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Abstract

Globally, there is an increasing need to consume health promoting foods and beverages as alternatives to synthetic drugs.
Moringa leaf (Moringa oleifera) and Licorice root (Glycyrrhiza glabra) have been widely harnessed for their innumerable
bio-functions. Therefore, the present study sought to evaluate the mineral contents and antioxidant activities of hot water
infusion made of Moringa leaf (M), Licorice root (LR) and their composite blends (M +LR), and to assess their effects on
liver biomarkers in Wistar rats. The results of the mineral contents (Mg, Na, K, P, Zn, Fe, Mn) of M, LR and their com-
posite blends (M +LR), showed high amounts of the evaluated minerals in M and M + LR, with the exception of Fe that
was higher in the Licorice root. The calculated [phytate]/[Ca], [oxalate]/[Ca], [phytate]/[Zn] and [Ca][phytate]/[Zn] molar
ratios of the tea infusions fell below the critical values, thereby revealing that Ca and Zn and by extension other minerals
would be bio-available. The tea infusions have a measure of antioxidant action with M + LR ranking higher. The effects of
the tea infusions on liver biomarkers and the histological examination of the liver tissue showed that the tested concentra-
tions of M, L and M + LR had no damaging effects on the liver with the exception of L and M+ LR at 50 mg/mL/kg, where
degeneration of hepatocytes was observed. Overall, the results showed that the composite blends (M +LR), at a regulated
dose, could be explored as functional food in the provision of nutritionally important minerals, and the management of
stress-related diseases.
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Introduction

Globally, tea is the most popular beverage after water, and
historians have dated its consumption to thousands of years
ago [1]. Tea and tea products originated from China and
have gained the world’s trust in the past 2000 years. Initially,
it was consumed only by Chinese monks, but its use spread
to other regions of the world, such as Great Britain, leading
to its effective spread to other countries [2].

Tea and tea products have been proven to contain essen-
tial mineral elements like calcium, zinc, magnesium, man-
ganese, sodium and potassium among others in significant
amounts [1, 3], which have been proven to play important
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roles in tissue development, enzyme function, maintenance
of cell walls, among others [4]. Tea contains a number of
polyphenolic compounds, which are known to have a wide
spectrum of biological activities, including the prevention
of cancer, cardiovascular diseases, and anti-inflammatory,
anti-arthritic, antibacterial, anti-angiogenic, anti-oxidative,
antiviral, neuro-protective, and cholesterol-lowering effects
of tea and isolated tea constituents are under investigation
[2,5,6].

Antioxidants have become synonymous with good health
because they contain classes of compounds that can prevent
damages caused by the free radicals. Destroying free radicals
may help fight ailments such as cancer, heart disease, stroke
and other immune compromising diseases [7-9].

In this modern era, stress has become an integral part
of human life [10]. Stress is considered to be any condi-
tion which results in the perturbation of the body’s home-
ostasis [11]. Stress has been postulated to be involved in
the etiopathogenesis of a variety of disease states, such as
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hypertension, diabetes, immuno-suppression, reproductive
dysfunctions and behavioral disorders, which are due to the
involvements of the central nervous system (CNS), endo-
crine system, and metabolic system [12]. If the level of stress
is extreme, homeostasis may become altered and the sur-
vival of the organism may be threatened [11]. Some drugs
having anti-stress properties induce a state of non-specific
resistance against stressful conditions. Drugs like benzodi-
azepines, certain CNS stimulants such as amphetamines and
caffeine as well as some anabolic steroids are routinely used
by people to combat stress. The incidence of toxicity and
dependence has limited the therapeutic usefulness of these
drugs [12].

Moringa (Moringa oleifera) and Licorice (Glycyrrhiza
glabra) teas are nutraceuticals that have been widely used for
their innumerable bio-functions. Previous reports have dem-
onstrated that M. oleifera and G. glabra have been widely
used in folk medicine mainly as anti-stress agent [13, 14],
and in other conditions that are related to stress, such as
anti-mutagenic, anti-diabetic, anti-bacterial, hypo-cholester-
olemic, anti-inflammatory, anxiolytic, anti-ulcer, cytostatic,
antimicrobial, flu vaccine, and in the treatment of cough,
common cold, and gastrointestinal disorders [15].

Liver function tests are a group of blood tests that pro-
vide information about the state of the liver [16]. Elevated
levels of some substances or enzymes in the blood may
signify liver damage or diseased state [17]. Some tests are
associated with functionality (e.g. albumin), some with cel-
lular integrity (e.g. transaminases) and some with condi-
tions linked to the biliary tract [gamma-glutamyltransferase
(GGT) and alkaline phosphatase (ALP)]. These tests can
be used to detect the presence of liver disease, distinguish
among different types of liver disorders, gauge the extent of
known liver damage, and follow the response to treatment
[18]. However, the consumption of food and phytochemi-
cals, either directly or in the form of nutraceuticals can either
enhance, maintain or impair the integrity of the liver in car-
rying out its biological functions [19, 20].

The human body identifies all the drugs and nutraceuti-
cals as xenobiotics and subjects them to various chemical
processes to make them suitable for elimination [19]. This
involves chemical transformations to reduce fat solubility
and to change biological activity. Although almost all tis-
sues in the body have some ability to metabolize chemicals,
smooth endoplasmic reticulum in the liver is the principal
“metabolic clearing house” for both endogenous and exog-
enous substances [21]. The central role played by the liver
in the clearance and transformation of chemicals makes it
susceptible to drug and natural products induced injury [22].

It is therefore expedient to assess the nutraceutical poten-
tials of the selected teas, and evaluate their effects on the
functionality and integrity of the liver upon their usage as
functional food.

Materials and methods
Sample collection

Two different types of anti-stress teas made from pure
Licorice root and Moringa leaf were bought from Trado-
medical Centre, Ibadan, Oyo state, Nigeria.

Methods
Sample treatments and preparation

The tea infusions (Licorice root, Moringa leaf and composite
blends of both teas) were prepared using hot water infusion
as follows: 15 g of each tea sample (Licorice root and Mor-
inga leaf) was infused in 1.2 L of hot water and the tea infu-
sions of the composite blends were prepared by mixing 7.5 g
each of the studied tea samples, and subsequently infused in
1.2 L of hot water. The prepared tea infusions were filtered
using No. 4 filter paper. The filtrates of the three infusions
were stored in amber bottles and kept in the refrigerator at
the Department of Biochemistry, Federal University of Tech-
nology, Akure, Ondo, State, Nigeria.

Mineral analysis

Five grams of each sample was dry-ashed in an electric fur-
nace at 550 °C for 24 h. The resulting ash was cooled in a
desiccator and weighed. The ash was dissolved with 2 mL
of concentrated HCI and a few drops of concentrated HNO,
were added. The solution was placed in boiling water bath
and evaporated almost to dryness. The content was then
transferred to 100 mL volumetric flask and diluted with
deionized water. Appropriate dilution was made for each
element before analysis. The mineral analyses carried out on
the sample were calcium, magnesium, potassium, sodium,
phosphorus, manganese, lead, zinc, cobalt and iron contents,
and were quantified using Buck Atomic Absorption Spectro-
photometer model 210A, as described in the official method
of AOAC [23].

Anti-nutrient assays

The phytate and oxalate contents of the studied tea were
determined by the method described by Day and Underwood
[24]. One gram of each tea sample was soaked in 100 mL
of 2% HCl for 3 h, 6.25 mL was taken out of the filtrate and
placed inside a conical flask and 1.25 mL of 0.3% of ammo-
nium thiocyanate solution was added as indicator. Thereaf-
ter, 13.38 mL of distilled water was added to give the proper
acidity and it was titrated against iron(III) chloride solution

@ Springer



604

S. 0. Salawu et al.

that contained about 0.00195 g of iron per mL until a brown-
ish yellow coloration persisted for 5 min, and the phytate
content was subsequently calculated. Oxalate content was
determined by soaking 1 g of each of the samples in 75 mL
of 1.5N H,SO, for 1 h and then filtered. 5 mL of the filtrate
was taken out and placed inside a conical flask, and then it
was titrated hot at about 80-90 °C against 0.1M KMnO,
until a pink color that persisted for 15 s was observed and
the oxalate content was subsequently calculated.

The alkaloid content was determined according to the
method described by Harbone [25] with slight modifica-
tions, by weighing 5 g of the sample into 250 mL beaker and
200 mL of 10% acetic acid in ethanol was added and allowed
to stand for 4 min. The obtained mixture was filtered and the
extract was concentrated on a water bath to one quarter of
the original volume. Concentrated NH,OH was added drop-
wise to the extract until precipitation was completed. The
whole solution was allowed to settle and the precipitate was
collected and washed with diluted ammonium hydroxide,
and then filtered. The residue was the alkaloid which was
dried and weighed.

Antioxidant indices

A modified Folin—Ciocalteu method (Waterman and Mole
[26]) and the modified method reported by Meda et al.
[27], was used to measure the total phenol contents (TPC)
and total flavonoid contents (TFC). Centrifuged tea infu-
sions were reacted with Folin Ciocalteu phenol reagent and
sodium carbonate (20%, w/v for 2 h) and the absorbance
was read at 760 nm. Tannic acid was used as a standard
and the TPC expressed as mg of Tannic Acid Equivalents
(TAE) per g. Similarly, the centrifuged tea infusions were
reacted with 0.5 mL methanol, 50 pL of 10% AICl5, 50 uL of
1 mol/L potassium acetate and 1.4 mL water, and incubated
at room temperature for 30 min. Thereafter, the absorb-
ance of each reaction mixture was measured at 415 nm. The
TFC was calculated using quercetin as standard and a seven
point standard curve (0—100 pg/mL). The ferric reducing
properties of the tea infusions were determined using the
method of Oyaizu [28], by reacting 1 mL tea infusions with
1 mL 200 mM sodium phosphate buffer (pH 6.6) and 1 mL
1% potassium ferricyanide. The mixture was incubated at
50 °C for 20 min and then 1 mL 10% trichloroacetic acid
(TCA) was added. This mixture was centrifuged at 353Xxg
for 10 min. Two milliliters (2 mL) of the supernatant was
mixed with an equal volume of water and 0.4 mL of 0.1%
ferric chloride, and the absorbance was measured at 700 nm.
The ferric reducing antioxidant power was expressed as mg
ascorbic acid equivalent per gram of the sample. Hydroxyl
radical scavenging antioxidant activity of the tea infusions
was determined by measuring the ability of the tea infusion
to prevent Fe?*/H,0, induced decomposition of deoxyribose
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by reacting the tea infusion with a reaction mixture contain-
ing 120 pL of 20 mM deoxyribose, 400 uL 0.1M phosphate
buffer pH 7.4, 40 uL. 20 mM hydrogen peroxide and 40uL
500 mM FeSO,, and the volume was made to 800 uL with
distilled water. The reaction mixture was incubated at 37 °C
for 30 min, and then stopped by the addition of 0.5 mL of
2.8% TCA. This step was followed by the addition of 0.4 mL
of 0.6% TBA solution. The reaction tubes were subsequently
incubated in boiling water for 20 min. The absorbance was
then measured at 532 nm using the method of Halliwell and
Gutteridge [29] and the percentage hydroxyl radical scav-
enging ability was subsequently calculated.

In vivo analyses
Animals

Adult male albino rats weighing 150-170 g were used
according to the standard guidelines of the Care and Use of
Experimental Animal Resources. This was also approved by
the Ethical Committee of the Federal University of Technol-
ogy, Akure, Nigeria on the use of animals (Approval/Ethic
Number: FUTA/BCH/FPT/005). The rats were allowed to
acclimatize for a week before the experiment.

Mortality study

There were ten groups of five albino rats each; the experi-
ment was carried out using the standard method. Tap water,
10 mg/mL/kg BW, 30 mg/mL/kg BW and 50 mg/mL/kg
BW of the tea infusion were given to the rats in the groups
respectively. The animals given tap water served as controls.
The tea was administered orally and all the rats were placed
under observation for 24 h for possible deaths of the rats.

Treatment groups

Group 2  control; group without treatment; normal diet

and 0% of the tea samples

Group 2  hot water infusion of Moringa tea; 10 mg/mL/
kg BW

Group 3  hot water infusion of Moringa tea; 30 mg/mL/
kg BW

Group 4  hot water infusion of Moringa tea; 50 mg/mL/
kg BW

Group 5  hot water infusion of Licorice tea; 10 mg/mL/
kg BW

Group 6  hot water infusion of Licorice tea; 30 mg/mL/
kg BW

Group 7  hot water infusion of Licorice tea; 50 mg/mL/
kg BW
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Group 8  hot water infusion of Moringa + Licorice tea;
10 mg/mL/kg BW

Group 9  hot water infusion of Moringa + Licorice tea;
30 mg/mL/kg BW

Group 10 hot water infusion of Moringa + Licorice tea;
50 mg/mL/kg BW

Dietary/biochemical study

Since none of the animals in the mortality study died,
further administration of the infusions continued for
another 4 weeks. At the end of the 4 weeks, the rats were
weighed, and blood samples were collected through
cardiac puncture under chlorohydrate anaesthesia into
EDTA bottles, centrifuged and the plasma was aspirated
to analyze the effect of the tea samples on liver mark-
ers: alanine transaminase (ALT), aspartate transami-
nase (AST), alkaline phosphatase (ALP), total protein,
gamma-glutamyltranspeptidase (GGT), albumin, glucose
and lactate dehydrogenase (LDH). The animals were sub-
sequently sacrificed and the liver tissues were taken and
immediately fixed in 10% formaldehyde for histological
examination.

Statistical analysis

All the analyses were conducted in triplicates. Results
were computed using Microsoft Excel, 2010 software
(2010 Microsoft Corporation, Redmond, WA, USA) and
followed by analysis of variance (ANOVA) Duncan’s
multiple range test to compare the means that showed a
significant variation by using SPSS 11.09 for Windows
(IBM SPSS, Inc., Armonk, NY, USA). The significance
level was set at p <0.05.

Results and discussion
Mineral analysis

Tea and tea products have been shown to contain essential
mineral elements like calcium, zinc, magnesium, manga-
nese, sodium and potassium [1, 3, 30]. The result of the
mineral analysis of hot water infusions of Moringa leaf (M.
oleifera) and Licorice root (G. glabra) is shown in Table 1.
The result revealed the presence of some essential minerals
(Mg, Na, K, P, Zn, Fe, Mn). The result showed that sodium
was higher in M+ LR (87.0 mg/g), with M. oleifera hav-
ing sodium content of 86.5 mg/g, while the sodium content
of Licorice root was significantly (p <0.05) lower than the
other infusions analysed (6.00 mg/g). Sodium is the princi-
pal cation in extracellular fluids, it regulates plasma volume
and acid-base balance, and it is involved in the maintenance
of osmotic pressure of the body fluids [31].

The result of the mineral analysis also revealed that
potassium was the most abundant mineral in the stud-
ied tea infusions. Similarly, potassium was higher in
M+LR (161.0 mg/g), followed by M. oleifera (158 mg/g),
while Licorice root recorded the least potassium content
(31.0 mg/g). Potassium is the principal cation in intracellular
fluid and functions in acid-base balance, in the regulation of
osmotic pressure, muscle contraction and Na*/K* ATPase
activity [32]. Potassium is also required during glycogen-
esis, and it helps in the transfer of phosphate from ATP to
pyruvic acid. The potassium content of the studied tea infu-
sions was found to be higher than the sodium content. The
consumption of too much sodium and less amount of potas-
sium contributes to a high prevalence of hypertension [32].
The sodium/potassium ratio in our body is of great concern
as it prevents high blood pressure and the ratio should be
less than one [33]. All the tea infusions were found to have
sodium/potassium ratio less than one (Na:K for M. oleif-
era, Licorice root, and M+ LR were 0.55, 0.19, and 0.54,
respectively). Therefore, the consumption of these herb teas
may be beneficial in the management and control of the high
blood pressure.

Table 1 Mineral composition (mg/g) of M. oleifera, G. glabra and their composite blends

Sample Ca Mg Na K P Zn Fe Mn

M 149.94+0.86°  2.83+0.08  86.5+2.41° 158+9.90°  1.06+0.03°  030+0.01® 242+0.03* 5.18+0.03°
LR 21.34+045*  2.77+0.11*  6.00+0.53" 31.0£233*  0.02+£0.00*  0.15+£0.02°  6.90+0.28  0.32+0.02*
M+LR 151.31+2.05°  2.80+0.08°  87.0+3.82°  161.0+3.82° 1.05+0.03° 032+0.03® 580+047" 5.20+0.14°

Values represent mean + SD of triplicate experiment. Values with different letters within a column are significantly different (p <0.05) by Dun-

can test

M, Moringa oleifera; LR Licorice root; M+ LR, Moringa leaf + Licorice
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Calcium functions as a constituent of bones and teeth, the
regulation of the nerve and muscle function. In blood coagu-
lation, calcium activates the conversion of prothrombin to
thrombin. Calcium also activates a large number of enzymes
such as adenosine triphosphatase (ATPase), succinate dehy-
drogenase, and lipase [31, 33]. Calcium was also found to
be higher in M+LR (151.31 mg/g), followed by Moringa
(149.94 mg/g), while the least calcium content was recorded
for Licorice root (21.34 mg/g). Phosphorus is located in
every cell of the body and it is vitally concerned with many
metabolic processes, including those involving the buffers in
body fluids [34]. It also functions as a constituent of bones,
teeth, adenosine triphosphate (ATP), phosphorylated meta-
bolic intermediates and nucleic acids [35]. Conversely, the
phosphorus contents of M. oleifera and M+ LR were not
significantly (p <0.05) different (1.06 mg/g; 1.06 mg/g), but
these two values were significantly (p < 0.05) higher than
that of Licorice root (0.02 mg/g).

The magnesium contents of the three tea infusions (Mor-
inga leaf: 2.83 mg/g; Licorice root: 2.77 mg/g; M+ LR:
2.80 mg/g) were not significantly different. Magnesium is
involved in bone mineralization, protein synthesis, enzyme
action, normal muscular contraction and nerve transmis-
sion [31]. Dietary deficiency of magnesium which is linked
with ischemic heart disease [36] could be prevented by the
regular consumption of any of the two tea varieties or their
composite infusion as they are a good source of magnesium.

Conversely, the iron content of Licorice root (6.90 mg/g)
was higher than that of Moringa (2.42 mg/g) and the com-
posite blends (M +LR: 5.80 mg/g). Iron is a part of the
heme of haemoglobin (Hb), myoglobin, and cytochromes
[37]. Inadequate dietary intake and poor bioavailability of
iron from food are the major etiological factors of anaemia
[38]. Regular consumption of the two tea varieties would
likely prevent the development of iron deficiency anaemia.
Iron also functions as an essential component of enzymes
involved in biological oxidation such as cytochromes c, c,,
a; and as an important constituent of succinate dehydroge-
nase [37, 39].

There was no significant difference (p <0.05) in the
zinc content of Moringa and M+ LR. The zinc con-
tent of Moringa was 0.3 mg/g, while that of M+ LR was
0.32 mg/g compared to that of Licorice root which had the
least zinc content. The level of zinc of these studied herbal
teas is higher than the value reported for some herbal teas;
0.21 mg/g was reported for lemon balm and 0.19 mg/g for
dictamnus tea [40], indicating that the two tea varieties
are better sources of zinc than the previously reported teas
(lemon balm tea, dictamnus tea). Zinc is widely distributed
in plant and animal tissues and occurs in all living cells.
Zinc is essential for the functioning of over 300 enzymes,
for example, LDH, alcohol dehydrogenase, glutamic acid
dehydrogenase, ALP, carbonic anhydrase, carboxypeptidase,
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superoxide dismutase, DNA and RNA polymerase, and takes
part in enormous number of biological processes such as
protein synthesis, cellular differentiation and replication,
immunity and sexual functions [41]. Zinc deficiency is asso-
ciated with impaired gastrointestinal and immune function
[42]. The manganese contents of Moringa (5.18 mg/g) and
M+LR (5.20 mg/g) were significantly (p <0.05) higher than
that of Licorice root (0.32 mg/g). Manganese is essential for
humans because it exhibits a wide range of biological func-
tions such as a component of enzymatic and redox system
[43].

Anti-nutrient composition

The result of the anti-nutritional factor of the studied tea
infusions is shown in Table 2. The result revealed that the
phytate contents of M. oleifera (1126.13 mg/100 g) and G.
glabra (906.40 mg/100 g) were relatively low compared to
the values reported by Ali et al. [44] for some other herbal
teas such as Burdock root (2034 mg/100 g) and Cleavers
(1918 mg/100 g). The low level of phytate in the studied tea
infusions would make the tested tea products good for con-
sumption, from a nutritional point of view. Phytate contents
present in plants have been shown to depend on a variety and
climate condition [45]. High levels of phytate are of nutri-
tional significance as they might decrease bioavailability of
minerals [46, 47]. Phytate acts as a strong chelator forming
protein and mineral-phytate complexes, thereby, decreas-
ing protein and mineral bioavailability. It has been reported
that high phytate contents have decalcifying effects, result-
ing in nutritional disorders such as rickets and osteomalacia
in children and adults, respectively [48]. Phytate can also
affect digestibility by binding with substrates or proteolytic
enzymes [49].

The result also revealed that the oxalate content of
M. oleifera was 39.02 mg/100 g, while that of G. glabra
was 27.01 mg/100 g, which is less than the values
reported for Burdock root (48.11 mg/100 g) and Cleavers
(45.76 mg/100 g) herbal teas [44]. Although, the results
revealed low oxalate contents in the studied tea infusions, an
uncontrolled consumption of these herbal teas may deliver

Table 2 Anti-nutrient composition of M. oleifera, G. glabra and the
composite blends

Sample Phytate (mg/g) Oxalate (mg/g) Alkaloids (%)
Moringa 11.26+0.48°  0.39+0.02° 27.00+0.67°
Licorice 9.06+0.82*  0.27+0.00° 1.56+0.19%
Moringa+ Licorice 11.81+0.47°  0.33+0.05" 8.00+0.67°

Values are given as mean+SD of independent experiment per-
formed in triplicate. Values with different letters at each column are
significantly different (p <0.05) by Duncan test. Values represent
mean + SD of triplicate experiment
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toxic levels of the anti-nutrient into the body with attendant
health problems of oxalate toxicosis, which may ultimately
result in hypocalcaemia, kidney stone and reduced bioavail-
ability of the minerals to the body [50, 51]. Oxalate bound to
minerals such as calcium, magnesium, iron and zinc, makes
the minerals unavailable for body use [52, 53].

The alkaloid contents of the two studied tea infusions M.
oleifera (27%) and G. glabra (1.56%) are shown in Table 2.
The alkaloid content of Licorice root (1.56%) was lower than
that of M. oleifera (27%) and that of the composite blends
(8.00%). A wide range of biological activities of alkaloids
have been reported: emetic, anti-cholinergic, antitumor,
diuretic, sym-pathomimetic, antiviral, antihypertensive,
hypnoanalgesic, antidepressant, miorelaxant, antitussigen,
antimicrobial and anti-inflammatory [46]. However, only a
moderate level of alkaloid in food is an indication that the
food is safe and free from the attendant cytotoxic effect of
alkaloids [51]. Alkaloids are considered to be anti-nutrients
because of their action on the nervous system, disrupting or
inappropriately augmenting electrochemical transmission.
The levels are normally low and without adverse effects on
food safety and culinary quality. However, the consumption
of unusually high contents of alkaloids in food has occasion-
ally been associated with acute poisoning, including gastro-
intestinal and neurological disturbances [54].

Mineral bioavailability

The result of the mineral bioavailability assessment in the
studied tea infusions is shown in Table 3. It was observed
from the results that [Phytate]/[Ca] molar ratios in all the
tea infusions were below the critical level of 0.5 known to
impair calcium bioavailability [55]. The estimated [Phytate]/
[Ca] molar ratios of the tested tea samples ranged from 0.08
(M. oleifera) to 0.22 (Moringa leaf + Licorice root). Simi-
larly, the calculated [Oxalate]/[Ca] molar ratios were below
the critical value of 2.5 known to impair calcium bioavail-
ability [56]. The calculated [Oxalate]/[Ca] ranged from
0.11 (M. oleifera) to 0.36 (G. glabra). This indicates a good

Table 3 Ca and Zn bioavailability of M. oleifera, G. glabra and their
composite blends

Sample  [PHY]/[Ca] [OXA]/[Ca] [PHY])/[Zn] [Ca][PHY]/
[Zn]
M 0.08+0.001* 0.11+0.03* 3.72+0.21* 139.2+5.77°
LR 0.14+0.02°>  036+0.04° 5.99+0.14° 169.4+8.51¢
M+LR  022+0.03° 0284004 3.08+0.22* 126.2+7.23
Critical ~ 0.50 2.50 15.00 200.00
value

Values represent mean standard deviation of triplicate experiments

PHY, phytate; Ca, calcium; OXA, oxalate; Zn, Zinc, M, Moringa
oleifera; LR Licorice root; M+ LR, Moringa leaf + licorice root

calcium bioavailability by the two varieties of the studied tea
infusions in the presence of anti-nutrients like phytate and
oxalate. Zinc bioavailability is usually predicted by phytate
to zinc molar ratio of the food and the amount of calcium in
the food [57, 58]. This index has been widely used and it is
considered as a good estimate of zinc bioavailability [47].
The calculated molar ratios of phytate to zinc of both tea
infusions and their composite mixtures were below the criti-
cal value of 15 as outlined by Fitzgerald et al. [53]. The val-
ues ranged from 3.08 (Moringa leaf + Licorice root) to 5.99
(Licorice). This showed that the concentration of phytate
in M. oleifera and G. glabra will not affect the bioavailabil-
ity of zinc. The calculated [Ca][Phytate]/[Zn] molar ratio is
considered a better index for predicting zinc bioavailability
compared to [Phytate]/[Zinc] ratio because the inhibitory
effect of phytate on zinc absorption increases as the amount
of dietary calcium increases and this is caused by the syn-
ergistic interaction between calcium, phytate and zinc [58,
59]. The calculated values for [Ca][Phytate]/[Zn] ratio for
all the tea infusions were below the critical level of 200. The
ratios ranged from 126.2 (Moringa leaf + Licorice root) to
169.4 (Licorice root). This implies that the concentration of
calcium in the tea infusions will not affect the bioavailability
of zinc in the presence of phytate. Since all the calculated
indices of anti-nutrients to minerals in the tea samples are
below their respective critical level, this shows that the two
herbal teas are good bio-resources of calcium and zinc. In
the same vein, the calculated indices are below the critical
value for calcium and zinc; therefore, it can be inferred that
iron and magnesium will probably be bioavailable in the
studied tea infusions.

Antioxidant indices

The result of the assessment of the antioxidant potential of
the studied tea infusions is shown in Table 4. The result
revealed that M+ LR and M. oleifera have higher total TPC
relative to Licorice root that displayed the least total phe-
nolic content, with no significant difference (p <0.05) in the
TPC of Moringa and M+ LR. The results are in agreement
with the findings of earlier studies [60-62], where it was
reported that the phenolic content and the free radical scav-
enging effect of M. oleifera are high enough compared with
that of the tested reference antioxidants. Lower total phenol
content in Licorice root compared with that of M. oleifera
may possibly be due to the presence of a few phenolic com-
pounds it possesses [63, 64]. Similarly, M+ LR possessed
the highest TFC, followed by M. oleifera, while Licorice
root displayed the least TFC.

In the same vein, M+ LR and Moringa leaf had higher
reducing power compared with Licorice root which had
the least reducing power, with no significant difference
(p <0.05) in the reducing power of Moringa leaf and M+ LR
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Table 4 Antioxidant indices of

i . Sample TPC (mg TAE/g) TFC (mg QE/g) Reducing power % OH scavenging ability
M. oleifera, G. glabra and their
. (mg AAE/g)
composite blends
M 97.08+1.84 77.1142.54° 32.79+0.10° 61.55+1.28"
LR 81.66+3.22° 70.34+1.20° 19.00+0.55? 52.05+3.45°
M+LR 97.87 £2.84 82.47+3.52 32.85+1.00° 60.90+4.21°

Values represent mean + standard deviation of triplicate experiments. Values with different superscripts in

the same column differ significantly (p <0.05)

M, Moringa oleifera; LR, licorice root; M+ LR, moringa leaf + licorice root; TAE, tannic acid equivalent;

QE, quercetin equivalent; AAE, ascorbic acid equivalent

Table 5 Effects of M. oleifera, G. glabra and their composite blends on liver markers

(2)

Samples GGT (U/L) ALP (U/L) AST (U/L) ALT (U/L) LDH (U/L)
Control 5.05+0.58" 26.22 +4.14° 36.00+1.67° 28.70+1.10% 231.43+16.03°
MI 7.35+1.74° 12.42+1.95° 44.83 +1.83¢ 25.90+4.50° 168.26 +36.67%
M3 11.58 +6.95¢ 20.70 +4.14° 46.50+1.17% 40.90+2.78 227.30+26.67¢
M5 46.80+2.90" 75.60+1.38 54.00 +2.00° 49.60+5.20" 251.43+6.67'
LR1 6.37+£1.74® 25.88 +2.76° 42.50 +1.50° 18.90+1.10° 302.23 +24.92"
LR3 7.16 +1.90° 27.94 +1.38% 54.83+0.83° 19.30+0.90° 307.30 +45.40"
LR5 9.84 +4.05¢ 31.74+1.38° 60.67 +2.67" 27.20+0.6 524.13 +33.02
M+LRI1 20.27+6.37° 34.50 +4.14" 41.50+1.17¢ 28.60+0.80% 182.54 +4.45°
M+LR3 25.37+0.41" 4278 +1.38" 45.00+0.674 29.40 +0.80% 196.30+6.81°
M+LR5 41.69+3.28¢ 64.50+1.38 107.33 +1.338 36.20+6.40 240.86 +12.89"
(b)

Samples T.PROT (g/L) ALB (g/dL) BIL (mg/dL) GLU (mg/dL)
Control 60.19+£0.427 37.57 +0.54%° 0.59+0.08" 105.11+2.582
Ml 68.13+0.47° 44.58 +0.59¢ 0.48 +0.02? 75.56+0.84°
M3 7372413 44.78 +1.674 0.66 +0.03° 76.95 +13.94*
M5 76.29 +1.26¢ 33.25+0.39° 0.73+0.02% 83.40+8.52°
LRI 70.25+£0.42° 35.77+0.64% 0.81+0.02¢ 97.35+6.97¢
LR3 71.11+4.19° 37.03+1.37%® 0.88+0.02° 102.89+5.10°
LR5 80.47+0.33° 42.94+2.96> 1.32+0.22" 112.60+2.13 &
M+LR1 65.96+0.23% 40.63+0.27° 1.18+0.01° 83.47+1.58°
M+LR3 69.49 +2.23° 46.49 +1.08¢ 1.27 £0.02% 99.68 + 12.27%
M+LR5 70.10+0.70° 49.69 +1.64% 1.46+0.028 109.65 +13.30!

Values with different superscripts in the same column differ significantly (p <0.05). Values are expressed as mean =+ SE of triplicate experiments.
M1, M. oleifera extracts at 10 mg/kg BW/mL; M3, M. oleifera extracts at 30 mg/kg BW/mL; M5, M. oleifera extracts at 50 mg/kg BW/mL; LR1,
G. glabra extracts at 10 mg/kg BW/mL; LR3, G. glabra extracts at 30 mg/kg BW/mL; LRS, G. glabra extracts at 50 mg/kg BW/mL; M+LR1;
M. oleifera+G. glabra 10 mg/kg BW/mL, M+LR3, M. oleifera+ G. glabra 30 mg/kg BW/mL; M+LRS5, M. oleifera+ G. glabra 50 mg/kg BW/
mL; N=5; GGT, gamma-glutamyltransferase; ALP, alkaline phosphatase; AST, aspartate transferase, ALT, alanine transferase; LDH, lactate

dehydrogenase; T.PROT, total protein; ALB, albumin; BIL, total bilirubin; GLU glucose

(Table 4). The high reducing potential of Moringa leaf and
the composite blends tea infusion is an indication that the
two tested teas might contain reducing compounds, which
can react with free radicals to stabilize and terminate radi-
cal chain reactions and reduce the oxidized intermediates of

@ Springer

lipid peroxidation [65, 66]. M. oleifera and the composite
blends of the tested teas (M +LR) had the best hydroxyl
scavenging ability, with no significant difference (p <0.05)
between the hydroxyl scavenging abilities of M. oleifera
and the composite blends, while Licorice root had the least
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Fig. 1 Histopathological images of liver sections of albino rats. Magnificationx 400. a Control group not treated. b Pretreated with M. oleifera at
dose 10 mg/kg b.wt. ¢ Pretreated with M. oleifera at dose 30 mg/kg b.wt. and d Pretreated with M. oleifera at dose 50 mg/kg b.wt.

scavenging ability. The result is in accordance with the
report of Anwar et al. [67], where it was reported that M.
oleifera has a very strong hydroxyl radical scavenging activ-
ity which culminates in its overall ability to fight off radical-
related diseases. The hydroxyl radical scavenging ability and
the reducing power of the tested teas are in agreement with
the previous report in which the higher antiradical action
positively correlates with the phenolic content of phenolic
extracts of plant food [68].

Liver function test and histopathological evaluation

The result of the rats’ liver biomarkers after the adminis-
tration of various concentrations of M. oleifera, G. glabra
and the composite blends (M. oleifera+ G. glabra), is as
presented in Table 5a, b. The enzymatic activity of GGT,
ALP, AST, ALT, and LDH was studied to evaluate liver

malfunctions. The evaluated liver enzyme biomarkers ele-
vated significantly in a dose dependent manner in all the test
rats compared with the control, with few exceptions.

Analyses of liver enzyme biomarkers and other biochemi-
cal profiles of blood are widely used as indicators to access
the functional status of the animal health and the internal
environment of the organism [69, 70]. Enzymes like ALP,
ALT, and AST have served as good liver biomarkers [71].
The observed dose showed a significant increase in the activ-
ities of liver enzymes as ALP, AST and ALT tend to suggest
liver dysfunction in the experimental animals [72].

Usually an elevation in the liver enzymes may indicate
inflammation or damage to the cells in the liver. Inflamed
or injured liver cells leak higher than normal amounts of
certain chemicals, including liver enzymes into the blood
stream which can result in elevated liver enzymes on blood
tests. Similarly, total protein, albumin, total bilirubin
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Fig. 2 Histopathological images of liver sections of albino rats. Magnificationx 400. a Pretreated with G. glabra at dose 10 mg/kg b.wt. b Pre-
treated with G. glabra at dose 30 mg/kg b.wt. and ¢ Pretreated with G. glabra at dose 50 mg/kg b.wt.

concentration and glucose were significantly elevated in a
dose dependent manner in all the test rats compared to the
control, with few exceptions.

Histopathological study is recognized as a precise method
for identifying and characterizing pathological changes asso-
ciated with tissue lesions [73]. Histological examination of
the rats’ liver administered with various concentrations of
M. oleifera, G. glabra and the composite blends (M. oleif-
era+ G. glabra) was carried out to ascertain the effects of the
tea infusions on the functionality and integrity of the liver.
The result of the histological investigation (Figures 1, 2, 3)
revealed that the administration of the studied tea infusions
showed no damaging effects on the liver, with the exception
of Licorice root and the composite blends (M +LR) at a dose
of 50 mg/kg b.wt. that caused mild to moderate degradation
of hepatocytes.

@ Springer

Conclusion

The result of this investigation provides preliminary scien-
tific information on the nutraceutical values (mineral com-
position, mineral bioavailability, antioxidant activities and
hepatoprotective properties) of M. oleifera and G. glabra
that are commonly used as folk medicine in the management
of stress, anxiety, depression and other stress-related dis-
eases. Therefore, the regular consumption of the studied tea
and tea products, especially the composite blends at a regu-
lated dose could be encouraged as a measure to keep free
radical mediated diseases such as stress and stress-related
diseases at bay.
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Fig.3 Histopathological images of liver sections of albino rats.
Magnification x400. a Pretreated with M. oleifera and G. glabra
(M+LR) at dose 10 mg/kg b.wt. b Pretreated with M. oleifera and

References

1. E.A.].Olivier, C.Z. Symington, I.T. Jonker, T.S. Rampedi, Van
Eeden, Comparison of the mineral composition of leaves and infu-
sions of traditional and herbal teas. S. Afr. J. Sci. 108(1/2), 1-7
(2012)

2. C.S. Yang, X. Wang, G. Lu, S.C. Picinich, Cancer prevention by
tea: animal studies, molecular mechanisms and human relevance.
Nat. Rev. Cancer 9(6), 429-439 (2009)

3. M.E. Harbowy, D.A. Balentine, A.P. Davies, Y. Cai, Tea Chem.
Crit. Rev. Plant Sci. 16(5), 415-480 (1997)

4. C.D. Berdanier, J.T. Dwyer, D. Heber, Handbook of Nutrition and
Food, vol. 3 (CRC Press, Boca Raton, 2016), pp. 211-226

5. S.M. Chacko, P.T. Thambi, R. Kuttan, I. Nishigaki, Beneficial
effects of green tea: a literature review. Chin. Med. 5, 13 (2010)

6. M.P. Almajano, R. Carbo, J.A.L. Jimenez, M.H. Gordon, Anti-
oxidant and antimicrobial activities of tea infusions. Food Chem.
108(1), 55-63 (2008)

G. glabra (M+LR) at dose 30 mg/kg b.wt. and ¢ pretreated with
M. oleifera and G. glabra (M+LR) at dose 50 mg/kg b.wt. Arrows
pointing to regions having severe diffuse hepatic necrosis

7.

10.

11.

12.

A. Crozier, I.B. Jaganath, M.N. Clifford, Dietary phenolics: chem-
istry, bioavailability and effects on health. Nat. Prod. Rep. 26,
1001-1043 (2009)

T. Ozcan, A. Akpinar-Bayizit, L. Yilmaz-Ersan, B. Delikanli,
Phenolic human health. IICEA 5(5), 393-396 (2014)

J.M. Lorenzo, P.E.S. Munekata, Phenolic compounds of green tea:
health benefits and technological application in food. Asian Pac.
J. Trop. Biomed. 6(8), 709-719 (2016)

J. Ravindran, G.V. Subbaraju, M.V. Ramani, B. Sung, B.B. Aggar-
wal, Bisdemethylcurcumin and structurally related hispolon ana-
logues of curcumin exhibit enhanced prooxidant, anti-proliferative
and anti-inflammatory activities in vitro. Biochem. Pharmacol. 79,
1658-1666 (2010)

R.T. Emeny, D. Gao, D.A. Lawrence, Betal-adrenergic recep-
tors on immune cells impair innate defenses against Listeria. J.
Immunol. 178, 48764884 (2007)

P.K. Rai, D. Jaiswal, S. Mehta, D.K. Rai, B. Sharma, G. Watal,
Effect of Curcuma longa freeze dried rhizome powder with

@ Springer



612

S. 0. Salawu et al.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

milk in STZ induced diabetic rats. Indian J. Clin. Biochem. 25,
175-181 (2010)

M. Damle, Glycyrrhiza glabra (Liquorice)—a potent medicinal
herb. Int. J. Herb. Med. 2(2), 132-136 (2014)

J.D. Amar, Moringa oleifera (Lamm.): a plant with immense
importance. JBPN 2(5), 307-331 (2012)

A. Leone, A. Spada, A. Battezzati, A. Schiraldi, J. Aristil, S.
Bertoli, Cultivation, genetic, ethnopharmacology, phytochemis-
try and pharmacology of Moringa oleifera leaves: an overview.
Int. J. Mol. Sci. 16(6), 12791-12835 (2015)

M. Lee, Basic Skills in Interpreting Laboratory Data, vol. 1
(Bethesda, Maryland, 2009), pp. 259-266

. H. Nyblom, U. Berggren, J. Balldin, R. Olsson, High AST/ALT

ratio may indicate advanced alcoholic liver disease rather than
heavy drinking. Alcohol Alcohol. 39(4), 336-339 (2004)

T. Nageh, R.A. Sherwood, B.M. Harris, J.A. Byrne, M.R.
Thomas, Cardiac troponin T and I and creatine kinase-MB as
markers of myocardial injury and predictors of outcome follow-
ing percutaneous coronary intervention. Int. J. Cardiol. 92(2-3),
285-293 (2003)

S. Greenhough, D.C. Hay, Stem cell-based toxicity screening:
recent advances in hepatocyte generation. Pharm. Med. 26(2),
85-89 (2012)

E. Madrigal-Santillan, E. Madrigal-Bujaidar, I. Alvarez-
Gonzélez, M.T. Sumaya- Martinez, J. Gutiérrez-Salinas, M.
Bautista, A Morales-Gonzélez,, J.L. Aguilar-Faisal, y Gonzélez-
Rubio M.G.-L., Morales-Gonzalez J.A., Review of natural
products with hepatoprotective effects. World J. Gastroenterol.
20(40), 14787-14804 (2014)

E.P. Kumar, A.D. Kumar, S. Parasuraman, V.R. Rajan, S.F.
Emerson, Hepatoprotective activity of Clearliv a polyherbal for-
mulation in Wistar rats. Arch. Med. Health Sci. 1(2), 120-125
(2013)

Y.J. Kim, M.S. Choi, Y.B. Park, S.R. Kim, M.K. Lee, U.J. Jung,
Garcinia cambogia attenuates diet-induced adiposity but exac-
erbates hepatic collagen accumulation and inflammation. World
J. Gastroenterol. 19(29), 4689-4701 (2013)

Association of Official Analytical Chemists, Official Methods
of Analysis of the Association of Official Analytical Chemists,
13th edn. (AOAC, Arlington, 1990), pp. 233-234

R.A. Day, A.L. Underwood, Quantitative Analysis, Sth edn. (Pren-
tice Hall Publication, Upper Saddle River, 1986), p. 701

J.B. Harborne, Phytochemical Methods: A Guide to Modern Tech-
niques of Plant Analysis, (Chapman and Hall, London, 1973),
pp- 185-188

P.G. Waterman, S. Mole, (Analysis of Phenolic Plant Metabolites
(Ecological Methods and Concept), vol. 1 (Blackwell Scientific,
Oxford,, 1994), p. 238

A. Meda, C.E. Lamien, M. Romito, J. Millogo, O.G. Nacoulma,
Determination of the total phenolic, flavonoid and proline contents
in Burkina Fasan honey, as well as their radical scavenging activ-
ity. Food Chem. 91, 571-577 (2005)

M. Oyaizu, Studies on products of browning reaction: antioxida-
tive activities of products of browning reaction prepared from
glucosamine. Jpn. J. Nutr. Diet. 44, 307-315 (1986)

B. Halliwell, J.M.C. Gutteridge, Formation of thiobarbituric acid-
reactive substance from deoxyribose in the presence of iron salts:
the role of superoxide and hydroxyl radicals. FEBS Lett. 128,
347-352 (1981)

A. Donkor, C. Kuranchiea, P. Osei-Fosua, S. Nyarkoa, L.
Doamekpora, Assessment of essential minerals and toxic trace
metals in popularly consumed tea products in Ghana, a prelimi-
nary study. RICES 3(1), 49-55 (2015)

R.K. Murray, D.K. Granner, P.A. Mayes, V.W. Rodwell, Harp-
er’s Biochemistry, 25th edn. (The MCGraw—Hill Companies,
New York, 2000)

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

C.M. Tanase, P. Griffin, K.G. Koski, M.J. Cooper, K.A. Cock-
ell, Sodium and potassium in composite food samples from the
Canadian total diet study. J. Food Comp. Anal. 24, 237-243
(2011)

LE. Akubugwo, N.A. Obasi, G.C. Chinyere, A.E. Ugbogu, Nutri-
tional and chemical value of Amaranthus hybridus L. leaves from
Afikpo. Niger. Afr. J. Biotechnol. 6(24), 2833-2839 (2007)
V.W. Hays, M.J. Swenson, Minerals and Bones. Dukes’ Physiol-
ogy of Domestic Animals, 10th edn. (Cornell University Press,
London, 1985), pp. 449-466

G.R.K. Naidu, H.O. Denschlag, E. Mauerhofer, N. Porte, T. Balaji,
Determination of macro, micro nutrient and trace element con-
centrations in Indian medicinal plants using instrumental neutron
activation analysis and atomic absorption spectroscopy tech-
niques. Appl. Radiat. Isot. 50, 947-953 (1999)

J.T. Barminas, M. Charles, D. Emmanuel, Mineral composition
of non-conventional leafy vegetables. Plant Foods Hum. Nutr.
53, 29-36 (1998)

R.K. Chandra, Micronutrients and immune functions: an over-
view. N. Y. Acad. Sci. 587, 916-923 (1990)

K.L. Beck, C.A. Conlon, R. Kruger, J. Coad, Dietary deter-
minants of and possible solutions to iron deficiency for young
women living in industrialized countries: a review. Nutrients
6(9), 3747-3776 (2014)

V.K. Malhotra, Biochemistry for Students, 10th edn (Jaypee
Brothers Medical Publishers (P) Ltd, New Delhi, 1998)

J.A. Duke, M.J. Bogenschutz-Godwin, J. duCellier, P.A. Duke,
Handbook of Medicinal Herbs (CRC Press, Inc., Boca Raton,
2002), p. 936

A. Aberoumand, S.S. Deokule, Determination of elements pro-
file of some wild edible plants. Food Anal. Methods 2, 116-119
(2009)

H.C. Schonfeldt, B. Pretorius, The nutrient content of five tradi-
tional South African dark green leafy vegetables—a preliminary
study. J. Food Comp. Anal. 24(8), 1141-1146 (2011)

M.M. Ozcan, M.Akbulut, Estimation of minerals, nitrate and
nitrite contents of medicinal and aromatic plants used as spices,
condiments and herbal tea. Food Chem. 106(2), 852—-858 (2008)
M. Ali, M.N. Shuja, M. Zahoor, I. Qadri, Phytic acid: how far have
we come? Afr. J. Biotechnol. 9(11), 1551-1554 (2010)

G. Wu, S.K. Johnson, J.F. Bornman, S.J. Bennett, V. Singh, A.
Simic, Z. Fang, Effects of genotype and growth temperature on
the contents of tannin, phytate and in vitro iron availability of
sorghum grains. PLoS ONE 11(2), e0148712 (2016)

A. Aberoumand, Screening of phytochemical compounds and
toxic proteinaceous protease inhibitor in some lesser-known food
based plants and their effects and potentialapplications in food.
Int. J. Food Sci. Nutr. Eng. 2(3), 16-20 (2012)

S.M. Al Hasan, M. Hassan, S. Saha, M. Islam, M. Billah, S. Islam,
Dietary phytate intake inhibits the bioavailability of iron and cal-
cium in the diets of pregnant women in rural Bangladesh: a cross-
sectional study. BMC Nutr. 2(1), 110 (2016)

J.H. Yoon, C.S. Park, J.Y. Seo, Y.S. Choi, Y.M. Ahn, Clini-
cal characteristics and prevalence of Vitamin D insufficiency
in children less than two years of age. Korean J. Pediatr. 54,
298-303 (2011)

P.P. Ray, J. Jarret, K.F. Knowlton, Effect of dietary phytate
on phosphorus digestibility in dairy cows. J. Dairy Sci. 96(2),
1156-1163 (2013)

H.G. Preuss, Bean amylase inhibitor and other carbohydrate
absorption blockers: effects on diabesity and general health. J.
Am. Coll. Nutr. 28(3), 266-276 (2009)

T.H. Ganatra, U.H. Joshi, P.N. Bhalodia, T.R. Desai, P.R. Tirgar,
A panoramic view on pharmacognostic, pharmacological, nutri-
tional, therapeutic and prophylactic values of Moringa oleifera
lam. IRJP 3, 1-7 (2012)



Nutraceutical values of hot water infusions of moringa leaf (Moringa oleifera) and licorice...

613

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

S.C. Noonan, G.P. Savage, Oxalate content in foods and its
effects on humans. Asia Pac. J. Clin. Nutr. 8, 64-74 (1999)
S.L. Fitzgerald, R.S. Gibson, J. Quan de Serrano, L. Por-
tocarrero, A. Vasquez, E. Zepeda, C.Y. Lopez-Palacios, L.
U.Thompson, A.M. Stephen, N.W. Solomons, Trace element
intakes and dietary phytate/Zn and Ca X phytate/Zn millimolar
ratios of periurban Guatemalan women during the third trimes-
ter of pregnancy. Am. J. Clin. Nutr. 57(2), 195-201 (1993)
H.F. Gemede, N. Ratta, Antinutritional factors in plant foods:
potential health benefits and adverse effects. IINFS 3(4), 284-289
(2014)

C. Frontela, F.J. Garcia-Alonso, G. Ros, C. Martinez, Phytic acid
and inositol phosphates in raw flours and infant cereals: the effect
of processing. J. Food Comp. Anal. 21, 343-350 (2008)

L.G. Hassan, K.J. Umar, Z. Umar, Anti-nutritive factors in Tribu-
lus terrestris (Linn) leaves and predicted calcium and zinc bio-
availability. J. Trop. Biosci. 7, 33-36 (2007)

E.C.S. Mitchikpe, R.A.M. Dossa, E.D. Ategbo, J.M.A. Van Raaij,
P.J.M. Hulshof, F.J. Kok, The supply of bioavailable iron and zinc
may be affected by phytate in Beninese children. J. Food Comp.
Anal. 21(1), 17-25 (2008)

A.A. Akindaunsi, G. Oboh, Effect of some post-harvest treatments
on the bioavailability of zinc from some selected tropical vegeta-
bles. Riv. Ital. Sostanze Grasse 76, 285-287 (1999)

F.O. Adetuyi, A.U. Osagie, A.T. Adekunle, Nutrient, antinutrient,
mineral and zinc bioavailability of okra Abelmoschus esculentus
(L) Moench variety. Am. J. Food. Nutr. 1(2), 49-54 (2011)

Y. Hong, S. Lin, Y. Jiang, M. Ashraf, Variation in contents of total
phenolics and flavonoids and antioxidant activities in the leaves
of 11 Eriobotrya species. Plant Foods Hum. Nutr. 63, 200-204
(2008)

P. Zimmermann, U. Zentgraf, The correlation between oxidative
stress and leaf senescence during plant development. Cell. Mol.
Biol. Lett. 10, 515-534 (2005)

S. Gupta, J. Prakash, Studies on Indian green leafy vegetables
for their antioxidant activity. Plant Foods Hum. Nutr. 64, 39-45
(2009)

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Anon, Glycyrrhiza glabra. Altern. Med. Rev. 10, 230-237 (2005)
Y. Dong, W. Gao, J. Zhang, B. Zuo, L. Huang, Quantification of
four active ingredients and fingerprint analysis of licorice (Gly-
cyrrhiza uralensis Fisch) after space flight by HPLC-DAD. Res.
Chem. Intermed. 38(8), 1719-1731 (2012)

S. Chanda, R. Dave, In vitro models for antioxidant activity evalu-
ation and some medicinal plants possessing antioxidant proper-
ties: an overview. Afr. J. Microbiol. Res. 3, 981-996 (2009)

P. Jayanthi, P. Lalitha, Reducing power of the solvent extracts of
Eichhornia crassipes (Mart.) solms. Int. J. Pharm. Pharm. Sci.
3(3), 126-128 (2011)

F. Anwar, S. Latif, M. Ashraf, A.H. Gilani, Moringa oleifera: a
food plant with multiple medicinal uses. Phytother. Res. 21, 17-25
(2007)

T. Siatka, M. Ka§parova, Seasonal variation in total phenolic and
flavonoid contents and DPPH scavenging activity of Bellis peren-
nis L. flowers. Molecules 15, 9450-9461 (2010)

H. Rehman, M. Alj, F. Atif, M. Kaur, K. Bhatia, S. Raisuddin, The
modulatory effect of deltamethrin on antioxidants in mice. Clin.
Chim. Acta. 369(1), 61-65 (2006)

M. Saravanan, K.U. Devi, A. Malarivizhi, M. Remesh, Effects
of Ibuprofen on haematlogical, biochemical and enzymological
parameters of blood in an Indian major carp, Cirrhinus mrigala.
Environ. Toxicol. Pharmacol. 34(1), 14-22 (2012)

S. Lavanaya, M. Ramesh, C. Kavitha, A. Malarvizhi, Haemato-
logical, biochemical and ion regulatory response of Indian major
carp Carta catla during chronic sublethal exposure to inorganic
arsenic. Chemosphere 82(7), 977-985 (2011)

E. Obi, O.E. Orisakwe, L.A. Asomugha, O.0. Udemezue, V.N.
Orish, The hepatotoxic effect of halofantrine in guinea pigs.
Indian J. Pharmacol. 36(5), 303-305 (2004)

C.O. Ibegbulem, P.C. Chikezie, E.C. Dike, Functional assessments
and histopathology of hepatic and renal tissues of Wistar rats fed
with cocoa containing diets. J. Nutr. Food Sci. (2015). https://doi.
org/10.4172/2155-9600

@ Springer


https://doi.org/10.4172/2155-9600
https://doi.org/10.4172/2155-9600

	Nutraceutical values of hot water infusions of moringa leaf (Moringa oleifera) and licorice root (Glycyrrhiza glabra) and their effects on liver biomarkers in Wistar rats
	Abstract
	Introduction
	Materials and methods
	Sample collection

	Methods
	Sample treatments and preparation
	Mineral analysis
	Anti-nutrient assays
	Antioxidant indices
	In vivo analyses
	Animals

	Mortality study
	Treatment groups
	Dietarybiochemical study
	Statistical analysis

	Results and discussion
	Mineral analysis
	Anti-nutrient composition
	Mineral bioavailability
	Antioxidant indices
	Liver function test and histopathological evaluation

	Conclusion
	References


