\qua.))jjjAoc)})cvib)w &‘J&GL&G}?_}L&

A Ologad y (3 5SS Gbod g i Cudl g tlio slowiiey !

LN .Y, Yoo, . P 3 .
NF@lpbps Sl sl Gl o wdp o bl gl

Ol pl e oy o825 (63,5l 0aSiils ¢ GLels p oo 5 8 sl -
Ol et o o505 (65,5LES ouCiSls (SLEL p ke 05 5 Al el (g sl Y
Ol i o ol (5, 5LaS 0 uSLiils o (Ko 5alS o5 S Liils -V
Lo o SKisls éj)jLiS oAl gu_:L.C«L: (:ji.& bjjgjl:l')l;nﬂ‘_i

QO 15 pdy foa,0 80 /P A/YE 1l o)

e A

T S s iy S5 ks S g CokS il lales b Els gl 5 s Codd g plitn Sled it U e 5 latenr (el )
Ol b dals) mhaw e 53 N2SH05) e ol o plite il sl Chle ol 2lejT slasled 45 A ol Ole U3 ol 55 sla &8
gl b 53 eld S Jgeams (55120l Olej 5 (o spmdas 4z 2 Vo 510 00) mlans s 3 05 5 Sl sles (o Sl 5 92 oS8 lade
WY @ oogee sl Cusb) Olpe s a8 S 5 53 (05,5 K Sl dm 5an A 570 e (e Gdo) sdld S 5 (Cdls p Oles 53) 036 Jgaes
Ol 4o s ¥ clale o5 ) 658 @ dls (1 ome Ll OS] ST o0 Slio 5 (ol 1 300 by S s e Slod i 3L 28 Ao
O (Slosgd dbos (Bl L 5 5 s oxe LS Glosgd 5 Ky S Dl g by, PH 5 o ssle 3l Ky sl e le ol o
3 e S 4ol 5 Jslome ol 3lse PH Slio 5 bos 5 gl s iy blize o3l (686 il g1 5 Ot (35T Ll 2l 2l 581
b placd Slas Gt 3l eslinad Ll Asl o oY K55 0t S5 035513 kS Bie (gl ol los ax 8148 553 e bl i s 5l

NG rjyjsﬁiﬁ‘_gu u,i'.ibﬂr\qv_}i Lo n;dn&ijju.xﬁi&bnﬂ)sﬁ)éuua}u Sseg e 03,5 2 ol slales of pon

OLS (5l 0348 o gme olds, (ol ol SlST T <l Berberis vulgaris :0831 4ds

mhdkhayat@birjand.ac.ir : o5 J e’

YAN



O 5 bl (g

s ol s o5 abys 5 2 e S e Vo chle s SS
s Loyt o o i plmns Sl poast o o
A G 0555 sk 53 o Olpe cnl 5 sl s OF U3
INT s 5 b bine sl Ll 4 o (glais
Jole Olsm sy 5 e 63558 SLS 5 Sl 0js
o3l ) ks S 5 OAd Gloygd Sl oS (5,8
oS sl G 0AS Slesg S S sl VY] 25
e by abse 5l 0s8 i anlp Jb s (S
IYT s S eslical b\ e el Cod) g

CaiS (O S ol Obey Se o s 035 Sis gles
A oon 28 o s JB 0 LS e fse sl
Ol o> (Rl 3l Las als Ol 5o 3 J6 5y 058 S gles
PSS s G Y] AL e Al sl dalr 15
Sde O35ed SYsb abaaly 4 ol 05 3 Six glales Ul
3 Kyl perls el 4 mme 035 S5 oy
s b V0] s5d 0 K55 Gl st Vg (58 IS
G IS 85 e 055U s e 0L mle s
Slo e b= 5 mde Sl ol las g U
Wl oS 038 SE Liln s Sy plerd S
el 03 S oslial (5,58 SV a1 S 55 i
S5 LS g 035 S e gles U ramen
o ol Slaal s s SIS EGIVI Ry N AR g
Dl le

Lim i Sl e ple 63,55 S 5 ke S 50
St wl g b Ky ege Ky 5 SlnS! sl ol
OAS

5 opbestl Ll 038 S il sbales oY

.Li.’z) dm—u&\ﬁ:&?jd.l.;vé‘o}@j

la S99 3l90 =Y
sl (g3slaS eaKails L3 AYAY Jle s bl ol

S o el Laha ilesT iy plondl 51 e 5 A
sdSLEls Jlides CL 03 s Al Yo gl ams s

ole QLT BE Lf’»«a 4...»:}> Q)M )ljﬁ.a\ B c;‘_g 6)')_5\.:.5

YAY

dadae —)

auldy 5 o3l sl 4 slaze (Berberis vulgaris L) s s
e e o bl e b Ol il e YT al
Wl deor 4zt 53 O s olS ol V] s o Ll 5 Gy 3
35 s w42 S L gl sl gl als sl Gl Ol
s b JSlils CS e b ool cslian S cslesed L
P S oS e Dy em 5 S e a2 3] S s
Frdds eab Sy s w als o Sy [E 57 Y] sl
¢ ol SLLGE gl i e s S cldl
Slrl Gl ot 1ok 2 i JeSe g 4 S5
il s o € fe bk S5 a3 0T 5l 5 wdls sl
Ly e 53 01 sl agee OF oMo ol oslinl ST, 5
Gl ls ol 2003 3,8 upd e OF (Sl
03,5 sl et b Ol a5 el 5 edd (2158 01 sl
oAl G Al ksl Sl s el
5B ol as 0] T len Ao ey Ao (JUib
5 g bosar ae Sl 5 [ 5 olas 51l
rebieen ST 5 S5 S AT sl cled S e (V] s
& 8] s W JLals 5 e <85 5 il 55 [A]
39T B sl Sedl 5 obsl lme IS Zisie
Ll ke O VYT syl 5 055 Las stials V)

e 3 S sere gy 0S5 Sl
SN e 1 sl IS M5 L s ol ki Sl e o
ol e Sl e X 5 5 [WY] 258 e eslizd
Jolss 28 5wl 5 G550 i) s el wluls
DS 5 03 Vo 0T wupe dx e 358 e ol ailie
ol i DT V0 O] sl e Gl e K,
Osd oo Jed s 035 Sl 5l S e pland
ot 5 S Sl denl ol ol e el Sl S
ks St Jpame ) 5 glE 251 dS bis ¢l
SWA OV Ll a5 eslizal 3,50 058 i dulp b
oS 05 Kax l 1 65 5 lajles 5l ealizad )4
L5 Aald a4y O S8l el Ol e i o (SO 3

LSt (65 Slad i Msed 518 Oldms S [Y0]



\Yav &;ﬂfé‘\o c)}bc\/i a)La«.T:

Sl o 5 o sls

L ld 3 Sa o 3590 53 300 OS¢l 03B 5 Sy kS
S Sl gast (23S 5 ale 5 ool 3550 036 0 s
TES 135 - ) e )8 oKas 1 eslinel b oge oot S
Sy Sl yar bl p ml s (5 Seslul (TAIWAN
s V] ol plig, S L™ o1 s s 12 0l 5l
plmil (/) 3) SAS (LT 15l o 5 a5 a asls 3l
el A0 ) lecla.wﬁu&ﬁ;pwua,

A5 5 1= LSD 5051

o .j@l:}—\"

pH Ol ot =Y
sdalie (Y/Y4) 05U 040 o pH Ol e J.,),.:.S sl olis CJL;
sdalie o pl 53 (bl LIl Oly C B IS L s s S
C PR TG PO P JO S Epg S J N RN PRED IR
oo pl Slsbas (Y24 @ YV 5D b33l e Ao e @
Ve 00 Gl 50 05 8 Sas glos il (Y Jsdr) wl
bl mLas (0 JK2) ws S pH (hll o ook
sl a5l ol syl calas Jisys s [Y] OLKes
loord SLS 5 3 e 5 e S Rl Jd Yl
sls Ol s Codl s oo ke x Loy Jilite J1aSL o 50
Aoyt chle s am s Ve 5 0r gl s pH Olgs R e
Lo Jol- () Gis chle s s Ve gles b5 (Y/VY)

(3 dsae)

d}lw u\Al?.- b‘y Q‘M'—“—Y
(Lz3 YV/0) 030 o 5 Jgloes el dlge Ol o 2is
5o oekd it gl ssme 3 Oley IS dix e el s
Jsde) A (Ao WWAA BV /TA) Cio opl il 3l
S oge 3 sbme dalr lse Olis O35 S s 00
by il Ol (b s DLS 5 opl Grae Ll o5l 4 S
el ls clale (ol o O Hyam 2als W el S
24Kl e e e clE 1L el
L5 dald 4 ol Jgore dalr Slge Ol 28l o Lo s
WS W3S edalive sdoe Il Aoy Sl cble s s
x Ly Blize 31 (Y Jsde) Sl glsbis gl el b

YAY

YIYY andenl 5 o, YV/N0 Jglome sl 5lge Ol 50) Clils
eSS aub 5 bl Sl e 5 (Sl Obey s Ao
A Jime SLeb 55 oK bl 4wk 5 sl

OS ehlel 2l s S s Oose 0 Ll £ b
03 oLl oley Jols Jol Jale a8 Glog 53 el 55 (sla
S 5l g s A s T de T el e s LS
Sl g oo Dsline gla Sl Ll o b Jelse 5 (0
ez s o0 S Ghie OT L odals mhe Sl 53) e
Ve 5T 00 mha an ) 008 S gl 5 (Ao
335 aS alai Sals JB s o) 8B b s g (s
liv‘-“u(f"—“)‘-«-?)ﬁ ﬁwulvﬁrwtﬁduw&b
aw 53) 03,8 Sast glos 5 (Ao Sler 5 53 oS ke O
2y50 02 5 ok WSS (Logamdes a3 Ve 5 e 00 <o
Ol o glp s S esliad sbw T 5 OleST 5T Slio
g 05 O GLST e s s a B S ks LSS e
Ao S eslizal 036 iy

e el ol plend Sl A dlesl 1 ey
LSS oS K by 058 S Slas (N23S,05)
by & Oy b (o 528 el ZFD-1200 Ji)
bl S el S Gl s e LS | ] s s VT
3 A S e a3 0 les 3 5 gy Ay ]
Jed Sl Syt s Vo e gl e b
Sl 5 BB andnl 5 sl ol olss PH sl
sk Ol 25 S5 s p 2se O Gl 5 K
Sy bl (Y0d) 0L 5 el 2ay oled o ogee
w100 glos 53 Sy oge a5 (g 4S8 w4 A s SUis
DOV ol oy OF gl Cashos Ol 5 238 13 ol
(g e SloS ol) Jloms 2 pH s’ pH
Ui /N g 5 8 3 s b Ol LB ezl
SbeS) s oS3yl e dalr e 5 [TV
2 Gl sl A8 s (Sl sdouze SVLT sl (2S]
Fasb VYo 50V gl e b » s pH x Ll
Sl 5 Ot 5T Ol [YA] 43 aslons 5 s
5SS Sy i Gl gl JSGsly (Sauslee) Gl



.NOstldiié;(ﬁbJ‘}V%JM:Q;yﬂjwhguﬁijgulﬁ‘;

O 5 bl (g

S 3l e andend Ol Lsgad 3518 [Y1] 0L
glsl bs s Yl &S s 8 e malS s 08
Al e Sen 4 Ll

Ol 5 SlheS ST b O s ¥

b 51

osbwsl Clale 5 Slast ol el Ol o Lo esle i
Dl A clhle Ll (Wid esls QLS b esls) 550 Llslias
Gosk 1ol goblae 36 Slans! ol el 5 olend
)Latjdiﬁj‘wj:i&b):wd‘o\ﬁw)&sés
Slpes Rl L Yl oS (V o) ws S sdalio
BE j,:I‘.L:MS\ J“"J B Qj:,w\.l?\.s\ 0 gup C_MA}J DL 6)\3}-Lw
DY sl e ogme SlaS| 2T LS 5

e Ol (i 313 0L 8 e Sl ol ke
3 Ao gle Chle 5 oar s Ve Gles 4 by e Jle il
S Jsds) Cdl en g (Aoys VE/AY 5 18/00) Aoy Sl
e cble x 0 S Sas gl x ol 0l <8 4
e U e e e T
Lo oo ampn Ve 5 e 0n ol o ho 5y,
(4 els 0L ) Lol oy s S g e £ il

A5 BB sl O juis Y-V
oS0 Wsed 3 5 KB audenl Ol op i 315 0L s
e chle Bl 3.0 Jsax) 15 S Jols (A s VYY)
by 25 LB aniend o mi ol 0L Lo x i ol s
Ve 08 S gl po o b ockle 5 dals Al w
0 doys S cble 5 (Mo VA0 5 VA G S a) ax g

el (Y U)ol (Ao VAY) O e 453 00 (gles

Table 1 Changes in pH, total soluble solids (TSS) and titrable acidity (TA) of fresh (at harvest) and dried

seedless barberry fruit during storage at 5°C

Fresh fruit Dried fruit
Parameter Storage time (day)
0 20 40 60 80
pH 2.29% 2.50d 2.62c 2.80b 2.81b 2.98a
TSS (%) 21.65a 10.68f 11.26d 12.15¢ 12.85¢ 13.98b
TA (%) 3.22a 1.46b 1.44b 1.47b 1.49b 1.50b

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.

Table 2 Simple effect of sodium meta-bisulfite concentration on pH, TSS and antioxidants of barberry

fruit
Na,S,05 (%)
Parameter 0 1 2 4
pH 2.67b 2.64¢ 2.66bc 2.69a
TSS (%) 14.14a 13.53b 13.18¢ 14.20a
Antioxidant (%) 23.40a 22.20a 27.70a 12.70b

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.

H

50 60 70
Drying Temp erature (°C)

Fig 1 Effect of different drying temperatures on pH changes

VAL
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Table 3 Interactive effect of sodium meta-bisulfite concentration x drying temperature on pH, total
soluble solids (TSS) and titrable acidity (TA)

NwS,0s(%)  PYing Efgl)peramre pH TSS TA
50 2.65¢ 13.72de 1.75bed
0 60 2.66¢ 14.20bc 1.75bcd
70 2.69ab 14.50ab 1.90ab
50 2.62d 13.81cde 1.81abe
I 60 2.66¢ 13.56¢f 1.70cd
70 2.65¢ 13.22f¢ 1.78bcd
50 2.64cd 13.23fg 1.72¢d
2 60 2.67be 13.43¢f 1.75bcd
70 2.66bc 12.88¢ 1.63d
50 2.71a 14.01cd 1.75bcd
4 60 2.66bc 13.78de 1.69¢d
70 2.71a 14.80a 1.95a

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.
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Table 4 Changes of lightness (L), total color changes (AE) and browning index (BI) of fresh (at harvest)
and dried seedless barberry fruit during storage at 5°C

Fresh fruit Dried fruit
Parameter Storage time (day)
0 20 40 60 80
L 31.93a 24.42b  20.44d 22.21ed 21.35d 23.22bc
AE 0.00c 13.52b  16.47ab 14.91ab 17.07a 16.07ab
BI 136.20b 146.10a 168.70a  164.40a  141.00b 120.20c

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.

Table 5 Simple effect of sodium meta-bisulfite concentration on lightness (L), total color changes (AE)
and browning index (BI) of barberry fruit

Na,S,0s5 (%)

2 4

Parameter 0
L 22.76b
AE 11.62b
BI 137.30c

24.34a 24.41a

14.15ab  14.63a 11.63b
149.70ab 156.80a 140.60bc

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.

Table 6 Simple effect of drying temperature on brightness (L), total color changes (AE) and browning
index (BI) of barberry fruit

Drying temperature (°C)
Parameter 50 60 70
L 24.92a 23.74ab 23.13b
AE 14.02a 13.96ab 11.32b
BI 141.10b 150.20a 146.90ab

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.

Table 7 Interactive effect of sodium meta-bisulfite concentration % drying temperature on total color
changes (AE) of barberry fruit

Drying temperature (°C)
Na,S,05 (%) 50 60 70
0 10.44cd 12.51bcd 11.92cd
1 16.82ab 15.06abc 10.56¢cd
2 18.71a 14.36abcd 10.82cd
4 10.09d 12.83bcd 11.96bcd

Mean values for each treatment followed by different letters, are statistically different at p < 0.01.
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This experiment was conducted in order to evaluate the effect of sodium meta-bisulfite chemical pre-
treatment and different temperatures of hot air on quality of dried barberry fruits as split-plot in time, with
sodium meta-bisulfite (Na,S,0s) in 4 levels (0, 1, 2 and 4%), drying temperatures in 3 levels (50, 60 and
70°C) and storage time in 6 levels of fresh fruit (harvest time) and dried fruits (0, 20, 40, 60 and 80 days
after drying). Fruit moisture content was reduced up to 13+1%. Na,S,0s significantly influenced most
characters including antioxidant activity (AA), and its 2% concentration increased color indices. Simple
effect of drying temperature was significant on pH, L (brightness), AE (total color change) and BI
(browning index), and any increment of temperature was led to higher BI, although no effect was
observed on AA and ANT (anthocyanin). Simple effect of storage time was significant on all variables,
and TSS was increased with time, although L decreased. Interaction between chemical pre-treatment and
temperature also significantly influenced pH, TA and TSS. It is concluded that although low drying
temperatures are needed to maintain quality of dried barberry fruit, however, parallel application of
chemical pre-treatment with lower drying temperatures lead to improve color indices of dried barberry
fruit, although further experiments are required.
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