Iranian Food Science and Technology

= ¥
Research Journal K@Sﬁ
. ‘

Vol. 13, No. 4, Oct- Nov 2017, p. 627-636 o

il lie asbuo g pole (letidgy 4 i

Zhgirds 627-636 .0 1396 LT - yo & o,Louis 13 ul>

obas AS Sbwgas p gbs Dol p Al b Sl )
(Berberis vulgaris) «ls o K3

s e g =% n SUI-ET el O g = Kar (s31a 5 des
1394/09/12 51 ju
1395/01/15 : 5 5 s

2>

5 6318 590 o)las ofigas Cilisee (sl JSb & S 390 g )5S wo (538 Y gae 51 (S (B vulgaris) ahs s K55

o g 27162 5 18132 s 93 1> j9abogs (sl 55195l (S5 lomisd aled golp anld 3l addlas opl )3 5,8 o )8 Brae
B Ui ol (8 )5 )8 wyp 3590 dils o Kb y; 0)lae S Gluogas p aidy 1095 e 5 3,5 Slo a5 )3 45 (clod ;5 rpe yie, Sl
3 K8 a3 o JySen IS e (0l ol ] o Lol S IS (5o S ol o pis > s ] o5
3 ©lg 18/32) (b ©rs o 03y 4 led gl slh s dloe oy I8 S 3/34% 0148 4 3/68+ 0/10 s 5 4 a0),3 5l L yosee
3 05 L5 S5 3 o (PEOIOE) s ol I 4 o) s sl K5 a5, 5 IS el plie 650 51 (0555
Sy il S5 e olod Syl inlyh 48 b s anlle ) gl b odalite Lnless el 55 0 25215 (sldiges | ipas] 5] canols

5 sy AU cpgaly gty Jotd =2 slaSas S gio
g o Bl Canb )3 (clod S jsbods 45 siwn O (> Jolxe
9 C ail> 3 cumbyo 1> JruS g um 09,5 il Jihas S 5
2l o S8 5] canls )b B dils 147 3 cusbye
0eles Js 4 059yl oyl p 0gMe (Svarcova, et al., 2007)
g Camlun 15 ol 15 Sb s (el plas (65505 ol
VL o3 )Lad g Joymals pials dB (b slaasl (6 St
(Wang & ) ol 43,5 )13 do g 3,90 s s 3 byl 6 yan
o] ol alzus b pluwgi] oMt 5 S, .Stoner, 2008
Rein, ) il o Lod 059 calisce Jolge 13U cos oS el
b dlagl gols YV game 3 LaaihiSsy oyl bas 13 .(2005
Sy (6x9l % by 2) (53b Cuenl (5SS g syl 0
sl s e 5,50 Slie slge (g )Bul loj g oM
M50 0 390 |y o (688 e g cpwendi |y (213 o3le oM
Gomez et al., ) )b —aio 51 o] sl dss Slogas p Jy
ade slaby, JLis oy liies ojgyel > cpen 4 (2011
il oMo )l b olyen b @l Jlael g0, 48 aitn (59158
e 5518 )3 3Rl (o) oy YU ol b gl 208
(Cruzetal., 2008) cul 48,5 ), 5 coly; drgi 3)90 olie

Ak Syl gl
Sibyj eotsS Sluoguas ( olod aolyd 1 g0lS sWaajlg

EPREN
&Y gama ;I S (Berberis vulgaris) asb — Siy;

298893 (g o oS sl Glpl GE5IL g o (559l
g oe S (92 9 95y Ol bl )3 ohga
slodygly s 155 (59055 05950l (1393 () Kem 5 (ol 9)
Laye s (alaodyglyd g Canl (508 4 ) Jgamee cpl (ol
a5l d9dme @ ygmds A} g s cdsligs coguen] 3Ylo,lo
sty Jlad LS 5 el 8,5 (1381 (1S g (L) 3948
alie > ooyud s o 5l plgicee 5 Al o I3l

o= pln jl (S Sidy; opiorod 08 oolitul gyl 5 e
OhlSer 5 (9312)3) Kgd oo Cguire (B LS 5 g baiyliwgs]
S g ymn b (1056508 it dapilwgs! (1393

(e glio g psle 09,8 oliul g sl (53585 miih i ia -4 52 1
OB b @lie 9 (55,5l pole oltsls
e (2lid dlge (55l g pole osSKimgy (i lgo 55l 8 095 ol -3
(s3d) gl il
(Email: Mehranalamogmail.com Jsius sxis = *)

DOI: 10.22067/ifstrj.v1395i0.51912



1396 o - o 4 05l 13 sl ol 2l @ liw 5 pole (slosdudg’s 4 pd 028

50 Gl il 3o 63Ul s 5 5ol o
B0 65l LS 1 gl o0 42 )0 b (o leensd g 48
s2lod gl 8 sl

e gl i I (aled golb aiilb plodl o
L oLl joi8 8L Sonopuls HD 3200 BANDELIN
oo 13 gy b g yeg)Seo 120 aiels o5 ,m5l520 uils 3
ol%iwd oyl g5 alaize y> Sidy; ojlac yul Lo 60 a5 edlizul
3y S il an 34 clod b Ol claize JBI 0)las j> 05w,
s L ol b b s Ll ] ol sbios
51 e dne 20 alols )3 olKawd g sl b ys adds 5 ,J0/5
a4 %100 5 70 Jlas 93 55 ladiges .05 0313 ))\8 g Gos
b olej g 3L5 Blo ax 5 45 ol (clos p> 483510 95 e
=5 &gty byl 50 A5l ¢ (Bgels 4l D g 3, 4l 15
i a5l TS100-10 4 TS100-5 1S70-10 (TS270
Ao ad)S sy S dged e dlb Jles! (g digel
1355 Sgaes W0 JobI L slas yo plosl 51 L ol dlaivee
3 Laygeil plosl loj b g 5w abo B adiges caisly 5l s g
L5 (6yaS5 oS Bl ax 3 4 clos

POV JE IRV JE R WP W L5
o3zl b (1990) Mason g, b ssllae ciguold anld cons
oy 1 (P) ol 3llas ply Lol A (s (52006 g,

A5 dnwlre )
P=m ¢ (dT/dt) (1)

Oly cuns p olKiwd 3llao lg5 P

P 9hS o 2 0ad Aulid dges py> M

42> ) p S 5kS y JgislS cuns S5 ofy slo)S IC
518 ol

2 oLS Bl d ) s loj 4 G Loy lyuxs dT/dt

SHUNG ol 451y s o&iwd sllas ole duwlors j1 o
1 dploxe 5 dlayl)

Ul = 4P/nD? (2)

areyaBle p Cly cans 5 Sgold il UL

FoBlo cuas p gl olSiwd gy yhs 1D

cyeyia il p oy 27162 4 18132 (s pay gl yp cons
5 dploe azals %1100 4 70 olajlos (ol

2 Thermo-sonication

P opdyo 5 i Ol 5 g peb g gl (GBS 250
Sl (Sl a0 b awslie )3 (g cnl sblje S (G351 B e
39 sla)lao ol L8 iS5 oyl .(Chemat et al., 2011)
oS bogeal (55513 3,90 1(FDA) eyl g9 5 B losloslys
031y 1y Consl nppuansil5 g ;S0 Dl (> o B S O iiadls’
canl 03 )lis @lallas (Salleh-Mack & Roberts, 2007) xS
ol b 9,8 sla oo cunsls sbyl el gl oS
o PLE pladan Ggmold g2y (ol L 0gdo (gmeligls
Sl Sl 11 s JolS7 jobas by pudlS )l Sio (g3l Jlnd e
33,5 olyen Lagydg) plow b (0950 )b b (AalS pslaied,
YL )Lid 5 (lSiguga ) oo Oylya b Cogald S
LapslS)lg See silwJLad et GlaljBl el ((genlSsgugile)
Hlaiie) 53 (gddate Slallas (Ortufio et al., 2012) 544 0
195 ) LS g (i Slogad 1 oles Gpol)d
Ohea 5 Alighourchi .l o pbs! Hlals ple slas,lac
g yiogySue 61 aialdy (> Cguolyd sl a8 w3,8 3,155 (2014)
34T LS coely aads 15 e 4 315 ko 455 25 (slod
Ul ol ons el Bl 6 S 5> (oo ) S
Sgolyd anlh aS Wnge 3155 (2014) ) Kea g Abid a5 )5
4 yome aady 10 95 cae an o, 5 sl 453 60 (closy
o 0)las )3 b jeste § LSS dag Sl JolS (il Jlud o
aS 155)S syl35 (2015) ), Ken g Martinez-Flores .x3,8
Sdo 305 Bl 45,5 58 ¢ 54 50 cled y3 oled Sgulyd anl )
il JUsb il o5y og,Sun 120 asals p3 9 aabs 10
O Sty gSsl sl 5 Wosdsis S g2 (g )boline 51 LoounslS)lg So
gl e > (S (il eiomen ol il g gn
o1 odalie bayloss ded jd SlnST ol cunls ¢ b oluS 5
o

Ao 5 S5y o Sl Al i il ang L
ol Bl gy adlllas eyl 5l a5 )5 0 )las (sl pliamgs]
Silodlds p (OoelSsgwge ) mMe Ol b olpon Gl b
Ol el Sis ojlias (&S Cloosad 5 beuslS)ly S
slayiahl g Gl 5T Cpols (b SluS 5 daylungs]
Al (S,

Wiy g dlge
P s ol b LB e el jlaib K5
oy o) awgl 0dsd dodio (sla oo g ayls « Sy (glulis

1 Food and Drug Administration



629 . a8 cluogas p los Syl aislb Sl o)z

A5 ol oylas

) s el

oS3 Laags ojlas (L7@"WDY) (S5 (slasably (s 03l
Alighourchi and ) . pls! (colorflux, USA) Jue g,
oy I wly w9 (CF) Leg S sla ol )Ly .(Barzegar 2009
a3 dulona ) Ll 1 (AEY)

C*= (a*z + b*Z)l/Z (5)
AE*=[(AL")?+ (Aa")?+ (Ab*)]] (6)
955 U

P yeFe 9 S 2 g Lol lg o (NS )l
SIS oy Ly illae Jy555 aiged 5 00wl slaciges
IS ijle—is plsul gy ab pLoil AOAC(1984)
PCA S b st 4y Ladiges jl orlio €8, gl g Sso
30 (olod )3 amlsSSl caeles 48 5l amy g il (48T s )
3 35 e 9 S gel gl A8 plosl bleds 31, o 423
o Bdiges 5 b o3l (45T 59,208 giser) PDA cuiS layxe
b b leds 3,5 ke 453 25 clod 5> ygunbisSSl 59, 5

o3y (5 kol Jukowig 4 05

pSle O g aodld g b plosl ),SS dw 3 ool 4l
o Hblixe (gylel Ms] 05,5 o Hlae 5 Bl ol £
505 el G tigns (S Sluogas i 2o 5 Jlats
13,5 plxsl SPSS16.0 jliéle 5 51 ealil L

2loadg jud o gad

o I 5ld S ;0 luac abdwl g del> o3l PH polio
A dloe 2/8640/02 4 17/65+0/26 3/65+0/37 s 5y
w3lie oy (P<O/05) mlaws > (yblixe (g lol B3 (1 Jgu)
J S diged g oddd Al sladiged )d Al g dels 03l PH
i osalie

= by ©gmolid anld Sl (w3 j5 oeliine ol
(Abid et al., 2014) cuw sl )lac (olordsS 18 Sluogad
Bhat et al., ) ) (Martinez-Flores et al., 2015) g5
ol 1y Laelie gl (Alighourchi et al., 2013) ,Ul 4 (2011

.J.Jlo))f

e

o PH Lawogs PH ¢ s 098113 Lasogs ojluae (1S5
Dby 3 Al (6 So3lusl ¢l 5 (Metrohmlab) Jliows
ool o PH= 815 by 071 5gu b gulyid g (6 tagamilis
(AOAC, 1984) 15 o3kl o)l i) )5 Sllo sl p)5

IS ol ]
slailiwssl e il Ll b yiliusgis] (6 puSojlul (gl
asely 3 PH=1 L 5L 55 S5 0)lae
UV-160A jrogidg yiSsul o5 bawg yogils 300-700
Oy (2da b 4 4 b w8 a5 Shimadzu Jue
Slgligl (e ol Cussay 205 499 5o Jib )5 Gl
9 Lee Ly oad Cinogi (Sl PH () (olul  badiges JS
L oylac bl a8 600s dgwlxe &g oot (2002) oS
5 =) ( PH=AL5) s il 5 (PHED) iy )18 (sl 3L,
s 313 gl 100 zgo Jobo 5 mor Sl oo Jobo 5o bl i
=3 028, slol o Lailiangtl (line 25 sl 51 s
23)5 O SIS
JS owlwss] lie= AXMWXDFX1000/ €xL (3)
3, 551 DF
A = (Aspo - Aro)pHio - s g0 o BMS|IA
(As10 - A700)pHa s
32555405 3 (il S50 p 2 IMW
(Jgo stoslo p ) Joe i €
Foblo cuus p Ju Job L

ST 5 Cano B
DPPH il sl ke suopd wlal sl sl conls
DPPH il JK6sl, ,lke o) .( Bae &Suh, 2007) i als!
A deles 45 dolee 3y )bl ol lawes
o1 sl SISl Sl oo = [(Ao— Ar)/Ao x 100]  (4)

B OS5 IS Gl 50511
52 g iy sa Dol gy b (U 0S5 S e
5 —d9,%40100 .(Singleton & Rossi, 1965) si Lol
i,See 500 ¢y dase O ) Lo 6 L onis 5.5, (slao lac
5k 115 4 30 51 o 5 005 bglie S s 55 sl
Wge Ll lime b 4Ll Ll & s yd 20 o Sl S Jolxe
Fagls 165 zgo Jobo > G (slod 1> ()l sl 2 51 Ly
g 2 ookl Aol SJB 50 lslial potie puoy Capz i 0 lgs
e 100 5 aad SIS 5 o o 2 8 LS 5 e



1396 (T = o & 0ylesds 13 aler oyl sl I3 @bus g pole sleigy 4 pis 630

355 85 ooy 3 Sluogad 1 e gl d walyd 11 Jyun

2ol o3le "t ! pH Sl
17/65+ 0/262 3/65+ 0/372 2/86+ 0/022 Js
17/71+ 0/152 3/65+ 0/312 2/84+ 0/022 TS70-5
17/81+ 0/182 3/65+ 0/242 2/85+ 0/03? TS70-10
17/83+ 0/252 3/64+ 0/292 2/85+ 0/012 TS100-5
17/90+ 0/222 3/63+ 0/332 2/85+ 0/012 TS100-10

ol 1035 Jlais] o 13 SBMS] 390 45 e ;S5 (gm0 50 Coglisie gy
ojbas £,5 100 5 sl Slo p 5 cansr -1

aS 1558 5)l5 (2009) o) )Ser ¢ TiWar .l axsls Ki;
ey (5 blime S 5LE Blo 433 25 clod ) Cguolyd anlyb
e Cpyiitin 9 Sl 45185 olang S 0 las (sl ypiliwgs]
aiely gm a3 Llyd pesSle 53 do > 6 1) b psbiwgil o 5o
oldie oyl pioman 150 y) Candes 4By 10 e 4 1o y> 100
9 S GAd ) Wgolyd A D18 s W08 Ly (6,500 adllas o
o lac dlﬁw)la.u’?a)i Ol 3 S Ll el olioS sl o
3 L oplwgs] zlseil 4 oy cpl e ol osd jo,8 565l
Tiwari ) ad 03ld G guolyd A01)8 51 )3 05lac )3 lee lyd
ol anlys ,51(2013) )L 4 Herceg (et al., 2010
g aoyeyia o ©lg 12/65-67/68 s (o5 aimms » olod
oy il g aidy 3-9 lej g o5 5le 45 ,325-55 (cle
b ysluwgsl by y o 1y(4ad> 20 e 4 31,8 bo 45y 85)
S Ky 4l i 5 55 gy (S o sl
P AS Sygo > ol odd b wiluwgilis s T4 Co o cely
el o aadn 9 e 4 45,395 clod w Hlew o paas

g2 045 b byl oy 815 -9 oy 5o

S5 ol gi!
2 IS owlwss] lise oy (< 0/05) (¢ blixe (g lol 3N
(TS100-10 aSges 5l yuea) o il (sladigas 9 JyuS diges
Syl 1213 5 g Lnligis] o 56 olje it oaaliie
1 20,010/794 50 31/56 o 31/ 14010 30/03 i ey olod
anwle TS100-10 4 TS100-5 TS70-10 TS70-5 (cladiges
5 ol gokae iluognl OS5 ) G ke lsiea S50
el Slos (ol GRIEI 2 ogMe (5918 (b LS 5 ol bad
Mo S8 5 nylangis] D9 oo 5 Juol> o)l 5 d9u0
258> g 3emS] g8 PH o>yl il ol Sl 4 ol
55 (2010) l,LSen 4 Patras .(Tiwari et al., 2010)
5 polym 4l 0l 5Ly an |y ()l anls (b lagyslusgs]
Olyisany 0jgal agyg8la JSt5 0l Copus LaypSlly Jusiis
5 Dot gl s LS 5 S5 s 50
a8 123 o i dalllae (pl 5l ol ol sl sl K345 4
o)LAa.C LSLR’QAJL“’WI ul).uo 2 6)9”9.0[4 ):l u.:Lo.) uyol)s J.ul)s

3,5 5,0 a1 51 ol b S 3 ilenssis] Ol (2103 S0l Nl -2 Jgan

ST T Cllad J5 Jid J5 ilamagil .
(%) (oba 52 o100 0,5 o) o,k s 1 0,5 o) 7
83/79+ 0/76° 1125/71+ 9/45° 662/92+ 8/542 Jyus
88/72+ 1/102 1273/93+ 6/712 660/54+ 7/232 TS70-5
86/60+ 0/83° 1266/79+ 5/522 655/31+ 9/112 TS70-10
81/72+ 0/54¢ 1077/50£7/45¢ 652/59+ 6/412 TS100-5
81/47+ 0/624 1009/64+7/57¢ 591/38+ 8/38° TS100-10

Lgd o byl o 55 el ooy LSis g b pslowgi] ddls

sla L)y &5 638 5155 (2007) ), Sen 4 Sadilova
055 5 L osmlingls oty (o 00 iS5 (S 9,000 ]



631 . aS cluogas » los Syl aislb Sl (a2

ity s TST0-5 Wigai 1> () slajiely ) Sy (a8
O)LSen g Tiwari .ai sanlie TS100-10 asses j» il s
= lime y3l yLej g B9l gl s 48 13,8 Lo (2008)
b Sgold b gyl (b (Sf o ojlas () layelly
oml Ggrlugls ahd (b aS gaad (S5 balid ol
Sgolyd b osd jlas gloolas S5y o 55 BV I (S0 9
9 b yilwgs] Co 55 Cpien .(SUSICK, 1989) cawl o duils
ST sl il 51 otb b g ol 3159) sy LS 5 JeSits
Ny sl yelly pials s (%0 U (Sl (b oas JSis
Portenlanger & ) cuol o by cypilowgs] (gols (sloo lac )
O Sy IS woles AE* il 4 av5 L .(Heusinger, 1992
BB (Sl anes ez 4 o dipld aiged g oad wul) sladises
sdalie B oosa (1/5<AE*<3) asy5 LB (AE*<L/D) arg
S9 o (st (BAE*<12) 5Lyj s 5 (3<AE*<6)
ecel TS70-5 ,Las 3 Jgi» ub (Cserhalmi et al., 2006)
Syl el bjlo plo g dgi Jl8 odgaome 3 Ky ol s sl
Adl e odaliie JLB v da b pdd &S Sus () Ol
» Sgolyp a S u S o)ls 5 (2013)),LSea 3 Engmann
slsol cel i 10-30 )loj 4 35,m0lS 22-26 ¢l uilS )5
3-10 oLsj oyluac ;> 1/34-9/12 o3gamme > S5y IS i
ol o g5l 4d,B>

ol 3120-4168 1, S, A @i sbungi ojlas )
ol slayielyb ) oled Cguolyd Ulys ax ST .00 S

S gl Bl gy 50 (2009) ), Ken 5 Tiwari
55 olwigs oyluas o @ipeyio e p g 9/24-22/79
Cawl 4zl olwcngi o)lae S5y o 1YL clacas S S
aild boly s gjlwdine b sl ool bl plo 4 a2g b Jg
285 1 Caod Callas (glayloss 4y g o (i g loj led)

15 S0 (53l Jod
251 ey y50 slajlass don (D led Caold Ay
5 LapanslS g Sen (NS 5las Gials” s (p<0/05) (g)blins
5 LapundlS )l ;o (S 5 5londs cunnl ails W poses 5 S Dl
3168+ 0/1 log CFU sy J S diges y3 yodeo 9 S dlasi

oiled 3 JalS (65l JLsd pué 340 3/34% 0/48 log CFU
hiSan ¢ Patil s Lol Ly dan )3 bpuslS)lg Seo
yingySuo 0/4=3T15 aiialy ;> 9ol a5 53,8 13,1;5(2009)
b Ll 55 o i lS) S B nlS el
uhyli—5 (2012) Barbosa-Canovas 4 Bermtdez-Aguirre
31,3 5l 43,360 550 (slod 1) (ol Cguolyp aisl s a8 win )

a1 55T ol 5 JS i

e ol o o3b (L5 2 Jodo p3 Ky 0)lac ST 51
s e 100, 5,5 Lo 1125/71 S5 )5 05bas JS b LS 55
b ol 5, (p<0/05) (g)olins iol38) 05 dpmloe o)lac
slaingsy 2 saaline TST0-10 4 TS70-5 sladiges JS
ol glaoyluac o (8 wluSy (hlidlay 30 b
Zafra-Rojas et al., ) &g, 3,5 (Mohideen et al., 2014)
2 Sgolyd L anlyd 5l e (Abid et al., 2014) cow 4 (2013
IS s bS5 lime oyt ilazily o)lil ol slacuad
100 - p 5 —el273/93) s ale TST0-5 aiges (sl
=10 059 HYL i Lo al sladiges o (5l e
JSiss )8l Lials g)bline yeboay JS° Lé LS s TS100
Dgid o gy Syl YL lacns a8l o J00),
ollitl il Ladiged cpl jo (A8 aluS 5 jials s Wl 0
Gaolyd ol coas b jles 5l s bojlac L8 olSy
04 001y s ojlae (0 e @l I L GluS 5 gl sl 4
5 Ashokkumar .(Patras et al.2010; Bhat et al., 2011) ¢l
Cool g b oS 5 Gl ecde ;5 (2008) Lo
Al S g,0n 4 |y gl b Hless 5l e o jlas Sl 51
lesly Cud Ly Jidgio 55,5l Ly Lo )l slacusdge jo (i
3 el sy S diged gl WB3/T9 laS T capols:
Wl ladiges Slawsl ol canls > o blixe il38l 55 L)
Sl 5l e ol )3 ghline galS 5 ol @nd b i
A 55 oeiacee plo b dalde YU ol b edd auld sladiges
Sgold L oads al 3 slaoylae Sl o1 canls i3l
Golmohamadi et al., 2013; Bhat et al., 2011 ) Wl S" oLl
SlS 5 o & oYU (Staed & o5 o 1y il ol ede (
A s 3 dg g Sl Sl sl ew Llg s
(zZheng&Wang, 2003)

Ny s el )by
cedS ol cun 8S 2l )eSl o iere jl S S,
CIEL*a*h* |55 pimuges -39 sme cogmne hid &Y guaseo
Sloo 595y it sl b Bl oy p slp 2Ly ke ]3]
alyd (Wrolstad et al., 2005) aib o Woylas o394 olic
oylac (S5, slayielyl p (pP<0/05) (o )blize 1 olod Cguslyp
s .(3 Jeds) Cowl d iy J,mS diges b duglie jo Si);
Sgolyp y 3l 5y50 55 (2013) o), Ken 5 Herceg by golie
el oais (o)l3 8 (S5, 0ylae Sy slajielyl p (sled



1396 (T = o 4 0ylesis 13 aler ylpsl I3 @l 5 pole sloingyy 4 pii 632

@ (oled gl p s 0g)Seers SIS ()15 1) o9 485
S jlg gl gl oy (b (Joho Lid (60558 ]38l
5 (Suslick, 1989) &ls bl slog! ¢, Solssl &b s,
Butz & Tauscher, ) ¢l oai ool o I3l sla JLSGsI,

(2002

=517 el () ooy g 2192-4149 oo (5 dinnsls 1 4
ipgpw o log) BT yase )3 ol o)L S S B1
O)LSen ¢ Herceg .cuwl oas bls 0,8 ¢ (Wbl (635l (slao,lac
oylas )3 |y bapad Sl ,Suo (g5l b ot 58-1007. ;5 (2013)
8551 il 3 (oled Ggl )b AlS (o me 3 & (S5 By
8 a2 325-55 (clas g guyeyio p g 12/65-67/68 g

S yj 0 )kas (Kiy s pelyly 1 olod Cgolyd Wlyd 13 Jaua

L* a* b* AE* o
12/18+ 0/042 33/89+ 0/122 17/50+ 0/042 Js
10/65+ 0/02° 31/41+ 0/09° 16/68+ 0/03° 2/94+ 0/19¢ TS70-5
10/39+ 0/04¢ 30/88+ 0/07° 16/51+ 0/06° 3/64+ 0/12° TS70-10
10/25+ 0/03¢ 30/38+ 0/19¢ 16/2420/07¢ 4/20+ 0/072 TS100-5
10/09+ 0/04¢ 30/24+ 0/46¢ 16/20+7/57¢ 4/40+ 0/112 TS100-10

Sl )l 55l Jd 2 (ilod Sigol b al, 14 Jgse

yode 9 S5 (o) low hdls b:;):m’ S
o5 519 S0
3/34+ 0/482 3/68+ 0/12 Jys
NDP INDP TS70-5
NDP NDb TS70-10
NDP ND® TS100-5
NDP NDP TS100-10
Sy 0ylas

asiias adllas ol 5ol Lialiél |y K5 05lae Sl s
=S 59 Sl e (oled Ggolp anls o €85 aons
Bl (Sl Wl el ol (Rl Slg5 o0 S5 0)las
S92 Al by (lodinn diej 3 g yiin Clillas diz e

Py o sl

(8 35 4ol

= eled ool anls dilise glajles S Giagh cpl )

Ol 85 8 (pyp 2)90 Ao S5 0)las (S Sluogas
Jel il b e o (s slacsad (5 ojoga J01)8
S35 glgysluwssl (i 5 S5y 2 2l B lpuslS g See
Caold 5 L8 OloS 5 olie anld ol e ioan b

&l

sl ;iw)) wy) A u.)l.uo.u» 9 G;J).\B uo|9> )l u.'>)..v WLM c1393 odos| cd).).;lb' 9 GT P SN p (Mg wp <)§I..> d.)L{b)B

(Pl cug 2ol e @liog pole (sby (ingh - liows (il

Abid, M., Jabbar, S., Hu, B., Hashim, M.M., Wu, T., Lei, S., Ammar Khana, M. & Zeng, X., 2014. Thermosonication
as a potential quality enhancement technique of apple juice. Ultrasonics Sonochemistry, 21, 984-990.

Alighourchi, H.,& Barzegar, M., 2009. Some physicochemical characteristics and degradation kinetic of anthocyanins
of reconstituted pomegranate juice during storage. Journal of Food Engineering, 90, 179-185.

Alighourchi, H., Barzegar, M., Sahari, M. A. & Abbasi, S., 2014. Effect of sonication on anthocyanins, total phenolic
content, and antioxidant capacity of pomegranate juices. International Food Research Journal, 20, 1703-1709.



633 . a8 Cluogas p los Gyl aislb il o)z

AOAC. 1984. Bacteriological Analytical Manual (6™ ed.). Washington, DC.

Ashokkumar, M., Sunartio, D., Kentish, S., Mawson, R., Simons, L. & Vilkhu, K., 2008. Modification of food
ingredients by ultrasound to improve functionality: a preliminary study on a model system. Innovative Food Science
and Emerging Technologies, 9, 155-160.

Bae, S.H. & Suh, H.J., 2007. Antioxidant activities of five different mulberry cultivars in Korea. LWT — Food Science
& Technology, 40, 955-962.

Bermudez-Aguirre, D. & Barbosa-Canovas, G.V., 2012. Inactivation of Saccharomyces cerevisiae in pineapple, grape
and cranberry juices under pulsed and continuous thermo-sonication treatments. Journal of Food Engineering, 108,
383-392.

Bhat, R., Kamaruddin, N. S. B. C., Min-Tze, L. & Karim, A. A., 2011. Sonication improves kasturi lime (Citrus
microcarpa) juice quality. Ultrasonics Sonochemistry, 18, 1295-1300.

Butz, P., Tauscher, B., 2002. Emerging technologies: chemical aspects. Food Research International, 35, 279-284.

Chemat, F., Zill-E, H. & Khan, M.K,, 2011. Applications of ultrasound in food technology: processing, preservation
and extraction. Ultrasonic Sonochemistry, 18, 813-835.

Cruz, R.M.S., Vieira, M.C., Silva, & C.L.M., 2008. Effect of heat and thermosonication treatments on watercress
(Nasturtium officinale) vitamin C degradation kinetics. Innovative Food Science Emerging Technology, 9, 483-488.

Cserhalmi, Z., Sass-Kiss, A., Téth-Markus, M., Lechner, N., 2006. Study of pulsed electric field treated citrus juices.
Innovative Food Science&Emerging Technologies, 7, 49-54.

Engmann F., Ma, Y., Tchabo, W. & Ma, H., 2013. Ultersonication treatment effect on anthocyanins, color,
microorganisms and enzyme inactivation of mulberry (Moroseae nigera) Juice. Journal of Food Processing and
Preservation, 39, 1-9.

Golmohamadi, A., Méller, G., Powers, J. & Nindo, C., 2013. Effect of ultrasound frequency on antioxidant activity,
total phenolic and anthocyanin content of red raspberry puree. Ultrasonics Sonochemistry, 20, 1316-1323.

GoOmez, P.L., Welti-Chanes, J. & Alzamora. S.M., 2011. Hurdle technology in fruit processing. Annual Review of Food
Science and Technology, 2, 447-465.

Herceg, Z., Lelas, V., Jambrak, A.R., Vukusi¢, T. & Levaj, B., 2013. Influence of thermosonication on microbiological
safety, color and anthocyanins content of strawberry juice. Journal of Hygienic Engineering and Design, 4, 26-37.

Lee, J., Durst, R. W. & Wrolstad, R. E. 2002., Impact of juice processing on blueberry anthocyanins and polyphenolics:
comparison of two pretreatments. Journal of Food Science, 67, 1660-1667.

Mason, T.J. 1990. Sonochemistry: The Uses of Ultrasound in Chemistry. Royal Society of Chemistry, Cambridge,
England, pp 120-130.

Martinez-Flores, H.E., Garnica-Romo, M.G., Bermidez-Aguirre, D., Raj Pokhrel, P. & Barbosa-Canovas, G.V., 2015.
Physico-chemical parameters, bioactive compounds and microbial quality of thermo-sonicated carrot juice during
storage. Food Chemistry, 172, 650-656.

Mohideen, F.W., Mis Solval, K., Li, J., Zhang, J., Chouljenko, A., Chotiko, A., Prudente, Bankston, J.D. & Sathivel, S.,
2014. Effect of continuous ultra-sonication on microbial counts and physico-chemical properties of blueberry
(Vaccinium corymbosum) juice. LWT Food Science and Technology, 60, 1-8.

Ortuno, C., Martinez-Pastor, M. T., Mulet, A. & Benedito, J., 2012. An ultrasound-enhanced system for microbial
inactivation using supercritical carbon dioxide. Innovative Food Science and Emerging Technologies, 15, 31-37.
Patil, S., Bourke, P., Kelly, B., Frias, J.M. & Cullen, P.J., 2009.The effects of acid adaptation on Escherichia coli

inactivation using power ultrasound. Innovative Food Science Emerging Technology, 10, 486-490.

Patras, A., Brunton, N. P., O'Donnell, C. & Tiwari, B., 2010. Effect of thermal processing on anthocyanin stability in
foods; mechanisms and kinetics of degradation. Trends in Food Science & Technology, 21, 3-11.

Portenlanger, G. & Heusinger, H., 1992. Chemical reactions induced by ultrasound and Gamma-rays in aqueous
solutions of L-ascorbic acid. Carbohydrate Research, 232, 291-301.

Rein, M., 2005. Copigmentation reactions and color stability of berry anthocyanins. Helsinki University of Helsinki. pp.
10-14.

Sadilova, E., Carle, R. & Stintzing, F.C., 2007. Thermal degradation of anthocyanins and its impact on color and in
vitro antioxidant capacity. Molecular Nutrition & Food Research, 51, 1461-1471.

Salleh-Mack, S.Z. & Roberts, J.S., 2007. Ultrasound pasteurization: the effects of temperature, soluble solids, organic
acids and pH on the inactivation of Escherichia coli ATCC 25922. Ultrasonics Sonochemistry, 14: 323-329.

Singleton, V.L. & Rossi, J.A. 1965. Colorimetry of total phenolics with phosphomolybdic—phospholungistic acid
reagents. American Journal of Enology and Viticulture, 16, 144-158.

Suslick, K.S., 1989.The chemical effects of ultrasound. Scientific American, 80-87.

Svarcova, l.; Heinrich, J. & Valentova, K., 2007. Berry fruits as a source of biologically active compounds: the case of
Lonicera caerulea. Biomedical Papers of the Medical Faculty of the University Palacky Olomouc Czech Republic,
151, 163-174.

Tiwari, B. K., ODonnell, C. P., Patras, A., Brunton, N. & Cullen, P. J., 2008. Stability of anthocyanins and ascorbic
acid in sonicated strawberry juice during storage. European Food Research and Technology, 228, 717-724.



1396 (T = o & 0ylesds 13 Al oyl sl I @bus g pole clesigy 4 pis 634

Tiwari, B. K., O'Donnell, C. P. & Cullen, P. J., 2009. Effect of sonication on retention of anthocyanins in blackberry
juice. Journal of Food Engineering, 93, 166—171.

Tiwari, B., Patras, A., Brunton, N., Cullen, P. & O'Donnell, C., 2010. Effect of ultra-sound processing on anthocyanins
and color of red grape juice. Ultrasonics Sonochemistry, 17, 598-604.

Wang, L.S. & Stoner, G.D., 2008. Anthocyanins and their role in cancer prevention. Cancer Letters, 269, 281-290.

Wrolstad, R. E., Durst, R. W. & Lee, J., 2005. Tracking Colour and pigment changes in anthocyanin products. Trends in
Food Science and Technology, 16, 423-428.

Zafrarojas, Q.Y., Cruzcansino, N., Ramirezmoreno, E., Delgadoolivares, L.,Villanueva- Sanchez, J, and Alanisgarcia,
R., 2013. Effects of ultrasound treatment in purple cactus pear (Opuntia ficus-indica) juice. Ultrasonic
Sonochemistry. 20, 1283-1288.

Zheng, W., & Wang, S. Y., 2003. Oxygen radical absorbing capacity of phenolics in blueberries, cranberries,
chokeberries, and lingonberries. Journal of Agricultural and Food Chemistry, 51, 502-509.



Iranian Food Science and Technology . T . ..
Research Journal } olnl 2188 @b g pole Sletngh 4 0
y f

G

Vol. 13, No. 4, Oct- Nov 2017, p. 627-636 ik 627-636 .0 1396 LT - ye0 4 o ko 13 ul>

Effect of Thermo-sonication on Quality Properties of
Barberry (Berberis vulgaris) Juice

M. Farhadi® Chitgar, M. Aalami®", E. Milani®, Y. Maghsoudlo*

Received: 2015.12.03
Accepted: 2016.04.03

Introduction: Barberry (Berberis vulgaris) from the distant past has been used as one of the main medicinal
plants in Iran and many other countries. Currently, it has been known for pharmaceutical active compounds such
as berberine, which has wide application in pharmaceutical industry. Barberry fruits are used in preparing
sauces, jellies, candies, marmalades and especially fruit juices. Also, the fruit contains health promoting
compounds such as polyphenols and anthocyanins. Anthocyanins are bioactive compounds present in many
fruits, vegetables and their products. They are responsible for the wide array of colors present in flowers, petals,
leaves, fruits and vegetables and are a sub-group within the flavanoids characterized by a Ce-Cs-Cs skeleton. A
substantial property of anthocyanin is their antioxidant activity, which plays an important role in prevention of
neuronal and cardiovascular illnesses, cancer and diabetes, among others. Therefore, preservation of these
compounds during processing of barberry juice is very important. Conventional thermal pasteurization is the
common preservation technique used for fruit juice processing. Although this method inactivates
microorganisms and enzymes causing spoilage and extends the shelf life of juices, but also it causes degradation
of anthocyanins and loss of the nutritional quality of these products. Moreover, the increasing demand for natural
and fresh fruit juice resulted in the development of various non-thermal technologies, such as radiation
processing, osmotic dehydration, pulse electric field, sonication and high pressure. Power ultrasound has shown
important advances in food processing and has a potential to meet the FDA requirement of a 5 log reduction in
pertinent microorganisms found in fruit juice. Physical (cavitation, micromechanical shocks and mechanical
effects) and chemical (formation of free radicals) mechanisms are responsible for the biocidal effect of
sonication. Other advantages of this technology include low cost, reduced processing time and environmentally
friendly technique. However, ultrasound by itself is not very effective for microbial inactivation and the use of
other technologies during sonication such as temperature (thermo-sonication) and pressure (mano-sonication)
has shown efficient results in inactivation of microorganisms. Thermosonication has been reported as an
alternative to thermal pasteurization for processing of fruit juices such as strawberry juice, blackberry juice and
orange juice. According to the negative effect of thermal processing on color and anthocyanins of barberry juice
this study aimed to evaluate the effect of thermo-sonication as an emerging technology in two intensities 18.32
and 27.62 W/cm?2 at 45°C for 5 and 10 minutes on the quality of barberry juice.

Material and methods: Barberry (B. vulgaris) ripe fresh fruits were collected from gardens of Qaen. Fruits
were crushed into pieces in an electric blender. The mixture was then filtered through a nylon filter and kept in
dark condition at 4°C before subjecting to thermosonication. Barberry juice was sonicated at 200W capacity
batch sonication system (Sonopuls HD 3200 BANDELIN, Germany) and a constant frequency of 20 kHz with a
13mm probe. Barberry juice samples of 60 mL were placed in a 100 mL double wall cylindrical vessel pyrex
glass through which water at 4+1°C and a flow rate of 0.5 L/min was circulated to attain a constant temperature
in the juice sample during sonication. The samples were sonicated at 70 and 100% amplitudes levels for 10 and
15 min at 45°C with pulse durations of 15s on and 5s off (US70-5, US70-10, US100-5 and US100-10). After the
sonication treatment, juice samples were kept in sterilized bottles and were stored at 4°C until further analysis.
Total anthocyanin content of barberry juice was determined by the pH differential method and the color of juice
samples was determined using a Chroma Meter (Color Flux, USA). The color values were expressed as L*
(lightness), a* (redness/greenness) and b* (yellowness/blueness). The total phenolic content and antioxidant
activity was determined by modified Folin—Ciocalteu method and DPPH radical scavenging activity. The
counting of microorganisms was made using standard techniques (AOAC 1984), and included total plate counts
and yeasts and molds. All experiments were carried out in at least three replicates and the results were expressed
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as mean * SD. The significant differences between mean values of juice samples were determined by analysis of
variance (one way-ANOVA) using Dunkan’s test at a significance level of P< 0.05. Data evaluation was
performed using the SPSS software version16.

Results and discussion: The result showed that the processing in all treatments completely inactivated the
microbial population. The reduction of total plate counts and yeast and mold counts after processing was equal to
3.68%0.1 and 3.34%0.48, respectively. Thermo-sonication, especially in low intensity (32/18 w/cm?2) had little
effect on total anthocyanin compounds of barberry juice. The losses in total anthocyanin content of juice samples
were 0.03%, 1.14%, 1.56% and 10.79% in TS-70-5, TS-70-10, TS-100-5 and TS-100-10, respectively.
Hydroxyl radicals produced by cavitation can be involved in the degradation of anthocyanins by opening of rings
and formation of chalcone. Thermosonication had significant effect on color parameters of barberry juice. All the
color values (L*, a*, b* and C*) of barberry juice treated with thermosonication treatment were decreased as
compared to control. The color loss of barberry juice samples decreased with increasing the amplitude and time
of thermosonication. Extreme physical conditions which occur within the bubbles during cavitational collapse at
micro-scale reaction may be responsible for the degradation of color in fruit juices. A significant increase
(p<0.05) in both total phenolic content and antioxidant activity of samples treated at TS-70-5 and TS-70-10 was
observed. However, higher amplitude significantly decreased the total phenolic content and antioxidant activity
of barberry juice. It has been shown the enhancement of total phenolic content in juices after sonication might be
attributed to the facilitation the release of bound phenolic present in the suspended particles. Since there is a
correlation between total phenolic content and antioxidant activity, the extraction of bound polyphenols due to
cavitation can be presumed the increase in antioxidant activity. The result of this study showed that thermo-
sonication could be used as an alternative to thermal treatment.
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