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Abstract

Obesity is a public health problem due to its increasing prevalence and the complications it causes. e aim of this study
was to formulate herbal teas based on a mixture of three oyster mushroom species combined with ginger or lemongrass and
to assess their anti-obesity properties in vitro. Firstly, individual herbal teas of mixtures of mushrooms, lemongrass and gin-
ger were prepared by infusing 3 g of dry matter in 150 ml of water, in order to assess their antioxidant (FRAP and DPPH
tests), , digestive enzyme (pancreatic α-amylase, α-glucosidase and pancreatic lipase) and
tory activities in vitro. Secondly, in order to optimise the properties of the mushroom teas, formulations combining mush-
rooms  with  ginger  or  lemongrass  were  developed  using  random  mixing,  with  the  proportion  of  mushrooms  varying  be-
tween 70 and 80%. e parameters previously assessed were repeated. e results showed that, among the individual teas,
the ginger and lemongrass teas were the most active, with the exception of the lipase inhibition test, where the mushroom
tea was the most active. Ten herbal teas were developed, including e made from mushrooms and ginger (G1-G5) and
others from mushrooms and lemongrass (C1-C5). All Ten herbal teas exceeded the y of mushroom-based teas alone.
Moreover, the best formulations for each group were C1 (2.1 g mushrooms + 0.9 g ginger) and G1 (2.1 g mushrooms + 0.9 g le-
mongrass), with C1 showing higher levels of activity than G1 and sometimes comparable or even higher than the standards.
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Introduction

Obesity is a public health problem, resulting in the
abnormal  and  excessive  accumulation  of  fat  in  the  body,
which can damage health [1]. Obesity is a pathology result-
ing from a chronic imbalance between calorie intake and en-
ergy expenditure, where excess energy is stored in the form
of  triglycerides  in  adipose  tissue.  According  to  the  WHO,
more than 1.9 billion adults were overweight, of whom 650
million  were  obese,  representing  13%  of  the  world's  adult
population; this rate is projected to rise to 20% by 2025 [2].
In  Cameroon,  the  prevalence  of  obesity  rose  from 5.6% in
2005  to  9.6%  in  2016  [3]. s  growing  prevalence  high-
lights awareness of the true scale of this epidemic. Obesity is
caused  by  a  number  of  factors,  including  a  sedentary
lifestyle  and  the  consumption  of  high-calorie  foods  (foods
rich in sugars and fats), which are primary contributors, ge-
netic factors, the use of certain drugs, insulin resistance and
oxidative stress [4].

Given its complexity and complications, obesity is
of  particular  interest  because,  if  le  untreated,  it  leads to a
succession  of  metabolic  disorders  resulting  in  the  onset  of
numerous pathologies such as diabetes, hypertension, hyper-
lipidaemia,  cardiovascular  disease,  gout,  respiratory  genes,
cancer, arthritis and infertility [1,2].

In addition, the WHO recommends weight reduc-
tion  as  a  treatment  for  obesity,  by  reducing  energy  intake
through  a  healthy,  balanced  diet  and  physical  activity  [2].
Furthermore,  because  of  the  metabolic  disorders  it  causes,
notably  hyperglycaemia,  hyperlipidaemia,  oxidative  stress,

n  and  many  others,  several  therapeutic  targets
need to be addressed in the treatment of obesity, namely the
use of antioxidants, digestive enzyme inhibitors,
matories and satiety inhibitors [1]. e use of antioxidants
could reduce the oxidative stress induced by obesity. Similar-
ly, inhibitors of digestive enzymes (alpha amylase, alpha glu-
cosidase and lipase) are thought to reduce intestinal absorp-
tion of nutrients (glucose, fatty acids and glycerol),  leading
to a reduction in weight. s inhibit the ac-
tion of y mediators and enzymes involved
in adipose tissue n and oxidative stress.  Satiety
inhibitors, on the other hand, are thought to reduce food in-
take  [1,5]. e t  therapeutic  targets  have  already

been demonstrated in several  functional  foods,  which have
the  advantage  of  being  available  to  most  of  the  population

Hence  the  search  for  oyster  mushrooms,  namely:

Pleurotus , Pleurotus sajor-cajou, Pleurotus pulmo-
narius, the rhizomes of Zingiber e  (ginger) and the

leaves of Cymbopogon citratus  (lemongrass),  which stand
out for their wealth of bioactive metabolites (polyphenols,

, tannins, glycosides, anthocyanins, etc.) and their
established therapeutic properties [6-8]. Several studies on
oyster mushrooms have demonstrated their antioxidant, an-
ti-diabetic, antihypertensive, hepatorotective and renopro-
tective properties [9-11]. It has also been reported that le-
mongrass and ginger possess antioxidant, -
ry and digestive enzyme inhibitory properties in vitro and
are used in vivo in the management of numerous metabolic

diseases such as diabetes, obesity and many others [7,12].

In addition to being functional foods, oyster mush-
rooms, ginger and lemongrass r nutritional composition
suitable for a low-calorie diet.

In traditional medicine, functional foods are gener-
ally  consumed  in  the  form  of  herbal  teas.  Herbal  teas  are

d as drinks obtained by decoction, infusion or macera-
tion of plant material in cold or hot water. y have the ad-
vantage of being easy to prepare and e in extracting
bioactive compounds quickly and easily [13].

Nevertheless,  the  use  of  mushroom  teas  in  the
t against obesity remain largely unknown to the general

public, unlike ginger or lemongrass herbal teas.

Previous work from which this study was derived

showed that  the  mixture  of  mushrooms (Pleurotus  -

danus, Pleurotus sajor-cajou, Pleurotus pulmonarius) at a ra-
tio of 1:1:1 possessed greater antioxidant and digestive en-
zyme inhibiting activity than the mushrooms taken individ-
ually [10,14]. In addition, the addition of 3 % lemongrass to
this mixture of mushrooms via a herbal tea increased the an-
tioxidant activity of the latter and, , the aqueous ex-
tracts of ginger and lemongrass had an antioxidant activity
superior to that of the mushrooms.

In view of the above, and with a view to boosting
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the activities  of  mushroom teas  and using them to combat
obesity, the aim of this study was to formulate teas based on
a  mixture  of  oyster  mushrooms  supplemented  with  ginger
or lemongrass and to assess their anti-obesity s in vit-
ro.

Materials and Methods

Plant Material

e fresh mushrooms Pleurotus s, Pleuro-

tus sajor-cajou and Pleurotus pulmonarius were harvested in
Douala at the mushroom farm of the Faculty of Sciences of

the University of Douala. e rhizomes of Zingiber -

nale (ginger) of the yellow variety and the leaves of Cymbo-

pogon citratus (lemongrass) were collected from a farm at

Missoke in the town of Douala (Littoral Cameroon), known
for its rigorous production practices and whose products
are regularly sold on the local market.

Cleaning, Drying and Grinding

e fresh mushrooms, ginger rhizomes and lemon-
grass  leaves  were  cleaned,  cut  up  and  dried  in  an  oven
(BLINDER  brand)  at  35 °C  for  72  hours. y  were  then
ground  in  a  blender  to  obtain e  powders. e  powders

from the three mushrooms were mixed in a 1:1:1 ratio (Pleu-

rotus s, Pleurotus sajor-cajou and Pleurotus pulmo-
narius). Subsequently, the powder mixtures of three mush-
rooms, ginger and lemongrass were stored individually in
dry glass jars kept in the dark for further testing.

Before the herbal teas were formulated, individual
mushroom, lemongrass and ginger teas were prepared in or-
der  to  evaluate  their s  on certain  anti-obesity  physio-

logical aspects in vitro.

Preparation  of  Mixed  Mushroom,  Lemongrass  and
Ginger  Herbal  Teas  and  Evaluation  of  their
on some Anti-obesity Physiological Aspects

To  do  this,  3  g  of  mixed  oyster  mushroom  pow-
ders,  lemongrass  powders  and  ginger  powders  were  pack-
aged in teabags  and percolated in  150 mL of  hot  water  for
15  minutes. e  three  herbal  teas  were  then  subjected  to
quantitative  phytochemical  screening  (polyphenols,

s  and  tannins),  antioxidant  tests  (DPPH  and
FRAP),  digestive  enzyme inhibition  tests  (pancreatic  alpha
amylase, alpha glucosidase and pancreatic lipase) and the an-

y test by assessing the inhibition of egg albu-
min denaturation.

Quantitative Phytochemical Screening

Determination of Polyphenols

e  total  phenolic  content  was  estimated  by  col-
orimetry  using  the  Folin-Ciocalteu  procedure  and  gallic
acid as the reference molecule. , from the extracts, a 1
mg/ml  aqueous  solution  was  prepared  for  this  analysis,
while the reaction mixtures were prepared by taking 0.5 ml
of  the  extract  solution,  2.5  ml  of  the  10%  Folin-Ciocalteu
test  agent  dissolved  in  water  and  2.5  ml  of  the  7.5%
NaHCO3

for 45 minutes. e absorbance was obtained using a spec-
trophotometer  at  a  wavelength  of  765  nm. e  same
method was repeated for gallic acid and then the required
calibration  curve  was  constructed. e  results  were  ex-
pressed as gallic acid equivalent per mg extract (GAEq/mg)
for each sample [15].

Flavonoid Assay

Flavonoids were assayed using a calibration curve
for quercetin, the reference molecule. A stock solution with
a concentration of 100 mg/ml was prepared and then dilut-
ed  to  concentrations  of  10,  30,  40,  50,  70  and  100  mg/ml.
Subsequently, 1 ml of each solution was mixed with 0.3 ml
of 10% AlCl3 solution, 1 ml of distilled water, 1 ml of 2 M
NaOH and 0.3 ml of NaNO2. e prepared samples were
incubated for 30 minutes at room temperature. e colori-
metric absorbance values obtained were estimated using a
UV-visible spectrophotometer at a wavelength of 510 nm.

r  obtaining  the  calibration  curve  for  quercetin,  the
d  content  of  our  extracts  was  expressed  as  mg

quercetin  equivalent  per  gram  of r  extract  (mg
QUE/g) [15].

Determination of Tannins

Condensed  tannins  were  determined  using  the

vanillin  acid  method described  by  [16].  s  method is
based on the ability of vanillin to react with condensed tan-
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nin units in the presence of acid to produce a coloured com-
plex. e reactivity of vanillin with tannins involves only
the t polymer unit. For this assay, 400 µl of each stock so-
lution was mixed with 3 ml of 4% vanillin solution and 1500
µl of hydrochloric acid (HCl). A blank was prepared by re-
placing the reagent with the water-acid mixture. e tubes
were kept at 30 °C for twenty minutes in a dark room. Absor-
bance was measured at  500 nm. Condensed tannin levels
were determined by a calibration or linear calibration curve
plotted using precise concentrations of catechin as the refer-
ence substance. e results are calculated according to the
equation: C = (c ×D/Ci) ×100; and expressed in milligrams
of gallic acid equivalent per 100 milligrams of dry extract
(mgEC/100mg). C = Concentration of condensed tannins
in mg EAG/100 mg dry extract; c = Concentration of the
sample read; D = Dilution factor; Ci = Concentration of the
initial solution.

Evaluation of the Antioxidant Activity of Individual
Herbal Teas of a Mixture of Oyster Mushrooms, Gin-
ger and Lemongrass

Evaluation  of  the  Anti-free  Radical  Activity  of
DPPH  (2.2-diphenyl-1-picrylhydrazyl)

1 ml of DPPH solution (concentration 0.11
mg/ml)  prepared in  absolute  methanol  was  added to  50
of extract at concentrations of 1.25, 2.5, 5, 10 and 20 mg/dl.
Ascorbic acid prepared in the same concentrations as the ex-
tracts  was used as the standard.  Absorbance was measured
at  517 nm r incubating the  solutions  for  30  minutes  in
the  dark. e  control  was  the  DPPH  solution  without  the
antioxidant. e  percentage  of  trapping  was  calculated  ac-
cording to the following equation:

% entrapment= [(A1 - A2) / A1] x 100. Where: A 1:
absorbance of the control (DPPH solution without extract).
A2: absorbance in the presence of extract [16].

Iron Reducing Power (FRAP)

e  reducing  power  of  the  herbal  teas  was  deter-

mined using the method of [16].  To each test tube contain-
ing 0.1 ml of sample solution (herbal tea or vitamin C) pre-
pared at concentrations of 1.25, 2.5, 5, 10, 20 mg/ml, were add-

ed 2 ml of distilled water followed by 2 ml of potassium hex-

acyanoferrate [K3Fe (CN)6] (10g/l). e mixture was incu-
bated in a water bath at 50°C for 30 minutes. A volume of 2
ml of trichloroacetic acid (100 g/l) was then added and the
mixture was centrifuged at 3000 rpm for 10 minutes. r
centrifugation,  2 ml of  the supernatant was collected and
mixed with 2 ml distilled water and 0.4 ml ferric chloride [Fe-
Cl3

Evaluation  of  the  Inhibition  of  Digestive  Enzymes
by  Individual  Teas  of  a  Mixture  of  Oyster  Mush-
rooms,  Ginger  and  Lemongrass

Pancreatic Alpha Amylase

e protocol used is that of [17], with some minor

.  In test tubes, 100 µl aliquots of extract and
acarbose prepared at concentrations of 1.25, 2.5, 5, 10 and
20 mg/dl were added to the reaction medium; the reaction
medium being a mixture of 20 µl enzyme (30 µg/ml) and
1380 µl tris-HCl r pH 6.8. e mixture was then prein-
cubated at 30 oC for 20 min. e reaction was then initiated
by adding 100 µl of starch (1%) solution. r 20 min of in-
cubation, the enzymatic reaction was stopped by adding 2
ml  of d  iodine,  and  the  absorbance  was  read  at
500 nm. e percentage inhibition was calculated using the
following formula:

%  inhibition  of  α-amylase  =  (AControl  -  ASam-

ple) / AControl x100.

Alpha Glucosidase

e  protocol  followed  was  that  of  [42]  but  with
some minor ;  the  reaction  medium consisted
of:  20 L  of  extract  solution  (sample)  or  acarbose  solution
(positive control) or phosphate r solution (control: to-
tal enzyme activity without inhibitor); 10 L of enzyme solu-
tion in all tubes; 20 L of substrate solution (1 mM pNPG)
in all tubes except the blank where substrate solution is re-
placed by phosphate ; 50 L of phosphate r solu-
tion (50 mM, pH 6.8) is added to all tubes. e tubes were
incubated at 37° C for 40 min, r which the reaction was
stopped by adding 50 L of Na2CO3 (0.1 M). Finally, the ab-
sorbance of the para-nitrophenol released was measured us-
ing a spectrophotometer at 405 nm. e percentage inhibi-
tion was calculated using the following formula:
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% inhibition of α-glucosidase = (AControl - A Sample) /
AControl x100.

Pancreatic lipase

e method mentioned in [18]  study was slightly
. In a 280 µL reaction system, 180 µL of pH 7.2

phosphate , 40 µL of sample and 20 µL of 10 mM p-
NPP (p-nitrophenyl  palmitate)  were added in succession

and incubated at 37 C for 10 min, and then 40 µL of 10
mg/mL pancrelipase solution was added, fully mixed and in-

cubated at 37 C for 15 min, followed by the immediate ad-
dition of 200 µL of absolute alcohol to terminate the reac-

tion. e mixture was centrifuged at 10,000 × g for 2 min,
and the supernatant was taken. e absorbance was mea-
sured at a wavelength of 405 nm by a spectrophotometer
and recorded as B1. e sample was replaced with phos-
phate r as the sample blank control and recorded as
B0. e sample without inhibitors was taken to measure in-
hibitor-free activity, denoted A1; the corresponding nega-
tive control without enzyme was used as a negative control
without inhibitor, denoted A0. Orlistat was used as a posi-
tive control.

Lipase activity inhibition (%) = (1 - (B1 - B0)/(A1 -

A0)) × 100

Evaluation of y Activity Using the
Egg Albumin Denaturation Method

A 5 mL solution consisting of 0.2 mL egg albumin,
2.8 mL phosphate d saline (PBS, pH 6.4) and 2 mL of
tea at concentrations of 1.25, 2.5, 5, 10, 20 mg/dL was pre-
pared  beforehand.  Diclofenac  was  used  as  the  reference
drug at  the  same concentrations  as  the  teas.  A double  vol-
ume of  distilled water  was used as  a  control. e  mixtures
were  incubated  at  37 ± 2° C  for  15  min  and  then  heated  to

70° C for 5 min. r cooling, absorbance’s were measured
at  660 nm  [26]. e  %  inhibition  of  protein  denaturation
was calculated using the formula:

% inhibition = 100 × [Vt/Vc-1] Vt = absorbance of
test sample; Vc = absorbance of control [19].

Formulation  of  Teas  Based  on  Mixtures  of  Oyster
Mushrooms  and  Lemongrass  and  Oyster  Mush-
rooms  and  Ginger

r analysis of the results and to boost the activi-
ties  of  the mushrooms,  formulations based on mushrooms
and ginger and those based on mushrooms and lemongrass
were produced using random mixing. e are recorded in
Tables 1 and 2 respectively. e proportion level for mush-
rooms  was  70-80%,  while  for  ginger  rhizomes  and  lemon-
grass  leaves  was  between  20-30%.  Subsequently,  3  g  of  the
various blends were packed in teabags and percolated in hot
water for 15 minutes for subsequent analysis.

Evaluation of Some in Vitro Anti-obesity Physiologi-
cal  Aspects  of  Mushroom  and  Ginger-based  Teas
and Mushroom and Lemongrass based Teas and Se-
lection of the best Teas

e tests previously carried out on these
teas  taken  individually  were  re-evaluated  on  the  teas  from
the formulations. e tests were quantitative phytochemi-
cal screening (polyphenols, s and tannins), antioxi-
dant  tests  (DPPH  and  FRAP),  digestive  enzyme  inhibition
tests (pancreatic alpha amylase, alpha glucosidase and pan-
creatic  lipase)  and the y test  by inhibiting
the denaturation of egg albumin.

Selection of the Best Teas

e  selection  of  the  best  tea  for  each  of  the  two
groups of teas from the blends (oyster mushroom teas sup-
plemented  with  ginger  and  oyster  mushroom  teas  supple-
mented with lemongrass) was made on the basis that it pre-
sented the best activity.

Statistical Analysis

Analyses  were  performed  using  SPSS  20.0
ware.  Tests  were  performed  in  triplicate.  Results  were  ex-
pressed  as  mean  ±  standard  deviation.  Duncan's  test  was
used for comparison of means. e e level was ex-
pressed at 5%.
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Table 1: Proportions of mushroom and ginger teas

Proportions per 3 g

Formulations Mushroom powder (g) (70-80%) Ginger powder (g) (20-30%)

G1 2.10 0.90

G2 2.25 0.75

G3 2.17 0.83

G4 2.40 0.60

G5 2.32 0.68
G1-G5: teas (oyster mushrooms + ginger)

Table 2: Proportions of mushroom and lemongrass teas

Proportions per 3 g

Formulations Mushroom powder (70-80%) Lemongrass powder (g) (20-30%)

C1 2.10 0.90

C2 2.25 0.75

C3 2.17 0.83

C4 2.40 0.60

C5 2.32 0.68
C1-C5: teas (oyster mushrooms + lemongrass)

Results

Evaluation  of  Some  Anti-Obesity  Physiological  As-
pects  of  Mushroom  Tea,  Lemongrass  Tea  and  Gin-
ger Tea

Phytochemical Screening

Table 3 shows the phytochemical screening of the
individual  mushroom,  lemongrass  and  ginger  teas.
table shows that the total polyphenol, d and tannin
content  of  the  mushroom  tea  was y  lower  than
that of the lemongrass and ginger teas.

Table 3: Phytochemical screening of individual mushroom, lemongrass and ginger teas

Mushroom tea Lemongrass tea Ginger tea

Total polyphenols (mgAG/g extract) 53.87 ± 4.68
a

107.60 ± 5.21
e

118.77 ± 7.85
f

Flavonoids (mgquercitin /g extract) 213.20 ± 3.0
a

756.70 ± 4.50
i

605.70 ± 3.50
h

Tannins (mgAG/g extract) 12.596 ± 0
c

17.49 ± 1.56
d

17.702 ± 1.70
d

Evaluation of Antioxidant Activity

e antioxidant activity of the various herbal teas

was assessed in vitro by DPPH and FRAP tests.

e results were expressed in terms of IC 50, which
is the minimum concentration capable of reducing 50% of
free radicals. e lower IC 50, the more e the herbal
tea. Figure 1 shows the IC50 of the t herbal teas for
the DPPH test. It can be seen that the mushroom herbal tea

DPPH Test
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had the highest IC50 (p 0.05), higher than the IC50 for vita-
min C (standard) and the individual lemongrass and ginger
herbal teas. Vitamin C showed the lowest IC50 and therefore

the highest activity (p 0.05).

FRAP Test

Figure 2 shows the IC50 of the t herbal teas
for the FRAP test. s shows that there is a t dif-

ference (p 0.05) between the t herbal teas and even
with vitamin C. Mushroom tea showed the lowest activity.
Vitamin C showed the best  reducing power with lowest
IC50.

Figure 1: IC50 of mushroom, lemongrass and ginger teas compared with vitamin C for the DPPH test
rence.

Figure 2: IC50 of mushroom, lemongrass and ginger herbal teas compared with vitamin C in the FRAP test
rence.

Digestive Enzyme Inhibition Test

Pancreatic Alpha-Amylase

Figure 3 shows the IC50 of the t herbal teas

for the alpha amylase inhibition test.  It can be seen that

mushroom tea had a y higher IC50 (p 0.05) than
acarbose, the reference drug, and the other herbal teas, gin-
ger tea and lemongrass tea. e was also no t dif-
ference between lemongrass tea and acarbose.

Figure 3: IC50 of mushroom, lemongrass and ginger teas compared with acarbose for the alpha-amylase inhibition test.
rence.

Alpha-glucosidase

e t of herbal teas on alpha glucosidase inhi-
bition  is  shown  in  Figure  4  below.  It  can  be  seen  that  the
mushroom tea showed the lowest inhibitory activity with an

IC50 equal to 15.23 mg/dl. Furthermore, there was no -

cant e (p 0.05) between ginger tea and lemongrass
tea. However, both showed lower activity than acarbose, the
reference drug.
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Figure 4: IC50 of mushroom, lemongrass and ginger teas compared with acarbose in the alpha glucosidase inhibition test.
rence.

Lipase

Figure 5 shows the IC50 of the t herbal teas
for the lipase inhibition test. It can be seen that the mush-

room tea has a y lower IC50 (p 0.05) than the gin-
ger and lemongrass teas. e mushroom tea also showed sig-

y less activity (p 0.05) than orlistat, the reference
drug.

Figure 5: IC50 of mushroom, lemongrass and ginger teas compared with orlistat in the lipase inhibition test
rence.

y Activity Using the Egg Albumin
Denaturation Method

Figure 6 shows the IC50 values of the t her-
bal teas compared with diclofenac for inhibition of egg albu-

min denaturation. It can be seen that mushroom herbal tea
showed the lowest y activity with the high-
est  IC50  at  11.390  mg/dl.  Also,  no t e

(p 0.05) was observed between ginger and diclofenac, the
reference drug.

Figure 6: IC50

rence.

Formulation of Teas

Ten  formulations  were  obtained,  including
made from mushrooms and ginger, ranging from G1 to G5,
and e  others  made  from  mushrooms  and  lemongrass,
ranging  from  C1  to  C5.

Evaluation  of  Some  Anti-Obesity  Physiological  As-
pects of the Herbal Teas Formulated

Tables  4  and  5  below  show  the  phytochemical
screening of mushroom-based teas supplemented with gin-
ger  and  mushroom-based  teas  supplemented  with  lemon-
grass  respectively.  For  the  mushroom-  and  ginger-based
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teas, G1 and G2 had the highest polyphenol content, G4 the
highest d content and G3 and G5 the highest tannin
content.

For  mushroom-based  teas  supplemented  with  le-

mongrass,  C3  and  C5  had  the  highest  polyphenol  content

these  10  herbal  teas  had y  higher  levels  of  these

metabolites (p 0.05) than the mushroom teas alone.

Table 4: Phytochemical screening of ginger-supplemented mushroom-based teas

Formulations Polyphenols (mg gallic acid/g
extract)

Flavonoids (mgquercetin/g
extract)

Tannins (mg gallic
acid/gextract)

G1 83.45 ± 0.21
d

388.2 ± 8.0
e

7.63 ± 0.76
b

G2 82.06 ± 0.32
d

313.2 ± 2.0
c

8.27 ± 0.33
b

G3 65.89 ± 3.936
b

389.2 ± 5.0
e

9.90 ± 0.95b
c

G4 69.83 ± 1.28
b

424.7 ± 11.5
f

7.84 ± 0.47
b

G5 71.11 ± 1.28
b

365.2 ± 8.0
d

10.89 ± 0.14
c

Table 5: Phytochemical screening of lemongrass-supplemented mushroom-based teas

Formulations Polyphenols (mg gallic acid/g extract) Flavonoids (mg quercetin/g
extract)

Tannins (mg gallic
acid/gextract)

C1 70.787 ± 1.59
b

531.7 ± 8.5
g

17.06 ± 1.42
d

C2 67.702 ± 5.32
b

370.2 ± 5.0
d

11.53 ± 0.14
c

C3 79.830 ± 0.213
c

320.2 ± 8.0
c

10.68 ± 1.28
c

C4 72.277 ± 1.17
b

273.2 ± 2.0
b

5.65 ± 0.66
a

C5 77.277 ± 3.19
c

289.2 ± 7.0
b

10.97 ± 0.09
c

nces.

DPPH Test

Figure  7  shows  the  inhibitory  concentration  50
(IC50): the concentration at which the antioxidants present
in the extracts inhibit 50% of the free radicals. It can be seen
that the best oyster mushroom and ginger-based herbal teas
were G1, G2 and G5, while the best oyster mushroom and le-

mongrass-based herbal tea was C1. It should be noted that
all these t formulated herbal teas had IC50 values sig-

y lower (p 0.05) than that of the mixed mushroom

herbal tea alone but y higher (p 0.05) than that
of vitamin C, the reference drug. e best oyster mushroom
tea supplemented with lemongrass C1 showed greater activi-

ty (p 0.05) than the best oyster mushroom teas supplement-
ed with ginger G1, G2 and G5.
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Figure 7:
as

FRAP Test

e IC 50  of  the t  herbal  teas  formulated
against vitamin C for the FRAP test is shown in Figure 8. It
can be seen that for the oyster mushroom and ginger teas,
the best teas were G1 and G4, while C1 and C4 were the

best oyster mushroom and lemongrass teas. e was no
t e between these best teas. All the teas

showed a high antioxidant power compared with mush-
room tea alone. Vitamin C had the lowest IC50 and therefore
a y higher reducing power than all the formula-
tions.

Figure 8: IC50

as
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Figure 9: IC50

as

Digestive  Enzyme Inhibitory  Activity  of  the
ent Formulations

50 values.

Alpha Amylase Inhibition Test

Figure 9 shows the IC50 of the various teas formu-
lated compared with acarbose for alpha-amylase inhibition.
Among the ginger-supplemented mushroom-based teas, G1
showed the best activity, similar to that of acarbose. In the
lemongrass-supplemented  mushroom-based  teas,  C1,  C2
and  C3  showed  the  best  activity, y  higher

(p 0.05) than acarbose, G1 and the individual teas.

Alpha-glucosidase Inhibition Test

e IC50 of the t formulated teas compared
with acarbose for alpha glucosidase inhibition are presented
in e 10. For mushroom-based teas supplemented with
ginger, the best teas were G1 and G5. ere was no sign -

0.05) between the mushroom and lemon-
grass teas. e showed an IC 50 y equal to those
of G1 and G5 teas. Acarbose showed the best IC50 compared

Figure 10: IC50

as
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Lipase Inhibition Test

Figure 11 shows the IC50 of the t formulated
teas compared with orlistat for lipase inhibition. In the
case  of  ginger-supplemented  mushroom-based  teas,  the
best teas were G1, G2 and G4. r IC 50 was y
lower than that of the individual teas (mushroom tea, le-
mongrass tea and ginger tea) and y higher than
that of orlistat, the reference drug. Mushroom tea supple-
mented with lemongrass C1 showed the best activity and
was similar to orlistat.

y Activity by Inhibiting the Denat-
uration  of  Egg  Albumin  by  the t  Formula-
tions

e IC50 of the t formulated teas compared
with diclofenac for inhibition of albumin denaturation are
presented in e 12.  Among the mushroom- and gin-
ger-based teas, with the exception of G4, there was no -
ence between the t teas. Teas G1, G2, G3 and G5
showed the best activity, but this was lower than the activity
of diclofenac, the reference drug. For mushroom-based teas
supplemented with lemongrass, C1, C2 and C3 showed the
best activity, similar to that of diclofenac. e teas had
lower IC50 values than ginger mushroom tea, lemongrass tea
and mushroom tea.

Figure 11: 
s

Figure 12: IC50

as
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Selection of the Best Teas

e results of these tests show that the G1 mush-
room and ginger tea (2.1 g oyster mushrooms and 0.9 g gin-
ger) and the C1 mushroom and lemongrass tea (2.1 g oyster
mushrooms and 0.9 g lemongrass) rank among the top three
teas,  with  the  best  activity  in  most  tests. ,  they  were

d  as  the  best  formulations.  Tea  C1  demonstrated
greater activity than G1.

Discussion

Herbal  teas  have  long  been  used  in  traditional
medicine to treat many diseases and abnormal physiological
conditions, such as obesity. According to modern medicine,
the main cause of obesity is excess energy intake relative to
expenditure,  accompanied  by  hyperlipidaemia,  hypergly-
caemia,  insulin  resistance,  lipid  peroxidation,  chronic  in-

n  and  other  symptoms  [1,5].  It  is t  to
achieve a global t  with a single targeted therapy in the
context of obesity and other chronic diseases with multiple
metabolic  disorders  [20].  Hence,  the  aim of  this  study was
to  formulate  mushroom  teas  supplemented  with  ginger  or

lemongrass  and to  evaluate  some anti-obesity  aspects  in

vitro  through phytochemical screening, assessment of an-
tioxidant, digestive enzyme inhibitory (alpha amylase, alpha
glucosidase and pancreatic lipase) and y ac-
tivities. Initially, tests carried out on individual mushroom,
lemongrass and ginger teas showed that the mushroom teas
had lower levels of phenolic compounds, antioxidant activi-
ty, inhibition of digestive enzymes (alpha amylase and alpha
glucosidase) and y activity than the lemon-
grass and ginger teas and even the reference medicines, with
the exception of the lipase inhibition test. e e in
phenolic compounds between these three teas could be ex-
plained by their t genetic make-up, climatic factors,
stage  of  development  and  harvesting  period...  Also,  the
phenolic  compound  contents  of  ginger  and  lemongrass
were lower than those obtained respectively by [8,21]. s

e could be explained by the nature of the soils, vari-
ations in climate, the harvesting period and the growing sea-
son [22-24]. In fact, the low activity of mushroom teas com-
pared to the other two herbal teas could be explained by the
high levels of phenolic compounds in ginger and lemon-
grass herbal teas, as presented in the phytochemical screen-

ing. Furthermore, the ability of mushroom teas to inhibit li-
pase could be attributed to their composition in saponins,
which can reduce the interaction of lipase with the substrate
by aggregating with fat droplets to form micelles [25]. Mush-
rooms are also rich in chitin, which has excellent
tion properties, inhibiting pancreatic lipase [26]. In addi-
tion,  ten  formulations  were  obtained  following  random
blending, which were intended to boost the activities of the
mushroom herbal teas. Among these ten formulations, e
were based on mushrooms and ginger rhizomes (G1- G5)

C5).

Antioxidant activity was also assessed using DPPH
and FRAP tests. e  results  showed that  all  10  herbal  teas
were  more  active  than  mushroom  tea  alone. e  results

corroborate those of [27]  who showed that supplementa-

tion with 2.5% Zingiber e increased the antioxidant

capacity of Aloysia citadora herbal tea. e ability to inhibit
free radicals and the reducing power of the teas formulated
could be explained by the presence of polyphenols, in particular

atoms or electrons mainly from their A ring hydroxyls [28].

In addition, there was a t positive correlation (P 
0.01)  between polyphenol, d  and tannin  content
and antioxidant activity. e results are similar to those
of [29] who showed a positive and ant correlation be-
tween  antioxidant  activity  and  polyphenol  content. e
higher antioxidant activity of the formulated teas compared
with mushroom tea alone could be explained by the in-
creased quantity and quality of polyphenols, but also by the
presence of compounds such as gingerol from ginger, citral
from lemongrass and many others, which are known to be
powerful antioxidants [30,31]. Nevertheless, the d nce
in results between the t teas formulated could be ex-
plained by the number of free -OH groups.

With regard to inhibition of alpha-amylase activi-
ty,  the  best  mushroom-  and  ginger  based  tea,  G1,  showed
similar  activity  to  acarbose,  while  the  mushroom-  and  le-
mongrass-based teas, C1, C2 and C3, showed higher activity
than  acarbose.  For  the  inhibition  of  alpha  glucosidase,  all
the mushroom- and lemongrass-based teas (C1-C5) showed
the same activity as the G1 and G5 teas, but this was
cantly lower than that of acarbose. Pancreatic alpha amylase
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is  a  hydrolase  which  catalyses  the  breakdown  of  starch  by
acting on the α-1,4 bonds, releasing alpha dextrins and dis-
accharides.  Alpha  glucosidase  acts  by  hydrolysing  dis-
accharides  via  α-1,4  bonds  into  glucose  molecules.
two  enzymes  play  an  important  role  in  glycaemic  control
[13]. Inhibition of these two enzymes would inhibit the di-
gestion and absorption of blood glucose and could be
tive  in  reducing  postprandial  hyperglycaemia.  Reducing
postprandial hyperglycaemia prevents the absorption of glu-
cose  into  adipose  tissue,  inhibiting the  synthesis  and accu-
mulation of triacylglycerol.

e  antihyperglycaemic  capacity  of  herbal  teas
could be explained by the fact that the phenolic compounds
present in mushrooms, ginger and lemongrass, in particular

, saponins and tannins, like acarbose, could bind
competitively to the binding site of these enzymes, thus pre-
venting  the  formation  of  the  hydrogen  bond  between  the
amino acids at the enzyme binding site and the polar (-OH)
groups  in  the  carbon  chain  of  the  substrate  [32].  On  the
other hand, lemongrass contains luteolin, a powerful antihy-
perglycaemic agent that could bind non-competitively to al-
pha  glucosidase  via  hydrogen  bonds  and  Van  der  Walls
bonds, thus rearranging the structure of the enzyme [33]. In

addition, there is a t positive correlation (P 0.01)

Studies  have  also  shown that  beta  glucans  contained  in
mushrooms inhibit the activity of alpha amylase and alpha
glucosidase in vitro [34]. In addition, it should be noted that
all the best herbal teas formulated showed superior activity
to individual mushroom teas and in some cases to individu-
al ginger and lemongrass teas. e results obtained from

the formulated teas are also superior to those of [10], who
evaluated the alpha amylase inhibitory activity of aqueous
extracts from a mixture of mushrooms. e d nce in re-
sults could be explained by the supplementation of the teas
with lemongrass or ginger and by the extraction method,
which was maceration in their work and infusion in this
study.

In terms of inhibition of pancreatic lipase activity,
mushroom and lemongrass C1 herbal tea showed an
comparable to that of orlistat and superior to the best mush-
room and ginger herbal teas, as well as to the three individu-
al herbal teas. Pancreatic lipase is a glycoprotein that hydrolyses

the ester bonds of triglycerides in positions 1 and 3, re-
leasing  monoacylglycerols,  glycerol  and  fatty  acids.
absorbed fatty acids are then stored in adipose tissue. Inhibi-
tion of pancreatic lipase therefore prevents the digestion of
lipids,  reducing  postprandial  absorption  of  fatty  acids  and
their storage in the body's adipocytes, leading to a reduction
in body fat and hence weight loss [35]. e ability of the for-
mulated teas to inhibit pancreatic lipase activity could be ex-
plained  by  the  fact  that  the  polyphenols  they  contain  may
act like orlistat by binding competitively to the enzyme's ac-
tive site. In addition, there was a t positive correla-

tion (P 0.05) between inhibition of lipase activity and po-
lyphenol content. Our results are superior to those obtained

by [36] who evaluated the in vitro anti-lipase activity of tea
made in Georgia. e e  in results  could be ex-
plained by the phytochemical composition of the t
plants.

y  activity  was  assessed  by  dena-
turing  egg  albumin.  Studies  have  shown  that  albumin,  as
well as being an antioxidant, has y proper-
ties in vitro and in vivo.  It  inhibits  the production of IFN-
gamma and TNF-alpha, major y mediators
involved  in  the n  of  adipocytes  in  obesity
[37-39]. Furthermore, in obesity, albumin levels in the body
decrease.  Furthermore,  hypoalbuminemia is  thought to re-

t  the  degree  of  adiposity, n  and  even  lipo-
toxicity  [40]. ,  inhibition  of  albumin  denaturation
could inhibit n in obese subjects. e ability of
formulated  herbal  teas  to  prevent  albumin  denaturation
could be explained by the presence of phenolic compounds
such as quercetin, gallic acid and many others that could sta-
bilise the structure of albumin through hydrogen bonds and
hydrophobic interactions [41]. In addition, there is a

cant and positive correlation (P 0.05) between polyphenol

Conclusion

e ultimate aim was to formulate teas based on a
mixture of oyster mushrooms supplemented with ginger or
lemongrass  and  to  assess  their s  on  a  number  of  an-

ti-obesity physiological aspects in vitro. e results showed
that ten formulations were obtained, including ve consist-
ing  of  oyster  mushrooms  and  ginger  (G1-G5)  and e
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others of oyster mushrooms and lemongrass (C1-C5). e
best formulations for each group were G1 (2.1 g of oyster
mushrooms + 0.9 g of ginger) and C1 (2.1 g of oyster mush-
rooms + 0.9 g of lemongrass), which showed the best IC50

and therefore the best activities for antioxidant tests (DPPH
and FRAP), inhibition of digestive enzymes (alpha amylase,
alpha glucosidase, lipase) and y tests, supe-
rior to the mixture of simple oyster mushrooms. e results
demonstrated that supplementation with ginger and lemon-
grass boosted the y of our mushroom teas. Neverthe-
less, C1 tea showed the best activity in most cases compared
with G1.

e is no t of interest between authors of
this article.
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