VEO) s 0 0 DY et Ol e mlis 5 pske abeee

(&

www.fsct.modares.ac.ir ;e Colw

ol #l S8 @leo g pols dlxo

Sl b 5led 9 299 Sb B 0) 90 4 o B 31 Jeol i 0 lend 5 5 0l 55 Al

ol = e s @ sbae YL gl o

T bl e s e TR, o Ol el

Q]ﬂ] c.l.@.».:.d ‘LS’-U& Gl«,ajtj.\.ff J:‘Ajﬁ wj,a &\J& Jb,a é)jl,.é o}; ngfs: é}?r_.;.’\é—\
Q]ﬂ] c.l.é.,.:.n 4&].)& C_}L.,a}€j.\$« gs”:“'h‘jj—ﬂ w}» LS'»"U‘;’ )\j.d LS)}IJA a}ﬁ)w\.}PhD LgJISJ—T
Q]ﬂ] ch.g.Jw ‘LS"U& @L«,ﬂj tj.\.f« ‘-;.LAJJ":[ w}a QS'-U& Jb.d QyTw&LA ojjf )l—:)l:.n.ﬂ\ PhD LgJISJ —Y’

a.\.;.(:: dlae e
;J}Aa Jj5 s gj.x.'s.la..l»'“'“ L5l 059 ‘5‘4.3..1.33 9 ‘5:&«9 u.ob"- Q:*:’" e L ',..&“" > s e sl 'cul.?

4 A e mle 51 oS gl Al Xz sl gl mle s el JKl
oS Pl kil ge Bas g pie g8 e Sl Ll ol b Splouil Ciliiee a2,
SBaal Jasn ol alelinlp abls dal g Golie 5 )08 Tab 5 Sl Jlana
3 299/ SKaS 4 () o B I S pl gl AS 08 0L s bee
VY PH aals 53 5135 Sl SoS 4 gl sl Dladily 255 plonil deul b gl Sl i,
23 el gl Al gy 4 5 Sl OAY BT Ol 5 s WV/E BV Oby AVA G
gl B b ol Laile a5 4¢ B VO los 5 aids 4v U ol Y G V0 pH aals
AYYPH s 5555k SaS 4 gl Sl 55 48 313 0L S A3 obaeg (RSM) oty
a3 A0 slos VO PH s (sl gl Sl oy 53 5 Sly OAY Ol 5 4dds \V/E Ol
sdalie (1 MAY 5 AN\ 55 @) gl el o35l jSTae aids v 0L s 5 ol Ksle
S Slasie b oSy (S iy 03 gl Al deg il S Cou piones s B
Sl oS s glgme Jolae O3y el S5 sSVE (0 el 2l 42 53) 6 e

TP Y W PP R WO I PR VRCIOUR (P 3 | P IO K VL. < UV - SP QP g VSN ol

VEer [V E idls fusl

VE /N /00 h pd 56

(IS s
S o5

«L;T})J e 4.“.43
kool ZlFal )

2995k

10.52547/fsct.19.122.129
DOR: 20.1001.1.20088787.1401.19.122.19.2

*

1l J ss

rafe@rifst.ac.ir

Y4



S et S ol amlie

0L 5 Olbdiies Jol>

el (1S 8l B > o) Bl T L oSG i
3 S S (S s dle) Sdae ool S Lol
35 Sl o ekl WYY & Of pH &5 (IS5 s
Sl addl s e gl cele T L /0 D
o355l el SISST A5k T slaclas 5 SIS (sladnd
IVIG 55 S @ 5 alivs L 5 doud L6 (YIS
s 5 Sy gl Saew 01988 0L 5 il
53 S dewl Aoy 0/00 Sl eslinad Ll s
oasia 35,5 ey ol Sl am s A s Ve A glales
30 I dal bos o VL s gl sl o i S A2
Al (3l D353l S s S pdlel (VAVA) OliSen
I G e O8N s & el SIS
en 5 oS [4155 5 o dbl L i g (53l palls
slales 53 5zl sl | Sslize sadd- (14VA)
A 3,8 oDl 50 S w sl S Bl a5 40 5 VO
St g ol SIS 5 5dn a5 L 5 4 Al el
slales 3 5 Slivdbil K ot 5 paspel VST

DTl s 4318 sl 4,3 Vo 540
S5 gl il il sl Sl L
58 b bzl sl (gl 5SS s | sl (595 Se
S il oy S oslinal (2S5 2l sl S

5 &l

3 el S sl o 5 RS (e G5
ol gl Gl (Jlaminl 555 iS5 bl 5 s
W5 Gl bl il 55 ol sdd ealial 5L
IVl sy S,Sles sl 53 sssSle L L
P S ol B x5 G el
CS o S O & el 5 e s Loy &S
b LSS Ol Ja gy i (531l e BLST S
5 S sbin b boy ol apiie Jime Loy
S Gl Lpde by 4 Ghor G5 dS Lol S
Yot s s Sl e 3t o Lalg
Bles e Wy bs ool sl ws x5 K
DRI O A P it LOIPCI BRgr
23k Bl e 2l b S0 sl (Say
lslalaiss mm i DYl OF lie sl
SWIL I S CT s H ooy s culta boolan

dodle —)

Sy sSVE-D glansls 51 a5 ol s Sl L S
D-) al 5,5 08-D 5l s 05521 s (D-GalA) o
T o A R U SRCO I WA K R W B (€ (02N
Spalmdl Wl R i bl Gl slee e
sy Jate Kl o 5 5SVE- 5 skl Gyl
oW (oo b Sl w0 xS
sy I 0V gy 5 Tl S, 58V gl
o elig il heSa S gl S cod Db
S el e (DE) 0wl &5 1y S5 S slaos S
4l Sy ks (S (ST ol 03 et SN
Sled Jele) W LSz b oG ol 05 8 52
3 (W3 5 Lo g s oS lale 5 plad sl Sl
o it e S 53 0N Gl JeeSie b S
N s (Il Cmis Sl b pdeliS s sl
uaib (M5 oS ¥ pame b oeddglind ol 2355
[Y]oss

03 b SO Malus domestica e oU L o
o Sl (RoOsaceae) Ol ,u |5 65\ 5 5l (G o s
S5m0 elS e Sl dm Ol e 05 b celler
Osabes AT 5500 e Slex W5 FAO LT 5l il s
Oeoened Jlo 53 5 Osken ¥ s I 5 L Ol oS el
e Oljee 3580 D gmeimn L3 53 e SIS 508
W5 oS T gl LS mbis Lo (5553 o BYL
10 B o bl e A5 Y] 035 5528 55 0T IS
e ol o LRl Sis 055 e 5 Ao
oy i ol SlmllS 5 Ly 528 5l Gl o
b el pedle Lnse s Sluls Ul
O 5 sled el 8 LSS5 Oapbl 5 Doy
S o Dot sl il 335 e 55 e
L0150 S8 & 210 lae LS 5 el ST,

S dshze sk a (alS Sl Sl S sl gl
bzl (St Sl S 5ba) gl lad sl
BN PR T R I T T
slizel Yo by 53 (PH=1/0-Y) ol slad sloms

e 53 0SS gl el s s

1. L-rhamnose, L-arabinose, D-xylose and D-galactose.



\f,'\d..»'))})é AR 092 AYY e)Lq...:

Ol e wlo 5 o sl Ao

gl pome 51 Goor D 4 (555 o o5y 4 53 &S)
Je Lo3T sl) 05T 55 5 ags (Ul 10D) Olgasl 16
w ol S sl s AY les s (O exle KM 55
0 4 doys AV/6 51 OT Casb,y 5 i St Cele 0 Sl
s Doty 2l slge K05 5 anes Bl o) Lo
M20 Joe TKA) Ol 05,5 e s ¢ e i 1o
3 o3Il b Sl el ase, (o <l Universal
Sy gsanS 2 5 el el e (05556)
skt g)ls &5 Jlrsn sled 3 5 sddg sty 358 1B 2
S 3 eslinals s e Sl sla el s B
J}‘J.I.c uﬁ}) a“ G‘fﬁw‘—"—"

AL R N E G P |V N S AR
a5 WLl L o) St Sl 0 (e 5
RS eSOl el 5o (Sl oSy a5l sledlod o2
Arthur N. ) e, SO O5en L 033 N
4 3l Sxle 4x,3 4A bs) (Thomas Co., U.S.A.
D3 (L (slopgd SOy s Olo3 b aids VY-V ke
PRTE | oL R VNN L VOO IWOPYRFN WG| U WA
sy ol U3 alBs 3 sn 53 V00 3 aidy T o
Gl s il Jglowe sl S8l L) L3 S 5 sk ke
G o, Lg)j@}, 0SB cbdy sy Cend (LA
L o PH e s B oyl o2 0l
Sl Y 0ol b s 5 ekl ¥ ow Jb s /) NaOH
4 Wy OAE 5B 5o sliea A esls g, 1A U
L 5 03 S gy Caaend LS 03l S|zl Cell VY e
boalye 53 5 70 bl L oalsse 3 5 o Ol 2k
o33 yiiecd JAN UL L Al e SOl 5s 5 Ve st
Vo Ode & O s IpUI L paned ol eled A
Lt )Laiss 5 sise Opmen plaallil Bl gl adds
2 sesS pep IS Gds gl ) ol (K KT s
Nt cos (Ol el KM 55 Jue sl esb) 05
it Sl O35 4 Odey B s Kl a3 80 3 (L))
SOt s sl Kol am s =Y gl s alol S s
Gl a3 Vo-a) Ly Gy, opl o3l (S
Olseas (/0 & Y) PH 5 (aids 1e=80) sl Ol

[ ]as aﬁjz;)%}i;wéu)}:su

g

J 03 sty Ll on 45 S 0l 3 VL S s
o sl Gl 4 e s Sl Al Odde S
e Sis s e oIl ol U asie
DV NYT05,8 o e 005,51 8 5 ele S sdIss
O5S glAel 52 s Sbe sles (Y1) OSea 5 0L 3L
Lol ool 5 aglie Jgane G355 b1 s ps S5
doss s gl Okl mss Sl Ol Rl
OLan 5 Slasal ol [V 0Tk o Sl 3l decsl S g, gSVE
55l S Sladin gy 55 Al gl (V)
Sl 5 sl Ol Rl LS Ll 0L s eslind
Sl (oS dayar OF 515 Rl Oledily (S5 s ko
sasSb s 36 (P14) Oes 5 sl [NVl
IR oz s b gl 2 b (Gaos S Ols 5 0bes)
a5t Olg s Ol il L oS X5 S edalie 5 Lol
W) 0L 5 0L ple [WVILL o 2l ol
g8 Slapiie bosss Sl s b L glanal pam e G
Cer Sl bl 4 Pl el 5 elitele Al
I A5 Jsame 5 avslin sod oy 51 S ) Al
DAL I3 sp 3spe SEPI5S 5 abeed &
ElA Sl s Sl iy 3 (F1) OLlKes 5 abIS
V10 Olesods «ly Ver Olg 5 ealinal aiy G gy G
Ol 5 Ls S I8 ag Lol i Olseas |, pH=V/0 5 46
3 O edSsx w4 e s Sk Jled S sk
A S st G IS Fae il
S gl 03 DE a8 5 0o JS05e 08 aass

[Va]ed
S B 0 A Gl 5 s
e S Olgea LS sl slil )8 wlals Olgsa
Silodag Gromer 5 s Sk zlpel Sleslid b
L gl Ol Sl 4 o sl Al bl
Do 55 sl sy gl sl s ) eslind

W8S O g 2 ol Al S olend 5 d

Lhufajjj bb.c—"
e A5 VY

(Golab Kohanz apple)  :>,5 v b i



S et S ol amlie

0L 5 Olbdiies Jol>

Vo 288 g 035 e UL les s csll Y
S5 o545 5 e, WLl Jluji /0 S Skl s
LY IV2) 4 25 e 20 55 b glme 5050

DE =V, / V,+V; X100 )
el K35, 55VE (5] e ¥

(S 5 hor 1o/ el DT (Ve ) (5 sbome 1 2 e )
g edd bylie Ll Gl dend Jloe e N
s S Yoo OF 5 e s sl Clzal i3y Yo Sk
Sy s edd Lol (U861 I 55) 0/Y Js)5,8 sl
Cl el col gl cell Y S Ky 4 O,
Oljen 3,8 plonil g5 2Kl sty ol OY+ 3 ol
Aol S, SVE skl Jlome 51 sl S5, 5SS
mg/g son 5 ilE (ke » o855 Yoomt)

IVT s 8 oy

\JQLM b}j -v-Y

Yo 35 5 by i O ke Ver b o 5 /0
V0353 5l 5 035 ea el ¥ Sde 4l Sl a3
g8 Gome spa> 55 Jlp o) NaOH L NaCl ¢ S
IVVIus 8 25 (o las 0) -l
™)

Eq. W= Ve oSG 035 08

P e g X en (b pan s g e

L) J-;.-Sj:.o &l gz —A-Y
Jo EQW i 255 5l ol o J s s
Nae 170 o e YO U i e s
GBI gles 3 4ids Yoo gl 5 eas bk NaOH
e /Y0 Jgle i) Lo YO ad esly
IV1us S 25 Vs o/ NaOH L 65 5 wlsl HCL
JoeS 520 Sl5me = ®)

Y\ X 3 e 35 2d e X B an 3 g aidle S

1. Equivalent weight

\YY

ﬁ}};u tSaS 4 G|}’.=:~“|_‘~_Y
o 03,511 S5 55 55 S a5 Sy sl s gl
by lses oo JSu il il ol s e oS ol
180 IS0 ol e a5 A ojlas e S
et late & G 035 A 6303 ey (e o)
aw (! o) 180 J5UIL a5 SLas 5 5550 OIS
Szt 3l Kl 453 00 051 53 s LS a2 45 0
GladaS 0503 G2 Sogoin SEF G s S
U5 s cel o (HDPE) Wi o 03 s o 5,5 L6 2
PH s (aids \v/e-V+ /) gl Oy (s YY1 -0AY)
w8 b s it s sla,ySB olyea (V/VA B Y/YY)

Ly]oas

Dried apple pomace (2g)/
HC1 solution

1. Microwave heat
2. Filter (Nylon cloth)

Filtrate

1. Precipitated with an
equal 95% (viv)
ethanol

2. Stand 1.5h

3. Filter (Nylon cloth)

Wet Pectin

Washed with 95% (v/v)
ethanol for three times

Wet Pectin

ol el Tl
{L L

Dried by Air at 50 °C |

Dried Pectin

Fig 1 Microwave extraction process of pectin[1]
Lkl g pSolusl —8-¥
o |l St Sy e e b S a3l I
Te]del s & s O35l hae
gl Al Olekil = ol (Kl S O3 X Ve
A oy 05 M

5 i Sy ol 255 0

e ok b e JSBT absay 5SG Gse 08 e T
Ve o ol Kol ax s A s i O 1) e Yoo s
Jplome & 005 5 Gima ol 003 osls 13 el
Ve (V) a8 5 b /0 s b en S LS
A5 LSl e 4 s ssden S Jle s 010 55 1 e

e ol Sla gay Ll by asliS 1y Ll il os



\f,'\d..»'))})é AR 092 AYY e)Lq...:

Ol e wlo 5 o sl Ao

5 bl Gl 5l sl yome RSM) oy lawr 55,
)JSL;ULM M}Qﬁ}@)ﬁdm Lglfjgwl Lf’alﬂ)

S 5wl ialS b el slas (Ul 2 bl SeSTL
B Loy blite 15 pss a s O S5 Jbe il
5 ol SBT s G ol alins  Fogn s 3550
sl il e silel b gsenlsl g LS i

o33 w4k Lsee RSM 5 eslinals,se Jdo A3
G S 8L S mel sl By [EAL
bl ang Ll e 255l 5 St S ea
ook GEassy Gl 53 el I BB LT sl o S
(nls) pely Sl iie b Jits gla pinie s BLSSI o
23 e3> iy Slderds dilee (1) glsad Ol

1L eslaul

k k k
Vi = Bo+ Z ﬁler + Z B”.rf - Z Z ﬂl-;.t,-x;
=1 i<f v

1=1

)

Sl it Xy odd i s ly Wy B8 Wslas 53 oS
b By e sl B (i) ek Gl e ods S
5 pes s bl ol By e i ol By o
SIB el il b Bl Sl ol By
il Hal Gy OS5 Ll 5 bl el b
Seslial b gl ol e 5 el sk
ol a5 S el Y i & STl 5l S
Ales cpl bpss ax)s dae uls 5, (ANOVA)
o B s sl Sl s 4 o ias cul bl
w53 St e S leang rlae S S8 0 S e
3050 ) (ysmee abd g (#) o —)) il Clg_.ﬂ
Silesl sl a5 Sl S kB e ST
Al VoSS e mSe 2ok s () adr) Al adlllas
Je ol dls e cp 2T L1V sd )l Jols bl
Shles Ll 3 ad 5 e alaly SGS ) el (s Ll
el VoS 5 Al ) slsed dhwsa &5 5y ag

3 Contour

\ Y'Y

S nlid gol (55l 5 cdlad —4-Y
(EA)Emulsifying activity (sl g sl 5ol sl
wg ol s e, Osed 5l (ES) Emulsion stability
050 DSl ey adde 0 o ool ln a8
1010) Al 10 Joms e 0 4 (Oleisl U LS
SIS L Ol LT w0 /0Y alen 4 (S350 55
S5 sen ahegty Dl g Joe e A3 LS
Gl Verreg (OLWIT Wiggens jl.s D-130 Juw)
0 de w by RPM j5 e 5ol bl aids £ ke

TE1S 5 gt ol aids
(0)

Emulsion Activity%=

S a8 eslial wlie gy Sl g sl (OG5
@) Jlsy 5 BL1 sl L3 O sl (16 50, ¥ )
il 3 By 4 (OIS a8 YO (s
RN

QY]

Emulsion Stability%=
REL(;.,\.}L».,}Q [)),:..‘Jfl A{Y V») x 100

IEL(aJ sl 0 gend ol &Y o)

s WHCY O g, o3 b -\ Y
(OHC?) 5, 5,146 oo b

L) 0ls Sl o5, b Jhie O z) La e oSy eS)

[N I - N N W S SEYL W

St mle @xTerve 5 adds Yo e 4 g 63 - PeRE

WHC s 035 cp i Cand 5 Bl o) Cand 3 S
S p S ) ahsa S s, Lol 0 S 0w OHC L

L2105 Olo X e azilsass

ST Jelons gas 325 5 G5l ol V-

1 Water Holding Capacity
2 Oil Holding Capacity



Sy e S5 ol amlin SUler 5 Oldtar >

Table 1 Experimental scope used in Design Expert software

1 Le\(/)els 1 Code Unit Factor Method
90 82.5 75 X °C Temprature
90 75 60 X, min Time Traditional
2 1.75 1.5 X5 - pH
580 450 320 X, w Power
17.4 14 10.6 X, min Time MAE
1.78 1.5 1.22 X5 - pH

Table 2 Conditions of pectin extraction process by Design Expert software

MAE Traditional
Response Variables Response Variables run
Efficiency pH Time Power Efficiency pH Temprature Time

7 1.5 10.6 450 6.33 1.75 82.5 75 1
7.5 1.22 10.6 320 5.5 1.75 82.5 60 2
8 1.5 14 450 6 1.5 90 60 3
6.5 1.78 17.4 580 5.5 2 75 90 4
7.8 1.5 14 450 5.17 2 75 60 5
8.33 1.22 14 450 6.83 1.75 90 75 6
4.67 1.78 17.4 320 5.67 1.75 75 75 7
8.17 1.5 14 450 6.17 1.75 82.5 75 8
8.17 1.22 17.4 320 8.17 2 90 90 9
4.67 1.78 10.6 320 8.83 1.5 90 90 10
8 1.5 17.4 450 6.34 1.75 82.5 75 11
8 1.5 14 450 5.83 2 82.5 75 12
8 1.5 14 580 6.67 1.5 82.5 75 13
8 1.22 10.6 580 6.67 1.5 75 60 14
7.5 1.5 14 320 6.34 1.75 82.5 75 15
8.17 1.5 14 450 6.17 2 90 60 16
5.33 1.78 10.6 580 7.17 1.5 75 90 17
9.17 1.22 17.4 580 6.5 1.75 82.5 75 18
5.7 1.78 14 450 7 1.75 82.5 90 19
7.83 1.5 14 450 6.5 1.75 82.5 75 20
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Table 3 Regression coefficients of second order polynomial models

) oS QL:.»T“ Jj.l} B

Pred R’ Adj R® R’ Model Method
0.8626 0.9553 0.9765 Quadratic Traditional
0.8995 0.9730 0.9858 Quadratic MAE
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Table 4 Results of analysis of variance (ANOVA) quadratic response level model for traditional

extraction
P value F value Average degree of Total squares Scource
squares value freedom
<0.0001 47.77 2.32 6 13.9 Model
<0.0001 41.75 2.03 1 2.03 A-pH
<0.0001 70.15 34 1 3.40 B-Temp
<0.0001 105.89 5.14 1 5.14 C-Time
<0.0001 18.33 0.89 1 0.89 AB
0.0009 41.23 2 1 2 BC
<0.0001 9.28 0.45 1 0.45 A’
0.049 13 0.63 Remaining
19 14.53 Pure error
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Fig 2 A - 3D display; Simultaneous effect of pH
and temperature on extraction efficiency in
traditional method
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Fig 2B - 3D display; Simultaneous effect of pH and
extraction time on extraction efficiency in
traditional method

Table 5 Results of analysis of variance (ANOVA) quadratic response level model for MAE extraction

P value F value Average degree of Total squares Scource
squares value freedom
<0.0001 103.87 5.04 6 30.25 Model
<0.0001 421.29 20.45 1 20.45 A-pH
<0.0001 33.13 1.61 1 1.61 B-Time
<0.0001 41.53 2.02 1 2.02 C-Power
0.0189 7.18 0.35 1 0.35 BC
<0.0001 45.83 2.22 1 2.22 A’
0.0141 8.02 0.39 1 0.39 B’
0.049 13 0.63 Remaining
19 30.88 Pure error
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Fig 3A - 3D display; Simultaneous effect of power
and extraction time on extraction efficiency in
microwave method
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Table 6 Properties of pectin extracted in the traditional and MAE method
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Table 7 Results of optimization of pectin extraction by MAE with response surface method (RSM)

Degree of desirability Efficiency Time Power pH R
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0.713 6.6681 10.64 320 1.55 3
0.713 6.68456 10.64 320 1.55 4
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Article History: Pectin is used as a coagulant in the food industry due to its thickening
properties. Also, the polysaccharide is widely used in the food industry,
Received 2021/ 10/ 06 which is due to its unique technological properties (its gelling properties
Accepted 2021/12/26 in the production of jams and like jams such as fruit, etc.). The aim of
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Keywords: evaluation of pectin extraction from apple pomace by microwave and
acid extraction method. Microwave extraction efficiency in the pH range
Gel, of 1.22 to 1.78, time 10.6 to 17.4 minutes and power 320 to 580 W and
Pectin, by acid extraction method in the pH range of 1.5 to 2, time 60 to 90
Apple Pomace, minutes and temperature of 75 to 90 °C was optimized by the response
Traditional extraction method, surface method (RSM). The results showed that in microwave extraction
Microwave. at pH 1.22, time 17.4 minutes and power 580 W and in acid extraction

method at pH 1.5, temperature 90 °C and time 90 minutes maximum

10.52547/fsct.19.122.129 extraction efficiency (9.17 and 8.83% respectively) were observed.

DOR: 20.1001.1.20088787.1401.19.122.19.2 Also, under optimal microwave extraction conditions, pectin with better
quality characteristics (higher degree of esterification, galacturonic acid,
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