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Table 1- Four process conditions of vacuum spray drying

(el (5 S 55 Ll

. S35 sled W lad 39591 b oylas Jalo clilé
‘—H"Mé Inlet temperature Vacuum pressure Concentration of extractsolution with excipient
Process condition of vacuum spry (°C) (kPa) (9.100ml*)
drying
Ay 55 40 2
A, 65 30 25
Az 65 30 2
A, 75 20 3

G gl g ywylo (i, J) jmaie oid Loy Hlade p(i, J) ciwa

Al e Cunday (V) dadl,
C={2Ny (Ny ~1)+ 2Ny (N -1)+ 4N -1)(Ny -1} (1)
Ol 3w U 1) (Bl sl Sy (L) bl ¥ g
B sl Shy 2Ly by, -V Jgaa

Table 2- Mathematical equation of textural features (Albregtsen, 2008)
Al s S5 Jses?

Textural features Formula
ooy 5 o)
Sk
s ] 2
SoalSA S () S e Y (8)
e & Bl R (3

Homogeneity 1+ (i ) j)
Vo s (S
Vo o (T S R

Ng-1 N -1
50 2 i (i) (1)

0.0

"]

;‘/'"" '.'ﬂ'
Correlation

B3 Gl gl &5 Sloj WS (o S 0jlNl ) g (35
ol Vb po3 ayo (slansly poliiS il aliio sla JuSy 5 o
(srmests Jasl wy Jloplgisd)) Slo gdaw b pgas JIS)gbas
29-25) 5y=j Lt dged pugeal & Cumd |) ASM I (6 5L, ke
Singh et al., 2010; Williams et al., ) c_sly s alss (Keals

51 odslecwndn SLis oylas dbges il adllae Hglaioay

ke Sy gy ‘CGLEM (65l o (2989 w0 (o yile
45 (ASM) po> asipe (slanygly H5lisS cunss 35 oo gl el
5o oS sy o=l Canl oadad bl 5l b (B3I e
ONe (P93 A ye (sl gl HoliiS (Cwl GLCM )3 (639)9 il yo



YAD (Ry8 S5 Spolas ;05 (195w S ol (38l Gl 59 Julns

sobel Jadas

asgy jl oolawl L SAS 9.2 ¢,Lal I3 8la 5 L laodls 4y o
e el 5l edliwl L b yuSike dulie .cd,8 &y GLM
A Lol +1+0 Uyl T ellas Jlazs) ans |y 55 cglaials
Ml b o)l Jie e ) Jis (3 sla Sy
a bgoye jhags 8L gla Sy 0,8 eolatwl 8olas
MolS oyl o)l 55 (iKad 5 (650! ¢ Kisad (ol S
bl e ol & 2 ()bl 435 Joyg81e @ g0t (ol
Bl slocur ) gl 5 5988 S plyied (S SIS los
4 o3l 3y90 (gylel Jho Lad 48,3 sy Sod [, lgiea
D9 2) T
Yi =u+A; +B;+AB; +e; (¥)

PIA ai2y90 (Sh sl oSl 3l a5)ke Ja s3]
P iSanyy AB gl 5B piibly (oM (5 St Ll
oulo Bl glas Sle g aygl; o oS Suis baylyis

Bl Gla(Shy aly Gl piie ly Jatue sl )gSs
Sl a5 I s g (S SS Las uld Jleg e 5l Jites
bl ) g sl (Jie (slaygss Jbce (8L slaShy
ool 039 S Sutd bl g aygl; JiSen Sl g (S St

2953 WL SLa S5 9y gead Ol Julad g a3

9 A Ll )3 1) SEM gl jl diged 93 0 g Al S0
Aged Ay g bl D )0 S psbas il 00 iS gl 4 Ay
S s At sllaols Lly g y2eS 5305 5 Bl s b
(ee Sl ol b jslateds amd e LS ) 25 g Jlgenl
OSS—id jloadadys ojlac 39 b (g9, b Jdoga s
LT 5l e i plosl GLCM 3, 1 alimal b iy oM
Golas ojlac (o9 (slodgi lyd 50,0 SO sladiges SEM i glas
el ey 5658 Ll & oo 0 ol (5188l

g g bl 25 S ae Lulyd Sz 1Y Jgie
2o n9bal 0)3 S5l (BL b Shy 9y ) xS0l
€l (CT) cunl S’ jel)l ¢ Jgior @ d295 b dwd oo (L5 0)lae
M i e ogrundes 4353 00 slod) Ay Lo Ll )3 0,3 5
S L1y Sl e o sV (a0 oV clale 5 ISl o LS Y-
5 i odm sl 58,5 CT e o5 s 5 .(P<0.0001)
(Rodriguez et al., 2013) cusl gglaw iy 3lob

Ol o 0080 )L &S (CT) led g canwl S ol opgd (1997
o=l (oS Hlade 3 Cgled lawgl ol ool e il puss
s (Swly jl wlide 45 «usl (CR) (Sivsod jlads pouw
SrSoilasl Cipa dn Al (pgal o WS Sy cad
2 S CR liis cunl San yrgal SO ] (caliseo (slaaygl)
eyl sl asib ;0 cps 0 pYL CR Hlude 5 cus S
§) oslil Uy Lol ASM aLiiio (IDM) gSxe jgkiS jlaie
Sy S (0 i |y pgal (Ked oS (glite (slablee
o 45 Sloj olply el xe Sen (IDM) LusSns
3L ol Hlde ol YU ogSan yolidS g cdles Joe (oSl
(ET) (m95! yol) cemsles > (Singh et al., 2010) el
P EpmS B SO, Gud Adye & wsSae yebay & Cul wlido
Arzate-Vazquez et al., 2012; Zheng ) sad o L ) pdaw
Parker and Terzidis, ) cowl codl xsjs (S sdiad lis
o i1 ilacas 5> s csl U b s (2011
b o ya stdfilt o rangefilt x ol 0S’ o uld o sl
=9y5l 48 el (Bolat g bl (6,5 elul S 5 entropyfilt
o & sy e S Lo dgwloea |yt 5 ol gt o e
GBLL 53 (Silod S 1) 4 psbody S o Jos il b,
b aob o (o)lol (sla Sy e 03,8 aypai jlai 390 JuSy
2= > Sy (05 plgisan Jlade ol 5l g S oo dpmlne
polde plas o luiliwl Bl ol stafilt ob oS o oolaiw] g5
) Solwen g5l entropyfilt ol 5 (Solwes ;5 39590
im o polatdl 298 Sy 4 ]y e ol 5 A8 o dlne
€95 )30 )3 SLeMbl 4y a2 b Wil oo o)lel slo by,
32 b sy e o5l «Blo bl b bl )d ¢ Jlie lgis 4y S
8l (g 2 g s (Sas ie Juy o BT (Kol
dwbre dlie jobody g Jaled (555 05l 0dga0te (w9 )
o5 4y Uilg o (Sluod G 50 b JuSl 3 luilial il o]
(Kumar et al., 2008) aa> ;L |y ddlaio o ;5 JuSy polio
2o SxSoiul e I Jite 5 jbcae (Bl s Sh cnlple
L il oM 55 Sits bl los byl Jloa 50 olas

LA dawlio (6yuS B mow coBaed (Sl iy I ool



WWAY 090 Jluows (¥ 0 ylols (A ol «(5359LeS sla puiilo 4 s Yoo

26 KV 20.0 KX 1um

KYKY-EM3200
(b) {<)

SN:0779

26 KV 20.0 KX 1um KYKY-EM3200

(@) {4l

SN:0779

@ il oS S AL () 5 A () Lulpd > (55 SIS Sy 0)bae 25y 5SS gl = JSud
Fig.1. SEM images of artichoke leave extract powders in condition of (a) A4 and (b) A; of vacuum spray drying

g Ay S Sis byl b oV i illes 0 L 1y (g)ld Gixe
BSSiis 2)LS Lyl ol &) Cand b Siran e Ag
ROAriguez Lawgs osds i)l 5 a0 ol 4 do g b gy 55,5
C9)S 9 )eS (§y=) )5S CR Jlade (V4OY) o) LSen 4
oS S wuld Ay bl s (o aSlsll s o ol 1) g pda
b 5 il ool sl 1 Gl S Lad 5 YL sled
298 g0 bl o S dlaize I g 0jues] sl o (6
092> Jome lial O e domi )3 9 5 @ 55 4 e &
25 ey nl 3l 02)5 o0 05all il o 4 00 LSS Aoy
Slo dalyd ool > Clilad o (g9, Suid Cow Y S @y
Oy (Ssad 5 5o (630 b Oy g 00l OIS (SaSgyn il
35 ol @l b il S (o Mg 1) JuSio (658 ok
9 p3S F b Oy eadime g (Jad clalayly (Alamilla et al., 2005)
SIS S s o 5 itk oSS b o3 oS Kas
St 5 Las g 5 oly Sl 23l b 5 Ag Ll i 8
o b b el andly (6555 CR Jlade 9 58" (60 chawgie
(dmels) o3le 3o (19 €l b Jglme oyl clale )3 oSl
(558Y) (339331 4z 0)luas s 53 (339331 o3l lako G293
23555 Gl Jslome clale 2l L ony el aidly il
s 00yl )39 gaw )3 jleS (60 G g 005 yide Jolore
03le 45 o Loljl ol oans il M S SKis oliwd
aoly )3 g (goasms S5 oole S lgisdn 958
Jools glgsl Ly aasiadsi @lyd el s sl @3 00,8 St
Tonon et al., ) ol Lis |y Blo ok w5 (59,5 M

a3 00) b slod > il & Sloj ¢ Shg (nl 4 g L

Gl Bigd oo Sl (JISsly kS F+) YL s L2 5 (pogmade
JLid g (g 43 VO) 5YL (glod pd il Siid @l o
by ol a0 i (SaSep (JSl kS Y) Soml 35
Ol €9 Pl JSS 5 9 (SAS e el b Sl o
3 5Y0 U jLid g ,5eml sles sl blsyl s anl) balys
2148 g 0lge 1> Ol patual iso ¢ Ll caw 0SS a1,
by dal s ol cod ol ply b Ol o pSeide JSS s
SLid 9 YL (glod 4y Cuad (5008 Cug)S g g 5 b S sS

(om0, S Sid glod a5 s S 5)158 (Pérez et al., 2008
FoS (52555 5 ¥ P b &5 WS e Mg 6580 )
2 aS ase8 len bl o YU glod o ond Sid lyd & s
S CBl ol S g9y 0 g dsly Sl g e oaalia ¥ Joix
A5 ysbdr I ine a0 )d gy Sl e 53 0jlas )39 053
SLadagly 4 Cond 4253 WO 9 ¥ slacgly 5 yuall ol polie
F Vb e oximdp)lis oy cpl W39 3555 423 8 9 o0
Lasm V0 5 Y0 by a4 baye sl JuSy o (oo &ilyuss
Rodriguez et ) _imgs 5 bl o poal 03 SO bl & as g
2l 00 s dlg S ,See Juily ojlae il Llos L (al., 2013
A ol 423 A0 g i Cua (Bl b Shy Gl elde
o Bl (Siag oS et a3 () gl b 45
il uly 5 jlag 8l co o)las 13 0)5 S5 55 (CR)
M3 (P<0.0001) ey 45 o slaceys 55 o,LS



Yol K8 58 Sy oslas ;09 o195y S pobad i3 sl Sy Sl

Al e ca e sladsgly 40 ojlac g il (o5, Conl
SaS gohw C9S anje exmaglis (65 YL polie
5 438l @y s Aol p i ol 3 11 el oSy
A5 odmlie &yd Bl ) (aolie g (Kon ladusin b s pglas
Lol Jlay 8B Cos 35 o)las 0 003 S5 2l San el
5325 (P<O.001) sl Lt (gl sine BMS] (LS calieo
e by iyt 3 b JuSy e (San | (IDM) e
o isenl 5 ials i oims i Sed oS plis
2 pde (BLob g ) & pxie g Cwl pgal o) 2 b uS
@ A balyd ) (GSen )l ¥ Jgio Billae 95 o0 )5
5 omly slod 3 i g 0aSg e )b St 5 jatunl yus L
sl g ol alie .uul Hlade o meS )l YL W Lz
9 &5l Sy aS Wby ol (Arzate-Vazquez et al., 2012)

5SS prokad b 1 sl L Ly Sm cdly Kan
)1 el gl

Syg—e 3 (Yoo A) hhlSan s TONON Ly polie mls (2011
5 oainSogdle (539381 L A Ly (ol 95 090 sloyogy
Sy oylae (slaydg 3550 43 (V0 +0) o) Kea g Gavini
sba g8l Ly (ot (S Suis jlordady ()3 S8 S
S o a2y LCR .cowload (0)]3S 5o-logymm g 598
Oty Slly Jo> 4 a2 0 8 g b0 aygl5 55 (S o0jll
4 Camd 55 S ) il pgal Sl JuSy @SB S5, ©d
9y 4osli Bl el polie guls by lis a3 VYA 4 FO (blg;
(Alsadegh and Joan, 2012) L. g GLCM 8L, sla S5
Sl @l e 423y gl )3 aSgygbar A (3)1S
b gy 4 drg b acae plo ) g dal Cundey (Bl (o Shy
Ag balyd 3 Jodoa )3 oadesll gl 4 dagi b gy glite
sty S St )8 Ll o & Cogms (ASM) (555 sl
S5 58 pebl ol 4l 51 (P<0.001) 390 5L ()l sive
S 48 ol opl odimd ylis a8 (P<O.1) 5gy oy Hy jimo

olas 3391 yslial 0)3 S5yl (B (sl Sy s9) xSl agly g (sl oM (SSiS ee Ll Sl I Jubs =Y Jgas
Table 3-The analysis of the effect of vacuum spray drying conditions and measuring angle on the single-particle
directional textural features of powdered extracts images
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Condition of drying
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A1 (40kPa, 55°C, 2%) 2.87° 0.73° 0.12¢ 0.72°
A,(30kPa, 65°C, 2.5%) 1.65 0.85° 0.21° 0.87°
Ag(30kPa, 65°C, 2%) 1.37° 0.89° 0.29° 0.89%
A4(20kPa, 75°C, 3%) 1.05° 0.91° 0.46° 0.88°
5yl glas
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@)
Angle
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Angle 45° 2.143 0.81° 0.22° 0.83°
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Table 4-The analysis of the effect of vacuum spray drying conditions on the single-particle independent of direction
textural features of extract powder images
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Table 5- The analysis of the effect of vacuum spray drying conditions and measuring angle on the mass particles
directional textural features of powdered extracts images
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Condition of drying _ Contrast Correlation  Energy  Homogeneity
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Table 6-The analysis of the effect of vacuum spray drying conditions on the mass particles independent of direction
textural features of extract powder images

JIVELfp eV Bl s S
Source of variation Textural features
C’S_ = 5 Lyl ) 9! Entropy Range Stdfilt Image-std  GLCMstd
Condition of drying Entropy filt filt
A(40kPa, 55°C, 2%) 7.14% 5.16 71.8° 23.29° 61.377 634.3
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Introduction

The artichoke is part of the foods from the vegetable group that provide important nutrients like vitamin A
and C, potassium and fiber which used as a food and medicine. In the pharmaceutical sector, dried extracts are
used in the preparation of pills and capsules. Dried extracts can be prepared from the dehydration of a
concentrated extractive solution from herbal materials (leaves, roots, seeds, etc.), resulting in a dried powder.
The spray drying is widely used in the preparation of dried powders from extracts of medicinal plants, fruit
pulps. One of the newly developed spray drying techniques is an ultrasonic vacuum method, which strengths of
spray drying by incorporation of ultrasonic atomizer and vacuum chamber. Nowadays, image processing has
been applied to food images, as acquired by different microscopic systems, to obtain numerical data about the
morphology and microstructure of the analyzed foods. For this purpose, microscopy and image processing
techniques could be considered as proper tools to evaluate qualitatively and quantitatively the food
microstructure, making possible to carry out numerical correlations between microstructure data, as obtained
from the images, and the textural properties of food powders. The textural characteristics of the obtained dried
powders are determined by means of a perfect detection by scanning electron microscopy (SEM) pictures, and
analyzed with a statistical approach for image texture studies, which calls the gray level co-occurrence matrix
(GLCM) technique. The object of this study was to illustrate the application of image processing to the study of
texture properties from extract powder using GLCM texture analysis and some vacuum spray dryer conditions
effect on the texture features of mass particles and single particle SEM images.

Materials and Methods

After preparing water extract solution from artichoke leaves, extracts were dried under four conditions of
vacuum spray drying (according to Table 1). To study the texture of the obtained dried extract powders, different
representative features are extracted from the GLCM matrix. The angular second moment (ASM), which is
defined as a measure of the homogeneity of the image, the contrast parameter (CT), which represents the amount
of local variations given by differences in the gray values in the image. The correlation value (CR), which is a
measure of gray tone linear dependencies in the image depending on the direction of the measure (different 0s).
The inverse difference moment value (IDM), which, similar to ASM, quantifies the homogeneity of the image,
however, using a different equation, the entropy parameter (ET), which is a measure that is inversely related to
the order given by the gray tones in the image. Rangefilt and stdfilt calculates the local range and local standard
deviation of an image respectively. Entropyfilt calculates the local entropy of a grayscale image also. Parameters
(ASM, CT, CR and IDM were analyzed in four directions (0°, 45°, 90°, and 135°).

Results and Discussion

The results of analysis of variance showed that, the difference between the textural features of a single
particle and mass particles in four different conditions vacuum spray dryer was significant statistically. Texture
analysis was demonstrated that larger ASM, CR, and IDM values indicate less roughness, whereas larger CT and
ET values indicate more roughness. At lower inlet temperature and higher vacuum pressure, water diffusion in
the material to be slower and allowing the deformation process in the particles to be more pronounced.
Consequently, it was possible to observe that generated smaller particles are rougher and less spherical. When
the concentration is increased, due to the constant concentration of the additive, the ratio of excipient (lactose) to
extraction decreased, as a result were formed a greater number of particles with rougher surfaces. According to
these conditions, the values of CT, ET, rangefilt and stdfilt were larger while ASM, CR, and IDM values were
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smaller. By analyzing the effect of the angle on the oriented textural characteristics, the contrast and correlation
parameter were maximum at the angles of 45 and 135 degrees and 0 and 90 degrees respectively.

Conclusions

Image processing could be auxiliary tools for understanding and characterizing complex systems such as
food and biological materials. In this study imaging-based technique was developed to evaluate the texture
properties of artichoke leaf extract powder at different conditions of vacuum spray drying. The use of higher
temperatures and lower vacuum pressures contributed to faster evaporation rate and production of smoother and
larger particles, thereby increasing ASM, CR, and IDM values and reducing CT, ET, Rangefilt and stdfilt.
Furthermore, the contrast and entropy parameters showed inverse trends in comparison with correlation, energy
and homogeneity. Decrease of solution concentration resulted in the more presence of lactose in the composition
of extract/excipient improves the textural properties of powders. The direction parameter had also affected on
GLCM textural features. Two oriented textural characteristics (contrast and correlation) also showed significant
differences with respect to the nature of particle texture in different directions of measurement. The obtained
data extracted from image analysis may provide valuable information to understand the role of structure with
respect to product functionality.
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