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Abstract

Keywords

band of 27.6 kDa explained the presence of lectins. The extracted proteins under optimized conditions 

revealed that MSK could be used as a promising nutraceutical of functional and health-promoting 
proteins.
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Introduction

-
covered to be good sources of potentially important bioac-
tive compounds. Mango by-products, particularly peels 

-
go (Mangifera indica) is a popular tropical fruit cultivated 

 fruit) 
is -

et al., 2012). Mango seed kernels (MSK) contain 85-80% of 
carbohydrates, 6-13% of proteins and 6-16% of fats.  Mango 
seed kernels (MSKP) contain essential amino acids and its 

-
ARRA, 2014). Plant-derived proteins are becoming more 

or substitutes of the environmentally costly production of 

Seed proteins may have preventative and protective ben-

cardiovascular disease, hypercholesterolemia and diabetes 

of uncovered proteins and their hydrolysates derived from 

Various food proteins displayed distinguished anti-in-

suggesting the possibility of extraction of multifunctional 

-
cal reaction to external factors such as physical or chemi-

-

a characteristic situation of T2D progression (TURNER et 
al., 2014).

Most commonly used medications, such as immunosup-

-
pounds as alternatives for industrial remedies are a good 

Response surface methodology (RSM) is an extraction 
-

plex calculations. This method creates suitable experimen-
tal design that incorporates all of the tested variables and 
utilizes the data entry from the experiment to produce a set 

-

-
cipal material to optimize extraction of functional protein by 

environment. 

Materials and methods

Materials
-

jing University of Chinese Medicine (Nanjing, China). The 

from Sigma Chemical Co. The Primary and secondary an-

analytical grade.

Methods

Preparation of Mango seeds kernel

20 o

obtaining the kernels by removing the outer cover by hand. 

electronic mill (BRAWN, Model 2001 DL, Germany) to get 

polyethylene bags at 4 °C until further analysis.

Extraction of Mango seeds kernel protein

The extraction process of Mango seeds kernel protein 
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-

-

Determination of protein content

-
-

Serum Albumin (BSA).

Response surface experimental design

on the results of single – factor experiments. The single 

-
-

three independent variables at three levels based on results 
of single factor experiments. As indicated in (Table 1), the 

-

variables and the responses in BBD.

points of the independent parameters.

After applying optimized conditions, the resulted MSKP 
-
-

sis cell (Bio-Rad, Hercules, CA, USA). After the application 

using staining solution composed of glacial acetic acid, Coo-

using solution of 50% methanol and 10% glacial acetic acid. 

per plate using a generator (PS 500-2 Sigma-Aldrich). The 

a density of 1 × 105 -

2) in 

-
rine cells and incubated in incubator for 12 h. A volume of 

-

-

Assay of nitrite oxide

Assay of cytokine production

-
-

5

-
ing to guidelines of protocol manufacturing.



BARAKAT AHMED BARAKAT  et al

3520

Fig. 1.
and time (c) on protein content.

).

Western blot analysis

-

by Semi-Dry Electrophoretic Transfer Cell. Then, the gel 

secondary antibody type (HRP-conjugated goat anti-rabbit 
secondary antibody (1:50000)) for 120 min. The enhanced 
chemiluminescence reagents (ECL, Amersham Biosciences, 

Statistical analysis

The data of single factors experiment, cell viability and 

-
mental design and analysis the data of RSM.

Results and discussion

Single factor investigation

-
tein content of mango seed kernel (MSK) as illustrated from 
Figure 1A. The percentage of mango seed kernel protein 

) increased by heating 
-

-
currence of denaturation and eventually reduced the protein 

-

other components inside seeds to form protein complexes  

-

-

hydrophobic surface and protein solvent hydrophilic surface 

-
ute and solvent is also improved to stimulate the solubility of 
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) increased from 40 to 80 min. 
-

cant ( ) changes in yield. Furthermore, the increasing 

0.05) decrease in MSKP content. The obtained results sug-
gested that extended extraction time did not enhance MSKP 

-
tive protein from cumin seed.

-

1

2 3 -
tigated using a BBD design. The ranges of each factor 

previous results of single factor experiment. The design sug-

(minimum -1, central 0 and maximum +1). The protein yield 
seemed to be varied depending on the extraction conditions 

1 2 3 120 min. The BBD tech-

Table 1. BBD and response values for Protein yield

Run Temperature X1 
( C) 

Bu er-to-
sample X2 

(mLg-1)

Time 
x3

 (min)

Protein 
yield 

(mg/g)
1 55 42.5 60 65.05
2 50 42.5 90 66.55
3 50 42.5 90 66.67
4 45 42.5 120 63.44
5 50 50 120 65.59
6 55 35 90 64.66
7 50 42.5 90 65.62
8 50 42.5 90 66.17
9 45 50 90 63.96
10 50 35 60 61.42
11 45 35 90 61.65
12 50 50 60 66.49
13 55 42.5 120 68.97
14 55 50 90 65.59
15 45 42.5 60 62.92
16 50 35 120 65.00
17 50 42.5 90 66.99

the F
the P

-

(WANG et al., 2016). Moreover, the determined variables 
F-value becomes 

greater and the P

in Table (2) .
Table 2. 

Source Sum of 
Square

Mean 
square Signif.

Protein 
content
Model 58.04 6.45 13.42 0.0012 Signif.

X1- 
Temperature 18.91 18.91 39.35 0.0004

X2

to sample 9.9 9.9 20.6 0.0027

X3-Time 6.34 6.34 13.19 0.0084
1 2 0.48 0.48 0.99 0.3527
1 3 2.89 2.89 6.01 0.044
2 3 5.02 5.02 10.44 0.0144

Residual 3.36 0.48

2.26 0.75 0.98 0.1785
Not 

signif.
Pure error 1.1 0.28

Adj 0.8748

0.9452
C.V. 1.06

X1 + 1.11 X2 + 0.89 X3 - 0.35 
X1X2+ 0.85 X1X3 - 1.12 X2X3 2 -1.45 X22 - 0.32 
X32           (3)

1 2, time 

3

1 3 2 3 1
2

2
2.  

2 -
cient of (adj.R2
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Figure 2.

Figure 3.
protein marker.

Analysis of response surfaces
The three-dimensional shape in (Figure 2 A-C) and the 

protein content. Circular contour plot expresses that the inter-

the elliptical contour shape suggests that the corresponding 

Actually, the elliptical shape in (Figure 2 D-F) suggests 
-

-

-

-

-

values to facilitate the practical experiment to be temperature 

 SDS-Page characterization of MSKP

electrophoretic mobility to notice protein bands as indi-
cated in (Figure 3). The electrophoresis patterns of MSKP 

-
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Figure 4.

ing on the globulin considers the principal storage protein 

Additionally, another principal protein band of 27.6 kDa ex-

Anti-in ammatory e ect of MSKP

-

-
-

concentrations from MSKP in the cultured media caused re-
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Figure 5.

analysis (E).

of LPS treatment alone. The current results revealed that 
-

order. Similar results by the inhibition of the expression of 

 L. seeds 
proteins inside culture media (CHAN-ZAPATA et al., 2019). 
Additionally, the extracted protein from seeds of Myristica 
fragrans 

chemotactic protein (MCP)-1, MCP-3 of RAW 264.7 mouse 
macrophages (LEE & PARK, 2011).

-

-

-

biochemical changes in cells and tissues exposed to tested 
-

to LPS treatment group alone. At the highest concentration 

Conclusion

yield of MSKP. The application of RSM depending on single 

-
traction conditions corresponding to extraction temperature 

-
cal and biological properties of MSKP is recommended.
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