VErE OLTOYY 6,55 (110 o led Ol olde 2l 5 psle o

Ol e s 5 pske alaus

www.fsct.modares.ac.ir :dow Colu

‘;:JJB_‘;QJ\& Jlae

S0y w2 151 ealial b ol g s 0T ($3ludli dl b St s 2 5 (S5 lwiiogy

sl plo TLTAL o3l ple dasus (5L 515U 55 semme Mo gdses Al 5

Ol cam sl cagm g1 olSils (53 55LES Sty (e mlio 5 pke 05, ( 1E slm (55518 T3 LI b2 IS a ol 2315
Ol cam 5l cgo g ) oSl (63,5 5LES o dSiils ¢ le gl s psks s S slal-Y
Ol can g5l cgo g ) oSN (63,5 5LES o dSiils ¢ le o s esle 05,5 slual-Y
Ol b ctn g5l cn 551 o813 (53,558 oSy ¢ plie mblio 5 pske 03,8 st

AJ...S} Aju.n QL&W‘

lachle Jold Jaree gla,pS6 305k ol A3l sl acl (3lciliss VRV el s b
(S 453 £CRIVO 0 0/0 VYO (Y VVO) oS (0 AW gr/hl ) 5Ly o 53T il

Sl S5y 5 ileoilis (31, K0l a5 £0 00 00) L 5 (el +/00 Y 0/0) Olej RAMANANRES S B

Cadny D308 e weS () Hllie s olul gl s D e °L:-@ﬁ9] (shds Slds
PEE ke 58 ek wp s oS SL bl b by el Tl
J@}bﬁ&@)j@@\)@)bﬂe)l{ g’)‘.’.‘)é QA;Q))‘,& LS’-LL’:"\ 4.5.:53 aéj'.;L.v:)b)'t».“&.(g: e g V-”'f‘
b;db\)J}f.)u_})sﬂ.\.aw\)\@&)}ﬁﬂ&d(ﬂjaﬁy\)dbbJu_;)L.LJL“QBl caL:Mc»jAuT
2> 5 SRl 3 5SS w1l ot 5 A B gme 558 Iy el 5l Jlew L
L) Q)T)'l.b...j;ﬁdhp'-ajrm. S5 e0 e Q__.\ BE C,_ejf SEyws Jn‘-‘:-." 4ids 63395 J,SL Jb
. o bila . e . . . e 1 C
)\JLfM CJ)}JS ‘J:..Alsj.: ﬁf‘ g;hl.‘«_}dlﬁ) Lo J.:JLV ccv.ta U’“’L“"‘J" Jj-'-r\»s)lt.«\n-' Q\):'.}*"
Cilwdles

ijfo QL»)J.?l Y LSJ.LN O g CJ)_}JS uLAlSJ.» QLJ)'}L&J jlw_}(pSOOS) 0> 4

S a (s 7 o fefle o o . . Z . = 10.22034/FSCT.22.165.44.
Q‘)JQ)M)J\JW&)&‘P‘J{VJ“}V‘w}ulﬂjj\ é}br}\éw&) U‘J.?.I’UJ"

Los sz b5l by cudls 25l Gy ol ol Kl a 300 w8051 Los [ul33l b 5 590 95 RS Js
Crobes 551 Ol e s andllas 5550 548U anp 56 il 2als K, s ol Kol ax 5000 sa.amiri@urmia.ac.ir
dogp ahai il I b ST SMEe (o BT Clale 5 Ol les SRI5 L s 35l e
REEY el Sy :\J_(::JL,, ax,300 sles 5 celu0/0 0l Vg/hl clle jlads s gsleasled

.;lgou,;\)Jwﬁéujkjﬁwguwmng\;_%@lﬁs\mwd\sd;

1-Box—Behnken design

44


mailto:sa.amiri@urmia.ac.ir
http://www.fsct.modares.ac.ir/

VErg OLT Y 6,95 A0 o,led

C)lﬂl g;l"lb @L—p}f}lﬁ&u

amae Slsel (V) Lo S V) (W, b, sl
5 e I55) 055ekdenS| g5 (VD) (0540 PVPP)
opt 5 sl assls Gl s e 51 e (VD)

IVIK 55 o iy 055
Shls 4 A suaze slags 5T 51 Slae gamma a3l
Seal e s G e St e S
5 ke glacann 3 (g, il g o S (gl
dsle akass laes S5 cpl oo A0S
a5l Lze b e 56 5, 58SVE L s 5L g,
ol SO by ATl S 515 b LIl 5 el S,
S Sglaie b o Sl S S5l bgle slp cegese
Ll [a]ecu ol 32 Glaie 4 o ul Sassy
Sl SIeeS SHILL o g (S LS 5 SIS
Bt S G113 L pSdnS ol s o S 055 2
LoosSs sl d S b &S i Syl b o8
oSl S se S ColSl Lol ab 1 i L
Solbly el sl B S8 (5 me s o e
ot Sl S andls clsls 555 e o SIS
Ll o Sden 4 b SlaS 5wl ials ol
BT ol b Olejan s o ) 5o S13 LSKass
S o S Sl 05651 aS 58 s s gl
S Sy s 5 5 Y5 Lo (3lwsilia) ]
48 diea O3 LS 5l Vel by axs
o gl 4 S oy L s ealie | L Ol Ol sie
DN s oo Sis gl oy Xy o 3L
S Gl oy S al b e e3be SO o sy
S GLoSlw) L b s ge Sige 05 S 4 e
S5 s 250 oo g0 o 53 8 El (o st ]
O3l o i (Shis pesdle o [N ] pd
[V Is 5o OF 00 Glid o o gl it L
SLS 5 e S 3 i S e Syt Y5

45

dodo—)

5145 ol o BB Ll et o e Ll o g
DT ssie gl Jb slaess S glcand
oA as ab by Slaesme SIS i G
Jol mlor opi e B S hins e e ol S
S el bl sk Glaesee SO A5l
Cowd do o gt 0 6)\4-@-<3 Ls'<i):9 JiL"j L L‘“‘"""

Y] «Jujda

D s B SLSS S e e
Lol O e Coaal 513 10 51 (ol s Lo 5558
N Il o S ¥ T oS8T 55 wlss, ole w3 5
VU S b Ve 5 o 0 1 ol i
Guslp Bl o) g 5 dites (G dis 45 il 0303 G s
Soleol S [E]aeS Lis gt ol Llge b Llods
s Sl S Jole S opec] Sl el
B Ga esec]  Cas ol OBWS
4 [0]aS o | d—f}iﬁ gl s aS e S8 b
oslal (et S Olse 4 Slidogeel (Jgame b
g s gl BT Bliays g e B s
Solompd odkns ool Dl gie a4 Ll o b 555 0 5L5L
Gl ogmel 35 oslizad Loy it Aile Y jams |
S Sl G S O ol g SG 0 0305 5l ol
o gl fHload bty bas oS 5l ke
Gl b Glee O3l cOlid Gl gl O3 51 ews
A S qgiledlid Ol 4 dnl ol s
[ 55 e antlis beo gl (g0 555 Al Slhas
—led else 5l s eslinad OISl przman e 3Dles
0355381 S o ol 5 CalS Gl 4 SKaS (gl 1y ediS
K5 eolas ol 6l oS Blid L sdiS Lo 55
2 el et w8 s el Sl Ly aab
(S i 52 ons 3lsn (D) 3055 IS Coale Sl

Gb D) (eesdl S V) by, @)



essleolis w01 b St s 5 Siledge

Ob&aﬁjrjm AJ\J}.:

Ladd 55508 ile Hladis ity Jd SLS 5 S8 5525
FRCIEE S PAttY ER AR CS R FEN S W
Comk s ¢ el ¢ el ) bl 5T
IV ] ol Camnl Pl (3 S 5 pls Sl
Oy o33 i3 LS 5 Ko 0, el s
O DMEe SO Oy Sl 5 Aol e ol e e
0 e b sl —ssl N ]l o 3L ot
oY slabes 555 o> xS PHespaoes 5 ol 52
Slaislow 551 bl avlieps YL abu T sla JSCs U
da Susopl [YY] d s SIL Ol e b o ses
oo g 52 Sl 51 516 33l b 1 e pbo
S, Koss S B 4 b S Olse w

ITY] S eslinad (6
il gl gSB 36 ¢ andlle ) 5l Cias
3ot ol gl (s3le BlE a3l 5T e
RIS SPPUSH S P L PN JL R A

J"“’LJJM"?L;SJJ°JW4;3J§)&L§L&J‘€\J3

L g, 3 s Y

osleiul S b‘_}a \-Y

mFl g ol S sbuma lels &l
S S el SHlalls Ty oS 5 XXL LS
S g QW =705 eSS Ol e
Sl s QLT =E 05 sulst 1630 il JELS (0l L ases )|
oslizul 5550 OLJT O 0 oS 551 Ao sFY S, IS
Az S 8

& gas (5 lwoslal Y-

4- Schleicher & Schull

5-Merck

46

Lile )b b lyd o a8 Corge aS il o
(g 56 osls Jolse) S5 bS5 b fih
T N I - ROTTE - AR P
Lol @il Slid gl o | glaarls Olge
s Loty Ko sl sl ool mlsl o8

[V0]s s o a3 S
Sl el Lalde CohS 5L e e e S K
e D3 5 Jas dgb s Sl s 5 e g 55 S5
A3 S5l el | Al ¢ g3l 03 5 50505
Cos o oS G e &BMle 3,50 Ky Lad g (6ol
G Ky sl el glaans 5l b S e
ols L 5 a3l s 2 g 3o St
LIl s vl 033 o gean S, ads ol b
Seslinul 3550 53 OB LS G ae SIS 5 S50
S & e LB SO o pae la o
5> DVl sy anb mbia ool s 4y lie
sy 5 oalall Gb K, bl sl sm ) LI
wr $ 350 Dl S oias L3l LS LS S
S ols 5 ol s S WY]e il a5l 3
S el 3y Jane adl S 3 edias LA ol 5
ST SUON N VRS VPR - W FITE WU e PV 3 WY
Sonlims S 5oder ool Dlindie 45 S35 18 laden]
U]V Y PO B PV LNV TC SO | PR L L S N
At a (Sl S g S8 (SBEladn DSGalis
b 58l edle AJN 53 0 S8 o gm0 5
aalie ;s Ladd 5008 5l g SVL S (gl e (g5l
OB eSS0 ol e B L om0l e sals
A OldST A Ol 4 T aals 5 aboendise
Al IS s e S Sl Slas el

2 -Novozyme

3-Erbigel



VErg OLT Y 6,95 A0 o,led

C)lﬂl L;l"lb GL—&JC}\FM

jlm.mmhﬁjﬁjzjy sbes 59y obey sles Tl
@Jbsﬁ&w)eﬂgiqﬁjjgﬂ:éuﬁbux Qb_gj'.é\

Bl

YV S el A ) S el el
(Vg/hl) (V5 (o5 AT b J b1 2 Le 445 do s
5 (Vs plas) A o358l (Yorg/hl) s s
RE AN eL,W@ﬁJ PR IS S P SRGIN RGO LY
—o3lLl gl S eIl OF oy saS s e 2l Sl
HACH- (e ,55)  fapdas s 51 sl (6,8

A eslizul K 6] L Loveland-2100J

EPUPIK SR B B

o I ﬁk"jbg)_}“ L;LOJ 6}) L;)LAUJ L;Ld.) ‘JC».;\
oS 0391 a0 sl @ Bl il sl 0353313
L JE R VN COn Wt e 8 W D I3 UV IR WO P PSR VR LR
J:JYJ ¢(J~_..a)3 ‘\-\L!“b de‘ j::j L!L:‘ ‘\"\ 9 J_..a)s
(\ J}J&-&Lﬁa) J o.:}j.:ﬂ (\O'g/hl) C,.;J‘}:-\J 9 (Vg/hl)
L.etﬁ_w@yz%j P00 VS SN PRGN L5 | U PO
A eals palS Yo b O WK s s o dls 1S
O /EY g0 Jsbo s e s S | oo 3 L 0T K5 5
)l ;<_0) LSJ_.‘.J/c)‘J‘i‘ d\‘}_v S W )=
—uk<Staffs¢ Ston€-V¥'\+ Joo — e gt g J;&_M\UV/Vis
3581555 Lol oS eslize | LSl el

A& (5 S eIl Atago Rx-7000a, Tokyo, Japan

oy b Jseme oy Lo 5 olwzm 58 Sle agd 1 10
Aol dol ST a8 Ls 0l s S 8 Slalsd @ 3,
Of e s bl (Moys 44T o L S an
S sl sal il a5 A8 s 6y ladn
by dewl e 3,80 LB YASYYY g/l e sises 3 03 00
Sl 3l Sl a5 0010 glos o aids V=Y S
oas) dd (6,8l 0508 L adis Sl = e A el
35 Koy DS palis 6 ,Se3lul gl (s g Sl
s GOl o 3 aiel plis Hls (g Slecili I b
s gy oy I ms Jer e OF Gl A

Al sl Sl

Al e st Yt oSy SL 2k el
D50 ikt S s S SSBY i less Ol LSy
s (0 AWV gr/hl) eSS ﬁﬁ_@uwduw PRty
calizes glales 5 (Cele 0700 Y 0/0) Calies sl
Ky w38 4SbY L, GLSsle a3 £0 00 00)
Costo s (Vghl) o5¥5 chle as v bl szl
wuww‘j\obdb;.;ﬁgu&iblffw)mmg/hl)
3L Wy cile Lyl i S0 B A sl Cilise
S gl b Jals PBluas 4l el v s
5 OLSy slaoley 5 labes 3 sl Cilsre slackle

A SO e slag e 5y o glane

KIPPRCRP IR LSRR o B8

Table 1: The exprimental design matrix

C:
A:Temperatur B:Time Enzyme Anthocyanins
Run (~C) (h) concentration NTU Colour (mg/100 gr)
(g.hl)
1 45 5.5 6 5.80 1.019 25.52
2 45 3 5 8/88 1.001 12.20
3 50 0.5 5 12.20 1.008 10.88
4 50 3 6 4.40 1.025 29.75
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5 45 0.5
6 45 3
7 55 3
8 50 0.5
9 50 3
10 50 3
11 55 5.5
12 50 55
13 50 5.5
14 55 3
15 55 0.5

AN UN I ITI I

11.80 1.01 10.25
7.20 1.005 22.54
4.95 1.002 54.27
7.70 1.018 14.56
4.90 1.022 28.90
5.20 1.017 26.20
2.40 0.994 50.20
2.90 1.022 35.60
4.22 1.014 28.25
5.80 0.985 42.50
10.80 0.997 17.70
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Table 2: Changes in colour and NTU at the concentration of 7 g/hl

Time BX=17.75 BX=7.00 BX=6.25 BX=5.5 BX=4.75 BX=4.00

min Colourl NTU Colour2 NTU Colour3 NTU Colour4 NTU Colour5 NTU Colour6 NTU
0 0.956 33 0.956 30 0.956 26 0.956 23 0.956 20 0.956 18
3 0.981 30 0.985 28 0.988 22 0.992 20 0.996 17 1 14
6 0.994 22 0.997 19 0.999 16 1.003 14 1.007 12 1.012 10.2
9 1.009 14.8 1.011 13.7 1.014 11 1.017 9.2 1.02 8.5 1.024 7.9
12 1.017 8.8 1.018 6.2 1.022 5.7 1.025 5.2 1.028 4.7 1.03 3.9
15 1.022 3.01 1.024 2.97 1.026 2.92 1.029 2.88 1.031 2.81 1.033 2.7
18 1.023 2.97 1.025 2.95 1.027 2.9 1.03 2.86 1.033 2.79 1.034 2.68
21 1.025 2.94 1.027 291 1.029 2.87 1.032 2.83 1.034 2.77 1.036 2.66
24 1.027 2.9 1.029 2.88 1.03 2.84 1.034 2.8 1.036 2.75 1.038 2.65
27 1.028 2.88 1.031 2.85 1.032 2.8 1.036 2.77 1.038 2.73 1.039 2.63
30 1.03 2.85 1.033 2.83 1.034 2.77 1.038 2.73 1.04 2.71 1.041 2.61
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33 1.031 2.81 1.034 2.77 1.035 2.68 1.039 2.62 1.041 2.58 1.043 2.52
36 1.033 2.75 1.035 2.7 1.037 2.57 1.041 2.51 1.43 2.45 1.044 2.38
Table 3: Changes in colour and NTU in the concentration of 6 g/hl pectinase enzyme
BX=7.75 BX=7.00 BX=6.25 BX=5.5 BX=4.75 BX=4.00
ime
min Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU
0 0.956 33 0.956 30 0.956 26 0.956 23 0.956 22 0.956 21
3 0.966 30 0.967 27 0.97 23 0.973 19 0.974 17 0.976 17
6 0.975 25 0.976 22 0.981 17 0.986 14 0.987 13 0.989 13
9 0.984 20 0.985 16 0.991 11 0.996 9 0.998 9 1 8.8
12 0.992 16 0.993 11 1.001 8 1.006 7 1.008 6 1.011 8.1
15 1 13 1 8 1.008 6 1.014 6 1.016 5.5 1.019 5.1
18 1.007 1 1.007 6 1.016 5.5 1.022 5.5 1.024 5 1.026 4.6
21 1.013 9 1.014 5.5 1.024 5 1.024 5 1.026 4.5 1.028 44
24 1.016 73 1.017 5 1.028 4.7 1.025 4.5 1.028 4.2 1.03 4.1
27 1.019 6.1 1.02 4.7 1.024 4.4 1.026 4.2 1.03 3.9 1.031 3.8
30 1.021 5.1 1.023 44 1.027 41 1.028 39 1.032 3.6 1.032 35
3 1.023 43 1.025 41 1.03 38 1.03 3.6 1.034 33 1.035 32
36 1.025 4 1.027 3.8 1.031 3.6 1.032 33 1.036 3.2 1.038 31
Table 4: Changes in colour and NTU at a concentration of 5 g/hl of pectinase enzyme
BX=7.75 BX=7.00 BX=6.25 BX=5.5 BX=4.75 BX=4.00
JTime

min Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU

0 0.956 30 0.956 27 0.956 24 0.956 23 0.956 22 0.956 21

3 0.963 27 0.965 24 0.966 20 0.968 19 0.969 17 0.969 16

6 0.97 23 0.973 20 0.974 16 0.976 15 0.977 13 0.977 12

9 0.975 19 0.979 16 0.982 12 0.984 11 0.985 9 0.985 8

12 0.98 16 0.984 12 0.989 8 0.99 7 0.992 8 0.993 7
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15

18

21

24

27

30

33

36

0.985 14 0.989 10.2 0.994 6.9
0.989 12 0.994 8.7 0.999 6
0.993 10.2 0.999 7.8 1.004 5.2
0.997 8.7 1.004 7 1.008 5
1 7.2 1.008 6.2 1.012 4.8
1.003 6.3 1.011 5.6 1.016 4.6
1.006 5.5 1.014 5 1.019 4.4
1.008 4.9 1.016 4.7 1.022 4.3

0.996 6.5 0.998 7 1
1.001 6 1.004 6.5 1.006
1.006 5.5 1.008 5 1.011
1.011 5.1 1.012 4.7 1.015
1.014 4.7 1.016 4.5 1.019
1.017 4.5 1.02 4.3 1.023
1.02 4.3 1.023 4.1 1.026
1.023 4.1 1.026 4 1.029

5.4

4.6

4.2

4.1

3.9
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Figure 1: (A) Changes of NTU with enzyme concentration and time, (B) NTUchanges with enzyme
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Figure 9: The optimal range obtained
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This study aims to optimize the activity and investigate the kinetics of the
pectinase enzyme (EC 3.2.1.15) in clarifying black carrot juice. For this
purpose, the effect of independent factors, including different concentrations
of pectinase enzyme (5,6, and 7 gr/hl), brix (4, 4.75, 5.5, 6.25, 7, and 7.75
°Brix), time (0.5, 3, and 5.5 h), and temperatures (45, 50, and 55 °C) were
investigated for the clarification and characteristics of black carrot juice. For
this purpose, optimal conditions were determined based on the maximum
amount of color, the minimum amount of turbidity and the maximum amount
of anthocyanin and the Box—Behnken statistical design. The greatest effect
of the pectinase enzyme occurred in the first fifteen minutes. The change
graph was linear in this period and followed an almost constant trend. The
rate of turbidity decrease after this period followed a downward trend and
decreased very slightly but did not stop. Also, the greatest effect of the
pectinase enzyme in increasing color occurred in the first twelve minutes. In
this period, the graph was linear and then the change trend was very slow.
Based on the results, the effect of temperature, time and enzyme
concentration on turbidity reduction was significant (p<0.05) and also the
effect of temperature and time on turbidity reduction was exponential or
quadratic. The effect of process time on color changes was not significant,
but the effect of time and enzyme concentration on the increase of color was
significant and quadratic, and increasing the temperature from 45 to 50 °C,
the color intensity increased, and increasing the temperature to 55 °C, the
color intensity decreased. The effect of all three studied factors on the
amount of anthocyanin was significant and the amount of anthocyanin
increased with increasing temperature, time and enzyme concentration. The
optimal point of clarification was obtained at a concentration of 7 g/hl, a time
of 5.5 h and a temperature of 55 °C. The general conclusion showed that the
optimal conditions obtained had a positive effect on the qualitative
characteristics of the product.
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