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Fig. 1. Schematic of an ultrasonic nozzle function
(1. Ultrasonic wavelenght amplifier, 2. Vibration direction, 3. Piezoelectric transducer, 4. Water flow)
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Fig. 2. a) Ultrasonic nozzle three-dimensional design b) Ultrasonic nozzle dimensions
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Table 1- Experiments matrix to dry tomatoes
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Level

ol
Parameter

(W) USRI 25 375 50
Generator power

P}
(mlmin™) » 13 15 17
Flow rate
(C) L 130 140 150
Temperature
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Fig 3. Schematic of hot plate spray dryer

(1- Solution source, 2- Pump, 3- Drier bases, 4- Drier case, 5- Atomizer, 6- Atomizer holder, 7- Element,
8- Temperature contoroler)
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Fig. 4. Image provided by the optical microscope with microns scale
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Fig. 5. Analyzed image by digimizer software
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Table 2- The variance analysis results of the effect of the plates temperature, the flow rate and the power generator on
the particle size
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Variation sources (vs) df Mean square F value
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Power
(483> il Jos) (o 2 26.2 56.5"
Flow rate
(ogembe 429 Lo 2 0.09 0.21™
Temperature '
w2 Xy 4 2.1 46"
Power*Flow rate
L2 X g 4 0.01 0.37"
Power*Temperature '
w2 X a3 4 0.03 0.92"
Temperature*Flow rate '
X X ls
o2 X X g 8 0.01 07"™
Temperature*Power*Flow rate
ks 54 2.15
Error
Js 80

Con 3 gm0 NS 0/05 prdass y3 yls ine " 0/01 aaw 5 )bg'.m**
**Significant at 1%, * Significant at 5% of probability level, ns No significant
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Table 3- The variance analysis results of the effect of the plates temperature, the flow rate and the power generator on
the moisture content
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ks 54 0.000485
Error
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** Significant at 1%, * Significant at 5% of probability level
WFL=13 (ml.min"-1) mF L=13 (mlmin *-1) ®E L=13 {mbmin 13
EF.L=15 (ml.min~-1) EF.L=15 (ml.min 1) EF L=15 {mlmin 1)
OFL=17 (ml.min ~-1) OF L=17 (ml min *-1) CF L=17 {mlmin "1}
4.4 4.4 44 ]
. ) ’ i m
I I
4 F 4 # | o [
5 36 O 36 S ¢ ! i
55 %34 S 0
3 32 i NEE NN R
3 3 3 )
130 140 150 130 140 150 136 140 150
a  Temperature (°C) b Temperature (°C) ¢ Temperature (°C}

@lg50 (€ g 37/5 (b wlg 25 (8 g dws y3 (Ko ybdagS 90 cagh) (slyie =9 KW
Fig. 9. The moisture content of tomato powder at three power of generator a) 25w b) 37.5 w ¢) 50w

MBI gl oS Kt ks slos Gilisen slogaw > 4k o3l e Sls ol GRaliEIL 15 03 T S5 53 o psbislen

ok sy doyd it ol wo 3 1 e 3 (5l ine b3 ojlaslan ©ad 4o ugb) (slpizee bbe GBI
lyime 1o pyseS 9 Sly 90 g5 3 pled olaw aen 10 Ui j3 o9 o Of JUs] (g)lois el oyl g Conl dianly
Jols Gush) lsime polio s Jolo &Iy 25 s 5> sk, by Slyome Cgolp pite ply (IR L & 398 00 saalie

Sobgme BB iy i mdaw a3 Glas (glos @lpss o Gy Ol Jols by (glaizs y3dlie g Wb o Lyiulié]



435 Kb xS o9 Suped ol 1 g0l ALl jide gl il (gms)

.(Goula and Adamopoulos, 2008) 1L . ials

Cogby olie Olxio (clod il3El b g sl doyd 1 pdaws

BRT=130 ¢ BT=130 ¢ mRT=130 :c

BT=140 °c WT=140 °¢ ;%figg £

BT=150 % aT=150 % 4.4 =
4.4 4.4 a1
Sz E g £ 38

2.3 o> 5
% 35 = 3.5 S 3.5
32 32 32
2.9 29 29
25 375 50 25 37.5 50 25 37.5 50
a Power Generator (W) b Power Generator (W) ¢ Power Generator (W)

aidd p ) Lo 17 (€15 (013 (a pbys (00 dw  (FpassS g ugb, slgome =10 JSKWS
Fig. 10. The moisture content of tomato powder at three flow rates a)13 b)15 ¢)17 (ml min™)

2 T 4o 3 (b Slgiee o) (il g Cal o>
Ols 3 gy lsime oy (ytaS 9 s 80 Gl )3 ol
oo Oy Juols gb) (slgime polio .as Juols g 25
2 Gy ime BMA] by L 00 maw ) 48 xie
Sliee SRl Cagbo) (lie 0l GRIEIL 5 Cosl 2oy 1 s

.(Tonon et al., 2008)

Sl s W Silie o> il b s ool oL 8 s 5o

el yol (ol g 03l &) (6558 & ylys Js! doeis 4> aily il38l
Cgeo s & ydgy SIS (9)0 Ol b sl lize 39500
sanlivo 11 S5 gl (slyimo uily)ly 38 op 1
g mbiee 8l (Gugb) lgime by (23 BRI 2900
2 A0 e gl il sl ol s by (gleie yiolie

5 o 1 (g)b dxe BB (el by (o5 ciliske (slapdan

BW=25 BW=25 aW=25
44  OW=375 44 , OW=375 42 , OW=375
42 OW=50 4.2 ow=50 4 ODW=50
4 - 4 3.8
£ 38 £ 138 =36
D 3.6 D 36 s >
=34 =34 Q 3.4
3.2 3.2 3.2 i—ﬂ
13 15 17 13 15 17 13 15 17
a Flowrate (ml.min!) b Flowrate (ml.min!) c Flowrate (ml.min-!)

150°C (c 140°C (b 130°C (a (slod aw y3 (S y3dnsS g (sasby (slgimme ~11 JSWS
Fig. 11. The moisture content of tomato powder at three temperatures a)130°C b) 140°C ¢) 150°C

L > ojlul (SSles (2 i8298" shb odadgs aids p yud oo & S Ao
2 e 1T (2 550 ol L ladigas 5 y209 S0 813 o

Al o yingySun 20002 )3 o310l Silie 58550 (slyls aadd
Slgme (a8 5 039 )3 Dl a8 b ungh) (slsime
wgad 453 150 (glod b a8 sl pladiges & bgpye b,
aids p il e 13 by 009 ©lg 25 gy (S SKis Slxio
tlmdsiges a byyo by sl oyt 9 3102 s L
50 ls (S St Clmtio g 433 130 (glos b &5 e

Wgol gin gl wle (alge b L Giagh cpl gl

P b eleS S Slrio sled g Gl (2
xSl st sty Slyoen 3 o8] (xSl S5l S5
Ol o led (Jg o0y jlb pxe o pd S o jo )3 ol]
el QAL gl ne 5 3 oIl eSln o Kis
13 5 9 lg 25 s L as Sladiges 45 ol o)Lis o w)p



1396 pg5 Jluoss 2 o5lacs 7 sl o539l slopeile a4 pii 436

e o)l bas o ayzal)l cpl 51 les o At glo B oas o A12% Jace b aad> p il e 17 (bye (03 9 g
93505 (quyp 53,5 S ol b1y a8 ol s Y g 10 o390y @l o051 wSibe Slglyd o ys 90 51 i
Dy e 0,8 Sas S ) s o=l Gl (BleiSs samd L a8 del Canddy yiegSue 20 b

&S olie OY gase 3,8 Suid Cuenl 4 dagi b adl o a5l

References

1. Berger, H. L. 1998. Ultrasonic liquid atomization: theory and application. Partridge Hill Publishers.

2. Bhandari, B., and T. Howes. 1999. Implication of glass transition for the drying and stability of dried
foods. Journal of Food Engineering 40: 71-79.

3. Bodhmage, A. 2006. Correlation between physical properties and flowability indicators for fine
powders. University of Saskatchewan Saskatoon.

4. Chegini, G., and B. Ghobadian. 2007. Spray dryer parameters for fruit juice drying. World Journal of
Agricultural Sciences 3: 230-236.

5. Davoodi, M. G., P. Vijayanand, S. Kulkarni, and K. Ramana. 2007. Effect of different pre-treatments
and dehydration methods on quality characteristics and storage stability of tomato powder. LWT-Food
Science and Technology 40: 1832-1840.

6. Goula, A. M., and K. G. Adamopoulos. 2008. Effect of maltodextrin addition during spray drying of
tomato pulp in dehumidified air: I1. Powder properties. Drying Technology 26: 726-737.

7. Jumah, R., B. Tashtoush, R. Shaker, and A. Zraiy. 2000. Manufacturing parameters and quality
characteristics of spray dried jameed. Drying Technology 18: 967-984.

8. Li, Z,J. Yang, X. Xu, X. Xu, W. Yu, X. Yue, and C. Sun. 2002. Particle shape characterization of
fluidized catalytic cracking catalyst powders using the mean value and distribution of shape factors.
Advanced Powder Technology 13: 249-263.

9. Masters, K. 1991. Spray drying fundamentals: process stages and layouts. Spray Drying Handbook. 5™
ed. New York, USA: Longman Scientific and Technical: 23-64.

10. Ortega-Rivas, E., P. Juliano, and H. Yan. 2006. Food powders: physical properties, processing, and
functionality. Springer Science & Business Media.

11. Ramisetty, K. A., A. B. Pandit, and P. R. Gogate. 2013. Investigations into ultrasound induced
atomization. Ultrasonics sonochemistry 20: 254-264.

12. Sahin-Nadeem, H., C. Dinger, M. Torun, A. Topuz and F. Ozdemir. 2013. Influence of inlet air
temperature and carrier material on the production of instant soluble sage (Salvia fruticosa Miller) by
spray drying. LWT-Food Science and Technology 52: 31-38.

13. Smith, P. G. 2011. An Introduction to Food Process Engineering. Springer.

14. Souza, C., and W. Oliveira. 2009. Drying of herbal extract in a draft-tube spouted bed. The Canadian
Journal of Chemical Engineering 87: 279-288.

15. Tonon, R. V., C. Brabet, and M. D. Hubinger. 2008. Influence of process conditions on the

physicochemical properties of acai (Euterpe oleraceae Mart.) powder produced by spray drying. Journal
of Food Engineering 88: 411-418.



Journal of Agricultural Machinery @ S 39LiS sLamiilo &y i

Vol. 7, No. 2, Fall - Winter 2017, p. 427-438 e &d{f.«;}i[z& 427-438 o 139 o35 Jlumoni 2 0jkos 7 ol

Investigation on the Ultrasonic Nozzle Parameters Affecting Physical Properties
of Tomato Powder

M. R. Arjomandi'- M. Aboonajmi**- Gh. R. Chegini®
Received: 13-02-2016
Accepted: 17-07-2016

Introduction

Preserving food products has been much regarded due to the population growth and food scarcity. Drying
food is one of the methods of preventing the waste of food products. Spray drying for which products that are
initially in the liquid phase is the most suitable method of drying the moisture. In this method, the solution is
turned into particles and droplets via mechanism and synchronous collision with the hot air that enters the drying
case. Moisture content is one important aspect of the food powder which is associated with an increase of
adhesion. The particles size is an important feature of the product due to its effect on the product appearance,
solubility, and powder fluidity.

Materials and Methods

In this study for producing tomato powder, 10 kg of tomato available in the market which was not good and
did not have a good appearance but suitable for juicing was supplied. A meat grinder was used for juicing.
Tomato juice was filtered to become pure. Tomato juice was put in the 1.5 lit bottles and was kept in the
refrigerator for experiments. To spray the tomato juice, an ultrasonic nozzle with 20 kHz frequency was used.
Energy sources (TOPSONICS 400W, 20 kHz) was used to provide the atomizer power with adjustable power
from 0 to 400 W. In this study a hot-plate spray dryer was used to change the tomato juice into powder. An oven
was used to measure the tomato powder moisture content. 0.5 g of tomato powder was weighed and was put in
the oven with 70°C for 24 hours to be dried to lose moisture. To measure the size of the particles the analysis of
two-dimensional images was used. The photos were taken with optical microscope OLYMPUS CX21lequipped

with a digital camera- SONY DSC-HX1. To illustrate the photos, the Digimizer software was applied. SAS
software was used for further statistical analysis.

Results and Discussion

Analysis of variance results indicated that the effect of the studied parameters was significant on the average
of the particles size except for dryer plates temperature (p<0.01) and on the moisture content (p<0.01). The mean
comparison of these effects was done via LSD method. The effect of the temperature on the particle size was
insignificant. The reason for this result is due to particles size that is an external parameter and is much related to
the ultrasonic nozzle features. The reciprocal dual the flow rate in the generator power on the particles size was
significant (p<0.05). The results analysis of the mean comparison indicated that particle size average of flow rate
13 ml min™ is smaller than the flow rate 15 and 17 ml min™. The least particles size mean is related to the
samples which have been produced with 25 watts power as it has the significant difference with 37.5 and 50
watts. The least particle size average produced with 25 watts power and the flow rate of 13 ml min™ and 13.8
micrometers was obtained.

Results of the means comparison indicated that the moisture content of the samples with 25 watts of power
produced less moisture content which was significant (p<0.01). Moisture content is strongly related to the
particle size and it makes the water transfer difficult and moisture content of the samples which is produced in
this power is less. Thus, when the sonication power increases, the moisture content increases too. The samples
which were produced in flow rate 13 ml min™ showed less moisture content than other flow rate levels. Results
showed increasing temperature caused decreasing moisture content of the samples. This is because the exchange
heat between the powders and the environment has been increased and more moisture was lost therefore, the
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moisture content decreases.

Conclusions

The results of this study indicated that the parameters such as ultrasoud power, flow rate, and the dryer
plates temperature on the physical properties of tomato powder like the particles size average and moisture
content were S|gn|f|cant (p<o0. Ol) except for dryer plates temperature on the partlcle size. The results indicated
that the particles size average in the samples with the flow rate 13 ml.min™ and 25 watts’ power has been
produced which has a significant difference (p<0.01). Likewise, the least moisture content of the samples with
temperature 150°C of the dryer plates and 25 watts power and flow rate 13 mL min™ was obtained with a
significant difference. It can generally be clalmed that the tomato powder which has been produced with 25
watts’ power sonication and flow rate 13 ml.min™ has the best quality regardlng the size and moisture content.
Considering the importance of drying the food products which are in a liquid form the effects of these
parameters on the value preservation and qualitative nutritional properties can be investigated within the
processes of drying, and the results can be applied before drying.
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