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Introduction: Beetroot (Beta vulgaris L.) is a good source of dietary fibers, minerals, vitamins, antioxidants, betalains
and phenolic compounds. Fruits and vegetables are perishable due to their high water content and the presence of
nutritious compounds in them, and their storage time is limited. Therefore, in order to preserve them, it is necessary to
convert them into more stable products and increase the storage time and also reduce the waste after harvest. It is one of
the most valuable products obtained from red beetroot powder, which can be an important component in instant drinks for
athletes, a natural color enhancer for nitrite food products or other color substitutes in meat products. Drying is one of the
oldest ways to preserve food and increase its shelf life. Drying with normal methods causes a lot of damage to the flavor
and nutrients due to the long time of the drying process and high temperature. Drying with microwave can significantly
remove these disadvantages. The use of microwaves in drying significantly reduces the process time and improves the
reabsorption and shrinkage characteristics of the product. Microwave drying causes homogeneous distribution of heat and
enables faster drying, which saves energy and reduces drying time and cost. Microwave assisted floor drying (MFD) for
the production of fruit powder. It has high humidity, high viscosity and is sensitive to suitable heat. Foam \mat drying is a
new method that takes place in a shorter and faster time than the traditional method of drying with hot air. This method is
used to dry liquid or semi-liquid food such as fruit juice and fruit puree or vegetables. The subject of this research is to
produce beetroot powder using the foam mat method in order to improve the nutritional value and increase the shelf life.

Materials and methods: For this purpose, red beets were washed, peeled, and cut into small cubes. 15 treatments were
determined by Design Expert software (version 11), with levels (0-10% w/w) of maltodextrin (MD) and (0-10%) of milk
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protein concentrate (MPC) to obtain a foam structure. 200 grams of chopped red beets were added to the mixture of malt

dextrin, MPC and water. Then, they were mixed completely in a mixer at a speed of 200 rpm for 10 minutes until foam
was formed. The beetroot foam was dried in a wide glass container and in a microwave at a power intensity of 400-800
watts. Dried red beetroot powder was ground using a laboratory mill. The powder was packed in zipped polyethylene
bags and kept in the refrigerator for further analysis. Based on the achieved responses from the physicochemical tests of
the resulting powder, and determining the optimal conditions in terms of the malt dextrin concentration level, MPC and
microwave power, the optimal sample was obtained by the response surface method (RSM) and the central composite
design (CCD). To prepare control sample, a hot air flasher was installed and dried at a temperature of 70 degrees Celsius.
Results and discussion: By increasing the amount of maltodextrin in the foam, the L*, b* index increased (P<<0.05). The
range of L* was 21.482-12.21 and the range of b* was 10.44-4.735. By increasing maltodextrin, the mass porosity had a
decreasing trend (P<0.05). Maltodextrin was ineffective on the stability. If the concentration of MPC in the foam increased,
the stability, mass porosity, color parameters L*, b* were accordingly increased. The results of the powder evaluation
showed that with the increase in the concentration of maltodextrin and MPC, the yield and total phenolic content increased (P
< 0.01). Antioxidant capacity in 500 ppm concentration decreased with the increase in the maltodextrin levels and increased
with the increase in the concentration of MPC (P < 0.05). The studied treatments had a significant effect on total betalain and
its range was 217.676-333.86. The moisture content did not show significant behavior in this research. These two
independent variables (MD, MPC) and 400W microwave power had a significant effect on the stability, L*, b* color
indexes, porosity, yield, phenolic compounds, and antioxidant capacity of powder. The results showed that the powder with
9.92% maltodextrin and 10% MPC in 400W microwave power can be introduced as the optimal sample. SEM images
indicated that the optimal sample has finer particles and smooth, softer and scaly surfaces. FTIR spectrum of optimum and
control showed significant similarities. The intensification and displacement of some absorption peaks of the FTIR spectrum
pattern confirmed the interaction of the functional groups of amide and carbonyl groups in the control sample, so that the
decrease in the number of amide groups was more in the control sample.

Conclusion: In the present research, red beetroot powder was obtained using foam mat drying and microwave. Physical
properties and microstructure of powder were significantly affected by the influential variables (i.e. MD, MPC and
microwave power). Based on the obtained results, the optimal conditions were 10% MD and 10% MPC and microwave
power 400 w. The increase in the concentration of MPC led to the enhancement of the apparent porosity and stability of
the foam. Also, the increase in MD, MPC and power had a significant effect on color indexes, yield, total phenolic

content and antioxidant properties. Betalain showed the best performance in the lowest amount of MD, MPC and power.
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Table 2. RSM design non coded for the independent variables and experimental values of the response variables for the red beet root powder
produced by foam mat microwave drying (MD; Maltodextrin, MPC; milk protein concentrate, Foam stability, Foam porosity, L*, a*,b*

Run (%I\C\/DN) (O/ZAVI\:/CN) Power (FD??nrgnps?gﬁfeig) L*(foam) a*(foam) b*(foam) Foam(f/f)?bility
1 0 5 600 0.3115 18.52 4.258 6.45 84
2 10 0 800 0.0475 16.287 3.603 6.082 76
3 5 5 600 0.2497 19.1 9.877 6.252 72
4 10 5 600 0.2597 21.482 5.06 7.591 84
5 5 0 600 0.0703 15.204 8.551 9.3 75
6 0 0 400 0.1056 12.21 3.62 10.44 100
7 0 10 800 0.3302 16.981 4.18 6.112 92
8 5 5 600 0.348 20.195 5.687 7.673 70
9 5 10 600 0.3312 18.06 2.87 10.184 78
10 5 5 600 0.3634 20.87 3.056 8.012 72
11 5 5 600 0.2502 18.529 2.648 6.421 76
12 5 5 800 0.4047 15.07 4.14 4.753 72
13 5 5 400 0.2508 21.218 5.092 4.906 88
14 10 10 400 0.3312 19.751 2.063 6.82 82
15 5 5 600 0.3324 16.82 3.322 6.248 76
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Fig 1. Cube graph showing the interaction effects of process variables on Stability (A), porosity (B), L* (C), b* (D),
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continue Table 2. RSM design non coded for the independent variables and experimental values of the response variables for the red beet root
powder produced by foam mat microwave drying (MD; Maltodextrin, MPC; milk protein concentrate, Moisture content, Yield, Beta lain,

Total phenol Content, Antioxidant Capacity and yield

Moisture ; Total phenol .
Run (%AC\IDN) (O/I:)/IVI\DIﬁ/) Power C(E[r)m/})e)mt Yield Bef(?/ol )a n g:)gn'g'r&t) Aggg);::?glm
1 0 5 600 0.1727 15.69 115.316 11.1651 30.17
2 10 0 800 0.2098 12.5 115.917 19.195 46.1079
3 5 5 600 0.1977 14.4 113.216 16.168 38.22
4 10 5 600 0.184 17.53 98.444 29.1853 55.776
5 5 0 600 0.2118 14.46 176.908 14.1978 32.12
6 0 0 400 0.0718 16.71 217.676 14.1758 32.88
7 0 10 800 0.0711 18.64 86.333 17.1806 40.99
8 5 5 600 0.3566 18.46 114.417 17.1857 41.35
9 5 10 600 0.2694 17.9 158.061 16.165 37.93
10 5 5 600 0.2447 14.3 93.266 17.1923 41.33
11 5 5 600 0.2242 17 144.404 17.2203 42.1
12 5 5 800 0.2538 13.74 109.48 16.203 39.17
13 5 5 400 0.2432 225 104.827 17.2364 40.1141
14 10 10 400 0.2034 33 129.678 14.1851 33.07
15 5 5 600 0.2792 16 113.716 19.2316 46.056
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Table 3. Analysis of variance for determination of model fitting, regression coefficient (B ), coefficient of determination (adj. R2), and F-test
value of the Predicted second order polynomial models for the responses

factor Coefficont
P(F)‘r)gsr}"ty Sfa‘;)aimy L* b Yield Beta lain Aggg’;ic?g/”t TPC
Intercept 0.3076 74.12 19.14 6.98 15.82 177.77 39.83 17.57
Linear
Xi(Maltodextrin) -0.0259 0.000 1.48 0.5705 0.9200 -8.44 12.80** 9.01***
X, (Mpc) 0.1304* 1.50 1.43 0.4420 1.72 -9.42 291 0.9836
X3 (power) 0.0769 -8.00* -3.07* -0.0765 -4.38* 2.33 -0.47 -0.5167
interaction
X1 X, 0.0917 -4.50 -3.40* 1.19 0.2625 38.60* -5.76 -2.52
X1 X3 0.0034 2.00 -0.6308 134 -3.89* 19.97 4.14 1.48
XoXs -0.0116 8.50* -0.2308 1.48 -1.62 6.17 11.48** 8.50**
Quadratic
X/ -0.0207 8.47** 0.805 -0.0370 1.06 -13.34 2.39*
X -0.1055* 0.9706 -2.56* 2.68* 0.6303 47.27** -2.60**
X4 0.0215 4.47 -1.05 -2.23* 2.57* -13.07 -1.07
Adj.R2 0.9281 0.9547 0.8967 0.9288 0.9613 0.9184 0.7874 0.9750
F-Value(Model) 7.17 11.70 4.82 7.24 13.82 6.26 4,94 21.64
P-Value(Lack of fit) 0.9400 0.1983 0.9211 0.7908 0.6536 0.6906 0.1537 0.5733
P-Value(Model) 0.0215* 0.0073** 0.0490* 0.0210* 0.0050** 0.0287* 0.0211* 0.0017**
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Fig 2. Cube graph showing the interaction effects of process variables Betaxanthin(A), Betalain(B), Moistuer Content(C), Yield(D), TPC(E),
Antioxidant Capacity(F)
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Fig 3. Optimum parameters for variables and predictive values of responses
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Table 5. Validation of optimal treatment

-
500ppm TPC b* L* oo3L | ¥y | Power | MPC | MD ;‘"
33/07 14/185 11.12 | 2822 33 129.67 | (W)400 | %10 | %10 | =85 Juie
34/153 14/293 1126 | 2822 | 3285 | 130.92 | 400 %10 | %10
ow‘szﬂ.,
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Fig 4. Powder morphology of foam mat-dried red beet root powders produced at microwave foam mat drying (A and B), hot air convection
dryer (C and D) Each micrograph shows the powders under SEM at 100 and 300 magnification
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