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Table 1 Symbols, coded and real values of independent variables

I Coded (l)evels 1 Independent variables Symbol
100 62 24 Water temperature (centigrade) X
11 7 3 pH X,
1.5 1 0.5 Sodium chloride (%) X3
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Table 2 Experimental and predicted values of lycopene and rehydration time of encapsulated powders

Dependent
values

Independent values

Time of complete Amount of released

Amount of sodium

Water temperature (degrees

rehydration (sec) lycopezgfklgn)S o chloride (% w/w) pH centigrade)
predicted expezllment predicted expezllment X3 X, X, Run

446.20 438 0.11 0.10 1.5 7 62 1
474.92 481 0.095 0.098 1.5 11 24 2
538.92 525 0.093 0.093 0.5 2 24 3
409.50 451 0.11 0.11 1 7 62 4
478.20 441 0.10 0.10 1 3 62 5
1484.08 1512 0.066 0.067 1.5 3 100 6
536.80 555 0.091 0.089 1 7 24 7
1350.93 1383 0.074 0.071 0.5 3 100 8

340 363 0.11 0.11 1 11 62 9
1286.93 1268 0.083 0.082 1.5 11 100 10
1273.28 1261 0.089 0.089 0.5 11 100 11
461.27 462 0.10 0.10 0.5 11 24 12
672.07 661 0.084 0.085 1.5 3 24 13
409.50 432 0.11 0.11 1 7 62 14
409.50 424 0.11 0.11 1 7 62 15
372.80 362 0.11 0.12 0.5 7 62 16
409.50 365 0.11 0.11 1 7 62 17
1348.80 1320 0.075 0.078 1 7 100 18
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Table 3 Analysis of variance of regression coefficients of models for lycopene and rehydration time of

encapsulated powders

Released lycopene Rehydration time
Regress
P-value F-value Regres§ 1 pvalue F-value on . variables
coefficients coeffici
ents

0.11 410.26 Xo

Linear
<0.0001 115.75 -7.88x10*  <0.0001 1918.25 406 X
<0.0001 80.38 6.57x10° <0.0001 54.92 -68.70 X5
0.0003 25.81 -3.72x107 0.0019 15.67 36.70 X3

2 Factor Interaction

(2FI)

0.1533 2.49 1.369x10° 0.2152 1.81 -15.38 XX,

0.7604 0.100 2.739x10™ 0.8405 0.043 -2.38 XiX3

0.7604 0.100 2.739x10™ 0.0138 8.31 -29.87 X5X3

Quadratic
<0.0001 341.94 -0.024 <0.0001 1471/00 534.98 X,?
0.9056 0.015 -1.82x10* 09794  7.12x10*  -0.52 X,
0.0396 533 3.104x10°  0.9009 0.017 2.52 X5
0.9865 0.9972 R’
0.9713 0.9941 Adj-R?

X :water temperature (centigrade) ¢X2 :pH ¢ X;5: sodium chloride (w/w %)
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Fig 2 effect of amount of sodium chloride and pH on
released lycopene at constant water temperature
(62 °C); a: 3D; b: counter
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Table 4 Comparison between responses of produced optimized sample with predicted responses

Responses L .
Sample Rehydration time (min) Released lycopene
Predicted Sample 24.797° 0.067°
Produced Sample 25.0° 0.066°

Similar English letters in each column means non-significant difference at 5% level
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Fig 6 counter diagrams for released lycopene (a) and
rehydration time (b) as functions of interaction effect
of water temperature and pH in order to find
optimum values at constant amount of sodium
chloride (1.5 w/w %)
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Lycopene is a useful carotenoid pigment for human health but is very sensitive to environmental
conditions. A useful method to control lycopene degradation is microencapsulation by biopolymers. This
technology can control release progress of active materials and protect them in different conditions by
covering and releasing them in proper place and time. In this investigation, whey protein concentrate
(WPC) and maltodextrin were used to encapsulate lycopene. In order to do that, an emulsion of oily
lycopene 5% with whey protein concentrate and maltodextrin was prepared. Percentage of solid materials
and lycopene were 37.04% and 18.66% respectively and homogenizer speed was set on 18000 rpm. Then
emulsion was dried in a spray dryer with inlet air temperature of 150 °C and air pressure of 2 bar at
entrance of nuzzle funnel. In order to find the best conditions of releasing of capsules in water, response
surface methodology and central composite design were used. Independent variables were pH (3, 7, and
11), water temperature (24, 62 and 100 °C) and percentage of sodium chloride (0.5, 1 and 1.5%). Results
showed that alkaline pH resulted to higher rate of rehydration and release of core materials; also the
highest rate of release was achieved at water temperature of 62 °C and salt concentration of 0.5%, but
higher and lower temperatures and higher levels of salt resulted to a significant decrease of rehydration
and rate of core release.
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