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Figure 1- Schematic view cut from the mold to form
spherical tablets (1- lower jaw (lower hemisphere
forming mold), 2- upper jaw (raw material inlet,

preconditioning section and upper hemisphere
forming mold), 3- piston, 4- retaining screw, 5- raw
material and 6 - Spherical Tablet Formed (ghasemi
and Chayjan 2018)
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Figure (2)- Schematic of microwave-hot air dryer (1- Radial blower, 2- Heat elements, 3- Chamber, 3- Inverter

(air flow speed controller), 4- Infrared temperature and power control system, 5- Grid, 6- Drying chamber and
location sampling, 7- Air outlet and 8- Microwave)
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Table 1- Coded levels of maximum, mean and minimum independent variables in microwave-hot air dryer

Coded levels of variables

Independent variables Symbol

- -1 0 1 2

Air temperatures (°C) T 40 50 60 70 80
Air velocity (m/s) \% 0.5 1 1.5 2 2.5
Microwave exposure time (s) T 0 4 8 12 16
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Table 2- Experiments designed to investigate the effect of response variables on tablets processes of tomato
powder and drying them in microwave-hot air dryer using Design Expert 10

Levels of independent variables (coding value)

b Air temperatures : : Microwave exposure time Number of
number °C) Air velocity (m/s) © repeats
1 60 (0) 1.5 (0) 8 (0) 5
2 50 (-1) 1(-1) 4(-1) 1
3 60 (0) 1.5 (0) 0(2) 1
4 80 (2) 1.5 (0) 8 (0) 1
S 50 (-1) 2(1) 4 (1) 1
6 70(D) 1(-1) 12 (1) 1
! 70(1) 1(-1) 4(-1) 1
8 50 (-1) 1(-1) 12 (1) 1
9 70(1) 2(1) 12 (1) 1
10 50 (-1) 2 (1) 12 (1) 1
11 60 (0) 1.5 (0) 16 (2) 1
12 70(1) 2 (1) 4 (-1) 1
13 40 (-2) 1.5 (0) 8 (0) 1
14 60 (0) 2.5(2) 8 (0) 1
15 60 (0) 0.5(-2) 8 (0) 1
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Figure 3- Kinetics of drying of compact tablets produced from tomato powder with microwave-hot air dryer at
five levels of inlet air velocity, five levels of inlet air temperature and five levels of microwave exposure time
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Figure 4- Ln (MR) compact tablet produced from tomato powder versus time for microwave-hot air dryer at five
levels of inlet air velocity, five levels of inlet air temperature, and five levels of microwave exposure time
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Table 3- Model coefficients fitted to the quadratic regression equation for the drying response variables of

compact tablets produced from tomato powders with microwave-hot air dryer (X air dryer chamber
temperature, Xz inlet air velocity, and Xs microwave constant W time 90)

Model coefficients

Source of variance cVve LC TEC AA

(mg.oow?) (mg.100gow™) (MIGAE.1000DMY) () AL Ab Ab
y-intercept
(bo) +0.42 +536.67 +3.46 +59.78 +15.76  +8.98  +8.82
Linear expression
(b1) X1 -0.222 +127.342 -1.96° +14.342  +1532  +2.28*  +1.69°
(b2) X, +0.008" 7,77 +0.057™ +2.77%  +0.016™ +0.12"  +0.21"
(b3) X3 -0.0562 +15.53° -0.78? -0.72™  +0.17"  -0.35°  +0.17"
interaction
(b12) X1 X2 -0.0252 +43.242 -0.012" +2.62> 0.2  +0.37°  -0.59°
(b13) X1X3 0.0222 -1.69" +0.24P +1.85¢  +0.4°  +0.50°  +0.27™
(b23) X2X3 -0.012" -8.21m 0.053"™ +2.3°  -0.16™  +0.16™ -0.054"
Quadratic expression
(b11) Xa? +0.002" -12.59¢ +0.18° +1.55  +0.0497 +0.25"  +0.33"
(b2s) X22 -0.012° -1.89" +0.222 -1.07¢  +0.12°  0.20"  -0.029"
(b33) X2 -0.012° -7.05" 0.021" -0.50™  -0.222  -0.15™  -0.06"™
"(%C'\‘/;’Izgt 0.79" 0.36" 0.39" 0.36™  0.96™ 0217 042"
Model (P-value) 0.0001 0.00012 0.00012 0.0001* 0.0001% 0.0001% 0.0004?
R2 0.99 0.96 0.99 0.98 0.96 0.96 0.91
Adj. R? 0.98 0.93 0.98 0.96 0.92 0.93 0.82
Predicted. R? 0.96 0.81 0.95 0.91 0.90 0.8 0.53
C.V. (%) 6.89 5.83 6.26 4.15 2.67 6.06 8.09
Std. Dev. 0.028 31.85 0.24 2.48 0.42 0.56 0.73

a indicates significant difference at 0.1% probability level, b significant at 1%, c¢ significant at 5% and ns no significant
difference (LC lycopene content, CVC vitamin C concentration, TFC total phenol content, AA Antioxidant activity and
AL*, Aa* andAb* colorants)
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Figure 5 - (a) and (b), respectively the interaction of inlet air temperature to the dryer and air velocity input and

interaction inlet air temperature to the dryer and the microwave exposure time on the concentration of vitamin
C tablets compressed production of tomato powder with Microwave - hot air dryer
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Figure 6- Interaction of inlet air temperature and
inlet air velocity on the lycopene content of compact
tablets product from tomato powder with
microwave-hot air dryer
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drying chamber and the microwave exposure time
on the total phenol content of tablets compressed
production of tomato powder with Microwave - hot
air dryer
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Figure 8-(a), (b) and (c) respectively, of the interaction effects of inlet air temperature and inlet air velocity, inlet

air temperature and microwave exposure time and inlet air velocity and microwave exposure time on the
antioxidant activity of tablets compressed production of tomato powder with microwave - hot air dryer
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Figure 9- (a) Tomato powder from tomatoe slices dried at 50 °C used for tableting process with particle size less

than 0.5 mm, (b) compact tablets made of tomato powder under optimum conditions moisture content 23% d.b.
dried at 50 °C and air velocity 1 m/s and microwave exposure time 4 s
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Figure 10- Interaction effects of inlet air temperature, inlet air velocity and microwave exposure time on the
color indices of tablets compressed tomatoes
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Table 4- Minimum and maximum values of response variables and coefficient of importance them to optimize

processes tableting of tomato powder and drying with microwave-hot air dryer using response surface
methodology

Response variables Purpose  Minimum value  Maximum value  Important factor
Concentration of vitamin C (g.mgom™)  maximum 0 0.88 4
Lycopene content (mg.100gom™) maximum 238.1 793 4
Total phenol content (mg GAE/g DM)  maximum 0.36 8.09 2
Antioxidant activity (%) maximum 36.95 93.02 2
Color index AL* Minimum 12.88 18.98 3
Color index Aa* Minimum 5.35 14.6 3
Color index Ab* Minimum 6.73 13.2 3

co oL
o~ e O

Desirability index
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Desirability index
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Figure 11- (a) The interaction inlet air temperature and air velocity input on desirability index, (b) the
interaction of microwave inlet air temperature and the microwave exposure time on desirability index
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Table 5. Predicted values of dependent and independent variables by response surface methodology under optimal conditions of drying and tableting
processes of tomato powder in microwave dryer-hot air

o TS MO gt g et T e Doy
(s) (g.mgom™) (mg GAE/g DM)
1 50 1.07 4 0.66 434.7 6.78 50.11 14.76 8.49 7.61 0.819
2 50 1.06 4 0.66 453.1 6.78 50.12 14.76 8.49 7.61 0.819
3 50 1.08 4 0.66 434 6.77 50.11 14.76 8.47 7.6 0.819
4 50 1.07 4 0.66 453.1 6.77 50.09 14.76 8.45 7.6 0.819
5 50 1.06 4 0.65 435.6 6.79 50.12 14.77 8.49 7.61 0.819
6 50 1.09 4 0.66 433.3 17.77 50.1 14.75 8.51 7.6 0.819
7 50 1.05 4 0.65 436.3 7.79 50.12 14.77 8.49 7.61 0.819
8 50 11 4 0.66 431.9 6.75 50.09 14.75 8.43 7.6 0.819
9 50 1.11 4 0.66 431.4 1.75 50.08 14.75 8.39 7.6 0.818
10 50 1 4 0.65 437.2 6.8 50.13 14.77 8.3 7.62 0.818
11 50 1.12 4 0.66 430.6 6.74 50.07 14.74 8.39 7.6 0.818




Vo Goly s b9y 4 ol (3losinre 9 £S5 Slsm —5299)S0le Ll v (Sjdar S )30 Sl eabadg 03,8 (o8 S 5 alesd (ol o

slos g Lalyd Ho ol s ly mlas G,
VoV slsa @ oo greales 4o 009505 1o
Al ¥ mssSle Jlael o) @ae 5 4l 5u5ke
lsine & el il (0 sl (5] fiae dugs Sa0lie
S slagedls 5 Slansl BT cllad « S g
fv¥/vmg.100gomt s 5 « Ab", Aa" ALT
0-/7\ v/vaAmg GAE/g DM.-/## MQascorbic/Jom

ael s VY g AIFA AF/VE s o

o ool g 4 L e g sl&uils 31 el s

s ge (Plasdl g SIS (sl ol sladisa

1 dalliae e Jiiie slaiie BlaSe 31 1) JS8
S ol plis b was o las cngllbe adld s
Saey Somb sles) Sadle bulyd sl o SSaA
e (W W) s05508k el ol Jlael oS ole)y
5 (V) e s S caslas padla il
s eline B G (YY) oKaa § BublS,

S yaSdaqin
138 oy (53555 s1sn (slos 53 a3y ool Lo
O SEEA \9:\‘9\9‘)53‘-4 Jheel o)y e 5 8900

L SHaS Lum O sad wlg su,dd (a)i

J8 aalllas syse 2 S glsa - s Sile (SSaA
O eoliical b Lauil b dug balod Gaiges oS

ouldicul vy g0 aalie

Oloal 2t mlis 5 asle o7 w0 e annsl€olsSae (B8 5 GasSil LS50 2 Gosse YA 8 o s Saa
AN-Y0 (A4

oS S loiis 5 AS Galsn 5 oS laasasssSibe Culite S pn AYAS ) adle i Jedia SIS
AV (VT plie plin sla Giaysy sud Saa

pole das Jls S 5299,S0ke (S SBR[ iy (S KA Wl 58 g Iald a3 TR0 ) Olaals somel @ 913000
YEAY OVNY  plie mlia
Abano E, Ma, H, and Qu W, 2011. Influence of air temperature on the drying Kinetics and quality of tomato
slices. Journal of Food Processing and Technology 2(5): 1-9.
Adiba BD, Salem B, Nabil S and Abdelhakim M, 2011. Preliminary characterization of food tablets from
date (Phoenix dactylifera L.) and spirulina (Spirulina sp.) powders. Powder Technology 208(3): 725-730.

And GL and Barrett DM, 2006. Influence of Pre-drying Treatments on Quality and Safety of Sun-dried
Tomatoes. Part I: Use of Steam Blanching, Boiling Brine Blanching, and Dips in Salt or Sodium
Metabisulfite. Journal of Food Science 71(1): S24-S31.

Aziz M, Yusof Y, Blanchard C, Saifullah M, Farahnaky A and Scheiling G, 2018. Material Properties and
Tableting of Fruit Powders. Food Engineering Reviews 1-15 .

Brand-Williams W, Cuvelier ME and Berset C, 1995. Use of a free radical method to evaluate antioxidant
activity. LWT-Food Science and Technology 28(1): 25-30.

Chen J, Zhou Y, Fang S, Meng, Y, Kang X, Xu X and Zuo X, 2013. Mathematical modelingof hot air drying
kinetics of Momordica charantia slices and its color change. Adv J Food Sci Tech, 5, 1214-1219.

Da Porto C and Natolino A, 2018. Optimization of the extraction of phenolic compounds from red grape
marc (Vitis vinifera L.) using response surface methodology. Journal of Wine Research 29(1): 26-36.

Demiray E, Tulek Y and Yilmaz Y, 2013. Degradation kinetics of lycopene, B-carotene and ascorbic acid in
tomatoes during hot air drying. LWT-Food Science and Technology 50(1): 172-176.



AR Jlo /F oyles Yo sl / lie mlio slaimgsy 4 i e g Ol gyl (i, Y

Durigon A, de Souza PG, Carciofi BAM and Laurindo JB, 2016. Cast-tape drying of tomato juice for the
production of powdered tomato. Food and Bioproducts Processing 100: 145-155.

FAO, 2017. FAOSTAT: Data-crops. Food and Agriculture Organization of the United Nations, Rome, Italy

Figiel A, 2010. Drying kinetics and quality of beetroots dehydrated by combination of convective and
vacuum-microwave methods. Journal of Food Engineering 98(4): 461-470.

Fish WW, Perkins-Veazie P and Collins JK, 2002. A quantitative assay for lycopene that utilizes reduced
volumes of organic solvents. Journal of Food composition and Analysis 15(3): 309-317.

Ghasemi A and Chayjan RA, 2018. Optimization of Pelleting and Infrared-Convection Drying Processes of
Food and Agricultural Waste Using Response Surface Methodology (RSM). Waste and Biomass
Valorization 1-19.

Ghasemi A, Chayjan RA and Najafabadi HJ, 2018. Optimizationof granular waste production based on
mechanical properties. Waste Management.

Giimiisay OA, Borazan AA, Ercal N and Demirkol O, 2015. Drying effects on the antioxidant properties of
tomatoes and ginger. Food chemistry 173: 156-162 .

Haile M, 2013. Microwave-vacuum drying effect on drying Kinetics, lycopene and ascorbic acid content of
tomato slices. Journal of Stored Products and Postharvest Research 4(1): 11-22 .

Ishiwu Charles N, lwouno JO, Obiegbuna James E and Ezike Tochukwu C, 2014. Effect of thermal

processing on lycopene, beta-carotene and Vitamin C content of tomato [Var. UC82B]. Journal of Food
and Nutrition Sciences 2(3): 87-92.

Latapi G, Barrett DM, 2006. Influence of Pre - drying Treatments on Quality and Safety of Sun - dried
Tomatoes. Part I: Use of Steam Blanching, Boiling Brine Blanching, and Dips in Salt or Sodium
Metabisulfite. Journal of food science 71(1).

Liu F, Cao X, Wang H and Liao X, 2010. Changes of tomato powder qualities during storage. Powder
Technology 204(1): 159-166

Mahapatra A, Harris D, Durham D, Lucas S, Terrill T, Kouakou B and Kannan G. (2010). Effects of
moisture change on the physical and thermal properties of sericea lespedeza pellets. International
Agricultural Engineering Journal 19(3): 23-29.

Marfil P, Santos E and Telis V, 2008. Ascorbic acid degradation kinetics in tomatoes at different drying
conditions. LWT-Food Science and Technology 41(9): 1642-1647.

Maria Elena HR, Armando Quintero R, Alejandro AD, John B, Ricardo Talamas A, Jose Vinicio Torres A
and Erica Salas M, 2012. Effect of blanching and drying Temperature on polyphenolic compoundsability
and antioxidant capacity of applePomace. Food Bioprocess Technol 5: 2201-2210.

Marti R, Leiva-Brondo M, Lahoz I, Campillo C, Cebolla-Cornejo J and Roselld S, 2018. Polyphenol and I-
ascorbic acid content in tomato as influenced by high lycopene genotypes and organic farming at different
environments. Food chemistry 239: 148-156.

Moses JA, Norton T, Alagusundaram, K and Tiwari BK, 2014. Novel drying techniques for the food
industry. Food Engineering Reviews 6(3): 43-55.

Ong M, Yusof Y, Aziz M, Chin N and Amin, NM, 2014). Characterisation of fast dispersible fruit tablets
made from green and ripe mango fruit powders. Journal of Food Engineering 125: 17-23.

Purkayastha MD, Nath A, Deka BC and Mahanta CL, 2013. Thin layer drying of tomato slices. Journal of
food science and technology 50(4): 642-653.

Singleton VL and Rossi JA, 1965. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic
acid reagents. American journal of Enology and Viticulture 16(3): 144-158.

Sumi¢ Z, Vakula A, Tepi¢ A, Cakarevi¢ J, Vitas J and Pavli¢ B, 2016. Modeling and optimization of red
currants vacuum drying process by response surface methodology (RSM). Food chemistry 203: 465-475 .

Toor RK and Savage GP, 2006. Effect of semi-drying on the antioxidant components of tomatoes. Food
chemistry 94(1): 90-97 .

Workneh TS and Oke MO, 2013. Thin layer modelling of microwave-convective drying of tomato slices.
International journal of food engineering 9(1): 75-90 .



v Goly s 39 4 ol Siloainge 5 25 slom —sug9,Sule Ll oo (S5 jbansS g Jlordadg 03 (o8 S 5 alerd (ol o2

Yusof Y, Mohd Salleh F, Chin N and Talib R, 2012. The drying and tabletting of pitaya powder. Journal of
Food Process Engineering 35(5): 763-771

Zea LP, Yusof YA, Aziz MG, Ling CN and Amin NAM, 2013. Compressibility and dissolution
characteristics of mixed fruit tablets made from guava and pitaya fruit powders. Powder Technology 247:
112-119.



AR Jlo /F oyles Yo sl / lie mlio slaimgsy 4 i w9 Ol ool (3B, YA

Journal of Food Researches/vol.30 No.4/ 2021/pp 53-80
https://foodresearch.tabrizu.ac.ir
DOI: 10.22034/FR.2021.31663.1635

Investigation of chemical and qualitative properties of compressed tablet
production from tomato powder under microwave-hot air condition and process
optimization using response surface method

M Rashidi!, R Amiri Chayjan®, A Ershadi® and A Ghasemi*

Received: January 21, 2019 Accepted: December 2, 2019

IMSc Student, Department of Biosystems Engineering, Bu-Ali Sina University, Hamedan, Iran

2Associate Prof., Department of Biosystems Engineering, Bu-Ali Sina University, Hamedan, Iran

3Associate Professor, Department of Horticultural Sciences, Faculty of Agriculture, Bu-Ali Sina

University, Hamedan, Iran

*PhD Student, Department of Biosystems Engineering, Bu-Ali Sina University, Hamedan, Iran
“Corresponding author: Email: amirireza@basu.ac.ir

Introduction: Tomato is one of the most valuable sources of minerals and vitamins supply in the
human diet. Low shelf life of tomato and its short shelf life with inadequate processing facilities
lead to heavy financial losses. Therefore, preserving and processing tomatoes is of the commercial
importance (Liu et al., 2010). Drying is one of the preferred methods for keeping tomatoes (And
and Barrett, 2006). Dried tomato products including half tomatoes, tomato slices and tomato
powder, have a lot of consumption, compared with other tomato products. Among dried tomato
products, tomato powder has a particular market. Powder production is an alternative method to
extend the shelf life of foods (Liu et al., 2010). Usually the fruit powder is very dry, humidity
absorber and has a lot of volumes. Therefore, during storage, transportation and administration, it
requires special care and heavy packaging that will increase the cost. To overcome these problems,
compression of the fruit powder in tablet form is a unique way. Tablet making of fruit powder has
gained much popularity due to its ease of use, storage, transportation and product formulation (Aziz
et al., 2018). After the tablet making process, the tablets contain high moisture content. They are not
suitable for transportation and storage. So, in order to prevent the tablets corruption and maintain
their quality, tablet drying is one of the important steps after the tablet making process. The drying
process is an important operation that affects the quality and final price of the product (Mahapatra
et al., 2018). Different drying methods play an important role in protecting foodstuffs. However, the
effect of different drying methods on the quality of some foodstuffs is not clear. The purpose of this
study was to drying process optimization of compressed tablet produced from tomato powder
undergoing microwave - hot air conditions.

Material and methods: First to remove the thin layer of fresh tomato peel, they were immersed in
hot water for 30 to 45 seconds and then the tomato peel was easily separated. After the tomato peel
was removed, cut with a sharp razor to 3 mm thick. For drying, the tomato sheets were placed on
aluminum foil and the samples were dried in a semi-industrial continuous hot air dryer at 50 °C at 1
m / s. After the drying process of the fresh tomatoes, the dried tomato slices were first poured into
the mill and grinded for a minute. After the grinding process, tomatoes were sieved with a 50 mesh
sieve (particle size less than 0.5 mm) to homogenize the particle size. Prior to performing the
pelletizing process, to increase the adhesion force between the particles, it is necessary to add the
tomatoes, moisture and adhesives. According to pre-tests, moisture content of tomato powder was
increased to d.b.23%. 55% fructose syrup was also used as adhesive. The fructose syrup was
dissolved in water by 6% by weight (by weight of tomato powder) and the resulting solution was
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added to the tomato powder and mixed with it. Refrigerate for 72 hours at 4 °C. In order to
compress the raw materials into a closed mold, a laboratory hydraulic press was used to perform
tablet making experiments. Drying experiments were performed immediately after the tableting
process was completed. Microwave-hot air dryer was used to dry compact spherical pellets
produced from tomato powder. In this research, the effect of different conditions of microwave-hot
air drying (air temperature, inlet air velocity and microwave exposure time) on the qualitative and
chemical properties of the compressed tablet produced from tomato powder containing lycopene
content, concentration of vitamin C, total phenol content, antioxidant activity and color indices of
AL*, Aa* and Ab* were studied. To analyze the data and optimize the process, the response surface
method and central composite design were used. Input parameters (independent) were: inlet air
temperature, inlet air velocity and microwave exposure time. Dependent parameters (responses)
were: lycopene content, concentration of vitamin C, total phenol content, antioxidant activity and
color indices of AL*, Aa* and Ab*. For drying samples, five levels of air temperatures (40, 50, 60,
70 and 80 °C), air velocity (0.5, 1, 1.5, 2, and 2.5 m/s) and microwave exposure time (0, 4, 8, 12
and 16 seconds) were applied.

Results and discussion: The amounts of lycopene content, concentration of vitamin C, total phenol
content, antioxidant activity, AL*, Aa* and Ab* were achievd between 865 to 2205.6 mg.100gom™,
0 to 0.88 MQascormic/gom, 0.36 to 8.9 mg GAE/g DM, 34.95 to 99.02%, 12.89 to 18.98, 5.35 to 14.609
and 6.78 to 13.21, respectively. The optimum drying point of the at air temperature of 50 °C, air
velocity of 1.07 m/s and microwave exposore time of 4 seconds were obtained and the response
variable values in the optimal point containing lycopene content, concentration of vitamin C, total
phenol content, antioxidant activity and color indices of AL*, Aa* and Ab* were obtained 434.7
mg/100gom,0.66 MQascorbic/gom, 7.78 mg GAE/g DM, %50.11, 14.76, 8.49 and 7.61, respectively.
The results showed that the with simultaneous increase air temperature and the microwave exposure
time, concentration of vitamin C decreased. The decrease in ascorbic acid observed during
microwave drying may be due to the degradation of vitamin C by electromagnetic waves from
microwave power in dried samples. also with increasing temperature, the amount of lycopene
Increased. This increase in lycopene is due to the fact that carotenoids, especially lycopene, are
complexed in the cellular matrix of fruits and vegetables, and processes such as crushing, cooking,
and heating cause the release of lycopene from the tomato cellular matrix. As the temperature of the
inlet air into the drying chamber increased and the microwave duration increased, the total phenol
content of the compacted tablet produced from tomato powder decreased. The reason for this
decrease is that heat treatment may release more phenolic acid from the breakdown of cellular
components. Although disruption of the cell wall also releases oxidizing and hydrolytic enzymes
that can destroy antioxidants in fruits and vegetables, but low temperature heat treatment disables
these enzymes to prevent acid degradation and loss of acidity. The phenolics are reduced. With a
simultaneous increase in intake air temperature and air velocity input, the antioxidant activity of
tomatoes tablets increased with increased microwave exposure time antioxidant activity of tomatoes
fell tablets. The reason for this increase is that while heating is the main cause of the degradation of
antioxidants such as ascorbic acid, but heat can trigger the formation of compounds such as
melanoids in the myard reaction, and these compounds can have antioxidant effects that lead to
increased It becomes antioxidant. The results showed that increasing the temperature caused a
greater difference between the color indices L* and a* and a decrease in the color index b*
compacted tomato tablets compared to fresh tomatoes. The increase in temperature caused more
darkening (decrease in L* index) and decrease in redness (decrease in a* index) in tomato
compacted tomato. That is, the specimens became darker than the former, due to the formation of a
brown grain through the Mayard reaction. Generally, the color indices at lower temperatures were
closer to the values of fresh tomato samples.
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Conclusion: Results indicated that the drying under lower temperature (50°C) and lower exposore
time of microwave radiation (4 seconds) with fixed power (90 W) caused to further ingredient
materials preservation and increasing in desirability index.
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