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3. Ultrasonic vacuum spray dryer
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1. Artichoke leaves extract
2. Functionalization
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2. Folin- Ciocalteau
3. 2,2 diphenyl hydrazyl picryl
4. Monohydrate lactose

v

s dpame gl Shs 03 S Sas anl b5l S ojlas J s
SIS & e b i e s b 095 S 5 Sl
18] LT Gl gojlas 035 S gy ol «l)
sk oslas 5[N] e gl goslas [Y0] Lo oolae
sl oSS L[] K Ks S,
s ol 51 ilise g1l a S s alinl i glize (sl s 30
ol a8 S 515 aallle 3p5e olas o Ay Lol s
e @bl ol 5 ol s s el SO sy
el sllas Jal- 0T

wlas 5 oMo sl 2y 58 e b Shy 5l S
O3 JEIET Y RCIRIN SV [ S N PPN 'l 4 of bl
Coosad & osls 5 @S sl s dise a0 sV 50
5 O0M e Joe (3l sodiy 3l S Lol (g3l
(SLsd 5l sl = gy DY Gl DA
T SASy o o 555 ol Cde w3 WUl
Il D 5 03l S oSL 3 bl 5 oyl
G 53 3 Slides [YE] ol OF s Jglos L3
LYo] il sas ilasl ol o sl (S Ll s
2o [V 2 sap Y] eSS DS ojlae sy
ol 03l [YA] gdin o5 et olias

“SNg ol Sl e s L S e
bey SHRS Sy Mlas solas g pled
[yvsry] el w55 aadlaes,ge Oliis 31 (ol
SIS Lyl s sk hedlas g J il
s sosbas 3y > Sl A5l b 1 b sl GO
ws 5 J& el L ER=IERS RY ] SRS S,
Ca by IS R sl oD ((SaSly (Sasi s
adllas 5l O o plad ol el sl 5,158 Slans] s
03 5o b Al B S Bl e 2
ke 5 aadma 0,5 W 5L (63555 o) Sl AT Sl
olas sy plerd 5 3Ll (2,8 ol 5 (Usle
sk a bl SOl 4l SOV L K8 S,
Jsb g ol Lol 5 Wl s Shes w s
ol Sl 5 Jis o
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Fig 1 Schematic view of ultrasonic vacuum spray

dryer used in this study: (1) Soluticontainer, (2)
Peristaltic pump, (3) Ultrasonic atomizer, (4)
Vacuum chamber, (5) Coil-heater-element, (6)

Thermometer, (7) Temperature sensor, (8) Cyclone

chamber, (9) Paper filter, (10) Vacuum pump, (11)
Pressure controller, (12) Pressure sensor
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2. Wetting angle
3. Baier and Zisman
4. Eastman and Moore
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1. Total Phenol Content
2. Galic acid equivalent
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Table 1Variance analysis of the effect of vacuum spraydopndition on extract powder properties

Source of
variation
Correlation Concentration Temperature
total Error PxT ©) (M Pressure (P) Model Mean of Square
26 16 4 2 2 2 10 9
0.035 0.076° 0.0052™ 4.071* 2.054** 1.256** Moisture content (%)
0.502  507.09** 642.23** 11178.12** 42496.175** 186.14** Size (nm)
0.0001 0.0002° 0.0006** 0.022** 0.0075** 0.006** Bulk density (gm®)
0.00005 0.0003** 0.0012** 0.03** 0.0215** 0.0107** Tapped density (gr/cih
0.719 5.8%* 29.93** 262.03** 191.502** 99.013* ~\attability (°)
0.279 3.484** 15.023** 294.92** 217.37* 106.857** Dispersibility (%)
0.427 3.783* 13.171* 388.954** 192.884** 120.5%5 Solubility (%)
Total phenolic content
0.0156  0.111* 0.312** 5.44** 2.56** 1.706** "( mglg GAE)
0.002 0.004% 0.0725** 1.755** 0.252** 0.417** Antioxidant capmaty(%)
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**Highly significant at 1% level, * Significant &% level,™ not significant? Degrees of freedom

V)
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Fig 3 Particle size distribution of extract powders

produced at condition of (a) 40 kPa, 55°C, 2% and

(b) 20 kPa, 75°C, 3%
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In this study, ultrasonic vacuum spray dryer wasdut produce a dried powder of artichoke leaves
extract. The drying process was performed in a vaaudrying chamber at a lower temperature than the
conventional spray dryers. The effects of indepangariables (inlet temperature of 55-75 °C, vacuum
pressure of 20-40 kPa, and solution concentratid3%0) were investigated on the functional (maistu
content, particle size, bulk and tapped densitifdsywability, and cohesiveness), reconstitution
(wettability, dispersibility, and solubility) andhemical properties (total phenol content and DPPH
scavening activity) of artichoke leaves extract demwwith monohydrate lactose as a carrier in otder
achieve the high process yield and desirable ptiegerhe powders produced with the solution
concentration of 3% showed the highest mean dianedtparticle, bulk, and tapped densities, wetting
angle (decreasing wettability) and total phenoltenn (TPC), while the values of dispersibility and
solubility were the lowest. The increase in theefrtemperature and decrease in the vacuum pressure
resulted in the particles with lower moisture caottebulk, and tapped densities as well as higher
dispersibility and solubility. Chemical propertiegere influenced by the vacuum pressure and inlet
temperature variables, both in a negative manrter.KEy results indicated that the solution coneiatn

of 3%, inlet air temperature of 75 °C, and vacuurespure of 20 kPa were the best conditions for
artichoke leaves extract drying under the vacuuraysgrying conditions.

Keywords: Artichoke leaves, Ultrasonic vacuum spray dryiEgtract powder, Functional properties,
Reconstitution properties, Chemical properties.
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