Ve 2‘2J>'- AR 6595 AYe b)Lz..i‘ .Jlﬁ‘ &‘-4\; GL@JA@A&M

www.fsct.modares.ac.ir :dows Colw

ol #l S @leo g pols dlxo

‘f'-ﬁﬁo-\.fb CM|M|M6MMJ¢A;&&M6MGB}))| oélﬁ&»‘j%

s 3335 S 5o S5

s 0303 (gl g T e e U5 a3 e del e N g g

Ol el oDl sl3T ol ool ool Ty gl mbao 5 o ke 05 Sl S5 (5 il )
3 I P YW [ -+ PO P O G B P PN T o s psle o5 S il -
3 Y I P WO [ -+ PO P OGP B P PN T b 5 p ke s S oLl Y
3 I P WO N -+ PO P O O B B PR N ¥ o s pske 058 Olalial ¢

a-\._:.(.‘_}» dlae e
Pl gla t.’.)u

Gl boedd W o o oberd K5 G Sy 3l S ek ol s
B Sy 2 Sl S s slien (35 HIE pbisl e 00 SSES ilis
IO bl (b g (ghuatn odd osls iS jhenad] 53 L god i slayo g gl s
05 S Sz sl ) 3 ealiinl b o Gla by KBS A esp i 55 YV
St SpdS 5 5L Gl by 4 cem Of izmer 5 03l 5 205 Sl (goleal
s TF) g obs 5 (ASA) & gulyy Ol cp YL sl 0L b s S
B 2l 051w 5 @bl Sy b s M5 sl 4 by e (TP) J8 oS 5
o 3 3lezsl S b i g sl 3 03U gl 4 Comd Ky Sk o S
Nsgme a8 & e 0dd osls kS il 55 gudie S k> p95,S0b O
313 OLE s Ad (55l ol & (b Jgens ioil & i TP 5 TF ASA ., 55
550 LB, om s A o g B SR » Gl S 0 SSEs )
wlad g0 4 o 03 S Gl oS L g @olell 03 S ()

RS L IO ;wl’» (R %4 ‘5;%41‘9 (B %4

AEXENARYA ) :Q‘J_JA é)‘:

VECANY/A S pd 56

(g wlls
(solazsl 05 S
(sl O S

Sl gla S

10.52547/fsct.19.124.217
DOR: 20.1001.1.20088787.1401.19.124.24.1

(il J sns *

azade380@yahoo.com

YV




05 SSis Calises gla i, 3 ealizul 3

O en 5 pdg)y |5l

N

OF s a5 43,5503 sl 5)se 03 SSas sl gy

prdsie O 53 & el s

D5 eon W dreme et S sl S
23,5 Sl S5

Sl Sun 4 e a2 e 53 e (8515
(S Ll ek (K e dlex S s dl0Le
S kS 3 pme Sl Tlg 5 ke DS 5w 5
OiS| Chile S ol la ity 5l S sk STy
sl 53 esle Youu spus OF b s axils O 5 ege i
(ool OLE slased sl STy s 4 oDl [VE] 550 00
oy 53 5 3l ege 3l 53 3 se 3 g b slan s
sl 5 Jpdsise OLSS A4S ednSl el 05S)
M el Lol s s LosS pboa s olS S
be oo 53 Koy o sllasl ot 5 (slosgd 5 ol SO0,
A st ol i 5 S oy Dby L3S s
IS 2l (S b el SLi 6 g CukS ) ol
Gty ol Okl Blus 4 5 il glaSal,
i el Sl 5 1sa b J e el ) Ctiles o0 e
S Gl Jyame CiS b gy eddeshs
osba sl &S et 3 Gduaie Glahs s Sl
s ol ole SN paame £l 51 51 (GOl 53 s
by (MAP) siliesls St el b gduais Olgea
Gl olie is 5 b Sl et SGST pl sl 0l
g MBS 4 B i esle sdiSublel (g el
clle sy ol g nsd e OVsame o BLL 0L
O3Sl 5 O35 (S Al dile sdumins a8
1001 345 o o35 ot

U gl 4 Sl S laeses 5 pdisld Olgs 4 S
2 5> SN pamma pl @l Ll il 2SSl pen Ll
0313 ks iad| (6,5l Sl eslizad [V 5 V] dees sl
Ao LS 5 ea g dsdome sl S lte g 3550 52 0l
L PNl el ol el s Ly S
o i s edd esls i hend) Sl eslizal G [VA]
slales s ots St 4lls,) BUb 5 | g
LS Gt ol gl i3 503 L5 sk 453 VY=Y
o Sl sk el els nad Sl 5l eslinal ol
Il 355 0 Ole oys o St (5 4lls 5 oS i

YA

dode —
5 5 haamie sk s Malus domestica) ...
Wsloee Sl ynd sl ady)l ladss Ols 5 sl
Gl sl Ely 45 034 gdme Slpe 5 Lacpeli s dbapps
ke Ll w0l el e 5 S Ol oge
sl Wla 56 cww V] 2,8 L5 wds Ol
P 53 sk Ol D3y VU Wse Bl (slaes sl 3
e S 03y s S 5 aleed S5 o e gla S|y
oy Il oslaie & ¥ 5 Y] Lsd e Of CokS 2l o
ol 53 0T 0351 s 53 izmad 5 Jgrames nl (5,5 0L
salitul s (olosl) e Sl s gl sy (Jle sk
Mg 5 03 SSEs (Sl glaids ok by
Sl Sl 4 [Tl w8 S 15 Lol s ge oS
pod 5 e Gledis g o sl U
by Olime OLa gl w3y L3 el 5l eslizal
Sy Ol Ll daulsn & Lhs S S, olabs
L | T gladas CuiS 5 sl Sl | e s (5,800
ok alis L3y, Olge 4 05 S dnaly ol 55 05 50
Wy Gy Gl Hb o (e sl 516K s
Loa has onl 03 0,8 o 13 eslinad 5 50 S (gl g
s B LL Ol Aol Jgame 61565 sla S5
L osleensl 5l st pp el b 2alS o
il G SSS 0556 208 e M5 VL Sladis 50
S cl ay S Sl e W gl 05 SSUS
sl LB E Gloa b 03 S 4 0155 0 Ol
03 SSat J0-V] Ol AT §ls (sl mas Sl 0]
ST S 8] s b JA] S o A] (s3les
S e Olsea 05 S 5 S sslal [A] il
S S5 » e A6 Gl wpe S T Gl
A NG e ol Jseme Gladss 5 olend 550
s posate Slacasiie bl 05 SSES )
(A3l Jase ey 03 SKa T e alex
(2 T S5 o Il s o i) elSe
53 bl oal S5 S LBl e o s Aol slaky e
o past b Jpame 8 L3l gl S sl g DI
DY 5 IV] T sty sllan 25 Son s alonnd 5353



AFA .>].>j>' AR e)J.>¢\Yf, e)Lq...f:

093 S Sls -V -Y-¥

25 SR ekl D)ot o D5 SSUS (o s 3
e 05131 eslizal (OVD) 051 03 S 1l Jas
by cele § Ot 4 ogedo 453 A0 los s (OLID)
2ol 038 Sx Al el b 055 4 O
0 5) o Jl S s Sl 051 5l eslizud L (MWD)
Al el adds fr e a4 Dby B00 Ol s (oper
St Sl el L FZD)  slessl 03 S
s AN Sl A St w0 (s 05) Ol (gslazl
Oad il ey A bl Gl e 0 L8 (gl
038 3y Glp S Sl Sl Gras a0 ke
P o g Sl e 5 ek ,S edlital g s
Losoins 5l m s a8 S5 Sl L slaaas sleans
A3 8 eSS (-4 °0) dlsy s (ol sl

M Jos ) Spo i ol 03 5SS o
oS e ol il (SPD) il s SSEE s
sle Cond) ¥ ) Sl b o S gdle L (VYYY Y
3 oekd bse (Sl @ oo sl Ll
o A bl (aB3s N N TPIM) O sl 55 e
5ok S Jame (Gedsm) (Fs A3 SO 4 bl
AVoE 6 °C (3555 lsn slos Jolid Slhas Lyl b o
odi Al e s Aot 0 OC > 5 gles gl
Jb L 5 aids p ade 8 Sk ey 0L
GRS D3 SSES s 3 A S SES Yepsi
Usse WPC'y 08 jas 5l e Olpe (FMD)
e 5 S ool B S ke L s LSS
Gl 5 S Cabhs s 05 SSix wlp ks
G5 ek s S s ol lagtlesT s 0 SSCis
16 5 QIS as (G35 339) T0/N0 b o ST
odsn S bl 13esS LS 5 Olgs & WPC (534 55s)
A bl Vo e b B Open S Sl esliad L
by S s ke Eiuebis bodd sbnl S s
e s e sles b 05T L3 5 edd gy e sl
23 Pas 2 el o 2y Gladise s S S

1. Foam Mat Drying
2.Whey Protein Concentrate

AR

0313 ks gliuatn Sl eslizad 36 )y 0 V4] O es
ShaiS 5 Sist s illan o bt el i 5 e
G5 i g [T ] 0L 5 58l
SBLL 5 055550 Ledd ool ot Jaenadl Ll 2 o
ols 13 Gl sy Jgams ol AS el
oL el i a1 eslinal sl OLE GeoS ol bt
Cde bosed Gl s e L Shs dse e
Sliss op a adlas b s 1 ek e IS
(el 03 S8 Jold o 055 Sir il
5oekd anly sas Sl s 05l Lo iaclS (golens!
S ol & (b alg SV e iS b Shs &
3 2ol 2o dseme 5 edd el L endl lases o

5 5 el

Lhuﬁjj 3 bb» -y

sl g0 —\-Y

== 1L 5l (Golden Delicious) 5ids 0AS S PR
Sloas S5 5 olll Bl 5 ol ags LU Ol g 5o
A3 8 (S (E-AC) Jly 55 dmy al> e b5 L
Sl 31 oS e 5 WPCO) Loy O s, o 5ls
558y Jslen L aSs Al S ag (KD
Sl S A B Gre QIS res AVE-)4
(S D) S 5,5 51 SIS Al 5 i 55 (b
Aol

L g0 ags —Y-Y

35,590 5 Osl (sslensil 03 St (sla s, b adal 5o
YO i) aseie sl bogoedd 6 Sas S b i
sl IS 63 hp (Redee V) Zulis 5 e e
b ol aAboldl o s gla Sty 550 3 S skr
DN TS plmil (4d33 Voo & (o ges 53 A0) Bls O
DI SSEs 5 LAl Do SSS s, s 2
oaws 31 eslizal b, 8 sy 5l o Lo (25
b 5 ok KT O ) B S e

LS Sea Bl adds 5 He Ve Lo



05 SSis Calises gla i, 3 ealizul 3

O en 5 pdg)y |5l

sl (5L go3l —£-Y

JS A3 85N Ol jme (5, S 5lul -V £

Lo e S pbosl oy bl g S A3 5508 Ol
LANGE ) o g5 5SSl 31 sslizal b Gl sae il g
L3 (g Se3lul el oVe = 5e Jib s (DR5000, USA
ol g o SV 53 el e S e il 5 Y]
A3 S 0l skl e

JS S Olge 5, Se5lu0 - —£-Y

s Folin-Ciocalteu s, 3l oslil U |5 b LS 5
bS5 clale YY) 4s g ,Sesll (s e g 2l LT
G 4y ol SIE O gl ;IS s 05 31 eolizaal L IS L
oS Ao s ded SIE slan o 8 Jodspon s
L3S 5,18 (mg GAE/100g)

K PP T3 RY I S A {

e o3 Glaisad &l gl S el L
5 edkdeslixal  fbsdob 3y IS 6oV A gl 15 s
Sz ole 05 Ao a bl w0 S entsson OF Ol
DT s 8 1S s

s Srs 2 Sl SE 0T

S 935 RS

S el Gt bosddld S e ey
o5 s a e 5o (el esls o 5 Jgene) (et
Glasl s 5 Ad (SIS (Yot ) °C) GUI sles s
sl Ul 5 eas plowil T Sl (513 i sa ¢ pasete Lo
L3S Dy g p S5 by

@L’S J.:J.ZS ) -1 -y

AT Ogesl Sl dsesls bl Ol ey gl
A eslizal 190 Olabsl a3 (! S b WLl
SIle s 5 eslial (S5 iy, ) s ke dnslie g
wn LE esliel Leesls LT gl Woass OO e
SIS sy ke 5 eds plnil LSS Y Laabes

NP

YY.

g a3 Yo glas 5 55 0l s 4 s el
A3 S 50

ok A g5 55 Jaul 5 —Y-Y-Y

G Sy » luate sieadl S ke o
SlaansS 53 odd A5 o5 e Jsame bt S5
SN o s Jyonn Seall 53 08 andls b I
LS bty (0 031> i Jiall) 05 55

b S0 a5l Y=Y

(aw) ol s 3 Mc) cosb, gl g —\ ¥ =Y
ol 051 55 03 SSa Jagy 3 el b sy (sl yes
G5 s a2 A glos s (Ll (o35515) S
Sesliad b ol el Sl O35 4 O
Yo los 55 (g s ) ol Cdlad i oo
DYILE 5 S o3l o greds a5

G o

S e gl K spx g
oslia! (HunterLabColorflex, Reston, VA, USA)
Cogen S A gt el o gl AS
G a3 S Do (6 Selll sl
oo gy BLLS Opdbs Sl eslital b 5 03,55 i e SO
@l 235 plnil (S eI maw Cilis alai 0 5l 5 A
A S o b s at LY slajasls il g Seslul
UE) o35 o 4305 31 sdinlogl ) OMastl pns (5l

s eslizal 5 el 50 Sas anl s b o

AE = (Ly =L, +(ay ~a,) +(by b, )}

5030 e Ks b S P 50 s S
ekl o 5w b* 9 a® L' eassis I e
Olpeas o0 o S3L Ll (6355 5 A (el
o uns0lis AE ke Sl .25 5 15 eslitalsge wx e
IS g 5 o s o S Sl D3

M 4l .



AFA .>].>j>' AR e)J.>¢\Yf, e)Lq...f:

S w el Ss gbase Cugb,y ol lash
Sa AL (S g5l S ls e sk S iS
Ly slanses L Jolos Wl o ol cpl s &S
S Slele Cusby sphe o S ABL LS by,
Aok sl suskb) e il 5ok S T e
G5 by 2 cusk) maw o VL Sl LSk p s
G ooy S5 Ll e ol ol s s edaline 041 L
To 3l Cailes amd 53 5 Ol SIS L b O

[YJEL Jgamee Jtls slaaY 5l cosb, JolS
sl 53 w3y il glawe ol cJle
Sl e 5wl 5 YL () Jade) 3 VYo /Y EY
S Lodd A5 o o & b S 4 pels
Gl Ol O3 ol 3 Uls e 0 s S0l 5 (S
b S G bedd W5 e g 0 paxld
oS S5 b osba G b S0 S m i
doly & baeo logas Jylos dalr 51y Olge i
w53 [TV] 5,8 e o3 Ol Gl s Wl WG Ly
o il B sl 5 QRIS e 03533 S
6 OIS s g 3l s e Jkoms b e3le 51531
53 pl s eses de LBl O S VL e e
P sl 53 ol Sl s pme A o el

Dy sh S Sy b A5

Eow .j@w—“

d:i QL&Q} &:«J‘}b) —-\-v
e la s bedd W5 o D3 sladi sl Cogb,
u’ij) (\ JJJ}) S /Y‘/f,\/—O/\T 63 gd>ws 4> QJ;&:«}
ol Iy gy Glime sl me i 00 SSex

@ ol cuby Vs Sl S Gosba ol
5 olaml (S L odd S ekl 4 bype S
53 [T ObKea 5 5l s & plie s o Ol
aia S 518 e sla i, boadl 05 S 55
Loeldadys gbooy 0 ole cosb), Aoy ol
(oolemil (S 5l S (b gre b 5 Sl
L3 sad ool [Y0] OSn 5 5T g LSS 5 23
sl JFls 4 30 5 QUS4 s Sl A0
e bt o A Sl Sse s 0L Jos Lilazs
3wl g 4 Ol e a5 edi] Gl
M oo sladisd jopar 535S My s Cusby
2 sk 53 05 S i S e o Sl e
Sy b sl gy S il gl s JRCIER I
5 e ol wils HgSU pl  ege U 0 eslanl
o3l Ol ol a5 (glesle ¢ 55 L 503 ool S Y] 0L,
O3 eslinals) el gel 03 St anl s (S

2 e iy 2l ks n glien U oS

Table 1 Moisture content (MC) and water activity (aw) of apple powder after production

Drying method Mc aw
Freeze drying (FZD) 3.47+0.13°  0.259+0.005 ¢
Oven drying (OVN) 5.12+0.09*  0.330+0.003°
Spray drying (SPD) 458+£0.04°  0.317+0.009 ¢

Foam mat drying (FMD) 439+0.11° 0.230+0.002 °
Microwave drying (MWD) 3.66+£0.08¢ 0.347+0.004°

a, b,c,d,e Significant differences among the means in each column (P < 0.05).
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Table 2 Color indexes of apple powder after production

Drying method L* a* b* AE
Freeze drying 84.23+£0.01° 1.64+0.03¢ 20.29+0.02° 6.05+0.79°
Oven drying 81.10+0.03 3.01£0.02° 24.53+0.12° 8.94+1.24°
Spray drying 86.05+0.07 * 0.94+0.02°¢ 14.07£0.01 © 9.78 +1.08"°
Foam mat drying ~ 72.83+0.01 °© 7.13+£0.04° 25.18+£0.05 * 13.39+1.84°
Microwave drying ~ 80.08 +0.04 ¢ 2.02+0.02° 25.26+0.01 * 7.08+0.93 ¢

a, b,c,d,e Significant differences among the means in each column (P < 0.05).
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3. Surface overheating



Flavonoid (mg catechin equivalents/ 100g)

AFA J‘JJ;'- AR 6593 AYe a)l.o...:

Table 3 Ascorbic acid (ASA) content of apple powder after production

. Freeze Oven Spray Foam mat  Microwave
Drying method . . . . .
drying drying drying drying drying
mg/100g 87+2% 61+1° 77+1° 67+3° 75+1°¢

a, b,c,d,e Significant differences among the means in raw (P < 0.05).
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Fig 1 Effect of different drying method on total
phenolic compounds (TP) of apple powder after
production
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Fig 2 Effect of different drying method on
flavonoid compounds (TF) of apple powder after
production

g 8§ 8

L ]
8

™"
(mg galic acid /100 g)

NN
o
=

~
=
=

o
=
'

YyYYy

IS JS lgoe -t Y

wrld Sl 4 el SLSS Olsee JB olS S
535 ek Ll Sopen &S pla S o s e
LS 5 Olge Sl [FE] Lo Y s b (sl
eV o3 o S ke YO¥ GAE/100g o3 5050 55 IS [
Gl 8¥0 GAE/100g G 551 L oas it slads sad () 2
IS0 s pane s3lemdl (ST L e B SIS lad e
Olpee 03 S&2s Oloy g Lo 2l3l Lo JS,5bay ()
@ S My (R plg Jpame 53 DS 5l oy
03 St jogart 53 [T0] 5 5 Ay s plis
A Ol Lsgad @Ol S AS SIS e Sy
s S s LS 5l Wile o J LS 5
et gl Bl e 00 SSEE s ) fle (5ol
oo b S ladised 3 RS LS 5 Ol L5 S pdlel
3l e b Nl (bl Bl Sl gslesl S
oorat 3 plie b 4 [E] OLen 5 il b 35l
23S Ly Sl s e oy IS R e
s slaege A8 SLS S ol Sy o par
s dhow g bod (BIBIL oy 25 e IS g
IV s Y] il ods 518 Caliss

JS LS8N (gl gime —O-Y
G s SR SLS 5 05 S slas b
Gl Rl b S5k s b OS5 L alis ks,
JK8) 2,5 g (Il ol sme s sbay g 25 Ole k3
Sladised 53 GAIEOE OS5 Olpe VL (Y
mg catechin ) (oslexsl G5, L eaaSix
53 O i gewl 5 OAY equivalents/ 100g
mg catechin equivalents/ ) o5l L a5 slad sl
Ll com sag posas 3 s edalie O 100g
LS5 (SaSclibue e s (Al S

Sl ol d&y;}b CJL;SJS La~ “ ﬁdﬂcd‘o)‘ﬁz



03 St s sl sy 3l eslizul LG

O en 5 pdg)y |5l

@ eddodls x5 5 Jyeme eadl 53 eddghuates ¢
IS 5 Gl SSUS L 5 gl 0 S
Shlan S iy o35 U3 Klse sl ) s s
53 S 0o W 5l 05 SSUS s s bbb
O5emST 51 635 Ol a8 Al L35S 03 SSKES iy,
Sl o313 13 & el s ety 53 O Fee ele Ol e |
e bl s 53 [V ] O 5 dewsay alie mls
23 oAU Sgad CoiS b o eddesls o ]
Lo oS unST slag 3T el sds 218 Sloylol Jsb
33 Sl e VB 5 5laenST ST el S ST
asly i Sl dsb s &l a8 5 o
33 OS] Oljpe 2alS Sl3lgn 4 055 20 5 s [E1] A2l
baw 5T ol clas 2alS ol Ll 55 o (Sl ias]
S5 o) A B e O pelnST S Tl

Vel 555 Joene janadl a Copnd Jlad

o g B Sy p Sl S5t

Oo:.ab.u—\ -1 -y
2 LS Ll s el SLS 55l (S Ol & el
ss00 o O Sl b ales 3 plala 5 edsan S ks
odi (G5l p SN guams 3 OF Sldds sy scalsl [E0]
Olgeas L5 o s (ol ol 5l sl dis b 5l Lo
w8 s 03 SSES iy, wlsls cwlS l asls
53 a5, YW Ugb sty Olpe 55 i 353
(odiasls ;i 5 (93le) (Shutinn 755 55 8 53 Lams gloo
booaSy opl Slie 5 (7 JSK8) o3 el L5, lls
oS Olgee 35 1y 2alS (ghls pme 5sbas Olay CsdS
s g huatns Sladigas 55 5 AV BVO oo dld S 5
23 edigdoatey g5 5l VL ejlses Jsens il

9“:’.)"‘7 L)‘J:A JMJJJ:'“SJJJ°M°'>">JZ€"SM‘

DL
70 100
L L-11)
= 3
A e S s AW
=0 50 =)
(=]
£ _ 40 o) B = . B0
< = 30 <= 40
£ 20 £
“Ee =
E \- 5 20 <
> 2
0 T T 1 0 T 1
] 135 270 0 135 270
Time (Day) Time (Day)
a b
920 80
=0 en
s 80 = 70
a 70 ‘E‘n 60 ,%
E_% E  so
s S50 o ES a0 ™~ -
£a 40 | ==
2 30 g 30
= 20 = \\-
§ 10 1 10
= 0 : : | e 0 : | |
0 135 270 0 135 270
Time (Day) Time (Day)
c D
20
80 e MAP
70
60 sl Control
= 50

~

Ascorbic Acid (mg/100 g
)]
W
=)
- {

135

270

Time (Day)

e

Fig 3 Effect of modified atmosphere packaging (MAP) on Vitamin C (ASA) content of apple powder during
storage: (a) oven drying, (b) freeze drying, (c) spray drying, (d) foam mat drying, (¢) microwave drying.

Yve



AFA J‘JJ>' AR 6593 AYe O)La.«.:

ety olie @l 2 Al 5 AL SIS
Oljs Ll oo a5 A3 3158 [8Y] OLGn 5 Jslus
Q337 il )3 oAb Gulihinn digy J5 DS 5 o A5
3B Gremes By Jyeme el 5l gaS Gl pne ) sba
S8 s sty St U e alie L31STY ] O
A e 5K Sy DS 5 B s 055 5
0 OS5l TN ssue o B aSs sk L sl &S]
Slutis 53 100 5 035,58 S8 53 IS wia Vb

Al edaline L;jw

==L {AP

TF iig galic acd T gy

200
1] 13% 0
Tame (D)

a

141 il LA

1% (myg galic scid'1 00 gh

o EL] o]
Teme (Dhay)

C

TP (g galic sl 100
@
-1

==t

==Cpaind

13%
Time {Dhy)

P ols 5oy -y
e 0 gl AL ediasls e 1 ealind
ol s Ol (8 S2) cails s ol 5 Sl
53 IYV BT e, YV Jsb s Jd oS 5
sdianls pdS 5 Jseme jieadl 53 sddgduates slad ge
Jud S5 opl e 25 Ui & el ASles g i
A lsen Jsane Sheadl 3 eddghuinn sladisei 5o
3 rreS s el oA jaeedl 3 sddghuatn £ 5
Al 3 eddgdutin p 5 03 A8 Ol (p At

b. é.l.:‘j: &Lhduj,u DL wﬁjjs L] comﬂ))ﬁ:ﬁ_}. B} L;jw

]
=

&
=

—a—{ontol
=B=MAP

*
&

T1* {mgg galic mcidd | 00 g3

g

i
=

(1] 1345 70

Time (D

b

=a—Coairod
il AP

TP irvez palic aced’ 100 )
-
]

)

S0
0 13% Ed

Tisse [Ty

d

=={oniml
== A\AT

=70

e

Fig 4 Effect of modified atmosphere packaging (MAP) on total phenolic content of apple powder during
storage: (a) oven drying, (b) freeze drying, (c) spray drying, (d) foam mat drying and () microwave drying.

~C Gkl GLls bas g dagim 5 Wose i
Jlasl bz o SI L jors Dot 5 035 SN
Gl der il Jalse il (25me 5 (35 15 5 o)l
spie iy G5 IS 5 AL ol e 4 s
2k LSS L oalie gaiy, s b 1 [EY]

YYo

e e R
sy e SlS 5l YLy TEA LYY b S b



03 St s sl sy 3l eslizul LG

O en 5 pdg)y |5l

G OS5 b 4 e 05500 5 s vt
S s A YA Ol 4 sedala i gl 5 s

Al L gl )

150 E
= _:l
£ 1m0 =
3 180 £
E 10 E
1o g
s =—Coptrel £
Em ~8-MAF H
é 120 E_f
;‘_-E 1o E

100

3% s

o 13 70
Time {Iay)
a

200
g o :
= 1&0 =
E 170 B

r |
'é 160 =

150 g
E == omiiro] B
g g

- AP
B im0 B
# 120 -
= 110 E
100
o 135 il
Time Ty}
c
190
= 180
5 170
_E 160
i_ 150
£ 140
E]
§ e
# 120
= 110
100
o 138
Tieme (Day)

ot 3 Wb oS5 cpl S Ol e
Q]J:A &)}Jﬁ; Lo edalise A.;jw JLMAS‘ BE) oM&JwM
& A

u'.’.J:‘“:":"J u'.’.J:"‘S D eJu:AJ‘JJm.;J M‘ BE aM&JwM

Bl Olped  GAIPNE DS S S
B L;jw M‘ BE aJwT:&JwM Cf BE) b“:’.j"ﬁ Q‘J:A
iz by cladsd 5o ey a4 eddasls

200

&0

=t=Coatrod

=8=MAP

o 133
Tiese (D)

b

== onimd

== LIAF

1] 133
Threse (D)

d

270

==t
=B=LAP

270

2

Fig 5 Effect of modified atmosphere packaging (MAP) on total flavonoid content of apple powder during
storage: (a) oven drying, (b) freeze drying, (c) spray drying, (d) foam mat drying, (¢) microwave drying.

SIS rl ol @ e (AL 03 S ) s
A Sl Jb s s el p b el
AU xS ol sl Sl eslizad s 4 golasulis S
a3l b it 5l olitd (il o 85 ) 5
bpme RalS o O3g,a0 MVvr (gl sddesls oS
Syems jieadl & cwd TP 5 TF ASA L 55 0l

o by dulp Ol febs s Sl 5, YV b

yvi

M S -t
usby 03 S il sla b, Sl Shags ol 3
5 08 b T (JS B SlS 5 o s oo Sl
A S A Gl s e 2y SN LSS
Mg slasg o by TP s TA ASAU e - 5V
il Sl e 5 esbeml SS2E i, L
o Jld o 5 LS 5 Gl bl Lile Y S35 2L



VEeY ol 22 N eyss AVE ol

phenolic contents of apple fruit after
drying. Food chemistry, 221, pp.1206-1213.

[5] Al Juhaimi, F., Uslu, N., Bozkurt, D.,
Ghafoor, K., Babiker, E.E. and Ozcan,
M.M., 2016. Effects of oven and microwave
drying on phenolic contents and antioxidant
activities in four apple cultivars. Quality
Assurance and Safety of Crops &
Foods, 8(1), pp.51-55.

[6] Pasban, A., Sadrnia, H., Mohebbi, M.
and Shahidi, S.A., 2017. Spectral method for
simulating 3D heat and mass transfer during
drying of apple slices. Journal of Food
Engineering, 212, pp.201-212.

[7] Pasban, A., Mohebbi, M., Sadrnia, H.
and Shahidi, S.A., 2019. Numerical solution
of mass transfer process during drying of
apple slices using pseudospectral
method. Journal of Agricultural
Machinery, 9(1), pp.113-122.

[8] Michalska, A. and Lech, K., 2018. The
effect of carrier quantity and drying method
on the physical properties of apple juice
powders. Beverages, 4(1), p.2.

9] Rajoriya, D., Shewale, S.R., Bhavya,
M.L. and Hebbar, H.U., 2020. Far infrared
assisted refractance window drying of apple
slices: Comparative study on flavour,
nutrient retention and drying
characteristics. Innovative Food Science &
Emerging Technologies, 66, p.102530.

[10]  Khodifad, B.C. and Kumar, N., 2020.
Foaming properties of custard apple pulp and
mathematical modelling of foam mat
drying. Journal of Food Science and
Technology, 57(2), pp.526-536.

[11]  Roshani, S., Ghorbani-HasanSaraei,
A. and Raeisi, S.N., 2021. Phytochemical
content, physicochemical and
microstructural properties of apple powder as
affected by drying method. Latin American
Applied Research-An international
journal, 51(1), pp.27-35.

[12] Hamzeh, S., Motamedzadegan, A.,
Shahidi, S.A., Ahmadi, M. and Regenstein,
J.M., 2019. Effects of drying condition on
physico-chemical properties of foam-mat
dried shrimp powder. Journal of Aquatic
Food Product Technology, 28(7), pp.794-
805.

[13] MaghsoudlouKamali, D., Esmaeili,
G., Shahidi, S.A. and MaghsoudlouKamali,
D., 2021. Heat and moisture transfer and
shrinkage simulation of beetroot (Beta

Yyv

othe mla By ey L 03 SSEs Ay,
Ol o v 23 S Gla sl U3l Sl edslcawsa
e 52 e 2y S Gl S rfemle CiS
Sl AL 00 S ) Sree 5 Srodes
Do S Olgea AplS 0 SSES Gy, b
SLls Bl o o Bl 5 oo g 03 S5 5 (51 3
Jsene glatins Sos boamlis 53 (i s3lasl sl
Jds el s OAs S e AL O3 SSs
e Sl S el W Tl 5 sla b el 35 e
Do a eI SIS DV S o e ) Zush
Cosb,y ol s lsl sle S bl daasS
Shbes CodS 5y a5l Sl s 4 e
DS jogast 53 803 S LAl ot
SV glaaasn 5 Do SVsb @ ars Lo Dbkl
S e M5 S Dl e olamdl 02 S B,
oo Ol e 5 adll bl ool oa3l Ssy opl b
i embe (S slagasla (B35 B s Ll s Sk

Dy B P

cl.'uo -0

[1] Li, H., Huang, J., Wang, Y., Wang,
X., Ren, Y., Yue, T., Wang, Z. and Gao, Z.,
2021. Study on the nutritional characteristics
and antioxidant activity of dealcoholized
sequentially fermented apple juice with
Saccharomyces cerevisiae and Lactobacillus
plantarum fermentation. Food
Chemistry, 363, p.130351.

[2] Horuz, E., Bozkurt, H., Karatas, H.
and Maskan, M., 2018. Simultaneous
application of microwave energy and hot air
to whole drying process of apple slices:
drying kinetics, modeling, temperature
profile and energy aspect. Heat and Mass
Transfer, 54(2), pp.425-436.

[3] Santacatalina, J.V., Contreras, M.,
Simal, S., Carcel, J.A. and Garcia-Perez,
J.V., 2016. Impact of applied ultrasonic
power on the low temperature drying of
apple. Ultrasonics sonochemistry, 28,
pp-100-109.

[4] Francini, A., Romeo, S., Cifelli, M.,
Gori, D., Domenici, V. and Sebastiani, L.,
2017. 1H NMR and PCA-based analysis
revealed variety dependent changes in



05 SSis Calises gla i, 3 ealizul 3

Qb&.&.ﬁj&&j)\}:j:

Bioaccessibility and potential uptake. Food
chemistry, 128(1), pp.14-21.

[23] Duan, X., Ding, L., Ren, G.Y., Liu,
L.L. and Kong, Q.Z., 2013. The drying
strategy of atmospheric freeze drying apple
cubes based on glass transition. Food and
Bioproducts Processing, 91(4), pp.534-538.

[24]  Caparino, O.A., Tang, J., Nindo, C.I.,
Sablani, S.S., Powers, J.R. and Fellman, J.K.,
2012. Effect of drying methods on the
physical properties and microstructures of
mango (Philippine ‘Carabao’var.)
powder. Journal of food engineering, 111(1),
pp-135-148.

[25] Ando, Y., Hagiwara, S., Nabetani, H.,
Sotome, 1., Okunishi, T., Okadome, H.,
Orikasa, T. and Tagawa, A., 2019. Effects of
prefreezing on the drying characteristics,
structural ~ formation and  mechanical
properties of microwave-vacuum dried
apple. Journal of Food Engineering, 244,
pp-170-177.

[26] Moreira, G.E.G., Costa, M.G.M., de
Souza, A.C.R., de Brito, E.S., de Medeiros,
M.D.F.D. and de Azeredo, H.M., 2009.
Physical properties of spray dried acerola
pomace extract as affected by temperature
and drying aids. LWT-Food Science and
Technology, 42(2), pp.641-645.

[27]  Fennema, O.R., Damodaran, S. and
Parkin, K.L., 2017. Introduction to food
chemistry. In Fennema’s food chemistry (pp.
1-16). CRC Press.

[28] Antal, T. and Kerekes, B., 2016.
Investigation of hot air - and
infrared - assisted freeze - drying of
apple. Journal of Food Processing and
Preservation, 40(2), pp.257-269.

[29]  Antal, T., Kerekes, B., Sikolya, L. and
Tarek, M., 2015. Quality and Drying
Characteristics of Apple Cubes Subjected to
Combined Drying (FD Pre - Drying and
HAD Finish - Drying). Journal of Food
Processing and Preservation, 39(6), pp.994-
1005.

[30] Lavelli, V. and Vantaggi, C., 2009.
Rate of antioxidant degradation and color
variations in dehydrated apples as related to
water activity. Journal of agricultural and
food chemistry, 57(11), pp.4733-4738.

[31]  Cuccurullo, G., Giordano, L., Metallo,
A. and Cinquanta, L., 2018. Drying rate
control in microwave assisted processing of

YYA

vulgaris)  drying. Food  Science  and
Technology, 18(114), pp.263-275.

[14]  Bou-Maroun, E., Loupiac, C., Loison,
A., Rollin, B., Cayot, P., Cayot, N.,
Marquez, E. and Medina, A.L., 2013. Impact
of preparation process on the protein
structure and on the volatile compounds in
Eiseniafoetida protein powders. Food and
Nutrition Sciences, 4(11), p.1175.

[15] Fu, Q.Q., Ge, QF., Liu, R.,, Wang,
H.O., Zhou, G.H. and Zhang, W.G., 2017.
Influence of modified atmosphere packaging
on protein oxidation, calpain activation and
desmin degradation of beef muscles. Journal
of the  Science of Food  and
Agriculture, 97(13), pp.4508-4514.

[16] Saleh, I. and Al-Thani, R., 2019.
Fungal food spoilage of supermarkets’
displayed fruits. Veterinary World, 12(11),
p.1877.

[17] Hamzeh, S., Motamedzadegan, A.,
Shahidi, S.A., Ahmadi, M. and Regenstein,
J., 2019. Experimental study on foam mat
drying of shrimp meat and evaluation of
thin-layer drying models. Food Science and
Technology, 16(92), pp.73-87.

[18]  Randelovi¢, D., Lazi¢, V., Tepi¢, A.
and Mosi¢, 1., 2014. The influence of
packaging materials protective properties
and applying modified atmosphere on
packed dried apricot quality
changes. Hemijskaindustrija, 68(3), pp.289-
295.

[19] Miranda, G., Berna, A. and Mulet, A.,
2019. Dried-Fruit storage: An analysis of
package headspace atmosphere
changes. Foods, 8(2), p.56.

[20]  Fu, M., Xiao, G., Wu, J.,, Chen, Y.,
Yu, Y., Chen, W. and Xu, Y., 2017. Effects
of modified atmosphere packaging on the
quality of dried lemon slices. Journal of
Food Processing and Preservation, 41(4),
p.e13043.

[21]  Feng, H., Tang, J. and Cavalieri, R.P.,
1999. Combined microwave and spouted bed
drying of diced apples: effect of drying
conditions on drying kinetics and product
temperature. Drying technology, 17(10),
pp-1981-1998.

[22]  Bouayed, J., Hoffmann, L. and Bohn,
T., 2011. Total phenolics, flavonoids,
anthocyanins and antioxidant activity
following simulated gastro-intestinal
digestion and dialysis of apple varieties:



VEeY ol 22 N eyss AVE ol

[38] MohdZainol, M.K., Abdul-Hamid, A.,
Abu Bakar, F. and Pak Dek, S., 2009. Effect
of different drying methods on the
degradation of selected flavonoids in
Centellaasiatica. International Food
Research Journal, 16(4), pp.531-537.

[39] Schulze, B. and Schubert, U.S., 2014.
Beyond click chemistry—supramolecular
interactions of 1, 2, 3-triazoles. Chemical
Society Reviews, 43(8), pp.2522-2571.

[40] Peleg, M., Normand, M.D., Dixon,
W.R. and Goulette, T.R., 2018. Modeling the
degradation kinetics of ascorbic
acid. Critical reviews in food science and
nutrition, 58(9), pp.1478-1494.

[41]  Singh, N., Kaur, M. and Sandhu, K.S.,
2005. Physicochemical and functional
properties of freeze-dried and oven dried
corn gluten meals. Drying technology, 23(4),
pp-975-988.

[42]  Tsantili, E., Konstantinidis, K.,
Christopoulos, M.V. and Roussos, P.A.,
2011. Total phenolics and flavonoids and
total antioxidant capacity in pistachio
(Pistachiavera L.) nuts in relation to cultivars
and storage
conditions. ScientiaHorticulturae, 129(4),
pp.694-701.

[43] Sharma, R., Joshi, V.K. and Kaushal,
M., 2015. Effect of pre-treatments and
drying methods on quality attributes of sweet
bell-pepper (Capsicum annum)
powder. Journal of Food Science and
Technology, 52(6), pp.3433-3439.

Yv¥4

sliced apples. Biosystems Engineering, 170,
pp.24-30.

[32] Rajabi, H., Ghorbani, M., Jafari, S.M.,
Mahoonak, A.S. and Rajabzadeh, G., 2015.
Retention of saffron bioactive components
by spray drying encapsulation using
maltodextrin, gum Arabic and gelatin as wall
materials. Food hydrocolloids, 51, pp.327-
337.

[33] Huang, L.L., Zhang, M., Mujumdar,
A.S. and Lim, R.X., 2011. Comparison of
four drying methods for re-structured mixed
potato with apple chips. Journal of Food
Engineering, 103(3), pp.279-284.

[34] Yan, H. and Kerr, W.L., 2013. Total
phenolics content, anthocyanins, and dietary
fiber content of apple pomace powders
produced by vacuum - belt drying. Journal
of the  Science of Food  and
Agriculture, 93(6), pp.1499-1504.

[35] Wolfe, K.L. and Liu, R.H., 2003.
Apple peels as a value-added food
ingredient. Journal of Agricultural and Food
Chemistry, 51(6), pp.1676-1683.

[36] Alfaro, S., Mutis, A., Quiroz, A.,
Seguel, 1. and Scheuermann, E., 2014.
Effects of drying techniques on murtilla fruit
polyphenols and antioxidant activity. Journal
of Food Research, 3(5), p.73.

[37]  Sultana, B., Anwar, F., Ashraf, M. and
Saari, N., 2012. Effect of drying techniques
on the total phenolic contents and
antioxidant activity of selected
fruits. Journal  of  Medicinal  Plants
Research, 6(1), pp.161-167.



JFST No. 124, Vol. 19, June 2022 ABSTRACT

Iranian Journal of Food Science and Technology Q,l
Homepage:www.fsct.modares.ir N ' e

Scientific Research

Effect of modified atmosphere packaging on some
physicochemical properties of apple powder produced by
different drying methods

Roshani, Sh. ', Shahidi, S. A. %, Ghorbani-HasanSaraei, A. %", Naghizadeh, Sh, .,

1. Department of Food Science and Technology, Islamic Azad University, Ayatollah Amoli Branch, Amol, Iran.
2. Associate Professor, Department of Food Science and Technology, Islamic Azad University, Ayatollah Amoli
Branch, Amol, Iran.

3. Associate Professor, Department of Food Science and Technology, Islamic Azad University, Ayatollah Amoli
Branch, Amol, Iran.

4. Assistant Professor, Department of Food Science and Technology, Islamic Azad University, Ayatollah Amoli

Branch, Amol, Iran.

ABSTRACT

ARTICLE INFO

In this study, some physicochemical properties of apple powder
produced by different drying methods were evaluated. In order to
investigate the storage effect on the nutritional properties of apple
powders, the samples were packed in a modified atmosphere and
examined at intervals of 135 and 270 days. Apple slices were dried by
freeze drying, microwave and oven drying methods as well as apple
juice by spraying and foam mat drying methods. The results showed
that the highest levels of vitamin C (ASA), flavonoid compounds (TF)
and phenolic compounds (TP) were related to powders produced by
freezing and spray drying, respectively. Minimal color changes
compared to fresh samples were observed in powders produced with
freeze and then microwave dryers. Packaging in the modified
atmosphere resulted in a significant reduction in the degradation of
ASA, TF and TP compared to the normal atmosphere during 270 days
of storage. The results showed that the drying method had a significant
effect on the properties of apple powder and among the studied
methods, freeze-dried and sprayed drying were suitable for drying
apples sliced and its juice, respectively.
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