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Figure 1. Schematic diagram of simultaneous heat transfer (left-hand side) and mass transfer (right-hand side)
during deep-fat frying [3].
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Figure 3. Diagram of changes occurring during the frying process [24].
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Table 1. Comparison of novel frying techniques

Microwave-

Criteria Air frying (AF) Vacuum frying (VF) vacuum frying Radla(lﬁth)rymg
(MVF)
Low moisture Lighter in
. content colgr,
Reducing the? amount Low fat content, Reduced damage Less 011.and
. of acrylamide and . . more moisture
Product quality Smooth and uniform, to food nutrients, .
polar compounds, . o than the oil-
. microstructure Similar taste to . .
Very low in fat . immersion
ordinary French .
. frying
fries
products
Reduced
processing
Reduced energy time and
Increased energy . .
Energy o . ) consumption due improved
. 70% energy savings consumption due to .
consumption loneer frving time to shorter frying energy use,
gerirymns time leading to
cost-effective
operation
Sensory evaluation VF successfully Sensor
shows that the color of  enhances the textural Sensory evaluati(}),n
air fried products can properties at evaluation shows indicates
Consumer be similar to deep-fat- optimum process that MVF can be
. . . comparable
acceptance fried product, but the parameters which an attractive .
. . . taste to oil-
texture is harder and are in accordance alternative to immersion
mouthfeel and with consumer deep-fat frying frvin
appearance are drier acceptance yms
The efficiency of VF Automation
Research on home _ Is not hlgh;. High equipment apd .
. . . microwave-assisted monitoring
L fryers is ongoing, while o cost and complex
Industrialization L ) frying improves TR systems
. their industrial use and . operation limit
potential . . . process efficiency enhance the
impact still require . large-scale L
further study and facilitates production reliability and
’ industrial-scale scalability of
production radiant frying
Reference [24, 34, 35, 36] [37,38] [39,40] [41,42]
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Figure 4. Schematic diagram of air-frying equipment showing its operating principle and main components
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Figure 5. A schematic diagram of the microwave frying system [55].
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Figure 6. A schematic diagram of the vacuum frying system for industrial production [66].
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Figure 7. Schematic diagram of the microwave-vacuum frying equipment: (1) Frying chamber; (2) vacuum
chamber; (3) oil tank; (4) temperature sensor; (5) controller; (6) microwave source; (7) vacuum pump; (8) valve
for breaking vacuum; (9) circulation pump; (10) conveyor; and (11) electric motor [78].

Figure 8. SEM images (x1200 magnification) of mushroom chips (8a: VF, 8b) [81].
b lisa 5 I aly b 5l is 5e 308l AU
Jsb ol Gres Sea Vevn 50 VA) O o gad b &8 o
;45.:.19 d"l"“‘ By 45 J)‘J )b.; v;__,.:;b C‘y‘ 9 ‘_;"f Cjﬁ
(NIRY) 55 50 3035k 4l a4 _peblin s Sl

o (FIR®) ;55 30 3033k 5 (MIR?) Sle 50 3055l
G Sns bl A5 ol 5SS s [AY] a5
il Sl glas S Gl S Lnen (65 34 e
Slye Gos VL (5510 Suap 5o B0 ssle Hb Ll
ol oml GG s B0l LU S e 358
DB s XS e al b S gladT sl 1 e
ies 5 e Rl S Ol Jol (Gle e 300k

C‘)"“ O e 399,500 Q»JS'CJ...» 53 ax SIS e sl

3 -Far Infrared Radiation

342

Infrared ) s 305l Wb b 0353 0 o)
(Frying

S Olge 4 303 Osle 51015 o s rmn slad] 3 o
(e 03 22 0 (Fre 5 i IS OIL GOl e
-5k il «(IR-assisted) 50 30350 S L N
o2 B335 oo oS 5 05 SE e keSS Sl i b e
7203k b S Iy B d e kS o0 5 oS
— A S 538 e e LS e
WS oSS Jgeaa Sy by Gl 4 456 gla
oo\ B 5 0357 e Al s el S 5
238 o Jpamms Gl AR5 5 o

1 -Near Infrared Radiation

2- Mid Infrared Radiation



yd Q:;'CJM Y L;ud)jt.é;ﬁ)ti

ILen 5 5 mbs im0 o)l

Sl 5 Sl 4 5l 5 Sl plil Jl s ane 5
Sl sy it

G 8 S 5 Slapte o Sl eyl slad iy
M o 03 SE e dile olaEss b L e B0k
WS o G AV] (A SE) 55,5k Ll Gl
oS 1y 0 glas )8 wials 50305 3 5ug 1 AT 3 Olail
—G e Al 3 g il a1 cpl elesls
[M] &S o e 5 ol GL'M; Slelyoss

ol JUEl e Wsa Els lsr O3S e 2
Ll 0les S GVb e (1) 8 5B el
5 poiime JUEIL 50 30 53le B oS 550 03 57
oo S sl 5 sldeesls cb.ﬂ TSP I VN R T
TAQ] 33 5 o il 2 Oles OLieli S o yo ot 25
gl b Ol ol s Sle b 0s S e Ry 02
LT3 0les 5 3pd e Mg oliEesle 53 blitey Sl
sl Eel JJMJ&&AS@J Slsd ey 4 Cand |
U e Sasky SIS s s Pl B
ssb el Cosbs ol S eSS Jlesl L ge B0 5L
L Jgame olrle Sl 5 008 Gl xS
[a0] dyles e aim

plowil 4Bl 28l [Lis ot St ot 05 S B
e Sy (ol a el DY e Sl 5355 o0
Cews 3l ol 4 e OLS S g A 5l e
Ll o Bl w1y dgeame ldas e S35 %)
5 Gpan 5 5 SN b A3 0l by, cnl > )
L%Mbyﬁoﬁh Q:JSC'-'JM oS 5l 3l i
A= Bl bacus sl cpl g ma i) S Olgea
o303 O3S Ml p S 5 edls J1alS (3L
G i ol 53 TN dasa 5IBI 65
b sy S5 5 55w I Lol 5 30550
ahi S LW Luld & Jl s opde ol

025 ot Sy slales o3 b o Ol G

5 -Nguyen

343

58003k sl Ll gl e eslanad ebliss s oI
el e s SR

s o Jold 50 3053l 0L 03 S e eedlSs
3Pl gMEesle o b e B053ke 65
ol s oS kSl 1 Of bd S e B0l
s e e (LS ) 6 35 e LT B
— o M 5 05 S5 a5 63 S g | o |
o e B0sle GG L 03 S e dnl 3 bl a5l
o 5l gliEosle plad 5 Spd sl Shs LU
LMoty 05 S8 ol ol 5 Jodss coysh
b e 503 S odr e ) se B0sske 551 b gb
Solle e 03857 e dnlp o (Ll
b Susbs Gl anl s b Slisl g b sl
[AY] S e GJWJ

slere (ss Vb wds Jdsa 50 B0sske AL L 05 SE
Spto b 5 13 Giltg Cer S
S eslizal b g5t ) 3,8 o 13 eslizul 5,50 oS 5
P S5 s e S eblita S G
WSSy b gladss 5 e sla Sy bis Loy e S
05294 (235 el e e 5 sl 5 5 b
(ml pedle [AL] ol el OV s 6l
Silotingy 5 S35 G Al Glaal L 0T g goses
(oS a3l il aals) Jaseeasy ol
5 S o s MiEslge g sl s 1 O KL
A0] sl o b s |y e gl By sl s s
Gostd &S WS ol (YeY0) 0 55 5t sl AN
(S35 S50 Skt 3 S5l Oley A L se 30k
= Jsame LoaS S8 05 1) S Ssolatl Dlhes
Fndy e by slaesls b I b [EY] 550 e oal b
b 50 3053k B L 03 SE e (Fs) 53 i8S e
AT Glaolids > Slallae 2l 5 ol 3 gdoe

9 C)Li:bﬁ P J»L:E.A B Lol rl;u\ L;M‘\Af lg.

4 -Sabbaghi



\eeo J.‘J JYY [PEL] Avy GJLM""

C)lﬂl g;l"lb @L—p}f}lﬁ&u

NV pams A5 Sl 2V Jeily sl 5 sla el
S Sy b s Culhe e S L s
s Slp amle oKl Olgea 5 sl Gladss

N SRt
b A0l (SEm @b (YT) O 5705k
ol b o o S e oS sls 1S 5038 oo
Ao\ ge j5b s gosy S by, Sy gl oo
Y paes 0 Cond 2o Sosby Lo 0V 5 S e

[i\] J‘J‘A.L.:a\) L;:A;‘ U;j) 4 GMCJ.»

&M‘f})ubu\ﬁjJW&L@%oum

Spg 5 SOl a4 el ols 5 ke Cslo
55 SRl b 5l s Jpame o Sl S5
SR e 051 LD EalS 5 s S0sle U
Jelas [AY] 338 o a3 Ol s 2alS 5 sy
Al Oly 5 S Ol a0l MG Ol5 Ol

L 0BGl dayubly pl G oleane 5 Sl
ﬁ‘ﬁ‘)&g&ﬁia}f}ybw%pujyﬁm
Lgsf\}g:,.z;)ﬁjs(;)j}lﬁ Q:;Cﬂ (S sb a sl s

- )| O

Microwave
ovVeEn

Infrared lamp

Turntable

| \C@?J )

rd
o
Py
Microwaves
& .
4 & .

Fig. 9. A schematic diagram of the the microwave infrared frying system [87].
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Frying is one of the most widely used food processing methods employed by
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with distinctive sensory characteristics. The most common approach is deep
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Novel processing methods; frying and are capable of reducing oil uptake while maintaining desirable
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