


   OPEN ACCESS International Journal of Dairy Science

ISSN 1811-9743
DOI: 10.3923/ijds.2021.29.40

Research Article
Bioaccessibility of Encapsulated Mango Peel Phenolic Extract and
its Application in Milk Beverage
1Tamer M. El-Messery, 1Marwa M. El-Said, 1Heba H. Salama, 2Dina Mostafa Mohammed and 3Gaspar Ros

1Dairy Department, National Research Centre, Cairo, 12622, Egypt
2Department of Nutrition and Food Sciences, National Research Centre, Dokki, Cairo, 12622, Egypt
3Department of Food Science and Nutrition, Faculty of Veterinary Science, 
Regional Campus of International Excellence Campus Mare Nostrum, University of Murcia, 30100, Spain

Abstract
Background and Objective: Mango peel is an excellent source of bioactive compounds especially Phenolic Compounds (PC). Due to the
difficulty of adding the mango peel to food products as a solution we evaluated the feasibility of encapsulating a phenolic-rich extract
from mango peel (MPPE) then added to milk beverage and the therapeutic effectiveness in protecting against oxidative stress was
investigated. Materials and Methods: The characterization of MPPE microcapsules has been conducted by Scanning Electron Microscopy
(SEM) and Encapsulation Efficiency (EE). The MPPE microcapsules were added in different proportions to the milk (1, 2 and 3%),
physicochemical properties and the viscosity were evaluated during 14 days of cold storage. In vitro  simulation digestion process (oral,
gastric and intestinal phase) was evaluated for the total phenolic and flavonoid content (TPC and TFC) and antioxidant activity for both
Mango Peel Phenolic Extract (MPPE) microcapsules and milk beverage supplemented with MPPE microcapsules. The milk beverage
supplemented with microcapsules was investigated against oxidative stress using CCl4 injected rats. Results: The physicochemical
properties of the milk beverage supplemented with microcapsule were not significantly affected compared to the control sample.
Furthermore, TPC, TFC and antioxidant activity values were increased significantly (2-3 times) at the end of the simulation digestive
process for both MPPE microcapsules and milk beverage supplemented with MPPE microcapsules each individually. In vivo experiment,
the total antioxidant and catalase levels were increased and the lipid peroxide, Alanine Transaminase (ALT), Aspartate Transaminase (AST)
and Alkaline Phosphatase (ALP) activities were decreased when used milk beverage supplemented with MPPE microcapsules. Conclusion:
These results demonstrated that MPPE microcapsules rich in bioactive components can be used as a chemo-preventive agent against
oxidative stress disorders in experimental rats.
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INTRODUCTION

Milk drinks are one of the best refreshing and nutritious
beverages as well1. It is also an excellent choice for the
transport of active biomaterials such as phenols after being
extracted from their different various2,3. Functional foods are
increasing day by day because people are adopting functional
foods for health benefits and consumers are very much aware
of their health4. The flavored milk drinks are a potential food
supplement for children and adults who contain phosphorus,
calcium, iron and other essential nutrients5. It is concluded
that milk drinks are proven to be beneficial under various
conditions, such as diabetes, anemia, cancer, constipation,
eczema, support healthy skin, the common cold and kidney
swelling6. Mango (Mangifera Indica L.) is one of the most
commonly traded tropical fruits worldwide. Approximately
20% of the fruit is peel7. Mango peels are agricultural waste,
which can be used as a means of benefiting from the recycling
of agricultural waste using its extracts to support various food
products8,9. The mango peel is a source of biologically active
substances such as carotenoids, polyphenols, anthocyanins,
flavonoids and enzymes and vitamins7. The mango peel was
used as an anticancer effect because has contained
compounds with phenolic compounds and antioxidant
activity10,11. The bioactive polyphenols have biological
properties and antioxidant activity that enable them to use
potential ingredients for nutraceutical formulations12 so
increased in the food and pharmaceutical fields13.

Microencapsulation is used to increase thermal and
chemical stability and their effects against environmental
conditions such as humidity and heat. Moreover, to improve
the stability, bioavailability and preserve the health beneficial
properties of natural sources are incorporating their extracts
rich in polyphenols into polymeric matrices14. Nonetheless, the
encapsulation can improve the delivery systems, controlled
release of food ingredients and offer prolonged, this
protection also can mask its astringent flavors or strong
odours15.  Encapsulated  mango  peel  powder has
hepatoprotective, antidiabetic,  antiviral,  antitumor and
gastroprotective properties which are mentioned in many
studies16. Materials  used  for  encapsulating  bioactive
compounds include the alginate polymer (maltodextrin and
whey protein  concentrate),  which  is  biocompatible,
biodegradable and has a non-toxic nature17. Maltodextrin
(MD) has some advantages such as bland flavor, low cost,
good protection against oxidation and low viscosity.
Therefore, it is better to use MD in combination with Whey
Protein Concentrate (WPC) as surface-active biopolymers for
an effective microencapsulation18,19.

This study aims to investigate the effect of encapsulated
mango peel phenolic extract in milk beverage on the
functional and nutritional properties. As well as studying the
impact of these microcapsules on bioactive components
release during in vitro gastrointestinal simulation and the
oxidative stress in the experimental rats.

MATERIALS AND METHOD

Study area: The present study was conducted during
September 2020 at the Dairy Department, Food Industries and
Nutrition Division, National Research Centre, Egypt.

Materials: Mango (Mangifera Indica L.) was purchased from
the Egyptian local market. Maltodextrin (MD) and Whey
Protein Concentrate (WPC) (80%) were purchased from Alfasol
Co., Turkey. Fresh Full cream milk was procured from the
Animal Production Research Institute, Agriculture Research
Center, Giza, Egypt. Emulsifier mono and diglyceride 60% was
obtained from Misr for Food Additives (MISAD), Giza, Egypt.
Pectin was obtained from Sisco Research Laboratories (SRL)
Mumbai, India. Commercial grade granulated cane sugar
produced by Sugar and Integrated Industries Co. at Hawamdia
was obtained from the local market. All chemicals and solvents
were purchased from MERCK, USA.

Methods
Preparation of Mango Peel Phenolic Extract (MPPE): The
mango fruits were selected without defects, then washed with
running water and peeled. Ten gram of mango peel was
added to 200 mL of ethanol (80%) and an ultrasonic bath was
used for 20 min at room temperature. The extract was
collected  and  centrifuged  then  the filtrate was separated.
The extraction process was repeated 3 times. Ethanol was
removed using a rotary evaporator (Büchi R20, Switzerland)
and the concentrate was lyophilized using a freeze dryer
(Christ Alpha 1-2LD plus, Germany). The powder was collected
and kept at -20EC until it was used. MPPE microcapsules
formulations is illustrated in Table 1.

Polyphenols HPLC analysis: HPLC analysis was carried out
using an Agilent 1260 series. The separation was carried out
using the Eclipse C18 column (4.6×250 mm i.d., 5 µm). The
mobile phase consisted of water (A) and 0.05% trifluoroacetic
acid in acetonitrile (B) at a flow rate of 1 mL minG1. The mobile
phase was  programmed  consecutively  in  a  linear gradient
as follows: 0 min (82% A), 0-5  min  (80%  A),  5-8 min (60% A),
8-12 min (60% A), 12-15 min (85% A) and 15-16 min (82% A).
The multi-wavelength  detector was monitored at 280 nm. The
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Table 1: Mango peel phenolic extract (MPPE) microcapsules formulations
Wall materials
-----------------------------------

Formulations MD* (g) WPC* (g) MPPE* powder: Wall materials
F1 100 00 1:10
F2 100 00 1:20
F3 80 20 1:10
F4 80 20 1:20
F5 60 40 1:10
F6 60 40 1:20
*MD: Maltodextrin, WPC: Whey protein concentrate, MPPE: Mango peel phenolic
extract

injection volume was 10 µL for each of the sample solutions.
The column temperature was maintained at 35EC20.

Preparation of MPPE microcapsules: MPPE microcapsules
were  prepared   according   to   Farrag13.  Whey Protein
Concentrate (WPC) and Maltodextrin (MD) were used as wall
materials (Table 1).

Measurements of particle size distribution and zeta
potential: The particle size and zeta potential were
determined with a dynamic light scattering instrument (Nano
ZS, Malvern Instruments and Worcestershire, UK).

Encapsulation characterizations
Encapsulation Efficiency (EE): The encapsulation efficiency of
MPPE microcapsules was calculated according to Eq. 1 as
described by Ades21and Fernandes22:

TPC SPCEE 100
TPC
   

 

where, TPC is the total phenolic content and SPC is the surface
phenolic compounds

Surface  morphology  analysis:  The particle structure of
MPPE microcapsules was evaluated by Scanning Electron
Microscopy (Quanta FEG 250 SEM) (Thermo Fisher Scientific,
Oregon, USA).

Determination  of  Total Phenolic and Flavonoid Content
(TPC and TFC) and antioxidant activity: The total phenolic
content was determined according to the method of Naczk
and Shahidi23 and the results were expressed as mg of
catechin equivalent per gram. The method illustrated by
Leong and Shui24 was used to determine DPPH radical-
scavenging  activity  and the results were expressed as µmol
Trolox equivalent per gram. Total Flavonoid Content (TFC) was
measured  according  to  Djeridane25   and   the   results  were

expressed as mg Rutin equivalents per gram. Ferric Reducing
Antioxidant Power (FRAP) was evaluated as stated by Benzie
and Strain26 and the results were expressed as :mol Trolox
equivalent per gram.

Manufacture of milk beverage supplemented with MPPE
microcapsules: The milk beverage formulations were
prepared as follows:

Control : Plain milk without MPPE microcapsules
T1 : Milk+MPPE microcapsules 1% (v/w) 
T2 : Milk+MPPE microcapsules 2% (v/w)
T3 : Milk+MPPE microcapsules 3% (v/w)

Each formulation was contained sucrose 5% (w/w), pectin
0.1% (w/w) and monoglyceride 0.1% (w/w). The milk beverage
formulations were heated to 90EC per 5 min then cooled. The
mango flavor and food-grade yellow color was added (1 and
0.1%, respectively). All milk beverage formulations were
packed into sterilized bottles and stored at 5±2EC for 15 days.

Physicochemical analysis: The total solids, protein, fat and
ash were measured by using methods described by Ling27. pH
value was measured using a Jenway 3510 pH meter. The
Titratable Acidity (TA) was measured according to
Krisnaningsih28.
The viscosity of all samples has been measured using a

dynamic  viscometer  at  a  speed  of  50 rpm (Brookfield
Model-LV, Brookfield Engineering Laboratory, Stoughton,
USA).

In vitro  gastrointestinal digestion: In  vitro digestion for
each MPPE microcapsules  and milk beverage supplemented
with MPPE  microcapsules using the method of McDougall29

with some modifications. An initial pepsin/HCl digestion for 2
hrs at 37EC was followed by digestion with bile
salts/pancreatin for 2 hrs at 37EC to simulate gastric and small
intestine conditions, respectively. The simulated stomach
solution was prepared with pepsin, NaCl and pH was adjusted
to 2.0. Total 20 mL stomach solution  was  mixed  with 5 g of
encapsulated powder dispersions then incubated in a shaking
water bath for 2 hrs at 37EC at 100 rpm. Then, the mixture was
cooled down immediately and 2 mL aliquots of the Post-
Gastric (PG) digestion  were  collected.  After  the addition  of 
 4.5   mL  of 4 mg mLG1 pancreatin and 25 mg mLG1 bile salt
mixtures, a segment of cellulose dialysis tubing containing
sufficient NaOH to neutralize the titratable acidity was placed
into the beaker.  After  incubation  in  a shaking water bath for
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2 hrs at 37EC and 100 rpm, the solution in the dialysis tubing
was collected and stored at -80EC until further analysis. Before
analysis, samples were thawed and centrifuged at 18,000 rpm
for 10 min.

In   vivo  experiment:  Thirty  male  Sprague-Dawley  rats 
(150-200 gm) were maintained on a standard laboratory diet
and water for 1 week  before the experiment for
acclimatization and to ensure normal growth and behavior.
The animals were distributed and housed in individual solid
bottom cages in a temperature controlled (23 ± 10EC),
40-60% relative humidity and artificially illuminated (12 hrs
dark/light cycle) room free from any source of chemical
contamination. The basal diet is for the control groups (-ve
and +ve) added by plain milk beverage (without MPPE
microcapsules) and the other groups fed on the basal diet
supplemented with milk beverage and different
concentrations of MPPE microcapsules according to Ezzat30.

Experimental design: Thirty rats were divided into 5 groups
(6 for each) where 24 rats were induced by received CCl4 in
olive oil (1:3) intragastrically (0.5 mL kgG1)  twice  a  week  for
2 weeks as follows:

C Control (-ve): Normal rats fed on the basal synthetic diet
that served as -ve control

C Control (+ve): Induced rats fed on the basal synthetic diet
and plain milk beverage every day by oral intubation for
2 weeks that served as +ve control

C Group 1: Induced rats fed on the basal synthetic diet and
T1 by oral intubation for 2 weeks

C Group 2: Induced rats fed on the basal synthetic diet and
T2 by oral intubation for 2 weeks

C Group 3: Induced rats fed on the basal synthetic diet and
T3 by oral intubation for 2 weeks

The blood samples were collected from retro-orbital
venous plexus under diethyl ether anesthesia where serum
and plasma were separated by centrifugation at 3000 rpm for
15 min and stored at -20EC to measure the biochemical
parameters.

Statistical analysis: The results of the experiments were
expressed as mean values±standard deviation for at least
three replicates. The statistical analysis of data was performed
using Minitab 18 (Minitab Ltd., Coventry, UK).

RESULTS AND DISCUSSION

Identification of phenolic and flavonoid compounds by
HPLC: The Phenolic Compounds (PC) of Mango Peel Powder
(MPP) was determined by the HPLC method (Table 2), the list
of phenolic compounds used as a standard is twelve
compounds. The highest retention time peak was Gallic acid
(3.116 min) then followed by Chlorogenic acid (3.68 min),
Catechin (4.267 min), Methyl gallate (5.049 min), Syringic acid
(5.787 min), Rutin (6.799 min), Ellagic acid (7.566 min),
Coumaric  acid (8.253 min), Ferulic acid (9.359 min),
Naringenin (9.934 min), Cinnamic acid (13.96 min) and
Kaempferol (14.419 min), respectively. The phenolic
compounds in MPP  were arrangement descending depend
on the concentration in MPP (µg gG1)  as follows: Gallic acid
3601.75, Coumaric acid 1160.41, Naringenin 1034.57, Catechin
604.28, Syringic acid 533.68, Methyl gallate 210.64, Ferulic acid
110.82, Ellagic acid 64.94, Kaempferol 60.15, Rutin 56.36,
Chlorogenic acid 40.27 and Cinnamic acid 9.37. The major PC
in MPPE was Gallic acid (3601.75 µg gG1) and these results are
in agreement with Velderrain-Rodríguez31.

Table 2: Phenolic and flavonoid compounds of mango peel phenolic extract
powder

Retention Concentration 
Phenolic compounds time (min) (µg gG1)
Gallic acid 3.116 3601.75
Coumaric acid 8.253 1160.41
Naringenin 9.934 1034.57
Catechin 4.267 604.28
Syringic acid 5.787 533.68
Methyl gallate 5.049 210.64
Ferulic acid 9.359 110.82
Ellagic acid 7.566 64.94
Kaempferol 14.419 60.15
Rutin 6.799 56.36
Chlorogenic acid 3.680 40.27
Cinnamic acid 13.96 9.37

Table 3: Characterizations of MPPE microcapsules
Particle size Zeta potential Encapsulated

Formulation** D32 (nm) (mV) Efficiency (%)
F1 202.25±9.56 -14.57±0.54 60.75±0.46
F2 215.12±25.3 -13.62±0.36 65.89±1.56
F3 303.4±35.2 -24.76±0.09 80.99±0.31
F4 300.7±25.5 -20.66±0.97 74.13±0.57
F5 382.1±15.36 -22.23±0.35 74.25±2.31
F6 336.1±23.1 -21.35±0.52 74.23±0.24
Mean values (±S.D.), (n = 3). MPPE = Mango peel phenolic extract, *F1 = MPPE
powder: wall materials (MD 100%) 1:10, F2 = MPPE powder: wall materials (MD
100%) 1:20, F3 = MPPE powder: wall materials (MD:WPC 80:20) 1:10, F4 = MPPE
powder: wall materials (MD:WPC 80:20) 1:20, F5 = MPPE powder: wall materials
(MD:WPC 60:40) 1:10, F6 = MPPE powder: wall materials (MD:WPC 60:40) 1:20
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Characterizations of MPPE microcapsules
Zeta potential and particle size: The magnitude of repulsion
between the particles or the charge attraction was measured
by zeta potential (Table 3). The zeta potential of MPPE
microcapsules was ranged from -13.62  to -24.76 mV. The zeta
potential of F1 and F2 were lowest compared to other
formulations  that  contained  WPC.  This  may  due to the
carboxylate  groups  of  WPC  being  the  only charged
functionalities present in its globular so, the zeta potential of
their always negative independently of pH32. The presence of
this potential helps the stability of the solution and prevents
droplet coalescence. The diameter of microcapsules varied
from 202.25 to 382.1 nm. Thus, the particle size of
formulations contained WPC (F3-F6) was 300.7 to 382.1 nm,
compared to the formulations contained MD (F1 and F2 were
202.25 and 215.12 nm, respectively) because WPC was easy to
interact with phenolic compounds and  form  a complex
which leads to the coalescing of droplets faster13. Also, using
MD as a wall material increased the viscosity of the solutions,
which was followed by an increase in the size of the particles
where the large droplets formed during atomization and
therefore, obtained large powder particles33.

Encapsulated Efficiency (EE): Through the results presented
in Table 3, it was noted  that the highest EE was observed in F3
to F6 compared to F1 and F2, where, F3 was the highest EE
(80.99%). The surface polyphenol content of capsules was
needed to calculate the encapsulation efficiency. In a high
efficient  encapsulation  process,  the  smaller  amount of
polyphenol content remains on the surface. This means that
the presence of WPC with MD improved MD efficiency as a
carrier of polyphenols constituents13.

Microcapsules morphology: The result of Fig. 1 shows the
surface morphology of spray-dried MPPE microcapsules
captured with SEM.  It could be observed that microcapsules
have irregular shapes, mostly spherical structures with small

surface indentations and wrinkles. It was found that the type
of wall materials is the most important factor which affects the
appearance of capsules. The MPPE microcapsules which
contained MD as a wall material (Fig. 1a, b) appeared mostly
spherical structure and more smooth than the used
combination of MD and WPC while images of Fig. 1c-f
appeared spherical shape and apparent cracks. This was
indicated to low in the permeability of MPPE microcapsules to
gases which provide extra protection and retention of the core
material (polyphenols). These results are in agreed with our
previous finding El-Messery34. Moreover, the variable sizes are
a typical  characteristic  of  particles  produced  by spray
drying. Similar morphological characteristics of spray-dried
microcapsules were found in previous research of Eratte35.

Physicochemical properties of milk beverage: The total
solids, protein, fat, ash, pH and acidity of supplemented milk
beverage   with   MPPE   microcapsules   during   2   weeks  of
storage are presented in Table 4. The total solids of milk
beverage samples were 16.66, 17.450, 18.540 and 19.700% for
control, T1, T2 and T3, respectively.  The protein content of milk
beverage samples was 5.550, 5.520, 5.325 and 5.575% for
control, T1, T2 and T3, respectively. The fat content of milk
beverage samples was 6.160, 6.260, 6.275 and 6.370% for
control, T1, T2 and T3, respectively. The ash content of milk
beverage samples were 0.935, 1.025, 1.145 and 1.225% for
control, T1, T2 and T3, respectively.  It is evident from the results,
the supplemented milk beverages had a higher content of
total solids, protein, fat and ash as a result of MPPE
microcapsules addition than the control sample.
It is due to the presence of WPC and MD used in the

microencapsulation process. There was no great difference in
the chemical composition of all samples after two weeks of
storage compared to 0 days. These results are in agreement
with Salama et al.36.

Thus, measuring pH values are important for the
supplemented milk beverage samples because the pH affects
the physicochemical stability. The pH values of milk beverage

Table 4: Physicochemical properties of milk beverage supplemented with MPPE microcapsules
Treatments* Storage period Total solids% Protein % Fat % Ash % pH Titratable acidity%
Control Fresh 16.66±0.11 5.550±0.13 6.16±0.04 0.935±0.04 6.055±0.06 0.185±0.07
T1 17.450±0.13 5.520±0.08 6.260±0.02 1.025±0.02 6.470±0.03 0.216±0.04
T2 18.540±0.07 5.325±0.10 6.275±0.03 1.145±0.05 6.445±0.07 0.227±0.02
T3 19.700±0.10 5.575±0.05 6.370±0.08 1.225±0.03 6.245±0.02 0.242±0.04
Control 2 Weeks 16.690±0.13 5.555±0.04 6.025±0.08 0.940±0.04 6.250±0.01 0.245±0.07
T1 17.50±0.07 5.570±0.02 6.165±0.1 1.060±0.02 6.320±0.01 0.263±0.03
T2 18.630±0.10 5.545±0.01 6.235±0.06 1.130±0.02 6.245±0.03 0.274±0.06
T3 19.575±0.04 5.605±0.04 6.285±0.02 1.240±0.07 6.045±0.05 0.295±0.06
The mean values (± S.D.), (n = 3). MPPE = Mango Peel Phenolic Extract. * Control = Plain milk without MPPE microcapsules, T1 = Milk + MPPE microcapsules 1% (v/w),
T2 = Milk+ MPPE microcapsules 2% (v/w) and T3 = Milk+ MPPE microcapsules 3% (v/w).
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Fig. 1(a-f): Surface morphology of MPPE microcapsules 
MPPE: Mango peel phenolic extract, A: MPPE powder: wall materials (MD 100%) 1:10, B: MPPE powder: wall materials (MD 100%) 1:20, C: MPPE powder:
wall materials (MD:WPC 80:20) 1:10, D: MPPE powder: wall materials (MD:WPC 80:20) 1:20, E: MPPE powder: wall materials (MD:WPC 60:40) 1:10, F: MPPE
powder: wall materials (MD:WPC 60:40) 1:20
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Fig. 2: The viscosity  of  milk  beverage supplemented with 
MPPE microcapsules

samples were 6.055, 6.470, 6.445 and 6.24 for control, T1, T2
and T3, respectively. The titratable acidity values of milk
beverage samples were 0.185, 0.216, 0.227 and 0.242% for
control,  T1,  T2 and T3, respectively.  The supplemented milk
beverages had lower  pH  values  and  higher acidity
compared to the control sample. After 2 weeks of storage, the
pH values of all samples were decreased while the acidity
concurrently increased. These results are in agreement with
Hassan et al.37.
Viscosity is an important measure of beverages and one

of the most important factors that attract the consumer and
evaluate  the  extent  of  his  acceptance.  The  result  of  Fig. 2
presented the viscosity of milk beverages containing different
concentrations of MPPE microcapsules (1, 2 and 3%).
The viscosity of milk beverage samples was 2.027, 2.50,

2.70 and 6.4 cP for control, T1, T2 and T3, respectively in 0 days
while after  15  days  of storage the viscosity was 2.40, 5.64,
8.50 and 14.47 cP for control, T1, T2 and T3, respectively.  The
viscosity of all samples whether fresh or during storage
increased dramatically as a result of the addition of MPPE
microcapsules.   This is due to an increase in the total solids (as
presented in Table 1 where MD and WPC were used as wall
materials that can bind water, which increases the viscosity of
the medium.  These results are agreed with Salama et al.36.

In vitro gastrointestinal digestion: In vitro, gastrointestinal
digestion models are useful for evaluating the biological
activity and the stability of phenolic compounds and other
endogenous factors. The stability of Polyphenols and
subsequently their bioaccessibility can be influenced by the
method of food processing, microbiota and digestive
enzymes38.

Phenolic and flavonoid compounds: The data of Table 5
showed the impact of in vitro gastrointestinal digestion
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simulation  on  TPC  and  TFC  of  MPPE microcapsules and milk 
beverage  samples.  It  is  observed that the TPC increased
strongly after the intestinal digestion phase for MPPE 
microcapsules    (2.72,   2.66,   2.81,   2.75,   2.83  and 2.78 mg
catechin gG1 for F1 to F6, respectively) and milk beverage
samples (5.13, 7.65 and 8.25 mg catechin gG1 for T1, T2 and T3,
respectively) compared to the oral phase. The previous trend 
was  observed  in  the  evaluation  of TFC which increased after 
the  intestinal  digestion  phase  for MPPE microcapsules
(12.22, 13.29, 17.08, 14.85, 15.95 and 14.87 mg Rutin gG1 for F1
to F6, respectively) and milk beverage samples (60.51, 66.93
and 64.61 mg Rutin gG1 for T1, T2 and T3, respectively)
compared to the oral phase. This is due to the short  time  that 
the  samples  stay  in  the oral phase (about 2 min), insufficient
solubility in the saliva fluid and therefore the amount released
from phenolic compounds is small39. However, the phenolic
compounds were released in a large amount in the milk
beverage samples after the intestinal phase compared to the
MPPE microcapsules. Hence, this result means that the milk
beverage samples are protected against the condition
changes of digestion such as pH variations and the type of
enzyme. These results are in agreement with our previous
study Farrg13, the effect of total phenolic compounds and
antioxidant activity in the grape were studied during in vitro
gastrointestinal digestion.

Antioxidant activity: The results of antioxidants activity in
both the DPPH and FRAP assays for MPPE microcapsules and
supplemented milk beverage during gastrointestinal digestion
are shown in Table 5. The Antioxidant Activity (AA) values
using the DPPH method in MPPE microcapsules after the
intestinal digestion phase were 1.49, 1.66, 3.66, 3.62, 3.57 and
3.64 µmol Trolox gG1 for F1-F6, respectively while The AA values
of the supplemented milk beverage samples after the
intestinal  digestion phase were 1.66, 1.67 and 1.67 :mol
Trolox gG1 for T1, T2 and T3 respectively. The FRAP values in
MPPE microcapsules after intestinal  digestion  were   5.515, 
5.01, 5.21, 4.99, 5.12 and 4.75 µmol Trolox gG1 for F1 to F6,
respectively  while  the  FRAP  values  in milk beverage
samples after intestinal digestion were 3.78, 3.42 and 3.87
µmol Trolox gG1 for T1, T2 and T3, respectively compared to the
oral phase.
It was observed that the antioxidant activity (DPPH and

FRAP) in MPPE microcapsules was higher compared to the
supplemented milk beverage during the oral, gastric and
intestinal phases. Also,  the  antioxidant  activity  of  both
MPPE microcapsules and supplemented milk beverages were
increased after the oral phase. This is could be attributed to
the high releasing  of  bioactive  compounds,  with 
scavenging properties, from the samples under the acidic

conditions of gastric digestion. Thereby, during the digestive
process, antioxidant compounds could be more reactive
particularly at acidic pH (gastric medium) than at neutral pH
(intestinal medium), which could increase with pH in other
compounds40. Furthermore, the phenolic compounds have a
chemical structure that plays a role in the free radical-
scavenging activity (DPPH) and Ferric-Reducing Antioxidant
Power (FRAP) which is mainly dependent on the position and
number of hydroxyl groups on the phenolic molecules
aromatic rings41. These results are in agreement with Correa-
Betanzo42 and Chen43, which observed increasing the DPPH
and FRAP values after the gastric phase of digestion for
blueberry extracts and fruit seeds, respectively.

In vivo experiment: The liver is considered as the
fundamental organ where detoxified toxins, drugs and
nourishments or metabolized44. It is associated with numerous
functional proteins, essential vitamins, lipids and lifesaving
antibodies creation45,46.  In this study, carbon tetrachloride was
used to incite liver dysfunction in rat model47, where it can
harm typical metabolic pathways by enacting the ROS
framework. It was noticed that there was a slight decrease in
total food intake in groups 1, 2 and 3 (439, 441 and 442 g,
respectively) and there wasn’t a massive difference in the
initial body weight (177.8, 178.5 and 176.5 g, respectively) final
body weight (196.8, 195.5 and 198.5 g, respectively) and body
weight gain (19, 17 and 22 g, respectively) compared to
animal control (+ve) (Table 6).  Also, it was observed a
decrease in food efficiency in groups 1 (0.043) and 2 (0.039)
compared to animal control (+ve) (0.049). These results are 
agreement with findingsYao48.

The lipid peroxide level was high in groups 1, 2 and 3
(80.7, 83.3  and 85.98 nmol mLG1, respectively) compared to
the animal's control (+ve) (75.17 nmol mLG1) (Table 7). This
increase  is  considered  the  important  underlying cause of
the oxidative stress initiation  related  to  various  tissue
injuries, cell death and the  progression of acute and chronic
diseases49-51. This result is in agreement with Gamal52 and
Sabina53. Also, the lipid peroxide  level  increased  in  the
animal control (+ve) compared to the normal control.  The
total antioxidant was higher in groups 1, 2 and 3 (0.83, 0.84
and 0.90 mM LG1, respectively) compared to animal control
(+ve) (0.79 mM LG1) and there wasn’t a massive difference
between the animal control (+ve) and the normal  control
(0.77 mM LG1).
The catalase level was decreased in animal control (+ve)

(15.26 U minG1) compared to the normal control while an
increase of catalase level was observed in groups 1, 2 and 3
(23.33,  25.17  and  30.21  U  minG1, respectively) compared to 
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Table 6: Effect of milk beverage supplemented with MPPE microcapsules on the body weight, body gain, total food intake and food efficiency
Group* Initial body weight (g) Final body weight (g) Body gain (g) Total food intake (g) Food efficiency
Control (-ve) 173.5±1.15 195.2±2.45 21.7±1.3 443±2.65 0.049±0.491
Group (+ve) 175.32±2.11 197±2.31 21.68±0.2 435±2.5 0.049±0.08
Group 1 177.8±1.41 196.8±2.48 19±1.07 439±1.25 0.043±0.856
Group 2 178.5±1.35 195.5±1.91 17±0.56 441±1.61 0.039±0.349
Group 3 176.5±1.41 198.5±2.11 22±0.7 442±1.61 0.049±0.435
Mean ± SE, * Control (-ve) = Normal rats fed on the basal synthetic diet that served as -ve control, Control (+ve) = Induced rats fed on the basal synthetic diet and plain
milk beverage every  day  by  oral  intubation  for 2  weeks  that  served as +ve control. Group 1 = Induced rats fed on the basal synthetic diet and T1  by oral intubation
for 2 weeks, Group 2 = Induced rats fed on the basal synthetic diet and T2 by oral intubation for 2 weeks, Group 3 = Induced rats fed on the basal synthetic diet and
T3  by oral intubation for 2 weeks

Table 7: Effect of milk beverage supplemented with MPPE microcapsules on lipid peroxide, total antioxidant, catalase, ALT, AST, ALP and creatinine
Lipid peroxide Total antioxidant Catalase Creatinine

Group** (nmol mLG1) (mM LG1) (U minG1) ALT* (U LG1) AST* (U LG1) ALP* (U LG1) (mg dLG1)
Control (-ve) 40.51±1.73 0.77±0.032 35.88±3.11 25.5±2.85 30.3±4.22 55.43±4.55 0.55±0.25
Group (+ve) 75.17±2.55 0.79±0.049 15.26±1.19 132.15±10.12 98.78±7.15 153.28±9.15 0.95±3.22
Group 1 80.7±2.71 0.83±0.032 23.33±1.08 65.28±3.1 65.24±4.23 125.29±6.23 0.69±0.07
Group 2 83.33±1.39 0.84±0.081 25.17±1.25 53.5±1.33 50.25±3.78 95.33±3.28 0.55±0.14
Group 3 85.98±1.35 0.90±0.051 30.21±1.45 44.3±1.08 40.39±3.65 64.19±2.31 0.45±0.11
Mean ± SE, *ALT = Alanine aminotransferase, AST = Aspartate aminotransferase and ALP = Alkaline phosphatase, **Control (-ve) = Normal rats fed on the basal
synthetic diet that served as -ve control. Control (+ve) = Induced rats fed on the basal synthetic diet and plain milk beverage every day by oral intubation for 2 weeks
that served as +ve control. Group 1 = Induced rats fed on the basal synthetic diet and T1  by oral intubation for 2 weeks, Group 2 = Induced rats fed on the basal synthetic
diet and T2 by oral intubation for 2 weeks, Group 3 = Induced rats fed on the basal synthetic diet and T3 by oral intubation for 2 weeks

animal control (+ve).  From the results, it is clear MPPE
microcapsules had potential protection against oxidative
stress by reestablishment  the  endogenous  antioxidants in
the tissues54. The antioxidant and anti-lipid peroxidation
properties of MPPE microcapsules could be attributed to its
constituent of flavonoids and other polyphenolics55.
Alanine   aminotransferase   (ALT),  Aspartate

aminotransferase (AST) and Alkaline phosphatase (ALP) levels
were higher in the animal control (+ve) (132.15, 98.78 and
153.28 U LG1, respectively) compared to the normal control
(25.5, 30.3 and 55.43 U LG1, respectively) while  ALT, AST and
ALP levels decreased in groups 1, 2 and 3 compared to animal
control (+ve). AST and ALT levels were decreased in the animal
control (+ve) which attributed to the damaged structural
integrity of the liver56.
Creatinine level was higher in the animal control (+ve)

(0.95 mg dLG1) compared to the normal control (0.55 mg dLG1)
while the Creatinine level was lower in groups 1, 2 and 3 (0.69,
0.55 and 0.45 mg dLG1, respectively) compared to animal
control (+ve). This may due to CCl4 which destroys the
membrane and led to massive hepatic enzyme leakage (AST,
ALT and ALP) associated with immune cell infiltration, massive
centrilobular apoptosis, ballooning degeneration and cell
death57. The reduction of elevated liver marker enzyme activity
would be beneficial for liver stability58.
The results showed the possibility of using Mango Peel

Phenolic Extract (MPPE) is a rich source of phenolic and
flavonoids compounds and antioxidants in microcapsules to
fortify a milk beverage product with them, which hadn’t an

immense effect on the chemical and physical properties.
Fortification of the milk beverage with MPPE protected them
during the simulation digestive process as well as reduced the
oxidative stress damage in the experimental rats. Moreover,
the use of this waste is an efficient strategy in developing
novel functional food, with improved quality attributes and
functional roles.

CONCLUSION

Mango peel is a by-product of the mango beverage
industry, which is a rich source of bioactive compounds. Since
these compounds are difficult to add to the food product due
to the speed of damage as well as their instability during
digestion,  the  process  of  encapsulation   is   the   optimum
solution to use it. Through the results, the MPPE microcapsules
were more  stable  during  the  digestion  process as well as
the milk beverage supplemented with these capsules. In vivo 
study, the MPPE microcapsules prevented oxidative stress and
inflammation in a rat model. Our data had shown that group
3 was the best treatment that improved the hepatic changes
produced by CCl4 administration and could be used in treating
patients who are susceptible to the oxidative stress that leads
to liver function disorders.

SIGNIFICANCE STATEMENT

This study reveals the possibility of using mango peel to
obtain bioactive compounds that have promising effects in
therapeutics.  Also,  the optimal combination of whey protein
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concentrate and maltodextrin were detected to obtain the
highest efficiency of the encapsulation process of the
bioactive compounds extracted from mango peel. By
simulating the digestion process, the amount released from
these compounds in the capsule was known at each digestion
stage (oral, gastric and intestinal). Also, it was discovered that
the milk beverage supplemented with these capsules has a
positive effect to reduce the oxidative stress in the
experimental rats. Thus, a new theory on supplemented dairy
product as therapeutic may be arrived at.

ACKNOWLEDGMENT

This paper is based upon work supported by Science,
Technology and Innovation Funding Authority (STDF) under
grant short-Term Fellowship Cycle 6 No. 25311.

REFERENCES

1. Corbo,  M.R.,  A.  Bevilacqua,  L.  Petruzzi,  F.P.  Casanova and
M. Sinigaglia, 2014.  Functional  beverages:  The emerging
side of functional foods.  Compr.  Rev.  Food  Sci.  Food Saf.,
13: 1192-1206.

2. Ivanov, G.Y. and M.R. Dimitrova, 2019. Functional yogurt
fortified with phenolic compounds extracted from strawberry
press residues and fermented with probiotic lactic acid
bacteria. Pak. J. Nutr., 18: 530-537.

3. Salama, H., M. Elsaid, S.A. Hamid, S. Abozed and M. Mounier,
2020. Effect of  fortification  with sage loaded liposomes on
the chemical, physical, microbiological properties and
cytotoxicity of yoghurt. Egypt. J. Chem., 63: 3879-3890.

4. Singh, V.P., V. Pathak and K.V. Akhilesh, 2012. Modified or
enriched eggs: A smart approach in egg industry: A review.
Am. J. Food Technol., 7: 266-277.

5. Johnson, R.K., C. Frary and M.Q. Wang, 2002. The nutritional
consequences of flavored-milk consumption by school-aged
children and adolescents in the United States. J. Am. Diet
Assoc., 102: 853-856.

6. Finley, J.W., 2005. Proposed criteria for assessing the efficacy
of cancer reduction by plant foods enriched in carotenoids,
glucosinolates, polyphenols and selenocompounds. Ann. Bot.,
95: 1075-1096.

7. Ajila, C.M., K.A. Naidu, S.G. Bhat and U.J.S. Prasada Rao, 2007.
Bioactive compounds and antioxidant potential of mango
peel extract. Food Chem., 105: 982-988.

8. Jimenez-Lopez, C., M. Fraga-Corral, M. Carpena, P. García-
Oliveira  and  J.  Echave  et  al.,  2020.  Agriculture waste
valorisation as a source of antioxidant phenolic compounds
within a circular and sustainable bioeconomy. Food Funct.,
11: 4853-4877.

9. Campos, D.A., R. Gómez-García, A.A. Vilas-Boas, A.R. Madureira
and  M.M.  Pintado,  2020.  Management  of  fruit  industrial
by-products-A case study on circular economy approach.
Molecules, Vol. 25. 10.3390/molecules25020320.

10. Ajila, C.M. and U.P. Rao, 2013. Mango peel dietary fibre:
Composition and associated bound phenolics. J. Funct. Foods,
5: 444-450.

11. Kim,  H.,  J.Y.  Moon,  H.  Kim,  D.S.  Lee  and  H.  Cho et al.,
2010.  Antioxidant   and   antiproliferative   activities  of
mango  (Mangifera  indica  L.) flesh and peel. Food Chem.,
121: 429-436.

12. Macías-Cortés, E., J.A. Gallegos-Infante, N.E. Rocha-Guzmán,
M.R. Moreno-Jiménez, L. Medina-Torres and R.F. González-
Laredo, 2020. Microencapsulation of phenolic compounds:
Technologies and novel polymers. Revista Mexicana De
IngenieríaQuímica, 19: 491-521.

13. Farrag, A., T.M. El-Messery, M.M. El-Said, T.N. Soliman and
H.M.F. El-Din, 2018. Microencapsulation of grape phenolic
compounds using whey proteins as a carrier vehicle. J. Biol.
Sci., 18: 373-380.

14. El-Messery,    T.M.,     M.M.      El-Said,      E.      Demircan    and
B. Ozu00e7elik, 2019. Microencapsulation of natural
polyphenolic compounds extracted from apple peel and its
application in yoghurt. Acta Sci. Polonorum Technol. Aliment.,
18: 25-34.

15. Rezaei, A., M. Fathi and S.M. Jafari, 2019. Nanoencapsulation
of  hydrophobic  and  low-soluble  food  bioactive
compounds  within  different  nanocarriers. Food
Hydrocolloids, 88: 146-162.

16. Prasad, S., N. Kalra, M. Singh and Y. Shukla, 2008. Protective
effects of lupeol and mango extract against androgen
induced oxidative stress in Swiss albino mice. Asian J. Androl.,
10: 313-318.

17. Nikoo,  A.M.,  R.  Kadkhodaee,  B.   Ghorani,   H.   Razzaq  and
N. Tucker, 2018. Electrospray-assisted encapsulation of
caffeine in alginate microhydrogels. Int. J. Biol. Macromol.,
116: 208-216.

18. Hogan, S.A., B.F. McNamee, E.D. O-Riordan and M. O-Sullivan,
2001. Emulsification   and   microencapsulation  properties of
sodium    caseinate/carbohydrate    blends.    Int.    Dairy   J.,
11: 137-144.

19. Bule, M.V., R.S. Singhal and J.F. Kennedy, 2010.
Microencapsulation  of  ubiquinone-10  in carbohydrate
matrices   for    improved     stability.      Carbohydr.   Polym.,
82: 1290-1296.

20. Tian, S., K. Nakamura and H. Kayahara, 2004. Analysis of
phenolic compounds in white rice brown rice and germinated
brown rice. J. Agric. Food Chem., 52: 4808-4813.

21. Ades, H., E. Kesselman, Y. Ungar and E. Shimoni, 2012.
Complexation with starch for encapsulation and controlled
release of menthone and menthol. LWT-Food Sci. Technol.,
45: 277-288.

38



Int. J. Dairy Sci., 16 (1): 29-40, 2021

22. de Barros Fernandes, R.V., D.A. Botrel, E.K. Silva, S.V. Borges
and C.R. de Oliveira et al., 2016. Cashew gum and inulin: New
alternative for ginger essential oil microencapsulation.
Carbohydr. Polym., 153: 133-142.

23. Naczk, M. and F. Shahidi, 1989. The effect of methanol-
ammonia-water treatment on the content of phenolic acids
of canola. Food Chem., 31: 159-164.

24. Leong, L.P. and G. Shui, 2002. An investigation of antioxidant
capacity   of    fruits   in   Singapore   markets.   Food  Chem.,
76: 69-75.

25. Djeridane, A., M. Yousfi, B. Nadjemi, D. Boutassouna, P. Stocker
and N. Vidal, 2006. Antioxidant activity of some Algerian
medicinal plants extracts containing phenolic compounds.
Food Chem., 97: 654-660.

26. Benzie, I.F.F. and J.J. Strain, 1996. The Ferric Reducing Ability
of Plasma (FRAP) as a measure of antioxidant power: The
FRAP assay. Anal. Biochem., 239: 70-76.

27. Ling, E.R., 1957. A textbook of dairy chemistry. Int. J. Dairy
Technol., 10: 166-166.

28. Krisnaningsih, A.T., P. Purwadi, H. Evanuarini and D. Rosyidi,
2019. The effect of incubation time to the physicochemical
and microbial properties of yoghurt with local taro (Colocasia
esculenta (L.) schott) starch as stabilizer. Curr. Res. Nutr. Food
Sci., 7: 547-554.

29. McDougall, G.J., P. Dobson, P. Smith, A. Blake and D. Stewart,
2005. Assessing potential bioavailability of raspberry
anthocyanins using an in vitro digestion system. J. Agric. Food
Chem., 53: 5896-5904.

30. Ezzat, A., A.O. Abdelhamid, M.K. El Awady, A.S.A. El Azeem and
D.M. Mohammed, 2017. The biochemical effects of nano
tamoxifen and some bioactive components in experimental
breast cancer. Biomed. Pharmacother., 95: 571-576.

31. Velderrain-Rodríguez, G., H. Torres-Moreno, M. Villegas-
Ochoa, J. Ayala-Zavala, R. Robles-Zepeda, A. Wall-Medrano
and G. González-Aguilar, 2018. Gallic acid content and an
antioxidant  mechanism  are  responsible  for the
antiproliferative activity of ‘Ataulfo’ mango peel on LS180
cells. Molecules, Vol. 23. 10.3390/molecules23030695.

32. El-Messery, T.M., U. Altuntas, G. Altin and B. Özçelik, 2020. The
effect of spray-drying and freeze-drying on encapsulation
efficiency, In vitro bioaccessibility and oxidative stability of
krill oil nanoemulsion system. Food Hydrocolloids, Vol. 106.
10.1016/j.foodhyd.2020.105890.

33. Tonon, R.V., C.R.F. Grosso and M.D. Hubinger, 2011. Influence
of emulsion composition and inlet air temperature on the
microencapsulation of flaxseed oil by spray drying. Food Res.
Int., 44: 282-289.

34. El-Messery, T.M., M.M. El-Said, N.M. Shahein, H.M.F. El-Din and
A. Farrag, 2019. Functional yoghurt supplemented with
extract orange peel encapsulated using coacervation
technique. Pak. J. Biol. Sci., 22: 231-238.

35. Eratte, D., B. Wang, K. Dowling, C.J. Barrow and B.P. Adhikari,
2014. Complex coacervation with whey protein isolate and
gum arabic for the microencapsulation of omega-3 rich tuna
oil. Food Funct., 5: 2743-2750.

36. Salama, H.H., S.M. Abdelhamid and N.S. Abd-Rabou, 2019.
Probiotic frozen yoghurt supplemented with coconut flour
green nanoparticles. Curr. Bioactive Comp., 15: 661-670.

37. Hassan, M., B.N. Dar, S.A. Rather, R. Akhter and A.B. Huda,
2015. Physico-chemical, sensory and microbial characteristics
of fruit flavoured milk based beverages during refrigerated
storage. Adv. Biomed. Pharm., 2: 32-39.

38. Saura-Calixto, F., J. Serrano and I.Goni, 2007. Intake and
bioaccessibility of total polyphenols in a whole diet. Food.
Chem., 101: 492-501.

39. Ortega, N., A. Macia, M.P. Romero, J. Reguant and M.J. Motilva,
2011. Matrix composition effect on the digestibility of carob
flour phenols by an in-vitro digestion model. Food Chem.,
124: 65-71.

40. Wooton-Beard, P.C., A. Moran and L. Ryan, 2011. Stability of
the total antioxidant capacity and total polyphenol content
of 23 commercially available vegetable juices before and after
in vitro  digestion  measured  by  FRAP,  DPPH,  ABTS and
folin-ciocalteu methods. Food Res. Int., 44: 217-221.

41. Rice-Evans, C.A., N.J. Miller and G. Paganga, 1996. Structure-
antioxidant activity relationships of flavonoids and phenolic
acids. Free Radical Biol. Med., 20: 933-956.

42. Correa-Betanzo, J., E. Allen-Vercoe, J. McDonald, K. Schroeter,
M. Corredig and G. Paliyath, 2014. Stability and biological
activity of wild blueberry (Vaccinium angustifolium)
polyphenols during simulated in vitro gastrointestinal
digestion. Food Chem., 165: 522-531.

43. Chen, G.L., S.G. Chen, F. Chen, Y.Q. Xie and M.D. Han et al.,
2016. Nutraceutical potential and antioxidant benefits of
selected fruit seeds subjected to an in vitro digestion. J. Funct.
Foods, 20: 317-331.

44. Li,  S.,  H.Y.  Tan,  N.  Wang, Z.J. Zhang, L. Lao, C.W. Wong and
Y. Feng, 2015. The role of oxidative stress and antioxidants in
liver diseases. Int. J. Mol. Sci., 16: 26087-26124.

45. Nordlie,  R.C.,  J.D.  Foster  and  A.J.  Lange,  1999. Regulation
of  glucose   production   by   the   liver.    Ann.    Rev.   Nutr.,
19: 379-406.

46. Robinson, M.W., C. Harmon and C. O’Farrelly, 2016. Liver
immunology and its role in inflammation and homeostasis.
Cell Mol. Immunol., 13: 267-276.

47. Weber, L.W., M. Boll and A. Stampfl, 2003. Hepatotoxicity and
mechanism of action of haloalkanes: Carbon tetrachloride as
a toxicological model. Crit. Rev. Toxicol., 33: 105-136.

48. Yao,  H.T.,  S.Y.  Huang  and  M.T.  Chiang, 2008. A comparative
study on hypoglycemic and hypocholesterolemic effects of
high and low molecular weight chitosan in streptozotocin-
induced diabetic rats. Food Chem. Toxicol., 46: 1525-1534.

39



Int. J. Dairy Sci., 16 (1): 29-40, 2021

49. Halliwell, B., 1997. Antioxidants and human disease: A general
introduction. Nutr. Rev., 55: S44-S49.

50. Noriega, G.O., J.O. Ossola, M.L. Tomaro and A.M. del C. Batlle,
2000. Effect of acetaminophen on heme metabolism in rat
liver. Int. J. Biochem. Cell Biol., 32: 983-991.

51. Lee, N.H., C.S. Seo, H.Y. Lee, D.Y. Jung and J.K. Lee et al., 2011.
Hepatoprotective and antioxidative activities of Cornus
officinalis against acetaminophen-induced hepatotoxicity in
mice. Evidence-Based Complementary Altern. Med., 2012: 1-8.

52. Gamal   El-Din,   A.M.,    A.M.   Mostafa,   O.A.   Al-Shabanah,
A.M. Al-Bekairi and M.N. Nagi, 2003. Protective effect of arabic
gum against acetaminophen-induced hepatotoxicity in mice.
Pharmacol. Res., 48: 631-635.

53. Sabina,  E.P.,  S.J.  Pragasam,  S.  Kumar  and M. Rasool, 2011.
6-Gingerol,  an  active  ingredient  of  ginger, protects
acetaminophen-induced hepatotoxicity in mice. J. Chin.
Integr. Med., 9: 1264-1269.

54. Adeneye, A.A., O. Awodele, S.A. Aiyeola and A.S. Benebo,
2015. Modulatory  potentials of the aqueous stem bark
extract of Mangifera indica on carbon tetrachloride-induced
hepatotoxicity  in  rats.  J.  Traditional Complementary Med.,
5: 106-115.

55. Yang, J., Y. Li, F. Wang and C. Wu, 2010. Hepatoprotective
effects of apple polyphenols on CCl4-induced acute liver
damage in mice. J. Agric. Food Chem., 58: 6525-6531.

56. Ahmad,   S.T.,   W.   Arjumand,   S.   Nafees,   A.   Seth,   N.  Ali,
S. Rashid and S. Sultana, 2012. Hesperidin alleviates
acetaminophen induced toxicity in wistar rats by abrogation
of oxidative stress, apoptosis and inflammation. Toxicol. Lett.,
208: 149-161.

57. Shankar,    N.L.G.,    R.    Manavalan,   D.   Venkappayya  and
C.D. Raj, 2008. Hepatoprotective and antioxidant effects of
Commiphora berryi (Arn) Engl bark extract against CCl4-
induced  oxidative  damage  in  rats.  Food  Chem.  Toxicol.,
46: 3182-3185.

58. Huo, H.Z., B. Wang, Y.K. Liang, Y.Y. Bao and Y. Gu, 2011.
Hepatoprotective and antioxidant effects of licorice extract
against CCl4-induced oxidative damage in rats. Int. J. Mol. Sci.,
12: 6529-6543.

40


	IJDS.pdf
	Page 1




