sensory Scores of Tea Samples from Sweet Orange Peel Powders. 

Sample Color Flavor Mouthfeel Taste Overall acceptability 

AAA 7.67b±0.89 7.60b±0.83 7.20b±1.26 7.33b±0.89 7.60b±0.83 

BBB 7.73b±1.03 7.47b±1.12 7.20b±1.26 7.00c±1.56 7.47b±1.19 

CCC 8.00b±0.76 7.53b±0.83 7.60b±1.06 6.80d±1.61 7.27b±1.33 

LLL 8.47a±0.52 8.33a±0.82 8.33a±0.62 8.13a±1.06 8.53a±0.53 

Values are mean ± standard deviation (n=3). Means with the same superscript within a column are not significantly different (p>0.05). AAA = 

Unfermented sweet orange peel powder, BBB = Day 1 fermented sweet orange peel powder, CCC = Day 2 fermented sweet orange peel 

powder, LLL = Lipton tea. 

4. Discussion 

4.1. Proximate Composition of Tea Powders 

The moisture content of the tea powders varied signifi-

cantly across samples, ranging from 1.70% to 10.10%. The 

slightly higher moisture content observed in the fermented 

powders may be attributed to water uptake during semi-solid 

fermentation, as well as to microbial activity that alters the 

substrate's structural components and increases its mois-

ture-retention capacity. Moisture content plays a critical role 

in product stability, safety, and shelf life. Importantly, all 

samples were below the recommended 14% limit for safe 

storage, suggesting they would maintain good shelf stability 

and resist microbial spoilage by limiting biological activity 

through reduced water availability [10]. In addition, the ash 

content of the tea samples increased with fermentation, sug-

gesting an enhancement in the mineral concentration of the 

orange peel powders. This trend is consistent with earlier 

findings, El-Adawy [16] on citrus fruits, which naturally 

contain considerable levels of essential minerals. Fermenta-

tion may further enhance or increase the bioavailability of 

these minerals. Since ash reflects the total inorganic content of 

a food, including key elements such as potassium, calcium, 

magnesium, and iron, higher ash levels indicate greater nu-

tritional potential in the fermented samples. 

A similar pattern was observed for crude fiber, which also 

increased following fermentation. Although fibre levels var-

ied across samples, they remained comparable to values pre-

viously reported for other plant-based materials, water leaf, 

and red bell pepper by Ajah et al. [17], Odewole and Olaniyan 

[18], respectively. The presence of substantial dietary fibre in 

orange peel aligns with earlier recommendations supporting 

its use in food formulations to boost fibre intake and contrib-

ute additional bioactive compounds. Dietary fibre is well 

recognized for its benefits in promoting digestive health and 

reducing the risk of conditions such as cardiovascular disease, 

diabetes, and certain types of cancer [20]. 

The Lipton tea, which served as the control, had the highest 

fibre content (11.50%), while the unfermented sweet orange 

peel powder had the lowest crude fibre content (4.95%). The 

crude fibre content of the samples in this study was lower than 

the 12% reported for water leaf (Talinum triangulare) by Aja 

et al. [17] and the 9.54% reported for red bell pepper by 

Odewole and Olaniyan [18]. Olubinjo [19] proposed the in-

clusion of 15% orange peel and pulp in biscuit production, 

emphasizing their suitability as a source of dietary fiber and 

their associated bioactive compounds, such as flavonoids and 

carotenoids. Crude fibre serves as a regulator of food excre-

tion, where it helps in the acceleration of food remnants ex-

cretion through the digestive tract. Dietary fiber helps with 

digestion, prevents colon cancer, and protects against cardi-

ovascular disease, colorectal cancer, diabetes, and obesity [20, 

21]. 

In addition to these changes in fibre content, fermentation 

also influenced the fat composition of the tea samples. The 

Lipton tea had the lowest fat content, while the unfermented 

sample had the highest fat content. This may be due to the 

breakdown of fat by the microorganisms present during fer-

mentation. Dietary fat plays a vital role within food matrices 

beyond basic nutrition. It contributes to many sensory and 

quality properties of a food, including physical, textural, and 

olfactory factors, which all influence overall palatability. 

Excess dietary fat intake, notably from discretionary snack 

foods, is one of the key contributors to excess energy intake 

and therefore weight gain [22]. Prevalence of overweight and 

obesity is rising worldwide, which is cause for concern as 

obesity is associated with increased risk of cardiovascular 

disease, type 2 diabetes mellitus, and some cancers [22]. 

Furthermore, fermentation increased the protein content of 

the tea samples from 5.89 to 12.41%. The increase in protein 

content might be due to microbial synthesis during fermenta-

tion. Proteins are important nutrients for the structural and 

functional performance of biomolecules in the human body, 

providing the essential amino acids required for metabolism 

[4]. Meanwhile, variations in carbohydrate content may be 

due to carbohydrate degradation in sweet orange peel by 

microorganisms during fermentation. Voidarou [23] reported 

that microorganisms and carbohydrates are abundant in nature, 

and fermentation occurs in every anaerobic environment. 
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However, the high carbohydrate contents of the powders 

make them good sources of energy. 

4.2. Phytochemical Composition and 

Antioxidant Properties of the Tea Sample 

Phytochemicals are important bioactive compounds that 

contribute to the nutritional and functional qualities of 

plant-based foods. The phytochemical composition of un-

fermented and fermented sweet orange peel powders is shown 

in Figure 2. These constituents decreased significantly 

(p<0.05) with increasing fermentation time, except for the 

flavonoid content, which increased. The total phenol content 

ranged from 203.33 to 302.50 mg GAE/g, with Lipton tea 

exhibiting the highest value and the two-day fermented 

powder showing the lowest. The reduction in total phenols in 

the fermented sample relative to the unfermented powder may 

be attributed to phenolic degradation during fermentation. A 

similar decline in total phenol content in fermented sesame 

flour was reported by Olagunju and Ifesan [24]. Nonetheless, 

fermentation has also been noted to enhance mineral bioa-

vailability in foods with high oxalate levels [11]. 

In contrast to the general reduction in phenolic compounds, 

flavonoids exhibited a notable increase during fermentation. 

This enhancement may be attributed to the activity of cellu-

lolytic, ligninolytic, and pectolytic enzymes produced by 

microorganisms during fermentation [8]. These enzymes 

break down structural components of plant cell walls and 

hydrolyze the ester bonds that bind phenolic compounds to 

the cell matrix, thereby releasing free |and bound flavonoids. 

Flavonoids are essential bioactive compounds recognized for 

their potent antioxidant properties and their roles in reducing 

inflammation, lowering cholesterol levels, and providing 

protective effects against various chronic conditions, includ-

ing cancer, cardiovascular diseases, and other health issues 

[13]. The increase in flavonoids following fermentation, 

therefore, highlights the potential of orange peel tea as a 

functional beverage with enhanced health benefits. 

Beyond these changes, fermentation also influenced the 

alkaloid content of the tea powders. A gradual reduction in 

alkaloids was observed, likely resulting from microbial hy-

drolysis and the leaching of water-soluble compounds during 

fermentation [11, 13]. Alkaloids are recognized for their 

pharmacological relevance and serve as the structural back-

bone of several drugs, including morphine, quinine, colchi-

cine, and vincristine [25]. However, they also impart bitter-

ness due to their alkaline nature [23]. The decrease in alka-

loids during fermentation, therefore, reflects both biochemical 

modifications and potential improvements in sensory attrib-

utes, depending on the desired flavor profile. 

These changes in phytochemical composition were also 

reflected in the antioxidant capacity of the tea samples, 

measured by DPPH radical scavenging activity. Overall, the 

sweet orange peel teas exhibited lower free radi-

cal-scavenging activity than Lipton, likely due to differences 

in the concentrations of bioactive compounds such as phenols, 

flavonoids, and alkaloids. Notably, short-term fermentation 

appeared to enhance antioxidant activity, which aligns with 

the increase in flavonoid content observed in earlier analyses 

[13]. The strong correlation among flavonoids, phenolic 

compounds, and radical-scavenging activity underscores the 

functional significance of these phytochemicals. This obser-

vation is consistent with numerous studies demonstrating the 

role of antioxidants in mitigating oxidative stress and con-

tributing to disease prevention and management [26] (See 

Figure 2) 

 
Figure 2. Phytochemical Composition and Antioxidant Properties of the Tea Sample. 
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4.3. Physicochemical Properties of Tea Extract 

The physicochemical properties of the tea extracts pro-

duced from sweet orange peels are shown in Table 3. The 

unfermented tea powder (Sample AAA) exhibited the highest 

pH value (5.05), while Sample CCC (tea fermented for 2 days) 

recorded the lowest value (4.15). This progressive decline in 

pH during fermentation is due to the production of organic 

acids by microorganisms active in the process. Lactic acid 

bacteria, known for their aciduric nature, likely contributed 

substantially to the observed acidity increase. This trend 

aligns with the findings of Alavi et al. [27], who reported that 

an increase in viable cell counts during the fermentation of 

watermelon juice corresponded with a decrease in pH, thereby 

enhancing the product's overall acidity. 

A similar trend was evident in the total titratable acidity 

(TTA), which also indicated increased acidification across the 

samples. The total titratable acidity (TTA) value ranged from 

0.09 to 0.26%. There were significant (p<0.05) differences 

among the samples. The inverse relationship between pH and 

TTA indicated that a decrease in pH increased the acidity of 

the sweet orange peel extract. This agreed with the previous 

studies [28]. Acidity plays a vital role in determining the 

quality of fermented drinks by aiding fermentation and en-

hancing the product's overall characteristics and balance. A 

lack of acidity will lead to poor fermentation. The pH was 

slightly acidic, which would confer stability to the produced 

tea extract [26]. The increase in titratable acidity and decrease 

in pH could be due to the dominance of lactic acid bacteria in 

the environment, which degraded carbohydrates and caused 

acidification. 

Additionally, the total soluble solids for the samples ranged 

from 0.50 to 4.00 °Brix. There were significant (p<0.05) dif-

ferences among the samples with respect to total soluble sol-

ids. Fermentation decreased the total soluble solids of the tea 

extracts, as these were likely used by microorganisms for 

metabolic activity. This result was like those reported by 

El-Adawy et al. [16]. 

4.4. Sensory Properties of Tea Extracts 

The sensory evaluation revealed clear differences between 

the experimental teas and the commercial control. As ex-

pected, Lipton tea received the highest ratings across all at-

tributes, reflecting its familiarity and established consumer 

acceptance. Fermentation produced modest improvements in 

the colour and mouthfeel of the orange peel teas, indicating 

that microbial activity may have enhanced specific desirable 

sensory notes. However, flavour and taste scores showed 

mixed responses, with longer fermentation leading to reduced 

taste acceptability. This trend is consistent with earlier find-

ings that fermentation can diminish sweetness and intensify 

bitterness due to microbial breakdown of sugars and the in-

trinsic bitterness of citrus peels [11, 29]. Overall acceptability 

followed a similar pattern, with the one-day fermented sample 

outperforming the two-day fermented sample and showing 

acceptance levels relatively close to the commercial control. 

These results suggest that short-term fermentation may opti-

mize sensory quality, whereas prolonged fermentation may 

negatively affect consumer preference. 

5. Conclusions 

This study demonstrates that fermentation meaningfully 

alters the nutritional and phytochemical profile of sweet or-

ange peel tea. Fermentation enhanced titratable acidity, ash, 

protein, moisture, and flavonoid content, while reducing pH, 

fat, crude fiber, total phenols, and alkaloids. These composi-

tional shifts also influenced sensory quality: although Lipton 

tea remained the preferred control, the one-day fermented 

sample achieved the highest overall acceptability among the 

experimental teas. It was well received by panelists, indicat-

ing good consumer potential. Overall, the findings highlight 

sweet orange peel as a viable raw material for developing 

functional teas with improved antioxidant-linked phyto-

chemicals, particularly after short-term fermentation. This 

offers an environmentally and economically meaningful way 

to convert citrus waste into value-added beverages. Future 

research should explore optimized fermentation conditions, 

microbial starter cultures, antioxidant mechanisms, and 

shelf-life stability to enhance product quality and commercial 

applicability further. 
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