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ABSTRACT 

Justicia secunda (blood leaves) is a medicinal plant used widely in Nigeria for its diverse physiological functions, especially 

blood-boosting, antimalarial, antioxidant, anti-hypertension, and anti-diabetes. Fresh leaves of J. secunda are used in rural 

communities in Nigeria to prepare herbal teas by infusion and boiling. In this study, green and black herbal teas were prepared 

by infusion and boiling of the processed leaves of J. secunda. The influence of brew conditions (infusion, boiling, liquid-

solid ratio, and brew time) on the total soluble solids (TSS) was investigated and used as a baseline to determine the total 

polyphenols content (TPC), flavonoid content, and antioxidant capacity of the herbal teas. Brew conditions (2 g/250 mL, 20 

min) produced green and black tea extracts with relatively high TSS content (0.43-0.64 g). The black tea contained high 

polyphenols [28.29 mg gallic acid equivalent (GAE)/g] and flavonoids [72.75 mg quercetin equivalent (QE)/g] than the green 

tea under similar brew conditions (2 g/250 mL; boiled or infused) which correlated with the ferrous reducing power and 

metal chelating antioxidant activities of the extracts. The cold macerated leaf extract contained slightly higher amounts of 

flavonoids (75.25 mg QE/g) which also exhibited good antioxidant capacity. Thus, the infusion method of brewing is 

recommended over boiling since it produces more beneficial ingredients than the fresh leaves extract. The results also suggest 

a convenient procedure of drying, along with brewing, which can be easily used at the household level or on a commercial 

scale to produce high-quality J. secunda tea. 
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INTRODUCTION 

Herbal tea comes from the process of flowers, seeds, leaves, 

skin, and roots of plants other than tea plant (Camellia 

sinensis). Herbal tea can be consumed in single or herbal 

mixtures. Herbal tea is a product that is widely consumed 

and is preferred by the community because the raw material 

is easier to obtain and the benefits are more varied depending 

on the raw materials used (Ravikumar, 2014).  

 

Justicia secunda Vahl (also known as blood leaf) belongs to 

the family Acanthaceae. In Nigeria, it is grown around 

homesteads and acts as fences (Mpiana et al., 2010). The 

leaves are boiled in water to make tea. The resultant liquid 

after boiling is usually crimson red and coagulates after 

cooling (Onyeabo et al., 2017; Swiatek et al. 2023). Local 

consumers of the leaves are mostly anaemic patients; 

interestingly, in vitro studies showed that J. secunda extract 

caused a change of shape of a sickle cell into a normal one 

with a maximal normalization rate of above 80% (Kitadi et 

al., 2020). The leaves are also believed to cure other illnesses 

such as hypertension, malaria, and diabetes, among others. 

Extracts and isolated compounds from J. secunda were also 

shown in vitro to inhibit α-glucosidase activity (Theiler et 

al., 2017).  
 

Therefore, to facilitate its widespread utilization and 

increase its shelf life, J. secunda leaves can be processed into 

herbal tea. Previous studies have demonstrated that drying, 

an essential thermal process in producing herbal teas, may 

cause significant losses of bioactive ingredients and thereby 

decrease the health benefits and quality of the products 

(Mbondo et al., 2018; Monika et al., 2019). 

Due to the unstable nature of phenolic compounds, each 

phenolic source demands an individual approach for 

extraction and optimization. The brew conditions such as 

volume and temperature of water, solid to liquid ratios, and 

brew time have also been reported to significantly affect the 

content of the desired components in tea infusion (Erica et 

al., 2016; Zeinab et al., 2016). To the best of our knowledge, 

there is no information on the effect of processing on the 

leaves of J. secunda for herbal tea products. Furthermore, 

several researches which have shown the medicinal 

potentials of J. secunda leaves lack the merit to mimic 

traditional methods of preparation of the aqueous extract of 

the leaves in their studies (Onyeabo et al., 2017; Onochie et 

al., 2020). 
 

Based on the method of processing, tea is divided into four 

groups, namely black tea (fermented tea), green tea 

(unfermented tea), oolong tea (semi-fermented tea), and 

fragrant tea (Asben et al., 2019). The most widely used tea 

types are green and black teas, which comparatively mimic 

the conventional methods of extracting tea from fresh or 

semi-fresh leaves of J. secunda.  In this study, a common 

hot-air dryer for drying leaves and the classical brewing 

method was employed to ascertain the most suitable drying 

and brew conditions to produce J. secunda green and black 

tea with high polyphenols and antioxidant activity.  

 

MATERIALS AND METHODS 

Sample Collection and Authentication 

The leaves of J. secunda were collected (June 2024) from a 

farm in Uyo Local Government Area, Akwa Ibom State, 

Nigeria. The plant was identified and authenticated by a 
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taxonomist in the Department of Botany and Ecological 

Studies, University of Uyo, where a voucher specimen was 

deposited in the herbarium (UUH 4470). 

 

Preparation of the Leaves of Justicia secunda for 

Extraction of Green Tea 

Justicia secunda leaves were picked and sorted. The leaves 

were washed with distilled water and dried at 70 °C for 20 

min. The leaves were weighed and ground using a blender, 

and then dried in an oven at 80 °C for 30 min (Asben et al., 

2019).  

 

Preparation of Leaves of Justicia secunda for Extraction 

of Black Tea 

Justicia secunda leaves were picked and sorted. The leaves 

were washed with distilled water and dried at 70 °C for 20 

min. The leaves were weighed and ground using a blender 

and dried at room temperature (27-30 °C) for 18 hours 

(enzymatic oxidation turns the leaves black). The powdered 

leaves are further oven dried in an oven at 80 °C for 30 

minutes (Asben et al., 2019). 

 

Brewing of the Processed Herbal Leaves 

The first batch of processed leaves (2 g each) were infused 

in hot water (150 and 250 mL; 100 °C) for 5, 10 and 20 min. 

The second batch of processed leaves (2 g each) were 

macerated in distilled water (150 and 250 mL; 25-30 °C) and 

heated to boil on a hot plate for 3, 5, and 7 min. Each sample 

was processed in triplicate.  

 

Determination of Total Soluble Solids (TSS) 

The infused and macerated herbal teas were filtered to 

remove the residue. The filtrates were oven dried at 40 °C to 

obtain the extracts. Each sample was processed in triplicate. 

The extracts were weighed and the TDS was calculated 

using the equation:  

Weight of tea extract/Weight of processed leaves x 100 

 

Determination of Total Phenolic Content 

The amount of total phenol content was determined by 

Folin-Ciocateu reagent method (McDonald et al., 2001). The 

extracts (0.5 mL) and Folin-Ciocalteu reagent (0.5 N; 0.1 

mL) were mixed and incubated at room temperature for 15 

min. Then saturated sodium carbonate (2.5 mL) was added 

and further incubated for 30 min at room temperature and 

absorbance measured at 760 nm. Gallic acid was used as 

positive control. Each sample was processed in triplicate. 

The total phenolic content was expressed in terms of 

standard equivalent (mg/g of extracted compound). 

 

Determination of Flavonoid Content 

The amount of total flavonoid content was determined by 

Aluminum chloride method (Chang et al., 2002). The 

reaction mixture (2 mL) comprised of extract (1.0 mL), 

aluminum chloride (1.2%; 0.5 mL) and potassium acetate 

(120 mM; 0.5 mL), was incubated at room temperature for 

30 min and absorbance measured at 415 nm. Quercetin was 

used as a positive control. Each sample was processed in 

triplicate. The flavonoid content was expressed in terms of 

standard equivalent (mg/g of extracted compound). 

 

Reducing power (RP) 

The reducing power was determined by the method of 

Athukorala et al. (2006). The extracts (1.0 mL) were mixed 

with phosphate buffer (200 mM, pH 6.6; 2.5 mL) and 

potassium ferricyanide (30 mM; 0.5 mL) and incubated at 50 

°C for 20 min. Thereafter, trichloroacetic acid (600 mM; 0.5 

mL) was added to the reaction mixture, and centrifuged for 

10 min at 3000 rpm. The upper layer of solution (2.5 mL) 

was mixed with distilled water (0.5 mL) and FeCl3 (6 mM; 

0.5 mL).  Each sample was processed in triplicate and 

absorbance was measured at 700 nm. Ascorbic acid used as 

positive control. 

 

Metal chelating activity 

The chelation of ferrous ions was estimated using the 

method of Dinis et al. (1994). The extract (0.1 mL) was 

added to a solution of ferrous chloride (0.2 mM; 0.5 mL). 

The reaction was initiated by the addition of ferrozine (5 

mM; 0.2 mL) and incubated at room temperature for 10 min. 

Each sample was processed in triplicate and the absorbance 

was measured at 562 nm. EDTA was used as a positive 

control. 

 

RESULTS AND DISCUSSION 

The effect of brew conditions on the total soluble solids 

(TSS) extracted from the processed leaves of J. secunda is 

shown in Table 1. The traditional methods of preparation 

(infusion and boiling) were evaluated using controlled 

conditions of weight of processed leaves (2 g), time (5, 10, 

and 20 minutes for infusion; 3, 5, and 7 minutes for boiling), 

and volume of water (150 and 250 mL). It was observed that 

the solid-liquid ratio (2 g/250 mL) produced the highest 

yield of tea extracts under various conditions of infusion 

(0.434 g and 0.617 g, respectively) and boiling (0.444 g and 

0.646 g, respectively) for green and black processed leaves. 

Based on the maximum extraction time of 20 minutes and 7 

minutes for infusion and boiling techniques, respectively, 

the boiling method produced a slightly higher percentage 

yield (22.19% and 32.3%) of tea extracts compared to the 

infusion method of extraction (21.71% and 30.86%).  In 

addition, the percentage yield of black tea extracts (27.0-

30.86%) was higher than green tea extracts (15.93-21.71%) 

by infusion method. Similarly, the percentage yield of black 

tea extracts (26.39-32.3%) was greater than green tea 

extracts (19.56-22.19%) by boiling method. As reported by 

many studies related to the recovery of bioactive compounds 

and phenolics in particular from plant sources, the increase 

in the volume of solvent would improve the extraction yield 

of the compounds (Azmir et al., 2013; Quan et al., 2014). A 

similar trend was observed in this study as the volume of 

water was increased from 150 mL to 250 mL, except for the 

infused black tea extract. 
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Table 1: Effect of brew conditions on TSS from processed leaves of Justicia secunda 

Vol. of 

Solvent (mL) 

         Green Tea (Infusion)         Green Tea      (Boil) 

Time (min) TSS (g) Yield (%) Time (min)  TSS (g) Yield (%) 

150 5.0 0.3185±0.02e 15.93 3.0 0.3912±0.03d 19.56 

10.0 0.3824±0.01d 19.12 5.0 0.3999±0.01d 20.00 

20.0 0.3992±0.02d 19.96 7.0 0.4328±0.02c 21.64 

250 5.0 0.3603±0.05d 18.02 3.0 0.4096±0.05c 20.48 

10.0 0.4134±0.03c 21.67 5.0 0.4155±0.01c 20.76 

20.0 0.4341±0.03c 21.71 7.0 0.4438±0.02c 22.19 

                         Black Tea (Infusion)      Black Tea (Boil) 

150 5.0 0.5412±0.01b 27.06 3.0 0.5277±0.02b 26.39 

10.0 0.5564±0.01b 27.82 5.0 0.5491±0.01b 27.46 

20.0 0.5676±0.03b 28.38 7.0 0.6313±0.03a 31.57 

250 5.0 0.5400±0.01b 27.00 3.0 0.6052±0.01a 30.26 

10.0 0.5411±0.02b 27.01 5.0 0.6157±0.01a 30.79 

20.0 0.6171±0.03a 30.86 7.0 0.6460±0.03a 32.30 

TSS: Total soluble solids; Each determination was done in triplicate; Result = value ± standard deviation; Different letters 

indicate significant differences in the tested extracts (p < 0.05). 

 

The total polyphenols and flavonoids content of the 

processed and fresh leaves of J. secunda is presented in 

Table 2. The best brew condition that produced the highest 

percentage yield by infusion (2g/250 mL; 20 min) and 

boiling (2g/250 mL; 5 min moderate exposure to heat) 

techniques for green and black processed leaves were 

selected as baseline for further studies in comparison to the 

fresh (unprocessed) leaves of J. secunda. The black tea 

extract contained high amounts of polyphenols (28.29 mg 

GAE/g) compared to the green tea extract (14.91 mg GAE/g) 

under similar conditions. Likewise, the quantity of 

polyphenols detected in black tea extract were slightly 

higher than the green tea base on the boiling method. 

However, the fresh leaves extract comparatively contained 

the highest amount of polyphenols (21.73 mg GAE/g). 

Similarly, the flavonoid content in the black tea obtained by 

infusion (72.75 mg QE/g) was higher than the content found 

in green tea, though comparable to the amount found in the 

fresh leaves extract (75.25 mg QE/g).    

The total polyphenols content (36.34 mg GAE/g) for infused 

water extracts of air dried leaves of J. secunda reported by 

Swiatek et al. (2023), was higher than the polyphenols 

content (28.29 mg GAE/ g) of the black processed leaves in 

this study. However, a relatively higher flavonoid content 

was found in the black tea extract (72.75 mg QE/g ) in the 

study compared to 8.52 mg rutin equivalent (RE)/g) found 

in processed black leaves of J. secunda (Swiatek et al., 

2023). The observed variation in polyphenols and flavonoids 

content may be due to the different extraction conditions (10 

g/200 mL; 15 min) and the use of rutin calibration curve 

compared to the quercetin calibration curve in this study. 

There are few reports of the total phenolic content of J. 

secunda extracts and fractions or related species (John et al. 

2013; Swiatek et al., 2023). In the reports, the authors used 

different standards or solvents to explain the total content of 

bioactive compounds in dry or fresh samples, therefore our 

results could not be compared with most previous findings. 

John et al. (2013) showed that the highest level of total 

phenolic and flavonoid contents was found in the leaf extract 

of J. adhatoda with 38.75 mg GAE/100 g extract, among six 

Justicia species, which is also lower than the overall 

outcome of the findings in this study.  

 

The ferrous reducing power and metal chelating activity of 

the processed and fresh leaves extracts of J. secunda is 

presented in Table 3. In the reducing power assay, infusion 

extracts were found to possess good reducing abilities 

compared to the boiled extracts. In addition, the infusion 

extracts contained higher amounts of total phenolic and 

flavonoids when compared to the boiled extracts, though the 

fresh leaves extract exerted better reducing power than other 

extracts in the study. Consistent with our findings, several 

researchers reported a linear correlation between the levels 

of these bioactive compounds and antioxidant capacity 

(Zhong et al., 2022; Swiatek et al., 2023). Contrary to our 

results, Swiatek et al. (2023) showed that the hot-water 

extract of air-dried leaves of J. secunda showed a stronger 

reduction potency than the cold-water extract. Higher 

reduction potency in our study may be due to the use of cold 

water to macerate the fresh leaves instead of air-dried leaves 

used by Swiatek et al. (2023). Reducing power is associated 

with antioxidant activity and may serve as a significant 

reflection of the antioxidant activity (Oktay et al., 2003). 

Compounds with reducing power indicate that they are 

electron donors and can reduce the oxidized intermediates of 

lipid peroxidation processes, so that they can act as primary 

and secondary antioxidants (Yen and Chen, 1995).  

 

In congruence with the reduction assay, the highest metal 

chelating ability was exhibited by the infused extracts 

compared with the boiled extracts, though both processed 

and fresh leaves extracts demonstrated low metal chelating 

potential compared to the standard compound, 

ethylenediaminetetraacetate (EDTA). In this study, infused 

green tea showed higher metal chelating potential compared 

with the cold macerated fresh leaves extract. Swiatek et al. 

(2023) found that the infused leaves extract of J. secunda 

showed no ability to chelate metals in the assay, rather the 

highest metal chelating ability was provided by the cold 

aqueous extract compared with other polar and non-polar 
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extracts. In metal chelating assay, transition metals play a 

role in the Fenton reaction, which leads to the formation of 

hydroxyl radicals. As a result, when transition metals are 

chelated, the production of this radical is inhibited. 

Therefore, metal chelation is considered to be an important 

antioxidant mechanism. 

 

Table 2: Total polyphenols and flavonoids content of processed and fresh leaves extracts of Justicia secunda 

 

Sample Technique/Extraction 

Condition 

Total Polyphenols 

Content (mg GAE/g) 

Flavonoid Content (mg 

QE/g) 

Green Tea Extract Infusion; 2g/250 mL; 20 min. 14.91±0.04d 54.42±0.48b 

Boiling; 2g/250 mL; 5 min. 13.19±0.01d 30.25±0.08c 

Black Tea Extract Infusion; 2g/250 mL; 20 min. 28.29±0.11a 72.75±0.48a 

Boiling; 2g/250 mL; 5 min. 16.50±0.00c 52.75±0.83b 

Fresh leaves Extract Cold Maceration 21.73±0.03b 75.25±0.98a 

Different letters indicate significant differences in the tested extracts (p < 0.05). 

 

Table 3: Reducing power and metal chelating activity of processed and fresh leaves extracts of Justicia secunda 

Sample Technique/Extraction 

Condition 

Reducing Power 

(Absorbance, 700 nm) 

Metal Chelating Activity 

(Absorbance, 562 nm) 

Green Tea Extract Infusion; 2g/250 mL; 20 

min. 

0.648±0.04c 0.34±0.48c 

 Boiling; 2g/250 mL; 6 

min. 

0.572±0.01d 0.14±0.08d 

Black Tea Extract Infusion; 2g/250 mL; 20 

min. 

0.648±0.11c 0.49±0.40b 

 Boiling; 2g/250 mL; 6 

min. 

0.420±0.00e 0.02±0.83e 

Fresh Leaves Extract Cold Maceration 1.256±0.03b 0.22±0.62c 

Ascorbic Acid Standard compound 2.417±0.01a - 

EDTA Standard Compound - 2.17±0.01a 

- = not tested;  Different letters indicate significant differences in the tested extracts (p < 0.05). 

 

 

CONCLUSION 

Based on our results, infusion (2g/ 250 mL, 20 min) could 

be an effective condition for the extraction of tea obtained 

from the processed leaves of J. secunda, especially the black 

tea extract; this brew condition also produced a relative high 

content of polyphenols and flavonoids (which have been 

implicated as good antioxidants). The results suggest a 

convenient procedure of drying, along with brewing, which 

can be easily used at the household level or on a commercial 

scale to produce high-quality J. secunda tea. It may be 

justifiable to assert that the leaves of J. secunda could be 

considered a valuable source of phenolic and flavonoid 

compounds. The prospect for its in vivo antioxidant 

validation may enhance its integration into health 

supplements. 
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