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6 -Green technique
7- Biomaterials

8- Glycosylation

9 -Physical mixing
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1- Curcumin

2- Diferuloylmethane
3- Turmeric

4- Curcuma Longa
5- Food grade
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14 -Dextrose Equivalent

15-Mung bean Protein Isolate
16- Maltodexrtin
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10 -Enzymatic cross-linking
11 -Chemical cross- linking
12 -Maillard Reaction

13- Schiff base
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22 -Conventional curcumin- Mung bean isolate
23 -Yield

24 -Percentage Protein Recovery

25 - Degree of Graft

26 -O- Phetaldialdehyde
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17- pH-shift

18 -Conventional

19-pH-shifted curcumin- conjugated Mung bean isolate-
Maltodextrin

20- pH-shifted curcumin- Mung bean isolate

21-Conventional curcumin- conjugated Mung bean isolate-
Maltodextrin
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31 -Zeta- potential

32- Fourier transform infrared spectroscopy
33- 2,2-Diphenyl-1-picrylhydrazyl
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27 -Encapsulation efficiency
28- Loading amount
29-DLS

30- Polydispersity
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36 -simulated intestinal fluid
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34- In vitro
35- simulated gastric fluid
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Tablel. Proximate composition of mung bean flour and mung bean isolate

Mung bean flour

Mung bean protein isolate

Moisture (%) 8.96+0.11 5.81+0.64
Protein (%) 20.07+1.29 81.13+1.17
Fat (%) 1.0240.35 0.19+0.34

Ash (%) 3.39+0.56 4.02+0.52
Carbohydrate (%) 66.56+2.34 8.85+1.52

Each value in the table represents the mean+ SD of triplicate determinations.
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Table 2. Amino acid profile of mung bean flour and mung bean isolate

Amino acids mg/g of protein
Aspartic acid 68.57+1.23
Glutamic acid 126.34+0.36
Histidine 21.1+3.01
Hydrophilic Arginine 37.83+1.67
Threonine 29.242.03
Tyrosine 29.34+3.12
Total 312.38
Glycine 25.32+1.63
Alanine 28.31+0.12
Proline 36.84+1.04
Valine 25.16+2.11
Hydrophobic Methionine 10.27+2.26
Cysteine 4.14+1.19
Isoleucine 19.13+3.42
Leucine 31.84+1.32
Phenylalanine 33.68+1.89
Total 313.39

Data are expressed as the mean of tow replicatex SD
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Table 3. Influence of different glycation methods (U and W) on the degree of graft (DG) in controls (U-MPI and

W-MPI) and various of MP: MD ratios.

Treatments | U-MPI U1l U115 u12 W-MPI wil W115 W12

39- cavitation
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DG values | 2.24+0.03° 33.02+1.58° 35.61+0.71° 38.73+157* 2.20+0.02° 29.06+0.02¢ 29.75+0.36° 33.64+0.77°

Results having different letters are significantly different (p<0.05)
Each value in the table represents the meanz SD of triplicate determinations
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Table 4. Influence of different glycation methods (U and W) on the absorbance at 420 nm as indicator of
advanced stage of maillard reaction in controls (U-MPI and W-MPI) and various of MP: MD ratios.

Treatments‘ U-MPI U1l UL15

W-MPI w11 W115 W12

A 420 ‘O.OZiO.OOle 0.20+£0.003%  0.23+0.002° 0.23+0.005° 0.02+0.001° 0.23+0.003° 0.26+0.002°  0.28+0.002°

Results having different letters are significantly different (p<0.05)
Each value in the table represents the mean+ SD of triplicate determinations
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Table 5. Effect of curcumin concentration and loading method on the encapsulation efficiency (EE) and loading

capacity (LC)
Curcumin EE (%) LC (%)
concentration
(mg mL?) PCC PCM CCC CCM PCC PCM CCC CCM
0.2 57.46 ++0.23° 52.51+1.07° 17.25+0.392 8.3240.13° 1.15+0.032 1.05+0.022 0.34+0.01° 0.16+0.01*
0.4 66.18+1.15¢  63.03+1.12c  20.27+0.12°  11.78+0.06¢ 2.64+0.12° 2.52+0.11° 0.81+0.07° 0.47+0.02°
0.6 59.23+2.46%  59.18£0.98"  19.25+0.84° 7.07+0.212 3.55+0.31¢ 3.55+0.07¢ 1.154+0.30¢ 0.42:£0.02°

Means with different superscripts in the same column differ significantly (p < 0.05).
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Fig. 1. DPPH radical scavenging activity of different
samples including mung bean protein isolate (MPI),
ultrasound- assisted maillard reaction with the ratio 1
to 2 of MPI to MD (U12), pH-shifted curcumin- Mung
bean isolate (PCM) and pH-shifted curcumin-
conjugated Mung bean isolate- Maltodextrin (PCC)
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Fig. 2. FT-IR spectra of different samples including mung bean protein isolate (MPI), ultrasound- assisted
maillard reaction with the ratio 1 to 2 of MPI to MD (U12), pH-shifted curcumin- Mung bean isolate (PCM) and
pH-shifted curcumin- conjugated Mung bean isolate- Maltodextrin (PCC), free curcumin (Cur) and maltodextrin
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Table 6. Z-average, polydispersity index and { — potential of pH-shifted curcumin- Mung bean isolate (PCM)
and pH-shifted curcumin- conjugated Mung bean isolate- Maltodextrin (PCC)

Particles Z-average(nm) PDI ¢ — potential
PCC 195.7+1.64 0.31+0.01 -12.8+0.8
PCM 165.2+2.11 0.29 £0.01 -13.8+0.2

45 -Aggregation 44- Steric barrier
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Fig. 3. Profiles of curcumin in vitro release from, pH-shifted curcumin- Mung bean isolate (PCM) and pH-
shifted curcumin- conjugated Mung bean isolate- Maltodextrin (PCC) under simulated gastrointestinal condition
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A delivery system was developed according to maillard reaction using
mung bean protein and maltodextrin for encapsulation and sustain
release of curcumin. The ultrasound assisted (150 W, 80 °C, 10 min)
and classic wet heating (80 °C, 60 min), were used to prepare
conjugates at three different ratios of Mung bean protein isolate to
maltodextrin. Degree of conjugation was measured using OPA
method Uv-visible spectroscopy was used to estimate the final
products of maillard reaction. Different amounts of curcumin (0, 0.2,
0.4 and 0.6 mg. mL* was loaded using ethanol and change in pH.
Primary analysis showed that the optimized samples were obtained
when 0. 4 mg. mL? of curcumin was encapsulated using pH change
method. FTIR spectra confirmed the conjugation of the MPI and MD
and showed the electrostatic and hydrophobic interactions as well as
hydrogen bonding are the main reasons of conjugates stability and
curcumin encapsulation. The prepared curcumin containing
conjugates under optimized method showed the higher DPPH radical
scavenging activity. Our results showed that the release rate of
encapsulated curcumin under simulated condition of gastrointestinal
tract (GIT) was controlled and lower than that which encapsulated in
mung bean protein.
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