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2. Ultrasound-assisted osmotic dehydration

¥4

5 (WL O osls cmus 3 zell 53 8 pwamen (210
Sls e Hsb a4 gl 3 L s (5 KT sk pel 53 SG
St Jald G pad 4 e (AYY 3 7VESYY (S 5 a)
o 55 48 W el lis s (glandllas 5 (pimeen 35
b aad sl Sl 3 jend slml 5 ke 3L s
ST B SCWL sl sl eel oy ol 3 2yl
5 Gt by tasn 53 [AT LS LLL slad sl (g !
O e Gyl m gl b iy 6 T (YY) O Kes
A esla il Fls glpa b 05 S 6l sl i Ol e
Jodos YL lacbals 5l eslizal S sls 0L s V)]
33 o=l 355 53003 S SG WL il 53l sl (6 e
-4 osle ¢ Lol e Bl (g)ls g 31 gnl 3 Ol ¢ 2l )l
5 G 5 55 518) (el J s a4, S
L S Ll s s il gl me U (o bale
i (Gl ST b gl B e S (6,5 oS
el D el ams S 1S oy 1,2 SG LWL 2153l
Sl 6 =T B SG WL ol 8l Bl 51 gl
Laiasin plw 53 Sl 3 L odld Sles i slad ol
chle JLlBIL pl pede [V0 5 VY] cl s 5,05
SG 5 WL 0lye g ol d e 53 (o5l 58 Ol
Gl O i3 plw el b Gollas s oS L )33l

-]
ool SLssSs 5l slas sems (RSM) ol o 55,
b 5 bl o Vslas Ldos B as
AU Olager 2l 6l oS iy 3L sladie
5 (Lagmal) anls sl pite (55— Jms Slos e
el sladle 5 [Y0 ] sls | caliis gladsl b (5ludgs
Gl b (3lwiing 5 5 S 03,25 b RSM
o3lizal 3550 (8 ol (60T Whax 51 lis e 53 il
Sl eslial Ly cadls 53 [YY 5 YY) V0 ] ol 4 S 13
Gl IS 56 sl el ang Ll 2 0l s .« RSM
Al B o33l 5 e CudS D 55 5 e | (S el

ol iasi 5l Gas opl pl ol il o KT



...Qy\}gﬁé@dw‘dﬂﬁjdlarﬂdu:ﬂw)ﬁ

S A gl 5 S Balo

& gas (;Jf\n L;\)'l‘u.pf ‘J..,a)é);.jo)]: s WL
()
4 gad ij\“ 61).“”'(,; Ao ys) dal= esle u.i;-SG
()
(4.:)‘5‘ 44'}‘.4' r;\" &‘)‘M€J§4M)>> Q)j MSWR

a5 pSo318l 0¥

Gk o dd Sl (5,100 5 30 Slad sed ush s (sl
IYelas ¢ Se3ll AOAC (931.04 x50 5,
@bl LT 5 bl 2 b 1Y

gl o e JLaEl gl bl sl sk o
euu‘j ;r’jbflll—‘;" HJ‘; oslaul LS}SJ‘“-]"‘L.)J
ol osls QL) Jj.)s_z-)b D }‘)jﬁt}i‘;‘«ﬂéuw
sl

S iy 8l eslazal 3 50 SERESE Sl di Joo

Ba gy Lope h e e Sl n Jiee sl i

Y =B+ BX A BXI AT BXX

i1
i Sl o 5w B 5 Bi By Po S5 dslas s
A ess ez J et e Sl (o0 Gl e S5

Jize
b S Y s e Jites la e Xj 5 X dnes
Gl o (lasls sad s 5 Lneals PIUT il e ke (sla

A ol Design expert 6.0.2 10 3 5l sslizal L

Cow @L‘b -y
Slast S ramal (5 ST 3 p o Jil sl elyl iolis
(jsujgélWLungwﬁ)w\ﬂjuloﬂ

RGIUOH IS WP\ Y QL..J

3. Central composite

YV

o oiws 5l asped g5l iy i 3) 50 Ol b
3315 Syl (ST Al b aalsl plnil (g 5 25l sl b
Lol oS s el WT8 Jus) (golepp oK S
ol ool OF slos I3 51 a8 aa IV e b L 28
Al b el Jsle los J 28 sk 4 ) cnl s
J e S bale Loy (sla pize Sl s 4 [V] s el
2> gl S G Oles s 4 ga 4 olome i (G e
B Ol L3 sobeo S 53 (6 ST Al b il - sl
Sl ealial Oy ol Sl s o5 W8 sl 4235 T
Jgdoms (355 S [0 5 V] 350 A3 sty 3 O
53 AN 5T ) el b b e gl 4 (g el
o2 el s esliial 550 laand engdoee 3 aS
S5l Sl o pns Olo3 e pladl 1 ey ol L3
3 O Gl Jdome 5l i 5 51 ek sad o6 o
Lol s b s S 13 it e T
L S s san S slo LS L

3 JWl (o el )b awloes —£-Y

o WL T 0sls s 31 Jals o Uil (sla l,l
Lls, 5lesical b (WR) 035 2als 5 (SG) wils osle

18] Bl aslme 55

W . X -W X
WL =——"—1 1 fxy..
Wi
SG= Wf(l_xf)_wi(l_xi)xxu
w
WR=WL-SG

(6.5) 6 ge5 sl o W,

(65) ol KT 31 s 4 g 2 Wy

(Csb o al p o) sl Cosb, X

Gl des3) Sl KT A €503 b X

(b



\vq-\b‘éjﬁ-u\iO)_}J:\i G)LA.«-: &\J&GW;{«}\&

Table 1 Variables of central composite experimental desigeth coded and uncoded levels

Independent variables Coded and uncoded levels

-1 0 +1
Temperature (X °C) 30 40 50
Sucrose concentration £XBrix) 40 50 60
Solution to sample ratio EXw/w) 4:1 6:1 8:1
Ultrasound time (X, min) 0 10 20

Table 2 Experimental designs and values of experimental fa the response surface analysis
during osmotic dehydration of mango slices

Solution to

Run  Temperature Concentration . Ultrasound
°C) (°Brix) saTVe/IVev)ratlo time (X,) WL (%) SG (%) WR (%)
1 40 40 6:1 10 34.90 9.95 24.95
2 50 60 4:1 20 45.09 13.23 31.86
3 50 60 4:1 0 33.19 8.47 24.72
4 30 40 8:1 20 39.25 8.91 30.34
5 50 60 8:1 20 50.79 13.02 37.77
6 50 40 4:1 20 37.71 8.12 29.59
7 40 50 6:1 10 36.59 9.60 26.99
8 40 50 6:1 10 37.72 9.68 28.04
9 30 60 8:1 20 48.74 9.77 38.97
10 30 40 4:1 20 29.94 5.50 24.44
11 40 50 8:1 10 34.90 10.24 24.66
12 30 60 4:1 20 40.01 9.06 30.95
13 30 40 8:1 0 32.76 5.80 26.96
14 30 60 4:1 0 30.39 7.22 23.17
15 40 50 6:1 10 37.16 8.13 29.03
16 50 40 8:1 20 45.69 11.88 33.81
17 40 50 4:1 10 29.70 8.33 21.37
18 40 50 6:1 10 36.82 10.21 26.61
19 30 40 4:1 0 20.80 3.01 17.79
20 40 50 6:1 0 28.47 7.50 20.97
21 50 40 8:1 0 37.12 11.9 25.22
22 30 50 6:1 10 38.55 6.40 32.15
23 40 50 6:1 10 33.88 9.81 24.07
24 40 50 6:1 20 41.74 9.75 31.99
25 30 60 8:1 0 38.19 5.64 32.55
26 50 40 4:1 0 30.81 6.90 23.91
27 50 60 8:1 0 36.53 13.18 23.35
28 40 50 6:1 10 36.16 9.36 26.80
29 40 60 6:1 10 35.17 11.26 23.91
30 50 50 6:1 10 40.60 9.41 31.19

Table 3 Regression coefficients of different responses
Regression coefficients

Independent variables

WL (%) SG (%) WR (%)

intercept 35.76 9.35 26.41
X, 2.16 1.93 0.23
X5 2.73 1.05 1.68
X3 3.68 1.14 2.55
X4 5.04 1.09 3.95
X 4.44 -1.33 5.77
X, -0.10 1.37 -1.47
X4 -2.84 0.052 -2.89
X2 -0.031 -0.61 0.58
X1z -1.27 0.039 -1.31
X13 -0.90 0.50 -1.40
X1a 0.36 -0.36 0.73
Xo3 -0.62 -0.71 0.084
X4 0.95 0.24 0.72
X34 0.14 -0.20 0.35

Xq: Temperature (°C), X Solution concentration (%), XSolution to sample ratio (w/w), XUltrasound time
(min)

VA
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Table 4 ANOVA Table showing the significance of the effeftdehydration variables on each of the

responses
Source F value
df WL (%) SG (%) WR (%)
Model 14 23.87 14.22 12.41
X, 1 26.79" 85.42"° 0.26
X, 1 42.72" 25.14" 13.89"
X3 1 7790 29.64°° 31917
X4 1 145.67 " 27.15° 76.76
X2 1 16.28" 5.80° 2357
X2 1 0.0083 6.19" 1.54
X2 1 6.64" 0.0881 5.91"
X 1 0.0769 1.22 0.24
X1z 1 8.82" 0.031 7.49°
X13 1 417 499" 8.58"
X1a 1 0.68 2.64 2.30
Xs 1 1.99 10.19” 0.031
X4 1 4.62° 1.13 2.24
X4 1 0.11 0.84 0.53
Residual 15 - - -
Lack of fit 10 2.13 1.83 1.47
Pure error 5 - - -
Total 29 - - -
R? - 0.9570 0.9299 0.9205
cV - 4.83 9.82 6.93

X1: Temperature (°C), X Solution concentration (%), XSolution to sample ratio (w/w), sXUltrasound time

(min)

***Significant at p<0.01; **Significant at p<0.05; *Significant at p<0.10
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An investigation of masstransfer phenomenon during
ultrasound-assisted osmotic dehydration of mango slices and
optimization by response surface methodology
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The aim of the present study was to investigateetfect of independent variables, namely, osmotic
dehydration temperature (30, 40, 50°C) and conagatr (40, 50, 60% w/w), solution to fruit ratio

(4:1, 6:1, 8:1 wiw) and time of sonication (0, PO, min) on the mass transfer during ultrasound-
assisted osmotic dehydration of mango slices. thtiad, optimization of mass transfer parameters
was performed to maximize water loss (WL) and weigduction (WR) as well as to minimize solid

gain (SG). Central composite design (CCD) in resposurface methodology (RSM) was used for
statistical optimization. The results revealed thhtthe independent variables had a statistically
significant effect on the mass transfer paramet®nsincrease in the osmotic solution concentration
resulted in increased WL and WR. Also, the resoftANOVA showed that the fitted model was

significant for responses (p<0.01). Moreover, tpgmum conditions for the osmotic dehydration of
mango were osmotic solution temperature of 38°Qutiem concentration of 54.18%, osmotic

solution to sample ratio of 7.40:1 and sonicatiaretof 20 min. Under these conditions, the values
obtained for the responses of WL, SG and WR werd88, 7.81% and 38.67%, respectively.
Therefore, on the whole it can be concluded thmasbundassisted osmotic dehydration can be an

effective way to increase WL during the processictviin turn can reduce the total process time for
the osmotically dehydrated-dried fruits.
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