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Fig 1 Schematic view of the Lab-scale vacuum
frying system
(1 Vacuum frying chamber, 2 Carrier basket, 3
Thermometer, 4 Pressure relief valve, 5 Vacuum
pump, 6 Pressure gauge, 7 Electrical heater)

W o 05 S ¢ kil —-¥
S S 054 ald S pal 5 eld jled i Sl s
)\J_S )K_ﬁ- BL uj.CJ_AJJ V.:_M\:.» 6‘)‘9_’)‘ J\A_Mu BEl (6\)@0}&1

S e JLEs B S E e ) e Sl ey 23S

G 505 5 axils bad 500 S5y IS Sl uis 5 b wush,
S Slagast e Glls Mt 53 03 S5 Al 5l ol
53 03,5 o T3 53 ecal oy (Sl 05 4 S (S5
[IWV]ail o lames Lid

SLid es) il 2 gl ke Sl )y e cpl 5l s
i e (NS st s S e 2 (Ol
Sty Sl dl ( (SAS 5 r (asby sy Jald) S s
e 3 (o G 5 Sl (3,5 S5, IS Ol s
S S Sl N Lo 03 S ey e Sl
AL e

L“uj'b K :‘y—\'

sl 5,40 ad gl 31 g0 —\-Y

g O Ol Gk g ole 5l a3l 5 Wl sl S g S
S 5 et Laas gl L Jime ol tule3T 4
Il las 53 Slislesl g, 3 L shaw 03 St
2l E s Gaizs cnl o3 ealinal 350 8 5 LS (SIS
5 0l Sl slagd s, 5l blss) 5357 e o grasie
25 Olg ol pU L Ly

N a8 (g3 lweslal-Y-¥

Lamn (slos 4 Oy g ialesl g5 0 5 3 Lae g
o el s 5 ol Jlagesy Sl aids T s o
ol p e ghen 00 ka3 5 e e 1/0 Zulins 4 plaedl>
LM edhe 5 o555 5l gmp (e S oo il
Sl Jdoms 0555 an (1 an V0) gl 4 Jloms
Jie (St Sl (o / 555) deo3) s (sl
g3 gles 53 Syl (6K Jlas iy S S
T oo as 5 adds 53 93100 Jres S, b ;\)fuzju
0303 3 (S5 B 58 Gl i bl sl el caids
WY S 4 OT 0L by T Syl Jsloes
s s g5 s 2ol (a0 kil SL oSl
DAlws 3 gslulas obT mdawe O (gdelS

u.a\.:a.o B Mo Co Ostfn a&'.w.} -Y-Y
dalf..'u.l.aﬂ


http://dx.doi.org/10.52547/fsct.19.124.303
https://dorl.net/dor/20.1001.1.20088787.1401.19.124.22.9
https://fsct.modares.ac.ir/article-7-58792-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-02 ]

[ DOR: 20.1001.1.20088787.1401.19.124.22.9 ]

[ DOI: 10.52547/fsct.19.124.303 ]

S S e h W 9 03 55 e Al s

OLen 5 (o

Sv=V,- Vt/ Vy X100
| K5 Sl V=Y
O gl 725 31 o3lital L Wt o dosl Sy 58l (5 g
SHie g Al s sl 85 1S (65T 5 Y Jle L
o3 T ol S pidlie J o (K0 b 551 une
N s Y sk Jau g Bl A L 03 S 2l 5l L 5 @l
pA e bl S0 S oy b bl s IS (o
¥ oadaly 5leslial Lds x5 cbiley ol 4BV 0 K5 oS
Ao 3 oS e e Lo gl Sy Sl Ol e
e Ky Jsbme e € 01 53 6 A b 2 s
s e Jlaie d (G ) Sged s S o
e Dl he) 3okl O gl 25 S oS S me
= el ) el SOl Lo antl J gl
A S ) Ol 8 g ol andls I sls
[Yv]ast . (65 4505
Ascorbic acid=cx dx b/ cx a X100
7 Sy AT
S S Sads sl 5 ol slakisel oz e
Gboesdsn Pl el Loy S )
05 Yoks S s (49-BC3) olei « AOAC iy,
DB Pl s s s (agh, 8Ly S 4
Lo L Jame S ediSpl Sl G 4 g 4B S
BYRNUIY glAsel Pl g 500 o, Cele A e
3 A dnba £ odaly 51 () dsed B, Sy ol
AL o e kilal 255 055t Wa 5 (6 5) 6 5e5 0551 W) of
[Tt (e )
/.01l =W,/ W, x100.
K,y IS Ol mii—4-Y
L s Bl oy L Sk sl K5 sla el
e 3 058 (Sl 5l eslinal L sl e S5
b5 ()@ sy L Jolis ok s (K55 bl
ok (55503 Sl 3 SOy S Sl et el Centi(5355)
LYV aaloms (0) alaily ahovy 4 ol @ pod 4
AE = J(AD)? + (ha)? + (Ab)?
8L g5 5V Y

Sl S g0l 05,55 58 G g WSS (69 ST~

Slesleul by 65,5 ols Olge o oA S éjﬁo-jf

o a5 Gl TE e B Ty s SLES 03 50k
Slast O Joate dow 5 VL s 03 0l L S
e O 55 sy e las M3 &S 5, 53 (S per S
a3 YO L0 o) o S Lod 03 3dmme) 3 9 0l
SIS Sl s S ST il 5 sabse (515 sla
Ao (@B YO B VO sy i Olay oks) 5lis g0 Ol
L e 03 Vo b g (SO 3ar S sla sl
o3 0353 3l 5 Mt eSS Sl ey 5 e 2l S
b glos 5> (K0 S el e Gl S OSE
L) bk gad oedans lae sy (s3loldor 5l e 5 0l SO
o 3 s 3 badd pad (s 58 Sle Sl eslinal
o S S A S S Ol B sl L
A +8) o gloes o (s SOl 4 iShas)

Da]auas S G S sl

Cusb (5 g 0-Y

5 S S sl Cuby Gk S
(o-tt Acslas) AACC s, 5l odd 5513 opmen
o byl 55,2 DLy j5b 4 pes Dladad LS oLzl
bz 3 05l 53 5 i ged 3 pS Y spd e
O35 4 Odeory B sl Y=0 e s o 5 lis a3 Vr0
daly b e gl ush s (g sme ol 3 23 8 15 et
5 (5 wsas adsl 033 Wi 0T )5 8 s S ailons )
LY Joastbe (o 9) w6 5es 456 055W2
Moisturecontent (%) = W1 —Wy/ W, x 100%
;A:S‘,J:.;- --Y

s lomlr o) o Ladisad (SUS5 2 Oy i
O PP VR PRE R PRI NN QR
Sk Vrr e &lgmal D555 53 5 edd Sl ol
S Gs e 00 o S e B0 235 L
Slabd e wdly 55 &S Jlw plralr Olye 5 0l ool
5 odd (sl Laas s Olan wolsl 55 0s cf AL e
ol Olyme 5 a3 S 513 S48 gul= algmal J1s aue
2GS s e ol S s S el dl gl
SAS sz Ol el 5l Cnle 53 5 A plnil O
(1) SIS 2 SV Ol 45 aS dsl culs Jyamms
OLL 53 4 ged eV 5 (I he) €505 adsl o>V
I ]ast e (Grd be) ol


http://dx.doi.org/10.52547/fsct.19.124.303
https://dorl.net/dor/20.1001.1.20088787.1401.19.124.22.9
https://fsct.modares.ac.ir/article-7-58792-en.html

[ Downloaded from fsct.modares.ac.ir on 2025-02-02 ]

AFA }l}jﬁ- ‘\ﬂ e)j}c\Yi e‘)Lz..i'

Olpl e mlbo 5 o sl done

g bl 5 e 5 bl e s s (R onl 3
S ) ey e s Sl esliad Ly ayl
Al gles Jinaws gla iie (5,5, L (CCD 5 0
5 (4233 Y0-10) dul 3 0les (51,8 ol a5 1¥0 = V1 0)
o s S ol Gl e YEA Y1) dhaioms 055 JL2S
Design Expert « i 5 ssliuls g0 g Ll Sl 55l

e (Ve il Stat-Easecs )
D3 kD WSy e Djse & JRes Sl sk

ol 0 Mbl ) J}Jo-

5548 M350-10CT Jos Ol i) gl NLCN
o dias OLE 1S (6,0 45 55 iy cdel ey (OIS
Sl S (935 e kasOll e S5 5 e S35
dio 3 ot G5l K a8 sl sal Lt
ALl Sl 5 a8 S 18 G sed 5SSl o st
e L R R L
LYe] 58 05 50 4 sa plaite el

Sl zAb =Y

TablelIndependent process variables and their values

(Code and related levels)

| 0 | Math symbol Independent variables
25 15 20 X1 (A) Time (mln)

135 125 115 Xs ) Temperature (°C)
340 300 260 X5 Pressure (mbar)
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Table 2 P-values resulting from analysis of variance (ANOVA) for studied characteristics

Studied
characteristics
Crispiness E?tffe}el rgzlc(;r colr::tl;n ¢ Ascorbic acid Shrinkage hggrllst::te Source
0.0006 0.0006 0.0011 0.0090 0.0055 0.0309 Model
0.0002 0.1196 0.0005 0.0658 0.0307 0.0134 ATime
0.0254 0.5899 0.0369 0.0094 0.0078 0.0305 BTemperature
0.9218 0.03 0.8203 0.0823 0.0112 0.3616 CPressure
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Table 3 Effects of operating pressure at constant frying temperatures and frying times on studied

characteristics
Responses Varibles
Crispiness  Total color Ai:;)ir;ti)lc colr:l?én ¢ Shrinkage l\ggrllstglrte Time Temperature Pressure
N) difference (mg/100mL) %) (%) %) (min) °C) (mbar)
3.53% 63.63" 3.99* 32.7% 67.14° 47.49° 15 115 260
3.48° 65.33° 3.87" 32.4° 65.33° 47.53" 15 115 300
3.41° 66.09¢ 3.84" 32.8° 63.78¢ 47.62° 15 115 340
2.99° 67.63" 3.38° 34.4° 71.53* 45.98" 20 125 260
2.63" 68.03° 3.25° 34.3% 69.63° 45.74° 20 125 300
2.58° 69.79¢ 2.28° 34.2° 67.91°¢ 45.08" 20 125 340
1.63* 69.64" 2.02° 35.1% 73.81° 44 83" 25 135 260
1.55* 70.56° 2.19° 35.4° 72.11° 44.80° 25 135 300
1.50° 71.22¢ 2.28° 34.9° 71.62¢ 44.73° 25 135 340

Different letters indicate significant difference at P<0.05.
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Table 4Effects of frying temperature at constant operating pressures and frying times on studied

characteristics
Responses (Varibles)
.. . . . Moisture .
Crispiness  Total color  Total color  Ascorbic acid  Shrinkage Time  Pressure  Temperature

(N) difference  difference  (mg/100mL) (%) C"(rj/toe)m (min)  (mbar) °C)
3.53° 63.63" 63.63" 3.99° 67.14° 47.49° 15 260 115
3.22° 63.83" 63.83" 3.45° 68.22° 47.08° 15 260 125
2.87° 63.96" 63.96" 3.02° 69.69¢ 46.44° 15 260 135
2.82° 67.87° 67.87° 3.89° 69.01° 46.99° 20 300 115
2.63" 68.03* 68.03* 3.25 69.63" 45.74° 20 300 125
2.16° 68.47° 68.47° 2.95° 70.52¢ 45.09¢ 20 300 135
2.17° 70.87° 3.44° 34.1° 69.78" 46.03" 25 340 115
1.85° 71.09* 2.98° 34.5° 70.84° 45.23° 25 340 125
1.50° 71.22° 2.28° 34.9° 71.62¢ 44.73¢ 25 340 135
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Different letters indicate significant difference at P<0.05

Table 5 Effects of frying time at constant frying temperatures and operating pressures on studied

characteristics
Varibles Responses
Time Pressure Temperature l\ggrllsttel;rte Shrinkage colr:l?;n ¢ Ai:;)ir;ti)lc Total color Crispiness
(min)  (mbar) °C) %) (%) %) (mg/100mL) difference N)
15 260 115 47.49° 67.14° 32.7° 3.99° 63.63" 3.53°
20 260 115 46.25° 68.44° 33.1° 3.61° 64.25° 3.04°
25 260 115 45.98° 69.23¢ 33.5° 3.04° 64.46° 2.96°
15 300 125 46.21° 67.82° 33.3° 3.68° 67.95° 2.71°
20 300 125 45.74° 69.63° 34.3° 3.25° 68.03* 2.63°
25 300 125 44.98° 70.89° 34.9° 3.05° 68.22° 1.95°
15 340 135 45.98° 70.58° 33.7° 2.75% 70.92° 2.11°
20 340 135 45.05° 70.89° 34.2° 2.57° 71.07° 1.78°
25 340 135 44.73° 71.62° 34.9° 2.28% 71.22° 1.50°

Different letters indicate significant difference at P<0.05
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ABSTRACT

ARTICLE INFO

Tomatoes are widely produced and consumed worldwide due to their high
nutritional value as well as unique sensory properties. The high perishability and
low shelf life of tomatoes necessitate the use of novel processing methods. In this
research, the possibility of using vacuum frying technology in the processing of
tomato slices, the effect of process variables (processing time, oil temperature
and pressure inside the chamber) on some quality characteristics of the final
product (moisture and fat content, shrinkage, ascorbic acid, color and texture
brittleness) as well as determining the optimal processing conditions in a vacuum
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lab-scale frying systemwith precise control of process conditions were
investigated. Initially, by performing pre-tests, the range of variables of the study
included frying temperature (115-135°C), pressure inside the chamber (260-340
mbar) and  process time  (15-25  minutes) was  determined.
The results of study showed that the process temperature has significant effects
(P<0.05) on the moisture content, shrinkage, fat content, ascorbic acid content
and texture brittleness, so that with increasing temperature, the moisture content
and ascorbic acid content decrease and shrinkage, fat content and tissue
brittleness increase. Processing time showed significant effects (P<0.05) on the
moisture content, shrinkage, fat content and texture brittleness, so that with

Keywords:

Tomato,

Vacuum frying,

Quality characteristics, Optimum
conditions.

increasing process time, the moisture content decreased and shrinkage, the fat
content and texture brittleness, increased. Operating pressure had significant
effects only on shrinkage and total color change characteristics (P<0.05).
Increasing the operating pressure led to a reduction in shrinkage and an increase
in total color changes.Optimum vacuum frying conditions of tomato slices were a
temperature of 135°C, time of 21.92 minutes and pressure of 260 mbar, under
these conditionswere the moisture content, shrinkage, fat content, amount of
ascorbic acid, total color changesand the breaking force were45.93%, 70.54%,
34.64%, 2.92 mg/100 mL, 64.86 and 2.58N, respectively.
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