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Abstract: Black tea is one of the most popular beverages consumed in the world. It is stronger in
taste as well as in flavour compared to other less oxidized teas. It is made from the leaves of the
shrub Camellia sinensis var. assamica. Black tea can be supplemented with other plant parts to enhance
its flavour and health-promoting properties. In India, Ocimum spp. leaves have been used for their
medicinal properties since ancient times. These leaves can be added during black tea preparation to
enhance their aroma and healing activities. O. gratissimum, known as “Scent Leaf”, is traditionally
used for the management of many diseases, such as the common cold and cough. This work was
designed to evaluate the antioxidant interaction between black tea and O. gratissimum (leaves) at
five different ratios (1:1, 1:2, 1:3, 2:1, and 3:1). To determine the antioxidant activity, chemical-based
methods and ex vivo assays were conducted. The total phenolic and flavonoid contents were calcu-
lated by Folin’s reagent and aluminium chloride colorimetric assays, respectively. The antioxidant
interactions were determined by the combination index (CI), using CompuSyn software. The black tea
exhibited higher radical quenching activity (DPPH, ABTS, and NO) and antihaemolytic and anti-lipid
peroxidation potential compared to the Ocimum gratissimum infusion. Variation in the antioxidant
capability was observed for various ratios of the black tea and O. gratissimum (BT+OG) combination.
The antioxidant interaction between BT and OG ranged from nearly additive to antagonistic. The total
phenolic content was higher for O. gratissimum, whereas the total flavonoid content was high in black
tea. The binary mixture of BT+OG at all ratios (3:1, 2:1, 1:1, 1:2, and 1:3) expressed similar phenolic
and flavonoid levels. Overall, black tea and O. gratissimum displayed additive antioxidant interaction
and the highest free radical scavenging potential at a 3:1 proportion in all the performed parameters.

Keywords: antioxidant; black tea; Ocimum gratissimum

1. Introduction

Tea is known to have both preventive and therapeutic disease ameliorating abilities.
It is rich in phytochemicals that have significant therapeutic effects [1]. The tea plant has two
major varieties: the small-leaved China plant (Camellia sinensis sinensis) and the large-leaved
Assam plant (Camellia sinensis assamica). Commercially available teas can be categorized
into three types based on their processing method and degree of fermentation: black tea
(maximally fermented), oolong tea (partially fermented), and green tea (unfermented),
all of which come from the same plant, C. sinensis [2–4]. Black tea is one of the most popular
refreshing drinks consumed worldwide. It is obtained from the maximally oxidized leaves
of C. sinensis var. assamica [5,6]. It is rich in theaflavins and thearubugins, which are
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responsible for the distinct red-brown colour, stronger flavour, and astringent taste [7,8].
Both of these phytochemicals are known to have antioxidant, antidiabetic, antidyslipidemic,
antihyperglycemic, cardioprotective, and cancer preventive effects and are associated with
augmenting beneficial gut microbiota [9,10].

Black tea has health-promoting effects, such as anti-inflammatory, antioxidant, antivi-
ral, antiallergic, and anticarcinogenic effects [11,12]. To enhance the medicinal properties
and flavour of black tea. It can be supplemented with ginger, tulsi leaves, green cardamom,
and other medicinal herbs.

Earlier studies reported that herbs have various bioactive compounds with antioxi-
dant properties [13,14]. When these compounds are combined, they may show a higher
scavenging effect than a single compound. There can be three types of possible interac-
tions (synergistic, additive, or antagonistic) between phytoconstituents that may modulate
their biological properties [15,16]. Some studies have reported that the ratio of phyto-
chemicals or plant extracts in the mixture can influence the antioxidant potential of the
whole extract [17,18]. The concentration and ratio of the antioxidants in the mixtures
influence the interactive effect. Numerous antioxidant interactions (antagonistic, additive,
and synergistic) have been identified over the last decades from combinations of diverse
bioactive compounds, such as purified compounds (vitamins and phytochemicals), syn-
thesized antioxidants, crude extracts, and enzymes. A study conducted on five different
ratios of green tea (GT) and O. gratissimum (OG) revealed that the GT+OG combination at
1:1 demonstrated the highest antioxidant potency with maximum synergism [19]. Ocimum
spp., commonly known as tulsi in India, is used as an additive in black tea preparation.
O. gratissimum is a herbaceous plant commonly known to have immense therapeutic,
chemopreventive, and free radical scavenging abilities [20,21]. Eugenol is one of the im-
portant active compounds of O. gratissimum and has demonstrated analgesic, antioxidant,
and anti-inflammatory effects. It also exhibited ameliorating effects against type 2 diabetes,
cancer, and metabolic syndrome [22]. A previous study in our laboratory illustrated that
BT combined with OG showed high antioxidant activity compared to other Ocimum spp.
(O. sanctum and O. canum) [23]. Black tea bags mainly contain black tea granules, and the
tea bags or unbagged tea (black tea granules) are commonly used for black tea preparation
in comparison to whole leaf black tea. The current study was undertaken to evaluate the
effect of altering the ratios of black tea granules and O. gratissimum on the antioxidant
potential of the binary mixture.

2. Materials and Methods
2.1. Collection and Preparation of Black Tea (BT) and O. gratissimum (OG) Aqueous Infusions

Black tea bags (TajMahal brand, Mumbai, India) were purchased from Brooke Bond,
India. O. gratissimum (specimen voucher number-23391) samples were collected from
Herbal Garden, Lovely Professional University (LPU). After plucking the leaves of O. gratissimum,
they were washed carefully with tap water, spread on a tray, covered with cotton sheets,
and then left to dry in the shade for 72 h. After drying, the leaves were stored in an airtight
plastic container [24–26].

2.2. Preparation

An aqueous infusion of black tea (1% w/v) and O. Gratissimum (1% w/v) was prepared
alone and in combination with BT+OG (2% w/v) at five ratios (1:1, 1:2, 1:3, 2:1, and 3:1) and
was steeped for five minutes at 95–100 ◦C. These infusions were filtered with Whatman’s
filter paper. After filtration, the supernatant of the extract was stored at 4 ◦C for further
experimental analysis [27].

2.3. Determination of Antioxidant Capacity, Hemolysis, Lipid Peroxidation, Total Phenolic,
and Total Flavonoid Content

The radical moping capacity of the aqueous infusions was measured by chemical-based
antioxidant assays, such as the DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate), ABTS [2,2′-
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azino-bis(ethylbenzthiazoline-6-sulfonic acid)], and NO (nitric oxide) scavenging assays,
and the haemolysis method [28–32]. The total phenolic compounds (TPC) and the total
flavonoid compounds (TFC) of the different infusions were calculated by using the Folin–
Ciocalteu and aluminium chloride assays [33,34].

2.4. Combination Index (CI) and Interaction Analysis

The effective concentration causing 50% scavenging activity (EC50) values of each
sample was calculated for different antioxidant assays, and the combination index used to
determine the antioxidant interactions at different proportions (3:1, 2:1, 1:1, 1:2, and 1:3)
was determined employing CompuSyn software (version 1.0). The classification of different
interaction (synergism, additive, and antagonism) types was graded based on the combi-
nation index method [35] as follows: <0.1—very strong synergism, 0.1–0.3—strong syn-
ergism, 0.3–0.7—synergism, 0.7–0.85—moderate synergism, 0.85–0.90—slight synergism,
0.90–1.10—nearly additive, 1.10–1.20—slight antagonism, 1.20–1.45—moderate antagonism,
1.45–3.3—antagonism, 3.3–10—strong antagonism, and >10—very strong antagonism.

2.5. Statistical Analysis

All the samples were analysed in triplicate. The data obtained are presented as the
mean ± standard deviation. The intergroup differences were analysed using analysis
of variance and Tukey’s honestly significant difference test, employing SPSS (Version
18.0, SPSS Inc., Chicago, IL, USA, IBM) software. A p-value below or equal to 0.05 was
considered significant.

3. Results

The black tea demonstrated significantly lower EC50 or higher antiradical activity for
the performed antioxidant assays (DPPH, ABTS, NO, LPO, and haemolysis) compared to
the Ocimum gratissimum aqueous infusion (DPPH, ABTS, LPO, and haemolysis) (Table 1).

Table 1. The EC50, combination index, and type of antioxidant interactions of black tea and O. gratissimum
combination for antioxidant parameters.

TEST RATIO
(BT+OG) EC50 (µg/mL) CI at EC50

INTERACTION
TYPE

DPPH

1:0 77.86 ± 1.49 a - -

3:1 89.13 ± 1.80 b 1.09 Nearly additive

2:1 91.72 ± 2.05 b,c 1.08 Nearly additive

1:1 93.24 ± 0.83 c 1.10 Slight antagonism

1:2 91.43 ± 1.89 b,c 1.04 Nearly additive

1:3 106.96 ± 2.30 d 1.20 Antagonism

0:1 93.47 ± 1.33 c - -

ABTS

1:0 44.57 ± 1.46 a - -

3:1 51.13 ± 2.16 b 1.08 Nearly additive

2:1 57.59 ± 1.46 c 1.18 Antagonism

1:1 59.58 ± 1.74 c,d 1.20 Antagonism

1:2 55.11 ± 2.01 c 1.07 Nearly additive

1:3 60.51 ± 2.32 e 1.04 Nearly additive

0:1 56.70 ± 2.34 c,d - -
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Table 1. Cont.

TEST RATIO
(BT+OG) EC50 (µg/mL) CI at EC50

INTERACTION
TYPE

NO

1:0 48.53 ± 2.57 a - -

3:1 47.99 ± 2.60 a 0.94 Nearly additive

2:1 49.96 ± 3.35 a 1.00 Nearly additive

1:1 55.77 ± 2.74 b 1.17 Antagonism

1:2 46.36 ± 2.87 a 0.94 Nearly additive

1:3 84.35 ± 4.10 c 1.69 Antagonism

0:1 50.61 ± 2.30 a - -

LPO

1:0 43.81 ± 1.20 a - -

3:1 43.62 ± 0.71 a 0.98 Nearly additive

2:1 50.13 ± 1.65 b 1.10 Slight antagonism

1:1 54.64 ± 1.20 c 1.18 Antagonism

1:2 46.72 ± 1.41 d 0.99 Nearly additive

1:3 55.35 ± 1.25 c 1.16 Antagonism

0:1 49.28 ± 1.55 d - -

Haemolysis

1:0 36.03 ± 1.21 a - -

3:1 36.72 ± 1.40 a 1.00 Nearly additive

2:1 39.55 ± 0.93 b 1.07 Nearly additive

1:1 44.30 ± 2.26 c 1.20 Antagonism

1:2 37.67 ± 1.95 a 0.99 Nearly additive

1:3 45.06 ± 3.33 c 1.21 Antagonism

0:1 39.10 ± 2.18 a - -
EC50 (effective concentration causing 50% scavenging activity); CI (combination index). Data are shown as
the mean ± SD (n = 3). The range of CI values and type of interaction as given by Chou (2010) are as fol-
lows: <0.1: very strong synergism, 0.1–0.3: strong synergism, 0.3–0.7: synergism, 0.7–0.85: moderate synergism,
0.85–0.90: slight synergism, 0.90–1.10: nearly additive, 1.20–1.45 (moderate antagonism), and 1.45–3.3 (antago-
nism). BT+OG—black tea + O. gratissimum. Different letters represent significant differences at p ≤ 0.05 within
the same column for a particular type of test. Data are shown as the mean ± SD for two independent experiments
(each with triplicates for each test point). Different letters show a significant difference (p ≤ 0.05).

The phenolic and flavonoid contents in the BT + OG combinations were found
to be similar at all ratios (3:1, 2:1, 1:1, 1:2, and 1:3), as shown in Table 2. The total
phenolic content was higher for OG than for BT, whereas the flavonoid content was
higher for BT in comparison to OG (Table 2). The results obtained from the combination
index illustrated that the BT+OG combination showed antagonism (DPPH: 1:3; ABTS:
2:1, 1:1; NO, LPO, and haemolysis: 1:1, 1:3), slight antagonism (DPPH: 1:1; LPO: 2:1),
and nearly additive interaction (DPPH: 3:1, 2:1, 1:2; ABTS: 3:1, 1:2, 1:3; NO: 3:1, 2:1, 1:2;
LPO: 3:1, 1:2; and haemolysis: 3:1, 2:1, 1:2) at different ratios. The BT+OG combination
demonstrated appreciable radical scavenging potential in all the antioxidant assays.
The radical scavenging activity was maximum at the 3:1 combination for ABTS and LPO,
while in other tests (DPPH, NO, and haemolysis), the effect was similar to that at the
2:1 ratio, as shown in Table 1.
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Table 2. The total phenolic content (TPC)/total flavonoid content (TFC) of black tea and O. gratissimum,
alone or in a binary mixture at five different ratios.

SAMPLE TPC (mg/100 mL) GAE TFC (mg/100 mL) QAE

BT 113.6 ± 2.26 a 73.04 ± 0.66 a

OG 137.16 ± 1.06 b 63.67 ± 1.53 b

BT+OG (3:1) 98.18 ± 0.34 c 86.69 ± 3.45 c

BT+OG (2:1) 93.74 ± 0.88 d 84.67 ± 3.34 c

BT+OG (1:1) 91.82 ± 0.67 d 81.69 ± 0.43 c

BT+OG (1:2) 90.33 ± 0.55 d 80.23 ± 0.60 c

BT+OG (1:3) 92.34 ± 0.37 d 83.58 ± 2.06 c

Data are displayed as the mean ± SD (n = 3). BT—black tea, OG—Ocimum gratissimum and BT+OG (black
tea + Ocimum gratissimum). “Different letters show significant differences at p ≤ 0.05 within the same column for
a particular type of test. Data are shown as the mean ± SD for two independent experiments (each with triplicates
for each test point). Different letters show a significant difference (p ≤ 0.05)”.

4. Discussion

Tea research is currently gaining worldwide attention and importance due to the
presence of hundreds of critical therapeutic substances and antioxidants. The flavonoid
and polyphenol compounds found in tea leaves have antioxidant properties as well as a
wide range of other important biological activities [4,36]. The aqueous infusion of black tea
showed a higher scavenging ability and antihaemolytic and anti-lipid peroxidation effects
than OG. A similar result was reported in an earlier study [37]. The flavonoid content was
higher for BT than OG, whereas higher phenolics were noted for OG than BT. The flavonoid
content was greater in different unblended black teas (Kenya, Assam, China, Darjeeling,
and Ceylon) than in blended black teas (Earl Gray and English Breakfast), chamomile tea,
and fruit juices (apple and orange) [38,39]. In another report, black tea inhibited the copper-
induced lipid peroxidation and formation of thiobarbituric acid (TBA) and expressed the
dose-dependent protection against the 2,2′-Azobis (2-amidinopropane) (AAPH)-induced
erythrocytes oxidative haemolysis [40].The fresh leaf (aqueous, methanolic, and ethanolic)
extract of Ocimum gratissimum manifested the highest phenolic content in comparison to the
other Ocimum spp. (Ocimum americanum, Ocimum minimum, Ocimum citridorum, Ocimum
lamlifolium, and Ocimum selloi) [41].

Modulation of the antioxidant potential was observed by altering the ratio of BT and
OG in a binary mixture. A study reported that the combination of different herbs in various
ratios can also affect the quenching ability [17,18]. The BT+OG combinations displayed an-
tagonism to additive antioxidant interactions in various assays. It was found that variation
in the antioxidant potential depends on the reaction rates of the antioxidants, the ratio of
the bioactive compounds, and the effective concentration of the antioxidants at the site of
oxidation [42,43]. BT+OG showed the maximum antioxidant potential and additive interac-
tion at a 3:1 ratio (Figure 1, Table 1). The antioxidant interaction of a mixture of botanicals
(plant-based foods, herbs, or teas) might be influenced by the type of interactions (synergis-
tic, additive, and antagonistic) among their phyto-constituents [13,17,18]. The interaction
between the phytochemicals can be ascribed to their structural differences, the regeneration
of less active antioxidants, the nature of the different radicals, the competition between
the antioxidant regenerations, and the production of radical adducts [44,45]. The ternary
combination of black tea with tulsi + ginger + black pepper in the ratio of 1:1:1:1 displayed
the highest quenching ability compared to that of a single herb [15]. A study reported
that green tea combined with Ocimum gratissimum displayed the maximum synergistic
interaction and the highest radical quenching effect at a 1:1 ratio, followed by 3:1, 2:1,
1:2, and 1:3 [19]. A study reported that green tea (alone) expressed the highest scaveng-
ing activity compared to oak and rosemary, while in the case of a binary mixture, green
tea:rosemary:oak (50:50:50) expressed the maximum quenching ability compared to the
other ratios (50:50:100, 50:100:50, 100:50:50, 50:100:100, 100:50:100, and 100:100:50). How-
ever, the combined extracts behaved differently after being combined, and all three types
of interactions (additive, synergistic, and antagonistic) were observed [46]. The antioxidant
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activities and interactions are influenced by the ratio of bioactive compounds, the nature of
the structural properties of the paired compounds, the different radicals, and the reaction
mechanisms involved in these assays (LPO, haemolysis, ABTS, and DPPH) [17,18,45].

Appl. Sci. 2022, 12, x FOR PEER REVIEW 6 of 8 
 

ability compared to the other ratios (50:50:100, 50:100:50, 100:50:50, 50:100:100, 100:50:100, 

and 100:100:50). However, the combined extracts behaved differently after being com-

bined, and all three types of interactions (additive, synergistic, and antagonistic) were ob-

served [46]. The antioxidant activities and interactions are influenced by the ratio of bio-

active compounds, the nature of the structural properties of the paired compounds, the 

different radicals, and the reaction mechanisms involved in these assays (LPO, haemoly-

sis, ABTS, and DPPH) [17,18,45]. 

 

Figure 1. Effect of altering the proportion of black tea and O. gratissimum at five different ratios. 

5. Conclusions 

Black tea (BT) and Ocimum gratissimum (OG) at different ratios alter the radical 

quenching ability of the binary mixture. Among the ratios, 3:1 showed the maximum rad-

ical quenching ability in both the in vitro and the ex vivo assays, and the interaction ob-

served was additive. Thus, the data obtained from this study will help in the future de-

signing or formulation of the binary infusion of black tea with O. gratissimum. 

Author Contributions: Conceptualization, M.P.S. and A.S.; Formal analysis, K.G., A.S. and I.A.B.; 

Resources, S.K.S. and E.V. All authors have read and agreed to the published version of the manu-

script. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Acknowledgments: We extend our gratitude to the Lovely Professional University for providing 

the infrastructure. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Bansode, P.A.; Shinde, R.A.; Kamble, V.S. Spectrophotometric Determination of Total Phenolic Content of Some commonly 

Consumed Teas in India. Bionano Front. 2014, 7, 78–80. 

Figure 1. Effect of altering the proportion of black tea and O. gratissimum at five different ratios.

5. Conclusions

Black tea (BT) and Ocimum gratissimum (OG) at different ratios alter the radical quench-
ing ability of the binary mixture. Among the ratios, 3:1 showed the maximum radical
quenching ability in both the in vitro and the ex vivo assays, and the interaction observed
was additive. Thus, the data obtained from this study will help in the future designing or
formulation of the binary infusion of black tea with O. gratissimum.

Author Contributions: Conceptualization, M.P.S. and A.S.; Formal analysis, K.G., A.S. and I.A.B.;
Resources, S.K.S. and E.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We extend our gratitude to the Lovely Professional University for providing
the infrastructure.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bansode, P.A.; Shinde, R.A.; Kamble, V.S. Spectrophotometric Determination of Total Phenolic Content of Some commonly

Consumed Teas in India. Bionano Front. 2014, 7, 78–80.
2. Wei, C.; Yang, H.; Wang, S.; Zhao, J.; Liu, C.; Gao, L.; Wan, X. Draft genome sequence of Camellia sinensis var. sinensis provides

insights into the evolution of the tea genome and tea quality. Proc. Natl. Acad. Sci. USA 2018, 115, E4151–E4158. [CrossRef]
[PubMed]

3. Wang, H.; Hua, J.; Jiang, Y.; Yang, Y.; Wang, J.; Yuan, H. Influence of fixation methods on the chestnut-like aroma of green tea and
dynamics of key aroma substances. Food Res. Int. 2020, 136, 109479. [CrossRef]

4. Samarina, L.S.; Matskiv, A.O.; Shkhalakhova, R.M.; Koninskaya, N.G.; Hanke, M.-V.; Flachowsky, H.; Shumeev, A.N.; Manakhova,
K.A.; Malyukova, L.S.; Liu, S.; et al. Genetic Diversity and Genome Size Variability in the Russian Genebank Collection of Tea
Plant [Camellia sinensis (L). O. Kuntze]. Front. Plant Sci. 2022, 12, 800141. [CrossRef] [PubMed]

http://doi.org/10.1073/pnas.1719622115
http://www.ncbi.nlm.nih.gov/pubmed/29678829
http://doi.org/10.1016/j.foodres.2020.109479
http://doi.org/10.3389/fpls.2021.800141
http://www.ncbi.nlm.nih.gov/pubmed/35185954


Appl. Sci. 2022, 12, 10632 7 of 8

5. Sen, G.; Bera, B. Mini review Black tea as a part of daily diet: A boon for healthy living. Int. J. Tea Sci. 2013, 9, 51–59.
6. Pincemaille, J.; Schummer, C.; Heinen, E.; Moris, G. Determination of polycyclic aromatic hydrocarbons in smoked and

nonsmoked black teas and tea infusions. Food Chem. 2014, 145, 807–813. [CrossRef]
7. Alasalvar, C.; Topal, B.; Serpen, A.; Bahar, B.; Pelvan, E.; Gookmen, V. Flavour characteristics of seven grades of black tea

produced in Turkey. J. Agric. Food Chem. 2012, 60, 6323–6332. [CrossRef]
8. Carloni, P.; Tiano, L.; Padella, L.; Bacchetti, T.; Customu, C.; Kay, A.; Damiani, E. Antioxidant activity of white, green and black

tea obtained from the same tea cultivar. Food Res. Int. 2013, 5, 900–908. [CrossRef]
9. Zhu, K.J.; Ouyang, J.; Huang, Z.; Liu. Research progress of black tea thearubigins: A review. Crit. Rev. Food Sci. Nutr. 2021, 61,

1556–1566. [CrossRef]
10. Shi, M.; Lu, Y.; Wu, J.; Zheng, Z.; Lv, C.; Ye, J.; Qin, S.; Zeng, C. Beneficial Effects of Theaflavins on Metabolic Syndrome: From

Molecular Evidence to Gut Microbiome. Int. J. Mol. Sci. 2022, 23, 7595. [CrossRef]
11. Almajano, M.P.; Carbo, R.; Jimenez, J.A.L.; Gordon, M.H. Antioxidant and antimicrobial activities of tea infusions. Food Chem.

2008, 10, 55–63. [CrossRef]
12. Fatima, M.; Rizvi, S.I. Health beneficial effects of black tea. Biomedicine 2011, 31, 3–8.
13. Wang, S.; Meckling, K.A.; Marcone, M.F.; Kakuda, Y.; Tsao, R. Synergistic, additive, and antagonistic effects of food mixtures on

total antioxidant capacities. J. Agric. Food Chem. 2011, 59, 960–968. [CrossRef] [PubMed]
14. Phan, M.A.T.; Paterson, J.; Bucknall, M.; Arcot, J. Interactions between phytochemicals from fruits and vegetables: Effects on

bioactivities and bioavailability. Crit. Rev. Food Sci. Nutr. 2018, 58, 1310–1329. [CrossRef] [PubMed]
15. Gupta, R.K.; Chawla, P.; Tripathi, M.; Shukla, A.K.; Pandey, A. Synergistic antioxidant activity of tea with ginger, black pepper

and tulsi. Int. J. Pharm. Pharm. Sci. 2014, 6, 477–479.
16. Zhang, Y.F.; Xu, Q.; Lu, J.; Wang, P.; Zhang, H.W.; Zhou, L.; Ma, X.Q.; Zhou, Y.H. Tea consumption and the incidence of cancer:

A systematic review and meta-analysis of prospective observational studies. Eur. J. Cancer Prev. 2015, 24, 353–362. [CrossRef]
17. Enko, J.; Gliszczynska-Swigło, A. Influence of the interactions between tea (Camellia sinensis) extracts and ascorbic acid on

their antioxidant activity: Analysis with interaction indexes and isobolograms. Food Addit. Contam. Part A 2015, 32, 1234–1242.
[CrossRef]

18. Muhammad, A.R.; Ahmad, M.T.; Zakaria, R.; Rahim, H.R.A.; Yusoff, S.F.A.Z.; Hamdan, K.S.; Yusof, H.H.M.; Arof, H.; Harun, S.W.
Q-switching pulse operation in 1.5-µm region using copper nanoparticles as saturable absorber. Chin. Phys. Lett. 2017, 34, 034205.
[CrossRef]

19. Farooq, S.; Sehgal, A. Synergistic antioxidant interactions between green tea and Ocimum gratissimum. Asian Pac. J. Trop. Biomed.
2019, 9, 333.

20. Zamin, M. An analgesic and hepatoprotective Plant Ocimum gratissimum. Pak. J. Biol. Sci. PJBS 2011, 14, 954–955. [CrossRef]
21. Priyanka, C.; Shivika, S.; Vikas, S. Ocimum gratissimum: A review on ethnomedicinal properties, phytochemical constituents,

and pharmacological profile. In Biotechnological Approaches for Medicinal and Aromatic Plants; Springer: Singapore, 2018;
pp. 251–270.

22. Ulanowska, M.; Olas, B. Biological Properties and prospects for the application of eugenol—A review. Int. J. Mol. Sci. 2021, 22, 3671.
[CrossRef] [PubMed]

23. Guleria, K.; Sehgal, A. Additive to Antagonistic Antioxidant Interaction of Black Tea with Three Different Species of Ocimum.
J. Culin. Sci. Technol. 2022, 20, 1–13. [CrossRef]

24. Hajimehdipoor, H.; Amin, G.R.; Adib, N.; Rastegar, H.; Shekarchi, M. Development of a validated HPLC method for the
simultaneous determination of flavonoids in Cuscutachinensis Lam. by ultraviolet detection. DARU J. Pharm. Sci. 2012, 20, 57.
[CrossRef] [PubMed]

25. Rahimi, M.R.; Zamani, R.; Sadeghi, H.; Tayebi, A.R. An experimental study of different drying methods on the quality and
quantity essential oil of Myrtuscommunis L. leaves. J. Essent. Oil Bear. Plants 2015, 18, 1395–1405. [CrossRef]

26. Roshanak, S.; Rahimmalek, M.; Goli, S.A.H. Evaluation of seven different drying treatments in respect to total flavonoid, phenolic,
vitamin C content, chlorophyll, antioxidant activity and color of green tea (Camellia sinensis or C. assamica) leaves. J. Food Sci.
Technol. 2016, 53, 721–729. [CrossRef]

27. Islam, S.N.; Farooq, S.; Sehgal, A. Effect of consecutive steeping on antioxidant potential of green, oolong and black tea. Int. J.
Food Sci. Technol. 2018, 53, 182–187. [CrossRef]

28. Mensor, L.L.; Menezes, F.S.; Leitao, G.G.; Reis, A.S.; Santos, T.C.D.; Coube, C.S.; Leitao, S.G. Screening of Brazilian plant extracts
for antioxidant activity by the use of DPPH free radical method. Phytother. Res. 2001, 15, 127–130. [CrossRef]

29. Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant activity applying an improved ABTS
radical cationdecolorization assay. Free Radic. Biol. Med. 1999, 26, 1231–1237. [CrossRef]

30. Shirwaikar, A.; Ram, H.N.; Mohapatra, P. Antioxidant and antiulcer activity of aqueous extract of a polyherbal formulation.
Indian J. Exp. Biol. 2006, 44, 474–480.

31. Ohkawa, H.; Ohishi, N.; Yagi, K. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal. Biochem. 1979,
95, 351–358. [CrossRef]

32. Okoko, T.; Ere, D. Reduction of hydrogen peroxide–induced erythrocyte damage by Carica papaya leaf extract. Asian Pac. J. Trop.
Biomed. 2012, 2, 449–453. [CrossRef]

http://doi.org/10.1016/j.foodchem.2013.08.121
http://doi.org/10.1021/jf301498p
http://doi.org/10.1016/j.foodres.2012.07.057
http://doi.org/10.1080/10408398.2020.1762161
http://doi.org/10.3390/ijms23147595
http://doi.org/10.1016/j.foodchem.2007.10.040
http://doi.org/10.1021/jf1040977
http://www.ncbi.nlm.nih.gov/pubmed/21222468
http://doi.org/10.1080/10408398.2016.1254595
http://www.ncbi.nlm.nih.gov/pubmed/27880063
http://doi.org/10.1097/CEJ.0000000000000094
http://doi.org/10.1080/19440049.2015.1049218
http://doi.org/10.1088/0256-307X/34/3/034205
http://doi.org/10.3923/pjbs.2011.954.955
http://doi.org/10.3390/ijms22073671
http://www.ncbi.nlm.nih.gov/pubmed/33916044
http://doi.org/10.1080/15428052.2022.2086512
http://doi.org/10.1186/2008-2231-20-57
http://www.ncbi.nlm.nih.gov/pubmed/23352257
http://doi.org/10.1080/0972060X.2014.958564
http://doi.org/10.1007/s13197-015-2030-x
http://doi.org/10.1111/ijfs.13572
http://doi.org/10.1002/ptr.687
http://doi.org/10.1016/S0891-5849(98)00315-3
http://doi.org/10.1016/0003-2697(79)90738-3
http://doi.org/10.1016/S2221-1691(12)60074-4


Appl. Sci. 2022, 12, 10632 8 of 8

33. Singleton, V.L.; Orthofer, R.; Lamuela-Raventos, R.M. Analysis of total phenols and other oxidation substrates and antioxidants
by means of folin-ciocalteu reagent. In Methods in Enzymology; Academic Press: Cambridge, MA, USA, 1999; Volume 299,
pp. 152–178.

34. Jia, Z.; Mengcheng, T.; Wu, J. The determination of flavonoid contents in mulberry and their scavenging effects on superoxide
radicals. Food Chem. 1999, 64, 555–559.

35. Chou, T.C. Drug combination studies and their synergy quantification using the Chou-Talalay method. Cancer Res. 2010, 70, 440–446.
[CrossRef] [PubMed]

36. Chaturvedula, V.S.P.; Prakash, I. The aroma, taste, color and bioactive constituents of tea. J. Med. Plant Res. 2011, 5, 2110–2124.
37. UlHaq, A.; Sehgal, A. Radical Scavenging Ability of Black Tea Infusions with or Without Milk In Combination with Ocimumgratis-

simum. Plant Arch. 2020, 20, 2476–2480.
38. Peterson, J.; Dwyer, J.; Bhagwat, S.; Haytowitz, D.; Holden, J.; Eldridge, A.L.; Aladesanmi, J. Major flavonoids in dry tea. J. Food

Compos. Anal. 2005, 18, 487–501. [CrossRef]
39. Shannon, E.; Jaiswal, A.K.; Abu-Ghannam, N. Polyphenolic content and antioxidant capacity of white, green, black, and herbal

teas: A kinetic study. Food Res. 2018, 2, 1–11. [CrossRef]
40. Liu, S.; Huang, H. Assessments of antioxidant effect of black tea extract and its rationals by erythrocyte haemolysis assay, plasma

oxidation assay and cellular antioxidant activity (CAA) assay. J. Funct. Foods 2015, 18, 1095–1105. [CrossRef]
41. Rababah, T.M.; Ereifej, K.I.; Esoh, R.B.; Al-u’datt, M.H.; Alrababah, M.A.; Yang, W. Antioxidant activities, total phenolics and

HPLC analyses of the phenolic compounds of extracts from common Mediterranean plants. Nat. Prod. Res. 2011, 25, 596–605.
[CrossRef]

42. Jiang, H.; Engelhardt, U.H.; Thrane, C.; Maiwald, B.; Stark, J. Determination of flavonol glycosides in green tea, oolong tea and
black tea by UHPLC compared to HPLC. Food Chem. 2015, 183, 30–35. [CrossRef]

43. Sonam, K.S.; Guleria, S. Synergistic antioxidant activity of natural products. Annal. Pharmacol. Pharm. 2017, 2, 1086.
44. Peyrat-Maillard, M.N.; Cuvelier, M.E.; Berset, C. Antioxidant activity of phenolic compounds in 2, 2′-azobis (2-amidinopropane)

dihydrochloride (AAPH)-induced oxidation: Synergistic and antagonistic effects. J. Am. Oil Chem. Soc. 2003, 80, 1007. [CrossRef]
45. Milani, J.; Amuzadeh, A.; Moetamedzadegan, A. Effect of different additives on antioxidant capacity of black tea. J. Culin. Sci.

Technol. 2020, 18, 67–76. [CrossRef]
46. Nedamani, E.; SadeghiMahoonak, A.; Ghorbani, M.; Kashaninejad, M. Evaluation of antioxidant interactions in combined

extracts of green tea (Camellia sinensis), rosemary (Rosmarinus officinalis) and oak fruit (Quercusbranti). J. Food Sci. Technol. 2015, 52,
4565–4571. [CrossRef] [PubMed]

http://doi.org/10.1158/0008-5472.CAN-09-1947
http://www.ncbi.nlm.nih.gov/pubmed/20068163
http://doi.org/10.1016/j.jfca.2004.05.006
http://doi.org/10.26656/fr.2017.2(1).117
http://doi.org/10.1016/j.jff.2014.08.023
http://doi.org/10.1080/14786419.2010.488232
http://doi.org/10.1016/j.foodchem.2015.03.024
http://doi.org/10.1007/s11746-003-0812-z
http://doi.org/10.1080/15428052.2018.1502114
http://doi.org/10.1007/s13197-014-1497-1
http://www.ncbi.nlm.nih.gov/pubmed/26139926

	Introduction 
	Materials and Methods 
	Collection and Preparation of Black Tea (BT) and O. gratissimum (OG) Aqueous Infusions 
	Preparation 
	Determination of Antioxidant Capacity, Hemolysis, Lipid Peroxidation, Total Phenolic, and Total Flavonoid Content 
	Combination Index (CI) and Interaction Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

