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\Al



Ve  OLT DA 0y55 AV o leds

. — ~ ’_/""\-\_
- moisture content - - e G
— e
— —
— e
~ —
‘xi\_‘ rods | 5 ~
s |
1400 ] s g umaﬂ >~ |
e £ w0t | R e
° | £ = vl
E — ‘ £ e \‘
£ ey H [
R [ ; 5 EE I
@ T ——
H e | : N
e E P | i |
o s | - //f\)\_ (
_—— | e |
LT SO — i T ~ |
—— 000 < e =) \P*-y‘
S e - 3 o \ / 100
— —
P T2 50 ) //J // i
- ‘ : 000 /"'_‘7 / 0o i ) ) Y i
g B s r A
500 4] 000 2% 0 D Osmotic Solution Concentralion [ Osolc Sohtion Goncertraton 15 UU\\ j J;E o
N 8 Osmolictme
000 4500 000 5000
s texture = i tedure
R ‘\\‘ FER RS
\ N S S
\ N A&
=== i L m ol AN S
o 2 SRR - o EO"0 0\ N E 40 I
S £ £ N e
@“:\\‘\“"\\ E 4 jixnasg g \ 3 “NEHTE - ’
‘ SOTTAS £ e § |, MWL,
® ] ~ — L = | O ERE ey aa:\“zz sy
i g S y / g ; | \ \ &a 01 /
i H 10 -4 e / m H e | \ \ [
3 ( i ] TR [ [
@ | | @ 1T ) | \
2 N \ | 2 | | \
] =" BT A\ \ ] | ] | \-‘ \
~ \ / I \
g 150 . \ \ g 50 - | / / \
N \ \ j' [/ / -~ N\
a _[oEw % ) g I ] N e g
- e 9 i f N N K
= SR T T i
DTN / Ny
m] ; : w / . ;
i} 7% L1 2% 50 w0 0o ] 15000 L1
A Osmotic Temprature B: Qsmatic time

Fig 2 3D surface of the simultaneous effect of different osmotic processing conditions (Osmotic solution
temprature and concentration and osmotic process duration) on the a) moisture content and b) textural sensory
score of apple fruit slices

(Gl S slos 5 Clale (g ol Al 3 Ole3) (S o
Sl g5 s K o olosl SLads Ol
33 5 e dSle LAY S a8 b Oles Lol ol
3 Gyeml dsous slos (B L ol (sraml AuT b Ole
2 S Js pdp wulS aksel SO Coslls Ol
b rmml L3 Oley SRl b (sl dslome ol (slo
Lol 3503 (g3 30 L5, Lo yod Gy S shlae Olgn ai3s V0
Olpes 51 e o aids VW 51 gl Aol 3 0l Sulsl L
LA 4 Ll e S s e alS Ladised SO o sl
A3l dl 2 by 043 SV b 5l 30 Jeame O (gl sgd
2 WE) K coplas Ol VL o L5l
00 3l 568 slod b (Sraml Ll s sdd T3 glad ye
L edaline aids AO-V e w oS Sle ax s
@ by (OVAYN) Ky o jed Sldis op 5ol &S s
453 0V/0-00 (gl slos Lol 5 L ada i (glad gul
Sy akds Te=Ve Ol 5ol 8 sl

Cod 5 g K e Larls Sl Ly,
SLI Y IS 5 Sreml Jlows clile 5 Loy Slajen b
Ol sbales 5o a5 e dbae S b Olas ol sl

u.,a;-l.& cdj'a.w‘ lem clble UL..»‘\JA\ L dj'a.w‘ lem

\a)

0 ‘5\.&45)‘3 o 9 sS/a') W &L‘g})‘ -Y-y
035 S 5l (3 e S

S !
Dslows o) e (sla by 36 bl apmd b
o bl Olss s (el Jsloee (slos 5 Obes (6 as!
038 it uld 5l S Jpame 030 5 K
sdalie &5 Hsbolea ol s €I (V) Jader 53 (6 50m!
Carstls 1 6ols ine il (el i3T5 Ol 5 Lo 355 o
L5 ol 03,8 Sis 5l oy 5553 e Sladl 5 O
Sy e el S35 Gomel Sl lale 5L aS Jl s
el U L bl s bl il el ls e Jgeamee
Ao yaseio dsal o3 e Sl 5 (Greml 055 Six
o S Speml Jsbome e 5 el T3 Ol &S
o pald gl eld S e Sl Ol 2ol
b3 gm0 (el AT 3 (glos 4S b3 15 J guames
iz S A3 asie Cpmes 0 badisel o3
Sl e Sl KIS b (el 035 i sla il
Lo Mg Jpame 050 5 SOy e el s
LT il (sla el olejen b US55 () Jsa)



oo 3 5 e JU! el mh s3lede

Lé’lj‘ )M-:A 9 eéb' Ja| Ol J\>\_55U...9

o Llodd g Jyame ope LS Col el sl
2 (UNY) oze (m (ald Ol VL &S 5k
AL ples ea st 5 5 L T Sl L (el J gl
A edalin ol S sl a3 00

Co ol dpame 030 Dlatd (G an e ¥ S 0
Syl T3 0l 5 Gl Jglows hile Olojes b
sl Lossd e dasde a5 b Olea Ll sl &l
Rl Besas oge e Ol (gral Jslome Lo
4> WG el uTs Ol RIB L Sy Al
GBI G 5 3L Rl ek sas ab 5 05e o sllas
A Ledised oz sl Ol (el T3 0L
ladisad 5o (WAYE) oo Slasl Olpm 003 Al
o8l M e 53 4ads VY e 4 oS A odalis
PPN, Lgﬁij

LT sladles b3 JS b 4 A3 adalis oS sboles
s 00 5 S glales 5 oaids VY Sl S (gpenl
el Ole c(iaml sl SV slaclale 5 01 8 sl
GRIPBIL Ll 3L (Ll e Garld gl p odd S
038 Sl dd S o Sltal Oln 31 (s5andl T3 Ol
lossl LS 5 LBl pae 51 50 Ll o oS A e wxulS
Ll i 55 OF Gl 5 aids VYo 5l S (g el la0le) 53
e i S e > Al el dnTp 5 N b
il s o S ssed Ll Kl & el e
(30 5556 byo 5,8 3l ) o50 psgie b i)l
war s b e Lk (e Olee Sl Solns o J pame
by 53 Yarml oz b Lyl 5 ek (Sip 5 bl
go e (@i VY S VL) (el il 5 SN
55550 Ol Lyl Ol 5 axb 5 e [l sl
Srel Olpe 5wl [1alS ab artld 4 Sl a5
losls J gm0 0 4 1) (5 208 o

Sl 03,5 K wyl b glusng —£-F
3 s ok 0 sl

Jie slaine Gl

S 0 Gladd s (ol 03 5 S (il )

eimas lld Y o
Slajaie das o LS ) ag RS 5 (50 o
(ol Jslmn glos 5 Clale (ol 2015 Ole3) Jizes

Bl ] 0l 423)§ j]a_v BE o.l...l':g_)l;r.b] 6> gd>ws 32

\4

Losai S (VL ojad e b3 2 el ()
Casthe Ol gyl Jslome los (151 L S Jl-0s
Carshlas Olee 0 VL 350 My o5 Ay i gl (S5
Syl Jsloms 55 002 Sl ladisas 53 (VIVIAY) )
s £ Graml e glos 5 55 L TR ClE L
Casths Ol 2508 S Jss s sdalia SIS Sl
b ol doloun 3 0da St gladised L3 (S el
A edalin o) S il a3 00 sles 5 55 5L N chals
ou;;,;@&}mrpc&sq);é”bom
b god Sy sl Ul it B Gl LT3
oo CBLE 515G o)l (el Jloe CBlE 4y s
bopls 5 ool Ly b SO Cashas Olpe ol
Gl Aol 3 Ol (5l b aS J s il oS il 5l
S o o3 lasel K sl Olge 4ids VO L
A5k 0l b el T3 Jlasl Ll 2l G330 o
Chle bk e S Coslls JEalS Esl wids Vo0
S A s sl ranl 15T Ol 5 (5l Jslone
AV S sk Lo g et e sl () Casllae )
Aol p ol edsdee 5 (F/FAAMY) (S, Cosllas Ol
180-00 (el Jsloes Clale 5 adds VY-V (g
O35 sk s (Sraml 035 Sl 3 A sdalie 550
Sl b O5St les Sl el Jsbe D3 0 g 3L
GLS el O5nST 5508 (pen 355 S 250 Jpams
Sl il Sel 5 edd Jpame OAD Slosgd ST
@ Ky Dl Ol bl 555 0 Jsas alb 5 Ky o
LS ol dald Lok sad 4 S i i1 &S Cod (g0
IN=YY] cdls Ciillas 55 i plo i L oS

oy SRl el d35 100 B gl 0T3Ol ol
T3 03 Sl s 5 8l 0 (S 5 J g
s anlS lg Jgeamme o3e Olpe 51 i3 VAS L Voo
Jolomn (slos (I3 L Sl (S5aml AT O3 > ieas
U B Ly bl gad 05e 5 eab Ui (S ol
oo JUEH Ol (2l 53 Loy (28 o 5 o 4S5 5
T JSE) Al st Sist caw slads s il =1 o
Sl sbomn slos 5 Clale Olejen il Giay an i
el 0l WY S 3 Jgeame 0 e atlE
oz 5 clile Jole 53 a 350 a5k Oles



Ve  OLT DA 0y55 AV o leds

0 dae Bl 4 pboes G Lild e Olse w
Gl 53 el 038 S il Gl S B S b
Ol 5 les 5 AL 7 (el Jslos 3 55800 il oS
530Sl a0 S el 038 KA
Sl cnbn CgiS b Jpaame & Olgi e A3k aids V64V

Ay IS Jsloms b osle e 5050 (2l (S5,

5 e dul b Olaal Olpe @ aallls 3550 la S
Sl edel s @ a3 gdome 3 Bli= s 4 o
Sla bl ool & Siloang dul 53 As @S s
S50 llph 4 a5 LA el DL el 5 055 Jires
dsder 3 Saglhae il ol fo b o o e B
PP ) a s Sk Clle axp 45 Sl oS L)Y

dsl Jom ol o8 o s dals Ll o e 5 Sl AL

o
[

0 mm"

Ti3%
£ 11685

51103
\

— ""l-‘

P s iaraeanane
A

:4" O 11“9‘

T
G
ESsestett

<7
'0 7
290
000 \ W0
[ Osmotie Sokuon Concenlration 5.0 2 L]
A Osmakic Tempratute

000" 4500

D Gsmofic Solubion Concentran 15 00

Fig 3 3D surface of the simultaneous effect of different osmotic processing conditions (Osmotic solution
temprature and concentration and osmotic process duration) on the a) color and b) taste sensory score of apple
fruit slices during sensory evaluation

Table 1 Analysis variance of regression coefficients of predicted quadratic polynomial models for

predicting different quality attributes of osmotic dried apple fruit slices

: Coefficient of
Ql%ahty Source DF Sum of Mean of F-Value  p-Value Coefficient determination
attributes squares squares ®)
Model 9 1.962109  0.140151  22.57552 <0.0001 0.681316
X1 1 0.0722 0.0722 11.63 0.0039 -0.06333
%’; X2 1 0.34445 0.34445  55.48414 < 0.0001 0.138333
é X3 1 8.89E-05  8.89E-05  0.014318  0.9063 0.002222
& X1 x X1 1 0.000312  0.000312  0.050177  0.8258 -0.01096
g X2 x X2 1 0.02291 0.02291  3.690411  0.0739 0.094035
g X3 xX3 1 0.003948  0.003948  0.635924  0.4376 0.039035 0.9547
° X1 x X2 1 0.002025  0.002025 0.326188  0.5764 0.01125
& X1 xX3 1 0.105625  0.105625 17.01412  0.0009 0.08125
; X2 x X3 1 0.1089 0.1089 17.54166  0.0008 -0.0825
.% Residual 10 0.093121  0.006208
= Lack of fit 5 0.091438  0.009144  27.15976  0.0010
Pure error 5 0.001683  0.000337
Total 19  2.05523
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Model 9 705.9575  50.42553  433.6553 < 0.0001 27.15351
X1 1 9.827222  9.827222  84.51328 < 0.0001 0.738889
X2 1 192.7339  192.7339  1657.495 <0.0001 3.272222
X3 1 363.6006  363.6006 3126.934 <0.0001 4.494444
X1 xX1 1 0.014067  0.014067  0.120975 0.7328 -0.07368
X2 x X2 1 0.852703  0.852703  7.333177  0.0162 -0.57368
E X3 xX3 1 60.35089  60.35089  519.0125 < 0.0001 4.826316 0.9975
as) X1 x X2 1 0.050625  0.050625  0.435371 0.5194 0.05625
X1 xX3 1 0.225625  0.225625  1.940356  0.1839 0.11875
X2 x X3 1 4305625  4.305625 37.02801 <0.0001 0.51875
Residual 10 705.9575 0.11628
Lack of fit 5 9.827222  0.163087  7.195014  0.0209
Pure error 5 192.7339  0.022667 -
Total 19 363.6006 - - -
Model 9 1182.408  84.45771  782.0012 < 0.0001 73.91219
X1 1 4982272 4982272  46.13129 < 0.0001 -0.52611
X2 1 160.3841 160.3841 1485.01  <0.0001 -2.985
X3 1 768.4507  768.4507  7115.151 < 0.0001 -6.53389
g X1 xX1 1 0.12045 0.12045 1.115255 0.3077 0.215614
§ X2 x X2 1 2.466086  2.466086  22.8337 0.0002 0.975614
8 X3 xX3 1 121.0183 121.0183  1120.519 < 0.0001 -6.83439 0.9986
§ X1 x X2 1 0.294306  0.294306  2.725007  0.1196 0.135625
-g X1 xX3 1 0.120756  0.120756  1.118092  0.3071 0.086875
= X2 xX3 1 0.039006  0.039006  0.361162  0.5568 0.049375
Residual 10 1.62003 0.108002
Lack of fit 5 0.77323 0.077323 0.45656 0.8636
Pure error 5 0.8468 0.16936
Total 19  1184.028 -

" significant at 1%, ~ significant at 5%, ™ non significant
X1= Osmotic Temperature, X2= Osmotic time, X3= Osmotic Solution Concentration

Table 1 Continue

Coefficient of

Qu.allty Source DF Sum of Mean of F-Value p-Value Coefficient determination
attributes squares squares R®)
Model 9 53.15496  3.796783  53.74288  <0.0001 8.908772
X1 1 2722222 2.722222  38.53264  <0.0001 -0.38889
X2 1 0.5 0.5 7.077424 0.0178 0.166667
X3 1 0.5 0.5 7.077424 0.0178 0.166667
X1 x X1 1 0.382464  0.382464  5.413721 0.0344 -0.38421
° X2 x X2 1 4964282 4964282  70.26866  <0.0001 -1.38421
E X3 xX3 1 0.982464  0.982464  13.90663 0.0020 0.615789 0.9805
s X1 xX2 1 53.15496 0.25 3.538712 0.0795 0.125
= X1 xX3 1 2.722222 0.25 3.538712 0.0795 0.125
X2 xX3 1 0.5 0.25 3.538712 0.0795 -0.125
Residual 10 0.5 0.070647
Lack of fit 5 0.382464  0.078637 1.43849 0.3609
Pure error 5 4964282  0.054667
Total 19 0.982464
Model 9 44.80013  3.200009 10.8266 <0.0001 8.362281 0.9099
X1 1 16.05556  16.05556 54.3208 <0.0001 -0.94444
X2 1 2 2 6.766605 0.0200 0.333333
X3 1 0.5 0.5 1.691651 0.2130 0.166667
8 X1 x X1 1 0.078949  0.078949 0.26711 0.6128 -0.17456
S X2 x X2 1 7.265313  7.265313  24.58075 0.0002 -1.67456
X3 xX3 1 0.078949  0.078949 0.26711 0.6128 -0.17456
X1 xX2 1 0.25 0.25 0.845826 0.3723 0.125
X1 xX3 1 0 0 0 1.0000 0
X2 xX3 1 0 0 0 1.0000 0
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Residual 10 4.433538 0.295569
Lack of fit 5 4.278538 0.427854 13.80174 0.0048
Pure error 5 0.155 0.031
Total 19 49.23367
Model 9 27.33523 1.952517 32.311 <0.0001 9.048246
X1 1 0.055556 0.055556 0.919355 0.3528 0.055556
X2 1 0.5 0.5 8.274194 0.0115 0.166667
X3 1 3.555556 3.555556 58.83871 <0.0001 0.444444
X1 x X1 1 0.083782 0.083782 1.386455 0.2574 -0.17982
X2 x X2 1 3.606509 3.606509 59.68191 <0.0001 -1.17982
5;), X3 x X3 1 0.2656 0.2656 4.395253 0.0534 0.320175 0.9679
ﬁ X1 x X2 1 0.0625 0.0625 1.034274 0.3253 -0.0625
X1 x X3 1 0.0625 0.0625 1.034274 0.3253 -0.0625
X2 x X3 1 0.0625 0.0625 1.034274 0.3253 0.0625
Residual 10 0.906433 0.060429
Lack of fit 5 0.698099 0.06981 1.675439 0.2961
Pure error 5 0.208333 0.041667
Total 19 28.24167
™ significant at 1%, ~ significant at 5%, ™ non significant
X1= Osmotic Temperature, X2= Osmotic time, X3= Osmotic Solution Concentration
Table 2 The optimum conditions for apple fruit slices osmotic drying process
. Lower upper Lower upper Optimum
Constraints Goal limit  limit  Weight Weight mporance
Osmotic solution temperature ("C) is in range 45 55 1 1 3 50.66
osmotic processing time (minutes) is in range 60 180 1 1 3 144.64
Osmotic solution concentration (%w/w) is in range 0 60 1 1 3 60.00
moisture content (%) minimize 58.81 78.73 1 1 3 59.67
Brix maximize 23 40 1 1 3 37.93
wighet after osmotic process maximize 1 2 1 1 3 1.12
Texture score maximize 5 10 1 1 3 8.79
Taste score maximize 6 10 1 1 3 9.22
Colore score maximize 5 9 1 1 3 9.09
Desirability 0.786
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Table 3 Water rehydration of apple fruit slices during osmotic drying and 180 minutes of water
rehydration process

Osmotic solution

Osmotic solution concentration

osmotic drying processing time (minutes)

temperature (°C) (Y%ow/w) 60 120 180
45 40 1.99 2.14 3.43
60 2.04 2.27 2.69
50 40 2.1 2.09 1.96
60 1.80 1.71 1.68
55 40 2.11 2.08 1.94
60 1.69 1.69 1.79
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In this study response surface modeling was performed by using experimental data's
obtained from the amount of samples weigh, moisture content and the Brix of
produced samples after different condition of osmotic dehydration process
including: different concentration (0-60 %w/w) of sucrose solution with different
temperature (45-55 °C) and different processing time (60-180 minutes). Results
showed that osmotic solution concentration and temperature and duration of osmotic
process had significant effect on the amount of moisture content, Brix, the weight of
sample after osmotic process and sensory attributes of final product. The highest
amount of Brix (39.69%) was observed in the dried samples in osmotic solution
with 60% concentration for 180 minutes, while the lowest amount of brix was
related to osmotic processing time of 60 minutes and solution temperature of 45 ° C,
which shows the significant effect of osmotic solution concentration and osmotic
processing temperature and time on the brix changes of samples. Results of the
sensory evaluation showed that, the highest amount of texture (8.85) and color
(8.46) desirability score were observed in the osmotic processing time and
temperature range from 45-52.5 ° C for 160-85 minutes. The amount of texture and
color desirability score of the samples decreased by increasing osmotic processing
time and temperature. The higher osmotic solution concentration and the lower
osmotic processing time and temperature lead to the better color and texture of the
samples. Osmotic dehydration improved different quality attributes (color, taste and
texture) of final product compared with blank samples. Increase of samples Brix
during osmotic dehydration process, indicates an increase in the transfer of sugar
molecules into the samples tissue. Therefore, in sensory evaluation, the amount of
taste sensory score increased with increasing osmotic processing time and
temperature and osmotic solution concentration.




