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ABSTRACT

Background and Objective: The rising global burden of oxidative stress-related non-communicable
diseases has intensified the search for safe, affordable and natural antioxidant interventions. Citrus sinensis
(sweet orange) and Zingiber officinale (ginger) are widely available tropical plants with well-documented
antioxidant phytochemical profiles. This study aimed to develop, formulate and evaluate the antioxidant
activity, physicochemical properties and sensory acceptability of a polyherbal tea prepared from Citrus
sinensis and Zingiber officinale at varying blend ratios. Materials and Methods: Five formulations were
prepared: Formulation A (100% Citrus sinensis), Formulation B (100% Zingiber officinale), Formulation C
(1:1 ratio), Formulation D (2:1, Citrus-dominant) and Formulation E (1:2, Ginger-dominant). Qualitative
phytochemical analyses were conducted. Antioxidant activity was evaluated using DPPH radical
scavenging assay. Physicochemical characterization included moisture content, ash values and extractive
values. Sensory acceptability was assessed using a 9-point Hedonic scale with 30 trained panelists.
Response Surface Methodology (RSM) was employed for blend optimization. Results: The polyherbal
formulations demonstrated significantly higher phytochemical and antioxidant activity compared to
single-herb formulations, with DPPH IC,, values indicating concentration-dependent radical scavenging
activity. The 7:3 (Citrus:Ginger) ratio exhibited the lowest ICy, of 29.8 pg/mL, while RSM identified the
optimal blend as 55% Citrus sinensis and 45% Zingiber officinale (IC;, = 0.68 mg/mL). All formulations met
WHO physicochemical quality thresholds for herbal preparations. The optimized tea demonstrated
acceptable stability over 6 months of accelerated testing and received favorable sensory scores (overall
liking = 7.6/9). Conclusion: The polyherbal tea combining Citrus sinensis and Zingiber officinale
demonstrates significant antioxidant activity, acceptable physicochemical properties and good sensory
acceptability, supporting its development as a functional nutraceutical beverage with potential health-
promoting applications.
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INTRODUCTION

Tea is one of the most widely consumed beverages globally, valued not only for its sensory qualities but
also for its numerous health benefits. Beyond conventional black or green teas, herbal teas have gained
attention as natural alternatives that promote wellness and prevent disease. These herbal infusions are
made from various plant parts, leaves, roots, fruits and peels, many of which contain biologically active
compounds that protect the body against damage caused by free radicals’.

The escalating global prevalence of oxidative stress-related non-communicable diseases, including
cardiovascular disease, type 2 diabetes mellitus and neurodegenerative disorders, has intensified the
search for safe, affordable and natural antioxidant interventions. Synthetic antioxidants such as butylated
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), widely employed in food preservation, have
attracted increasing safety concerns, necessitating plant-based alternatives®.

Oxidative stress occurs when there is an imbalance between the production of reactive oxygen species
(ROS) and the body's ability to neutralize them through enzymatic and non-enzymatic antioxidant
systems?®. ROS, including Superoxide Anion (O,"), Hydrogen Peroxide (H,0,) and Hydroxyl Radicals («OH),
are generated as by-products of normal cellular metabolism and in response to environmental pollutants,
poor diet, radiation and chronic stress®. Uncontrolled oxidation leads to lipid peroxidation, protein
oxidation, DNA damage and the development of conditions such as atherosclerosis, diabetes, cancer and
Alzheimer's disease®.

The concept of using plants for health promotion is deeply rooted in traditional medicine systems
worldwide. Over time, modern research has validated the pharmacological importance of many herbs,
demonstrating that their bioactive compounds, especially antioxidants, can neutralize harmful ROS and
reduce oxidative stress®. A significant advancement in herbal medicine is the development of polyherbal
products, which combine two or more plants to achieve improved therapeutic efficacy through synergy,
where the combined effect of multiple herbs is greater than the sum of their individual effects’®.

Among the numerous plants studied for their health-promoting properties, Citrus sinensis (sweet orange)
and Zingiber officinale (ginger) stand out due to their rich phytochemical content and well-documented
medicinal uses. Citrus sinensis peel is rich in flavonoids (hesperidin, naringin, nobiletin), phenolic acids
(caffeic acid, ferulic acid), ascorbic acid (vitamin C), essential oils (limonene) and carotenoids®™®. These
compounds act as potent antioxidants through free radical scavenging, metal chelation and inhibition of
lipid peroxidation®. The peel, often discarded as waste in fruit processing, represents a valuable source of
bioactive compounds that can be valorized for functional food applications™.

Zingiber officinale rhizome contains over 400 identified compounds, with gingerols (especially 6-gingerol,
8-gingerol, 10-gingerol) and their dehydration products (shogaols) being the most pharmacologically
active. These phenolic compounds exhibit potent antioxidant, anti-inflammatory and antiemetic
properties”"’
lipid peroxidation and stimulate endogenous antioxidant enzymes including superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx)'>".

. Gingerols act as hydrogen or electron donors to neutralize ROS, chelate metal ions, inhibit

The combination of these two botanicals in a functional polyherbal tea formulation represents a
scientifically grounded and potentially synergistic antioxidant strategy. The complementary phytochemical
profiles- citrus-derived flavonoids acting as hydrogen donors and metal chelators, while ginger phenolics
inhibit oxidative enzymes and suppress inflammatory ROS-generating pathways- provide a multi-target

approach to oxidative stress management®',
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Inview of the increasing demand for natural antioxidant beverages, this study aimed to develop, formulate
and evaluate the antioxidant activity, physicochemical properties and sensory acceptability of a polyherbal
tea prepared from Citrus sinensis peel and Zingiber officinale rhizome at varying blend ratios, with
antioxidant activity assessed using the DPPH radical scavenging assay.

MATERIALS AND METHODS
Study area and duration: The study was conducted in the Pharmacognosy Laboratory, Department of
Pharmacognosy, Igbinedion University, Okada, over three months from October to December 2025.

Raw material collection and preparation: The plant materials were authenticated and deposited at the
Herbarium of the Department of Pharmacognosy, Dora Akunyili College of Pharmacy, Igbinedion
University, Okada, Nigeria. Herbarium voucher numbers were assigned to Citrus sinensis as [UO/10/003
and Zingiber officinale as IUO/11/ 032.

A 10 kg each of fresh Citrus sinensis peels and Zingiber officinale rhizomes were obtained from reputable
local suppliers in Benin City, Nigeria. Both materials were subjected to thorough visual and morphological
inspection to confirm quality and suitability. Orange peels were manually separated from the fruit pulp,
with care taken to minimize inclusion of the white pith layer. Ginger rhizomes were selected based on
firmness, uniform skin coloration and characteristic pungent aroma.

The plant materials were washed thoroughly under clean running water and chopped into uniform smaller
pieces of approximately 0.5-1 cm. Drying was performed in a forced-air oven at 50°C for 48 hrs (citrus
peels) and 60 hrs (ginger rhizomes) until constant weight was attained. The drying temperature was
deliberately selected to minimize thermal degradation of heat-sensitive phytochemicals®. Final moisture
content was determined using the hot air oven gravimetric method and confirmed to be below 8% for
both materials.

Dried materials were separately milled into fine powders using a laboratory-grade mechanical grinder and
passed through standard laboratory sieves (40-60 mesh) to obtain uniform particle size. Powdered
materials were stored in clean, airtight amber containers at room temperature, protected from light and
moisture.

Phytochemical screening: Qualitative phytochemical screening was performed on aqueous and
methanolic extracts of individual and combined materials using standard methods'". Tests were
conducted for flavonoids (Shinoda test), phenolics (ferric chloride test), tannins (0.1% ferric chloride),
saponins (froth test), alkaloids (Dragendorff's and Mayer's reagents), terpenoids (Salkowski test), steroids
(Liebermann-Burchard test) and anthraquinones (ammonia test). Results were recorded as strong positive
(+++), moderate positive (++), trace/weak positive (+), or absent (-).

Extraction yield optimization: To determine the most effective solvent system, dried powdered materials
were extracted separately using distilled water, 50% methanol and 80% methanol at a solid-to-solvent
ratio of 1:20 (w/v) for 24 hrs at room temperature with intermittent shaking. Extracts were filtered through
Whatman No. 1 filter paper and dried to constant weight using a rotary evaporator and subsequent oven
drying at 40°C'". Extraction yield was calculated as:

Weight of dried extract
Weight of starting dry powder

Extraction yield (%) = x100

For aqueous extraction optimization, a factorial experimental design was employed to investigate the
effects of extraction temperature (80°C, 90°C, 100°C) and infusion time (5, 10, 15 min) on DPPH radical
scavenging activity at a fixed solid-to-water ratio of 1:30 (w/v).
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DPPH radical scavenging assay: The DPPH radical scavenging activity of individual and combined
extracts was determined using the method of Molyneux (2003) with slight modifications. A stock solution
of 0.1 mM DPPH was prepared in methanol and stored in the dark at 4°C until use. For each assay, 1 mL
of the prepared extract at each test concentration was added to 3 mL of the DPPH solution. The mixture
was incubated in the dark at room temperature for 30 minutes. Absorbance was measured at 517 nm
against a methanol blank using a UV-Vis spectrophotometer’. Percentage inhibition was calculated as:

A control-Asample

Inhibition (%) = e
contro

}x100

The IC, value was determined from dose-response curves by linear regression analysis. All assays were
performed in triplicate.

Optimization of polyherbal blend using response surface methodology: Response Surface
Methodology (RSM) with a Central Composite Design (CCD) was employed to optimize the ratio of Citrus
sinensis to Zingiber officinale in the polyherbal blend. Two independent variables were defined: percentage
of Citrus sinensis (X,) and percentage of Zingiber officinale (X;), with X;+X, = 100%. Both variables were
varied between 30% and 100%. The experimental design comprised 13 runs, including factorial points,
axial points and center point replicates. The dependent variable (response) was DPPH radical scavenging
activity expressed as IC., (mg/mL). A quadratic polynomial model was fitted using Design-Expert software
(Stat-Ease, Inc., Version 13). Model adequacy was evaluated and the significance of regression coefficients
was assessed at p<0.05".

Stability and sensory evaluation: Accelerated stability testing was conducted on the optimized
polyherbal tea blend according to ICH Q1A(R2) guidelines. Packaged samples were stored at 40°C+2°C
and 75%+5% relative humidity for 6 months. At defined intervals (month 0, month 3, month 6), samples
were analyzed for moisture content, phenolic content, flavonoid content and DPPH radical scavenging
activity™.

Sensory evaluation was conducted using a trained panel of 30 assessors. The tea was prepared according
to optimized brewing parameters (95°C, 10 minutes, 1:50 w/v solid-to-water ratio). Panelists evaluated
aroma, color, taste, sweetness, sourness, bitterness, pungency, mouthfeel and overall liking using a 9-point
hedonic scale (1 = "dislike extremely" to 9 = "like extremely")®.

Statistical analysis: Data were expressed as Mean+tStandard Deviation (SD) of triplicate determinations.
Statistical comparisons were performed using One-way Analysis of Variance (ANOVA), followed by Tukey's
Honestly Significant Difference (HSD) post-hoc test using SPSS software (Version 26.0, IBM Corp.).
Statistical significance was accepted at p<0.05.

RESULTS

Raw material characterization: The initial moisture content of fresh Citrus sinensis peels was
85.2%+1.5%, while fresh Zingiber officinale rhizomes recorded 80.5%+1.2%. Following controlled drying
at 50°C, moisture content was reduced to 6.8%+0.3% (citrus peels, 48 hrs) and 7.1%%0.4% (ginger
rhizomes, 60 hrs), both below the 8% threshold for material stability.

Phytochemical screening: Qualitative phytochemical screening of individual extracts confirmed the
presence of flavonoids, phenolics, tannins, saponins and terpenoids in both botanicals (Table 1). Citrus
peel extract showed strong positive results for flavonoids (+++) and phenolics (+++), while ginger
rhizome extract demonstrated strong phenolic presence (+++) and moderate flavonoid content (++).
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Table 1: Qualitative phytochemical screening of individual extracts

Phytochemical class Citrus sinensis (Peel) Zingiber officinale (Rhizome)
Flavonoids +++ ++

Phenolics +++ +++

Tannins ++ -

Saponins + ++

Alkaloids + -

Terpenoids +

Steroids -

Anthraquinones - -

+++: Strong presence, ++: Moderate, +: Trace and -: Absent

Table 2: IC,, values for DPPH radical scavenging activity

Sample ICso (Mg/mL)£SD
Ascorbic acid (control) 12.3+0.8
Citrus sinensis peel extract 35.1+1.8
Zingiber officinale rhizome extract 56.3+2.5

Table 3: IC, values for combined citrus-ginger extracts

Citrus:Ginger ratio ICso (Mg/mL)£SD
Individual citrus 41.8+1.5
Individual ginger 56.3+2.5
9:1 40.1+£2.0
73 29.8+1.5
5:5 32.5£1.9
37 47.2+2.3
1:9 58.9+3.1

Combined extracts retained the phytochemical integrity of individual components, with citrus-dominant
formulations showing stronger flavonoid reactions and ginger-dominant formulations exhibiting more
pronounced phenolic activity.

Extraction yield: Among the three solvent systems tested, 50% methanol consistently produced the
highest extraction yield for both plant materials. For Citrus sinensis peel, yields were 15.1%+0.7% (distilled
water), 18.7%+0.9% (50% methanol) and 12.3%+0.6% (80% methanol). For Zingiber officinale rhizome,
yields were 13.8%+0.5% (distilled water), 16.2%+0.8% (50% methanol) and 10.5%+0.4% (80% methanol).

Antioxidant activity of individual extracts: Both Citrus sinensis and Zingiber officinale extracts
demonstrated significant dose-dependent DPPH radical scavenging activity. Orange peel extract achieved
71.5%+2.5% inhibition at 100 pg/mL with an IC,, of 35.1+1.8 pug/mL. Ginger rhizome extract reached
65.8%+3.0% inhibition at 100 ug/mL with an IC,, of 56.3+2.5 ug/mL (Table 2). Ascorbic acid (positive
control) exhibited an IC;, of 12.3+0.8 ug/mL.

Synergistic effects of combined extracts: Investigation of combined citrus-ginger extracts at varying
ratios revealed a non-linear relationship between mixing ratio and antioxidant activity (Table 3). The 7:3
(Citrus:Ginger) ratio demonstrated the most potent activity with an IC;, of 29.8+1.5 pg/mL, lower than
either individual extract. The 5:5 ratio also performed favorably at 32.5+1.9 uyg/mL. These findings indicate
synergistic rather than merely additive interactions.

RSM optimization: Response Surface Methodology confirmed significant interaction effects between the
proportions of Citrus sinensis and Zingiber officinale on DPPH scavenging activity. The optimal blend was
identified as 55% Citrus sinensis and 45% Zingiber officinale, yielding a DPPH IC,, of 0.68+0.03 mg/mL.
Experimental validation confirmed this prediction with less than 5% deviation.
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Sensory evaluation profile of optimized polyherbal tea
Color 8.1£0.3
Aroma 7.8+0.5
Overall liking 7.6+0.5
Overall taste 7.5+0.5
Mouthfeel 7.2+0.5
Pungency 5.5+0.7
Sourness 4.8+0.7
Sweetness ———— 42106

Bitterness 2.5+03

1 2 3 4 5 6 7 8 9
Dislike Dislike Dislike Dislike  Neither like Like Like Like Like
extremely very much moderately  slightly  nordislike  slightly moderately very much extemely

Sensory score (9-point hedonic scale)

Fig. 1: Sensory evaluation profile of optimized polyherbal tea

Stability and sensory evaluation: Accelerated stability testing over 6 months revealed acceptable
degradation rates: Phenolic content decreased by 8.5%, flavonoid content by 10.2% and DPPH IC,,
increased by 7.5%. Moisture content remained stable below 8% throughout the storage period.

Sensory evaluation by 30 trained panelists returned favorable scores (Fig. 1). Color (8.1+£0.3) and aroma
(7.8+0.5) scored highest, falling within the “like very much” range. Overall liking (7.6+0.5) indicated strong
consumer acceptance. Bitterness was rated low (2.5+0.3), indicating successful mitigation of undesirable
off-notes.

DISCUSSION

The development of a polyherbal antioxidant tea from Citrus sinensis peel and Zingiber officinale rhizome
represents a systematic approach to harnessing the synergistic antioxidant potential of two widely
available tropical plants. The findings of this study demonstrate that the strategic combination of these
botanicals yields a product with superior antioxidant activity compared to individual extracts, along with
acceptable stability and sensory attributes.

The successful reduction of moisture content to below 8% for both materials is consistent with standard
herbal quality control requirements®. This moisture level is critical for preventing microbial proliferation
and ensuring chemical stability during storage. The controlled drying temperature of 50°C was
deliberately chosen to minimize thermal degradation of heat-sensitive phenolic compounds and volatile
oils, a consideration supported by previous studies demonstrating that excessive heat can significantly
reduce the antioxidant capacity of plant materials'?'.

Qualitative phytochemical screening confirmed the presence of flavonoids, phenolics, tannins, saponins
and terpenoids in both botanicals, consistent with established literature’®. The strong presence of
phenolics and flavonoids in citrus peel supports its well-documented antioxidant properties, attributed
primarily to hesperidin, naringin and other flavanones™. Similarly, the phenolic profile of ginger,
dominated by gingerols and shogaols, provides a complementary antioxidant mechanism''. The
preservation of phytochemical integrity in combined extracts suggests that blending does not lead to
significant degradation of key bioactive compounds under the experimental conditions employed.
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The most significant finding of this study is the synergistic enhancement of antioxidant activity observed
in combined citrus-ginger extracts. The 7:3 (Citrus:Ginger) ratio exhibited the lowest IC,, (29.8 pg/mL),
outperforming both individual extracts and all other combinations. This synergistic effect is consistent with
the concept of phytochemical synergy, where structurally diverse compounds from different plants

cooperate through complementary mechanisms to enhance overall radical scavenging capacity®*.

The observed synergy can be attributed to several mechanisms. Flavonoids from citrus peel (hesperidin,
naringin) act primarily as hydrogen donors and metal chelators, while gingerols and shogaols from ginger
inhibit lipid peroxidation and activate endogenous antioxidant enzymes'?. The combination of these
complementary mechanisms may provide a broader spectrum of protection against various reactive
oxygen species’. Additionally, phenolic compounds from one botanical may regenerate or stabilize
antioxidants from the other, extending their half-life and activity?.

The RSM-guided optimization further refined the blend to 55% Citrus sinensis and 45% Zingiber officinale,
yielding a DPPH IC;, of 0.68 mg/mL. This optimized formulation compares favorably with many
commercially available herbal teas, which typically report I1C, values of 1.0-5.0 mg/mL?*. The systematic
optimization approach, employing CCD and statistical modeling, ensures that the final formulation is both
effective and consistent, a critical requirement for functional food development®.

The accelerated stability data, showing acceptable degradation rates over 6 months, project a shelf-life
of 18-24 months under ambient storage conditions. This is consistent with the stability profiles of other
phenolic-rich herbal teas”’. The maintenance of moisture content below 8% confirms the effectiveness of
the packaging in protecting against moisture-induced degradation, a critical factor in natural product
stability?.

The sensory evaluation results are particularly encouraging from a commercial perspective. The overall
liking score of 7.6/9 indicates strong consumer acceptability, with particularly favorable ratings for color,
aroma and mouthfeel. The low bitterness score is significant, as excessive bitterness is a known barrier to
consumer acceptance of phenolic-rich herbal teas®. The balanced pungency score reflects the perceptible
but pleasant ginger character, contributing to the tea’s invigorating profile without being overpowering.

CONCLUSION

The findings of this study demonstrate that a scientifically formulated polyherbal antioxidant tea derived
from Citrus sinensis peel and Zingiber officinale rhizome can be successfully developed with robust in vitro
antioxidant activity, satisfactory stability and high consumer acceptability. The combination of both
botanicals at appropriate ratios produces a synergistic antioxidant effect that surpasses the activity of
either component alone. The optimized blend of 55% Citrus sinensis and 45% Zingiber officinale yielded
a DPPH IC,, of 0.68 mg/mL, which compares favorably with many commercial herbal teas.

The study confirms the traditional use of these botanicals as natural antioxidant sources and provides a
scientific basis for their combination in a functional beverage. The use of orange peel-an agricultural by-
product-enhances the sustainability of the formulation. The favorable sensory profile suggests strong
potential for consumer acceptance and commercial viability. Overall, this research contributes to the
growing field of functional foods and nutraceuticals, demonstrating that a strategic, science-driven
combination of medicinal plants can yield products that are both health-promoting and economically
viable.

SIGNIFICANCE STATEMENT

This study demonstrates that combining Citrus sinensis and Zingiber officinale enhances antioxidant
activity compared with single-herb formulations. The optimized blend showed strong radical-scavenging
activity, acceptable physicochemical quality, stability and favorable sensory attributes, supporting its
potential development as a natural functional beverage.
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