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Abstract

Herbal teas are functional foods that interest consumers as they contain bioactive compounds known to promote health. As
such, five different formulations of Parquetina and Lemongrass (100:0%, 87.5:12.5%, 75:25%, 62.5:37.5% and 50:50%)
were used for the development of composite herbal teas which were evaluated for their phytochemical and mineral com-
positions, antioxidant capacities, microbiological quality and sensory attributes. The phytochemicals present in the com-
posite herbal teas included phenols that ranged from 0.36 to 0.90 mgGAE/100ml, flavonoids (0.25 to 0.58 mgQE/100ml),
alkaloids (0.12 to 0.79 mg/100 ml), saponins (0.04 to 0.14 mg/100ml), cardiac glycosides (0.01 to 0.1 mgDT/100ml),
tannins (0.03 to 0.05 mgTAE/100ml) and terpenoids (0.04 to 0.25 mg/100ml). Potassium was the mineral with the high-
est concentration and it ranged from 15.06 to 21.19 mg/100ml in the tea samples. The composite herbal teas showed
antioxidant capacities that ranged from 17.77 to 40.96%. The total bacterial count of the composite herbal tea ranged
from 8.05x 10* to 8.95x 10* cfu/g, total fungal count (2.55x 10* to 3.05x 10* cfu/g) and total coliform count (5.50x 10?
to 7.5x 10% cfu/g). Sensory evaluation showed that the most preferred sample was Ps,Ls, (50% parquetina and 50%
lemongrass). Conclusively, parquetina and lemongrass could be utilized in the production of a composite herbal tea with
good quality and sensory attributes.
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Introduction

Consumers’ attentions are beginning to shift in the favour of
foods that do not only supply nutrients and energy, but also
serve specific health beneficial functions due to the pres-
ence of bioactive components with health promoting prop-

< Rowland Monday-Ojo Kayode

rowland@unilorin.edu.ng erties in them. These foods are known as “functional foods”
1 and the bioactive components are known to improve certain
Department of Home Economics and Food Science, Faculty physiological responses and/or reduce the risks of diseases

of Agriculture, University of Ilorin, PM.B. 1515, Ilorin,

Kwara State, Nigeria and optimize health [1]. The quality attributes of tea are

dependent on the bioactive compounds e.g. phytochemicals

Department of Food Engineering, Faculty of Engineering, ) . .
CPATTIENt 07 F00C SBIeering, Tactly 0F Ehgmeering inherent in the raw material. These compounds are generally

University of Ilorin, PM.B. 1515, Ilorin, Kwara State,

Nigeria responsible for the sensory, nutritional and health benefits
3 Department of Microbiology, Faculty of Life Sciences, der1v§d from tea cor}sumptlon. Herbal teas are cqnmdered

University of Ilorin, PM.B. 1515, Ilorin, Kwara State, functional foods owing to the presence of bioactive com-

Nigeria pounds in them. Herbal tea is tea made from any other plant
4 Department of Science Laboratory and Technology, School apart from the tea plant Camellia sinensis [2].

of Applied Sciences, Kogi State Polytechnic Lokoja, P.M.B.
1101, Lokoja, Kogi State, Nigeria

@ Springer


http://orcid.org/0000-0002-2828-2519
http://crossmark.crossref.org/dialog/?doi=10.1007/s11694-023-01830-x&domain=pdf&date_stamp=2023-1-24

V. A. Joshua et al.

Parquetina (Parquetina nigrescens) is a perennial climb-
ing plant of the Asclepiadaceae family, native to equatorial
West Africa [3]. Parquetina is largely distributed in Africa
(particularly in Senegal and Nigeria) and it is mainly found
during the rainy season (April — October). Parquetina is
widely used in ethnomedicine. A leaf decoction or infu-
sion is used to treat constipation, intestinal worms, diabetes,
stomach ulcers, jaundice, fatigue, anaemia, epilepsy, vene-
real diseases, convulsions, as part of ingredients used to
treat insanity and as a laxative and to ease childbirth [4, 5].
It is a major constituent of the Jubi formula — commercial
herbal preparation in Nigeria for the treatment of anaemia.
Parquetina is reported to contain phenols, alkaloids, flavo-
noids, saponins, tannins, cardiac glycosides and terpenoids,
minerals like iron, copper, magnesium, manganese and zinc,
and vitamins such as tocopherols, folic acid, cobalamin and
ascorbic acid which all account for its medicinal properties
[6, 7].

Lemongrass (Cymbopogon citratus) is a perennial tall
grass in the Poaceae family, with a strong aromatic lemon-
like flavour. It originated from India but is widely grown
across the globe, mainly in the tropical and savannah
regions. Lemongrass contains flavonoids, phenolic acids
and terpenoids, alkaloids, tannins, vitamins thiamine, pan-
tothenic acid and pyridoxine, and minerals like potassium,
zinc, calcium, iron, magnesium, manganese and copper
which foster its use in medicine and in the food industry.
Lemongrass is rich in aromatic essential oils which have
high levels of volatile compounds like citral and myrcene
[8, 9]. Lemongrass is commonly employed in trado-med-
icine for its restorative, digestive, effective against colds,
analgesic, anti-hermetic, anti-thermic, anti-inflammatory
of urinary ducts, diuretic, antispasmodic, diaphoretic and
anti-allergic properties. Infusions from the fresh or dried
leaves are commonly used in many countries across the
globe. In Nigeria, the leaves are boiled with guava leaves
to give relief from cough and fevers; in the Philippines, the
leaves are crushed and applied on the forehead to relieve
headaches; in Egypt, an Infusion is taken orally as a diuretic
and renal anti-spasmodic; the Indonesians and Malaysians
use it to stimulate blood flow in the pelvic area and uterus.
Lemongrass is also widely used in the treatment of stomach
infections, nausea, stomach aches, constipation, nervous
conditions and inflammations, and to prevent ulcers, stimu-
late digestion and excretion [8, 10].

Previous research have shown evidence that the com-
bination of different herbs exhibit synergism in nutritional
composition, sensory attributes and health-promoting
properties, thus, improving consumer acceptance of such
products [11]. Therefore, this study investigated the use of
Parquetina and Lemongrass for the production of a compos-
ite herbal tea with good quality and sensory attributes.
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Materials and methods
Plant materials

The leaves of Parquetina and Lemongrass were collected
within Ilorin Metropolis. They were identified and authenti-
cated at the Plant Herbarium Unit of the Department of Plant
Biology, University of Ilorin, and given voucher numbers
UILH/002/2019/980 and UILH/003/2019/1284, respec-
tively. They were sorted and cleaned for further processing.

Tea production

The procedure described by [12] was used for the produc-
tion of the composite herbal tea. Fresh leaves were cleaned
under running tap water and steam-blanched at 100° C for
five minutes and then dried in a cabinet dryer at 40° C. The
dried leaves were milled using an electric Binatone blender
(Model BLG 600s, China) and passed through a 40 mesh
sieve to obtain fine powder of 0.425 mm. This procedure
was followed for each plant after which the milled plants
were mixed in different proportions to obtain five formula-
tions of Parquetina and Lemongrass at 100:0%, 87.5:12.5%,
75:25%, 62.5:37.5% and 50:50% of tea powder. The for-
mulations were obtained using Design Expert (Version 12,
Stat-Ease Inc., Minneapolis, USA) Package. The tea pow-
der was packed in 55x75 mm tea bags (1 g/tea bag) and
stored in opaque glass bottles to protect the phenolic content
from degradative reactions and maintain their antioxidant
capacities.

Preparation of tea infusions

The modified method of [12] was followed for the prep-
aration of the infusions. Infusions were made by pouring
100ml of boiling water over one teabag (i.e. 1 g) of each
sample formulation and allowed to infuse for five minutes.

Physicochemical analyses

Moisture content and water soluble extracts of the tea pow-
der were determined following the methods adopted by
[13]. Infusion rate was calculated by dividing the weight
of water soluble extracts by the infusion time. The pH and
colour parameters of infusions were determined using digi-
tal pH meter (VBESTLIFE, series EZ-9903) and Chroma
meter (A60-1014-593, Hunter Associates, USA.), respec-
tively. Turbidity was calculated as 100 — T% in a method
described by [14].
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Phytochemical analyses

Infusions were analysed for phytochemical composition.
Phenols and tannins were determined by the Folin-Ciocal-
teu’s reagent method and concentrations are represented as
milligramme of gallic acid equivalent (mgGAE/100ml) and
milligramme of tannic acid equivalent (mgTAE/100ml),
respectively per 100ml of infusion. Flavonoids were deter-
mined using the aluminium chloride method, concentrations
are represented as milligrammes of Quercetin equivalent
per 100ml of infusion (mgQE/100ml) as adopted by [13].
The methods of [15] were used for the determination of
alkaloids, saponins and terpenoids. Cardiac glycosides were
determined according to the method reported by [16] and
concentrations are expressed as milligrammes of Digitoxin
equivalent per 100ml of infusion (mgDTE/100ml).

Mineral analyses

Infusions were wet digested using 10ml of freshly prepared
Aqua-Regia acid mixture (1:3 of 65% HNO; and 37% HCL)
and analysed for Calcium, Magnesium, Potassium, Iron,
Zinc, Copper and Sodium using the Atomic Absorption
Spectrophotometer (BUCK Scientific ACCUSYS 211) at
422.7 nm, 285.2 nm, 766.5 nm, 248.3 nm, 213.9 nm, 324.7
and 589 nm, respectively in a method reported by [17].

Antioxidant capacity

The modified method of [18] was used to determine the anti-
oxidant capacity of the infusions by measuring their scav-
enging effect on 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
radical. 50 ul of samples was added to 200 ul of a solution
of 0.135mM DPPH in methanol. The mixture was left in the
dark at room temperature for 30 min after which absorbance
was read at 517 nm. Methanol solution of DPPH without the
sample was used as control and Ascorbic acid in distilled
water was used as standard. The antioxidant capacity of the
samples was calculated as using the formula below.

AbSDPPH - Abssamplc % 100

Antioxidantcapacity (%) =
) Abspppr

Where Abspppy is the absorbance of the methanol solution
of the DPPH radical, and 4bs is the absorbance of the
sample + DPPH radical.

sample

Microbiological assessment

The microbiological status of the composite tea powder was
assessed following the modified method reported by [19]
and used as a measure to indicate that the composite herbal

tea was hygienically prepared and are therefore, safe for
consumption.

Sample preparation and plating were done under asep-
tic conditions in a laminar flow cabinet. The media were
prepared according to manufacturers’ specifications and
sterilized at 121°C, 15psi for 15 min. Two ten-fold serial
dilutions of each sample were prepared and samples were
assessed for total bacteria, fungi and coliforms using the
pour plate method. Bacteria were enumerated on nutrient
agar at 37° C for 24 h, fungi were enumerated on potato
dextrose agar (containing streptomycin at a concentration
of 30 pug/ml) at 28° C for 72 h and coliforms were enumer-
ated on eosin methylene blue agar at 44° C for 24 h. Eosin
methylene blue agar is a selective and differential medium
able to evidence the presence of Escherichia coli through
the growth of a typical metallic green sheen due to the meta-
chromatic properties of the dyes.

Sensory evaluation

The modified method of [8], was adopted. Thirty (30) semi-
trained food evaluators were recruited from the Department
of Home Economics and Food Science, University of Ilo-
rin, Ilorin, Nigeria. Panellists were chosen based on their
willingness, availability and familiarity with herbal teas and
were given no prior information regarding the constituents
of the sample formulations. Infusions were assigned three
digit codes and 30ml of each was served at 60° C in transpar-
ent disposable cups to the panellists, in no particular order.
Panellists were provided with warm water to rinse their
mouths before and after evaluation of each sample. The sen-
sory attributes assessed included appearance, flavour, astri-
gency and overall acceptability and these were scored using
a 9-point hedonic scale with ‘1’ meaning ‘dislike extremely’
and ‘9’ meaning ‘like extremely’. Panellists were provided
with questionnaires to record their observations.

Statistical analysiss

Results are expressed as mean of three replicates
(n=3)+standard deviation (SD) and analysed using One-
way ANOVA. Significant differences between means were
assessed by the Duncan Post Hoc test, and P<0.05 was
considered as statistically significant. Statistical analysis
was done using Statistical Package for the Social Sciences
(SPSS) software, version 20 (SPSS Inc., Chicago, IL, USA).
A Pearson correlation test was done to determine the corre-
lation between the phytochemicals and antioxidant capacity
of the composite herbal tea.
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Table 1 Physico-chemical properties of parquetina and lemongrass composite herbal tea

*

Samples Water soluble Moisture pH IR (mg/min) Turbidity (%) L Colour b

extract (%) content (%) a’
P, L, (control) 5837+0.47° 573+0.01 7.37+0.00° 116.74+0.47° 4120+0.01° 43.57+0.08° 3.23+0.04° 4.80+0.00°
PgssLias 62.39+0.03¢ 5.76+0.04 7.31+£0.07° 124.78+0.03¢ 37.60+0.05® 44.55+0.21¢ 3.19+0.03®* 5.29+0.06
PysLss 65.66+0.04° 575+0.07 7.29+0.25® 131.32+0.04° 36.79+0.11° 46.46+0.07° 3.16+0.01> 6.99+0.11°
Pgyslyss 69.65+0.42° 573+0.04 7.19+0.01° 139.30+0.42° 34.00+0.73° 48.95+0.36° 2.68+0.01° 10.38+0.23
PsoLsg 7237+0.35° 5.73+0.02 7.08+0.11° 144.74+0.35" 31.11£0.00° 51.56+0.37%° 2.63+0.03° 12.97+0.12

Values are expressed as mean (n=3)+S.D. Means with the different superscripts along a column are significantly (P<0.05) different. IR =
infusion rate; P, L, (control) = Parquetina only; Pg; sL,, s = 87.5% Parquetina and 12.5% Lemongrass; P;sL,5=75% Parquetina and 25% Lem-
ongrass; Pg, sLs; 5 = 62.5% Parquetina and 37.5% Lemongrass; PsyLs,=50% Parquetina and 50% Lemongrass.

Results and discussion

Physicochemical properties of composite herbal tea
from parquetina and lemongrass

The physicochemical properties of the samples as repre-
sented in Table 1 show that water-soluble extracts in the
samples ranged from 58.37+0.47 to 72.37+0.35% with
samples P,y L, and PsyLs, having the lowest and highest
values, respectively and the infusion rates ranged from
116.74+0.47 to 144.74+0.35 mg/min with samples P,,,L,
and P5iLs, having the lowest and highest values, respec-
tively. All samples were significantly (P<0.05) different
from one another. Water soluble extracts represent the por-
tion of the tea that is soluble in water. Often expressed as a
percentage, it is indicative of the quality of the tea. In this
study, all samples meet the basic international requirement
which states that water-soluble extracts in teas should be
greater than or equal to 32% [20]. The infusion rate is the
amount of extracts per time. It is often used as a function
of solubility. The findings of this study show that the com-
posite herbal tea samples have high infusion rates, which
can be used as a pointer to high solubility. In a composite
herbal tea, the herb with more water-soluble extracts will
have more influence on the character of the infusion [8].
This may be why the water-soluble extracts and infusion
rates of the samples increased with increasing amounts of
Lemongrass in the formulation.

The moisture contents of the samples ranged from
5.73£0.01 to 5.76+0.04% with samples P,L, and
Pg, 5L, 5 having the lowest and highest values, respectively.
No significant difference (P>0.05) was recorded among
the samples. Moisture content being an important quality
parameter is used as an index for good storage as the prolif-
eration of microorganisms (especially moulds) is known to
be enhanced by high moisture in foods. For this reason, tea
intended for long-term storage should have moisture con-
tent that ranged between 2.5 and 6.5% [21]. The result from
this study reflects conformity to this specification.

pH of the samples ranged from 7.08 to 7.37, with sam-
ples PsLs, and P oL having the lowest and highest values,
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respectively. Only samples P,yL, and P5,Ls, were signifi-
cantly different (P<0.05). The pH of all the samples depicts
that the composite herbal tea samples are alkaline. This find-
ing is in agreement with findings of [22], who stated that the
pH of most herbal teas are either near alkaline or alkaline.
This implies that the samples have no erosive and damaging
potentials to teeth as erosion on enamel surfaces and decay
of teeth are usually attributed to the consumption of highly
acidic beverages. More so, they are less likely to cause acid
reflux in the stomach [23].

Colour determination shows that the L* (Lightness)
values of the samples varied between 43.57+0.09 and
51.56+£0.37, lowest and highest values were recorded for
samples Py L, and PsoLs, respectively. a’ (-ve=green,
+ve=red) values ranged from 2.63 £ 0.03 to 3.23 £ 0.04 with
the lowest and highest values recorded for samples Ps,Ls,
and P oL respectively. The values were positive indicating
that the " values tended towards the red axis. b* (-ve =blue,
+ve=yellow) values ranged from 4.8 £0.00 to 12.97+0.12
with samples P,,L, and P5,Ls, having the lowest and high-
est values, respectively. The b” values were positive indi-
cating that values tended towards the yellow axis. L™ and
b values significantly (P<0.05) increased with increasing
amounts of Lemongrass in the sample formulations. On the
other hand, a” values significantly (P<0.05) decreased with
increasing amounts of Lemongrass in the sample formula-
tions. Colour is an important organoleptic characteristic of
tea as it influences the acceptability of the product, and the
colour of tea is majorly dependent on the flavonoids in the
tea [24]. Correlation study shows strong positive relation-
ship (r=0.983"") between the flavonoid concentrations and
L" values and between the flavonoid concentrations and b"
values (r=0.964"") of the tea samples. This also corresponds
to the increasing amounts of Lemongrass in the sample for-
mulations. This may mean that the flavonoids in Lemon-
grass are of the type that impact lightness and yellowness.
Correlation study between the flavonoid concentrations and
the a” values of the tea samples show a strong negative rela-
tionship (r = -0.997"). This corresponds to the decreasing
amount of Parquetina in the sample formulations, probably
indicating that the flavonoids in Parquetina are of the type
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that impact redness. From the results of this study, it can be
inferred that the colour of the composite herbal tea samples
were reddish-yellow (popularly known as “sunset yellow”).
This is in contrast with the report of [25] which stated that
the desired colour of green tea is green or yellowish-green.
Notwithstanding, this is dependent on the plant material
employed.

Turbidity values ranged from 31.11+0.00 to
41.20+0.02%, with samples Ps,Ls, and P,y,L, having the
lowest and highest values, respectively. All samples are
significantly (P<0.05) different from the control sample
PyooLo- Turbidity is the optical property that describes
cloudiness in a fluid, characterized by the scattering of light
caused by solids invisible to the naked eye [14]. Turbidity of
the composite herbal tea was fairly high, nevertheless, this
did not cause a decrease in the appearance score, contrary
to the report of [14] who mentioned that high turbidity has
a negative influence on the appearances of beverages, thus,
making them less appealing.

Phytochemical composition

Phenol content of the samples ranged from 0.36+0.02 to
0.9£0.01mgGAE/100ml with sample P,y L, and PsyLs,
having the lowest and highest values, respectively; all
the samples are significantly (P<0.05) different from one
another except for samples Py L, and Pg;sL;,5 [26]
reported lower values for Hibiscus sabdariffa, Ocimum
sanctum, and Mentha spicata herbal teas. However, [27]
reported higher values for herbal tea made from Chromo-
laena odorata. Phenols are known for their antioxidant,
anti-inflammatory, anti-allergic, anti-diabetic, anti-carci-
nogenic, antihypertensive, anti-tumour and antimicrobial
properties [28].

The flavonoid content of the samples ranged from
0.25+0.06 to 0.58 £ 0.00mgQE/100ml, with samples P, L,
and Ps)Ls, having the lowest and highest values, respec-
tively. Samples are significantly (P<0.05) different from
one another except samples P oL, and Pg;sL,5. [27]
reported higher values for herbal tea made from Chromo-
laena odorata, while [26] reported lower values for Hibis-
cus sabdariffa, Ocimum sanctum, and Mentha spicata
herbal teas. Flavonoids have been reported to have prop-
erties that help inhibit oxidation, allergies, inflammations,
cancer, diarrhoea and microorganisms [28].

Alkaloid content wvaried from 0.12+0.01 to
0.79£0.13 mg/100ml, with samples P,,,L, and P5,Ls, hav-
ing the lowest and highest values, respectively. Samples are
significantly (P<0.05) different except samples P;,,L, and
Pg; 5L, 5. Similar results were reported by [27] for herbal
tea made from Chromolaena odorata. Alkaloids act as stim-
ulants and can be used as analgesic to relieve pain and relax

muscles. Furthermore, alkaloids have anti-malarial, anti-
inflammatory, anti-tumour, antioxidant, anti-diarrhetic, anti-
arrhythmic, anti-mutagenic and anti-ulcer activities [28].

Saponinsranged from0.04 £0.01t00.14+0.01 mg/100ml,
with samples Ps,Ls, and P,,,L, having the lowest and high-
est values, respectively. Samples are significantly (P<0.05)
different from one another. This finding disagrees with the
finding of [27] who reported higher values for the saponin
content of Chromolaena odorata herbal tea. Saponins have
been reported to enhance the immune system by improving
immune response to anitgens; lower cholesterol and glucose
levels by inhibiting cholesterol absorption from the small
intestine; have anti-tumour, anti-hepatic, antioxidant prop-
erties [29].

Cardiac  glycosides ranged from 0.01+£0.0 to
0.10+0.04mgDTE/100ml, with samples Ps)Ls, and P,o,L,
having the lowest and highest values, respectively; samples
are significantly (P<0.05) different. Herbal teas formulated
from Magnifera indica, Moringa oleifera and Zingiber offi-
cinale were reported [30] to contain much higher amounts of
cardiac glycosides than the amounts reported for the herbal
teas in this study. Cardiac glycosides are known for increas-
ing the force of cardiac muscle contraction and increasing
heart rate, making them useful in the treatment of conges-
tive heart failure and cardiac arrhythmia. Cardiac glycosides
have strong potency and must be only be used at low levels
as high levels can cause premature ventricular contraction
and be fatal [31]. Daily oral intake of less than 1 mg is safe
[32]. This implies that the cardiac glycoside content of the
herbal teas in this study poses no health risks.

Tannins ranged from 0.03+0.07 to
0.05mgTAE/100ml +0.03, with samples P,,,L, and Ps,Ls,
having the lowest and highest values respectively. Previous
researchers [26, 27] have reported higher levels of tannins
in herbal teas formulated from Phlogacanthus thyrsiformis
and Chromolaena odorata, respectively. Tannins have been
reported to have anti-diarrheal, anti-carcinogenic, anti-
tumour, anti-septic, anti-mutagenic, anti-microbial, anti-
hypertensive, anti-diabetic and anti-inflammatory agents
[33].

Terpenoids ranged from 0.04+0.04 to
0.25+0.25 mg/100ml, with samples P,,,L, and P5,Ls, hav-
ing the lowest and highest values, respectively. Samples are
significantly (P<0.05) different. This finding disagrees with
the finding of [30] who reported much higher values for the
terpenoid content of herbal tea formulated from Magnifera
indica, Moringa oleifera and Zingiber officinale. Terpe-
noids have anti-carcinogenic, anti-ulcer, anti-inflammatory,
anti-diabetic, analgesic, and anti-microbial properties. In
addition, they have anxiety-reducing effects which make
them potent in lowering anxiety and increasing the feelings
of calm and relaxation [34].
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Table 2 PhytO(.:hemical composi- - phytochemicals Ploole Pyrslins Pslos Pooslars Psolsg
2(‘)’;0(1:51’1:‘;1‘;‘;22;‘;2‘1 lemongrass By e (meGAE/100ml) 0.36+0.02° 042+0.01° 047+0.05 049+0.00° 0.9+0.01°
P Flavonoids (mgQE/100ml) 0.25+0.06¢ 0.25+0.03% 0.26+0.02° 0.44+0.08° 0.58+0.00*

Alkaloids (mg/100ml) 0.1240.01¢ 0.14+0.01¢ 0.42+0.00° 0.68+0.13° 0.79+0.13°
Saponins (mg/100ml) 0.14+0.01* 0.09+0.13* 0.06+0.18° 0.05+0.14% 0.04+0.01°
Cardiac glycosides 0.10+0.04* 0.08+0.04" 0.07+0.02° 0.04+0.04% 0.01+0.00°
(mgDTE/100ml)
Tannins (mgTAE/100ml) 0.03+0.07° 0.03+0.00° 0.04+0.07° 0.04+0.06° 0.05+0.03
Terpenoids (mg/100ml) 0.04+0.04° 0.07+0.08° 0.9+0.02° 0.14+0.03° 0.25+0.03"

Values are expressed as mean (n=3)+S.D. Means with the different superscripts along a column are
significantly (P<0.05) different. mgGAE/100ml=milligram of gallic acid equivalent per 100ml infu-
sion; mgQE/100ml=milligramme of Quercetin equivalent per 100ml infusion; mgTAE/100ml =milli-
gram of tannic acid equivalent per 100ml infusion; mgDTE/100ml =milligram of digitoxin equivalent per
100ml infusion. P,y,L, (control) = Parquetina only; Pg; 5L, 5 = 87.5% Parquetina and 12.5% Lemongrass;
P;sL,5=75% Parquetina and 25% Lemongrass; P, sLsy;5 = 62.5% Parquetina and 37.5% Lemongrass;
PsyLso=50% Parquetina and 50% Lemongrass.

Overall, results showed that phenols were the most abun-
dant phytochemical in the composite herbal tea samples.
Several researchers like [26, 27, 35] have reported similar
findings. The phenol, flavonoid, alkaloid, tannin and terpe-
noid contents of the composite herbal tea samples as shown
in Table 2, significantly (P<0.05) increased with increasing
amounts of Lemongrass in the sample formulation, this may
be because Lemongrass contributed more of these phyto-
chemicals in the respective samples. This could be related
to the higher amounts of water-soluble extracts (refer to
Table 1) in formulations with higher amounts of Lemon-
grass. [8] mentioned that in a composite herbal tea, the herb
with more water-soluble extracts will have more influence
on the character of the infusion. Contrastingly, saponins
and cardiac glycosides significantly reduced (P<0.05) with
decreasing amounts of Parquetina in the sample formual-
tion, indicating that Parquetina contributed more of these
phytochemicals in the respective samples.

Mineral content

Minerals are inorganic elements required by humans for
proper functioning. They cannot be synthesized in the
human body; hence, they must be obtained through food.
From Table 3, it can be inferred that the minerals in the
composite herbal tea samples included calcium, magne-
sium, potassium, zinc, iron, copper and sodium. Similar
findings were reported by [36] for Parquetina, and by [37]
for Lemongrass. Calcium levels in the tea infusions ranged
from 4.63+1.20 to 6.34+0.11 mg/100ml, with samples
Pyl and Ps,Ls, having the lowest and highest, respec-
tively. All samples are significantly (P<0.05) different from
the control sample P,,L,. Similar values were reported by
[38, 39] for commercial herbal teas of varying formulations
in Poland and North Ossetia, respectively. Calcium is an
important mineral needed for the development and metabo-
lism of bones and teeth. It is also required for the proper
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functioning of nerves and muscles, blood clotting and regu-
lation of fluid balance within cells [40].

Magnesium levels varied between 3.30+0.14 and
4.70+0.43 mg/100ml, with samples P, L, and P5)Ls, hav-
ing the lowest and highest values, respectively; samples are
significantly (P<0.05) different from control sample P,,,L,,
with the exception of sample Pg, 5L, 5. Values reported in
this study fall within the range reported by [39] for commer-
cial herbal teas of varying formulations in North Ossetia,
however, [38] reported lower values for commercial herbal
teas of varying formulations in Poland. Magnesium is nec-
essary for the activation of ATP and ATPase pumps needed
in electrolyte homeostasis. It is also needed for carbohy-
drate, protein and fat metabolism; energy transfer, storage
and usage [40].

Potassium levels ranged from 15.06+0.16 to
21.19+0.36 mg/100ml, with samples Ps)Ls, and P,yL,
having the lowest and highest values, respectively. Samples
are significantly (P<0.05) different from the control sample
PooLo- In contrast to the finding of this study, [39] reported
higher amounts of potassium in commercial herbal teas of
varying formulations in North Ossetia. Potassium is needed
primarily for the regulation of osmotic pressure, nerve func-
tion, skeletal and smooth muscle contraction and control
[40].

Zinclevelsrangedbetween2.40and3.51 £0.13mg/100ml,
with samples P,,L, and Ps,Ls, having the lowest and high-
est values, respectively. Samples are significantly (P<0.05)
different from the control samples except for sample
Pg; 5L}, 5. Lower values were reported by [38, 39] for com-
mercial herbal teas of varying formulations in Poland and
North Ossetia, respectively. Zinc is a cofactor of enzymes
like oxidoreductases, transferases, isomerases, etc. involved
in macronutrient metabolism and cell replication; it is also a
signal mediator for the central nervous system [40].

Iron levels  ranged from  4.63+0.11 to
8.47+0.18 mg/100ml, with samples Ps)Ls, and P,yL,
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Table 3 Mineral composition Minerals PiooLo PgrsLins PosLos Pgrslars PsoLso

of parquetina and lemongrass (mg/100ml)

composite herbal tea Calcium 463+120°  483+191°  5.68+005°  6.04+0.18° 634+0.11°
Magnesium 3.30+0.14° 3.73+0.55% 4474023  4.64+0.12° 4.70+0.43
Potassium 21.19+0.36° 18.56+0.36° 17.13+1.1° 16.42+0.13 15.06+0.16¢
Zinc 2.40+0.00¢ 2.46+0.08 2.74+0.14° 3.16+0.18° 3.51+0.13°
Iron 8.47+0.18° 5.57+0.19° 5.48+0.17° 5.26+0.11° 4.63+0.11°
Copper 0.51+0.01° 0.47+0.01° 0.41+0.02° 0.38+0.01° 0.16+0.23¢
Sodium 0.15+0.00° 0.20+0.01° 0.21+0.00° 0.21+0.00° 0.23 £0.00°

Values are expressed as mean (n=3)+S.D. Means with the different superscripts along a column are sig-
nificantly (P<0.05) different. P,,,L, (control) =Parquetina only; Pg;sL,, 5 = 87.5% Parquetina and 12.5%
Lemongrass; P,sL,5=75% Parquetina and 25% Lemongrass; Py, sL3;5 = 62.5% Parquetina and 37.5%
Lemongrass; PsoLs,=50% Parquetina and 50% Lemongrass.

Table 4 Recommended Daily Intake (RDI) of Minerals for Adults and Amounts Supplied by Composite Herbal Tea from Parquetina and Lemon-

grass
Minerals RDI Amount supplied (%)

(mg/day) Poly Pyslips Poslps Poslys Pslsy
Calcium 1000 0.46 048 0.57  0.60 0.63
Magnesium 310 1.06 1.20 144  1.50 1.52
Potassium 4700 0.45 0.39 036 0.35 0.32
Zinc 8 30.00 30.75 3425 39.50 43.88
Iron 8 105.88 69.63 68.50 65.75 57.89
Copper 0.9 56.67 52.22 4556 4222 17.78
Sodium 1500 0.01 0.01 0.01  0.01 0.02

PyooL¢ (control) =herbal tea containing only Parquetina; Py, 5L, s = composite herbal tea containing 87.5% of Parquetina and 12.5% of Lemon-
grass; P;sL,s=composite herbal tea containing 75% of Parquetina and 25% of Lemongrass; P, sL;; 5 = composite herbal tea containing 62.5%
of Parquetina and 37.5% of Lemongrass; Ps,Ls,=composite herbal tea containing 50% of Parquetina and 50% of Lemongrass

having the lowest and highest value, respectively. All sam-
ples are significantly (P>0.05) different from the control
sample P,q,L,. The values reported in this study are much
higher than those reported in the works [38, 39] for com-
mercial herbal teas of varying formulations in Poland and
North Ossetia, respectively. Iron is important in the proper
myelination of the spinal cord and proper functioning of the
brain, it is also a cofactor of enzymes involved in the syn-
thesis of neurotransmitters, it is necessary for oxygen trans-
port and haemoglobin formation [40].

Copper  levels ranged from 0.16+0.23 to
0.51£0.01 mg/100ml, with samples P,,,L, and P5,Ls, hav-
ing the lowest and highest values, respectively. Samples
are significantly (P<0.05) different from the control sam-
ple PgoLo- [38, 39] reported lower values for commercial
herbal teas of varying formulations in Poland and North
Ossetia, respectively. Copper is necessary for the absorption
of iron, bone growth and formation, formation of myelin
sheaths in the nervous system and for proper functioning of
haematological and neurologic systems [40].

Sodium levels ranged between 0.15+0.00 and
0.23 +£0.00 mg/100ml, with samples P,,,L, and P5,Ls, hav-
ing the lowest and highest values, respectively. Samples are
significantly (P<0.05) different from the control sample
P, yoLo- Similar results were observed in the work of [38] for
commercial herbal teas of varying formulations in Poland.

Sodium helps to maintain the osmotic pressure of body flu-
ids, activates nerve and muscle function, transmits nerve
impulses [40].

The calcium, magnesium, zinc and sodium contents of
the composite herbal tea samples significantly (P<0.05)
increased with increasing amounts of Lemongrass in the
sample formualtion, this may be because Lemongrass con-
tributed more of these minerals in the respective samples.
To the contrary, potassium, iron and copper significantly
reduced (P<0.05) with decreasing amounts of Parquetina
in the sample formualtion, indicating that Parquetina may
have contributed more of these minerals in the respective
samples. Table 3 shows that the most abundant mineral in
the composite herbal tea samples was potassium. This is
similar to the findings of [38, 39]. Nevertheless, the com-
posite herbal tea cannot be said to be rich in potassium as
they contribute minimally to the recommended daily intake
(Table 4). On this basis, the composite herbal tea samples
are rich in iron, copper and zinc, as they contribute greatly
to the recommended daily intakes of these minerals.

Antioxidant capacities
The antioxidant capacity of the samples ranged from

17.77£0.11 to 40.96+0.63%, with samples P, L, and
PsoLs, having the lowest and highest values, respectively.
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Fig. 1 Antioxidant capacity of parquetina and lemongrass composite
herbal tea

Values are expressed as mean (n=3)+S.D. Means with the differ-
ent superscripts along a column are significantly (P<0.05) different.
P goLg (control)=Parquetina only; Pg; 5L, s = 87.5% Parquetina and
12.5% Lemongrass; P;sL,5=75% Parquetina and 25% Lemongrass;
P¢, sL375 = 62.5% Parquetina and 37.5% Lemongrass; P5Ls,=50%
Parquetina and 50% Lemongrass.

All samples are significantly (P<0.05) different from the
control sample P,,,L,. Antioxidants are compounds that
have the ability to inhibit oxidative reactions that can pro-
duce free radicals and reactive oxygen species (ROS) that
damage cells. Free radicals are molecules with valence elec-
trons, thus, they are highly reactive and capable of initiating
processes that are detrimental to cells [41].

The findings reported in Fig. 1 show that the compos-
ite herbal tea samples exhibited radical scavenging activi-
ties, and thus, have antioxidant properties. The antioxidant
capacities of the composite herbal tea samples is seen to
significantly (P<0.05) increase with increasing amounts
of Lemongrass at a positive correlation level of r=0.970"".
This can be attributed to a synergy between the two plants
and may probably be the reason why sample Ps,Ls, had
the highest antioxidant capacity among the samples. This
same trend was reported by [42] who tested the synergism
between the antioxidant activities of Camellia sinensis and
some herbs, and by [43] who investigated antioxidant syn-
ergy between Osmanthus fragrans flowers and Camellia
Sinensis.

The antioxidant capacity of plants is dependent on the
amount and types of phytochemicals inherent in them [44].
Correlation studies between the antioxidant capacities and
phytochemical compositions of the composite herbal tea
samples indicate that phenols have a strong positive cor-
relation (r=0.832""), with antioxidant capacity. The same
goes for flavonoids at a correlation coefficient value of
r=0.865"", alkaloids at r=0.894"", tannins at r=0.816"",
terpenoids at r=0.913"". On the contrary, cardiac glycosides
and saponins have a strong negative correlation (r = -0.957""
and r = -0.948"", respectively) with antioxidant capacity. By
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Table 5 Microbiological quality of composite herbal tea from par-
quetina and lemongrass

Samples TBC TFC TCC

(cfu/g) (cfu/g) (cfu/g)

AL=<10" AL=<10° AL=<10°
PyooLo 8.15+12.02x10*  2.55+2.12x10*  6.5+0.71x10?
Pg;sLips  8.05+7.78x10*  3.05+3.54x10* 7.5+0.71x 10?
P;sLys 8.95+16.26x10* 2.85+2.12x10* 5.5+2.12x10?
Perslyrs  8.75+9.19x10*  2.55+0.71x10* 6.5+2.12x 102
PsoLso 8.75+4.95x10*  3.05+2.12x10* 7.0+2.82x 107

Values are expressed as mean (n=3)+S.D. Means with different
superscripts along a column are significantly (P<0.05) different.
TBC=total bacterial count; TFC=total fungi count; TCC=total
coliform count; AL=acceptable limits; Pj,,L, (control)=Par-
quetina only; Pg; 5L, 5 = 87.5% Parquetina and 12.5% Lemongrass;
P;sL,5=75% Parquetina and 25% Lemongrass; Pg, sLs3;5 = 62.5%
Parquetina and 37.5% Lemongrass; PsLs,=50% Parquetina and
50% Lemongrass.

implication, cardiac glycosides and saponins concentrations
had no effect on the antioxidant capacities of the composite
herbal tea samples.

Microbiological status

The total bacterial count (TBC) of the samples represented
in Table 5 ranged from 8.05x10* + 7.78 to 8.95x10* +
16.26 cfu/g, with samples Pg;sL;,s and P;sL,s having
the lowest and highest values, respectively. Total fungal
count (TFC) ranged from 2.55x10* + 0.71 to 3.05x10*
+ 3.54 cfu/g, with samples Py, sL3; s and Pg; 5L, 5 having
the lowest and highest values, respectively. Total coliform
count (TCC) ranged from 6.50x 10> + 0.71 to 8.00x 10° +
4.24 cfu/g, with samples P, L, and Py, 5L, s having the
lowest and highest values, respectively. No faecal coliforms
were detected and no significant (P<0.05) difference was
recorded among samples. This was expected as samples
were prepared from the same batch. The microbiological
quality of foods is a vital criterion in food safety and this
is due to the health risks posed by microbial contamina-
tion. Therefore, foods must be assessed to ensure that good
hygiene practices have been employed in their production
and that they are safe for consumption [45]. The microbio-
logical quality of the composite herbal tea show that TBC,
TFC and TCC are all within their acceptable limits as speci-
fied by Tea and Herbal Infusions, Europe [46] and are there-
fore, safe for consumption.

Sensory properties

The sensory appeal of food products, is an important consid-
eration in new product development as consumers are gener-
ally unwilling to accept foods with poor sensory appeal [8].
Results for the sensory evaluation of the composite green tea
from Parquetina and Lemongrass are represented in Fig. 2.
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Fig. 2 Sensory properties of parquetina and lemongrass composite
herbal tea

Values are scored on 9-point Hedonic scale (1=dislike extremely,
2 =dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 =nei-
ther like nor dislike, 6 =like slightly, 7=1like moderately, 8 =like very
much and 9=like extremely). Values are represented as mean+S.D.
Means with different superscripts are significantly (P<0.05) different.
P goLg (control)=Parquetina only; Pg; 5L, s = 87.5% Parquetina and
12.5% Lemongrass; P;sL,5=75% Parquetina and 25% Lemongrass;
P¢, 5375 = 62.5% Parquetina and 37.5% Lemongrass; P5Ls,=50%
Parquetina and 50% Lemongrass.

Samples were scored for appearance, flavour, astrigency
and overall acceptability. Appearance is the first noticeable
attribute perceived by the human senses and therefore, plays
a major role in the final selection of that food. Flavour is
the sensory attribute which combines the properties of taste
and smell as perceived by the mouth and nose. Astrigency
describes a dry puckering sensation perceived by the mouth
and overall acceptability generally describes how appealing
the product is to the consumers [47, 48].

Appearance of the samples scored between 6 + 0.83 and
8+ 1.08, with samples P,,,L, and Ps,Ls, having the lowest
and highest, respectively. Only samples P,,,L, and P5)Ls,
are significantly (P<0.05) different. Flavour scores were
between 3+ 1.38 and 8+0.91, with samples P,y L, and
PsoLso having the lowest and highest scores, respectively.
Scores are significantly (P<0.05) different, except for sam-
ples P5sL,5 and P, sLs; 5. Astrigency scores varied between
74 0.79 and 7 + 0.87; values are not significantly (P>0.05)
different. Overall acceptability scores varied from 4 + 0.95
to 8 +0.93, with samples P,,,L, and P5,Ls, having the low-
est and highest scores, respectively. Scores are significantly
(P<0.05) different except for samples P,5sL,5 and Py, sL37 5.
Generally, Appearance scores ranked high on the hedonic
scale meaning that the appearance of the samples was
accepted. Sample P5,Ls, was significantly (P<0.05) higher
than the rest, this may probably be due to the lightness of
its colour. Flavour scores varied between samples. Sample
P, 4oL scored significantly (P<0.05) lower, hence, it was the

least preferred. This may be attributed to its bland flavour
which may be indicative of the absence of distinct flavour
compounds. Sample PsyLs, scored significantly (P<0.05)
higher than the other samples, and by implication, was the
most preferred sample. The increase in the flavour scores of
the composite herbal tea sample as compared to the control
sample P, L, is indicative of the presence of distinct fla-
vour compounds in Lemongrass. Astrigency scores was not
significantly (P>0.05) different and all samples ranked high
on the hedonic scale. This may be due to the alkaline pH of
the samples as astrigency is usually linked to highly acidic
foods. Overall acceptability score show that the most pre-
ferred sample was Ps)L5, and the least preferred was P oL
Similar findings have been reported for the sensory attri-
butes of Lemongrass tea [27;27], but there are no reports
on the sensory attributes of Parquetina. To the best of our
knowledge, this study is the first to document the sensory
attributes of Parquetina tea.

Conclusion

Composite herbal teas were produced from five formulations
of Parquetina and Lemongrass. The physico-chemical, phy-
tochemical, mineral compositions, antioxidant capacities
and sensory attributes of the formulations were examined.
The composite herbal tea formulation with 50% Parquetina
and 50% lemongrass (Ps)Ls,) had the highest water soluble
extracts and infusion rate at 72.37% and 114.74 mg/min,
respectively; and lowest turbidity (31.11%) and pH (7.08). It
also had the highest phenol (0.90 mgGAE/100ml), alkaloid
(0.79 mg/100 ml), flavonoid (0.58 mgQE/100ml) and terpe-
noid (0.25 mg/100ml) contents. In addition, it had the high-
est calcium (0.63 mg/100ml), magnesium (1.52 mg/100ml),
zinc (43.88 mg/100ml) and sodium (0.02 mg/100ml), and
highest antioxidant capacity (40.96%). The microbiological
quality of the composite herbal tea shows that total bacteria
count, total fungal count and total coliform count were all
within their respective acceptable limits. Sensory evaluation
showed that the most preferred sample was PsyLs, (50%
parquetina and 50% lemongrass). This study provides valu-
able information in the use of Parquetina and Lemongrass to
develop a composite herbal tea that has good physico-chem-
ical properties, phytochemical and mineral compositions,
antioxidant capacities and sensory attributes. Therefore,
herbal tea producers would find this information beneficial
in the aspect of formulating herbal teas that would be nutri-
ent dense and also appealing to the consumers.
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