WA Lo Y 6ysn FF ol S gl 5 psle aslhad

Ol SR Bud b s O b g 9 (03 3T 3 g 3o (53w dings
S (gl gild 31 0ol b T Juid

r@‘;:‘ﬁc“)ﬁ:ﬂ@é&c*\wtj}

Olgho! mis o215 (53,558 0dSL2Ss (e mbis 5 ke A3 ,) il )lS L el 51 -
QL@.LJ\ R aK..:..'rlé Aé)‘))l-\-:s oSSl ;‘ji‘.l& C_L«o B (}J& a}ﬁ )LL)L:.;.M‘ =Y
Olgiol o ol (g3,5lES aSiils ( lie gl s pike 055 LA Y

QYA 5o pdy ol QO A/TY 3l s 2 36)

oS>

el e 5SS oy T sles oS das o DL 5 (15 Ohlen o sasn 5 SleheSe A wie) s 4 S ool lalas
Dlamd s o5 Jaome (slo S 0301 e SIS S il e OF el ol ol oS5 s 6 LS 5l W5 sl s
O o BleS Bl Gl d 5 e sl ol d_ll.lbdl.@».ij))ﬁﬁjaéw\dsﬁjgdw}ﬂjl&h@;ﬁ‘}_éjla)‘\ S5y
Olas 5 L clale bl 53 b 5 A eslinal oSl 5 5 515558 cmaliosdls Slane 5T 8l i Oy 4 Sslite Chle w53y O
o1 5 ol 3131 VT b (3lalitst ) shie 0 @8 S 13 ) 2590 Gy e b S eslinad b VT b (3l Ol 50550
ol g sden 4 gl S sls 0L B I ol s s S eslinad Yo LS L mle (315 5les S 5 0ol Al Il 2s, 5l o5 4 OF S
e o S el g Bosdes bl 3 e g G Db 4 o 3L e VT L Ol 2S5l D T L
ol e s s S 5 0 50m Oles a8 53 il am oo b ey O lenti g 51 VT b Olis o iy Sl st 4y Lyl 2

R

o555 S Ogeml A3 D) ¢ om 3T 3 s5den iy ST slas s 0851y S

f.hasibi@ag.iut.ac.ir o3 J s ”

\0



wda b Of gl 085 eo 5l st g3l wg

Sye0 Bl a1y a4 olis Gleatinn Sl eslinad 55 5
b e sleinn 3l awel deml ool (3l dss Y 5Y]
OLlKes 5 Sloyls VY] cwl L4y Ol s a4
et 5 gl Gl dug aies 03 1) Slides (YerV)
e el 85 BT 5l el b ond glasts
3 VT e sl g sl plol (510G 5 e
chle ot fass ool L3 S eslizud Jb S
S 53 Ol g 4wl G (S o slas
3 ealinad 550 a5l Bas 238 SE s 250 Ja
(Celw YY 500 0 31 ey 00 ° Csles) Juld Jimssy oyl
DYT s S TAOY SLkly b ety ol sl @ s
Sl sl 4 Jld S s s 5l (Y00 V) O 5 5
e L3S oslial ot pdssds o O 51T Js
P o B e W K CLE
o iz 2 a4 s S sl O gl A1
OLlily e SR Gl 02 kS 03,08 4 08 S 5
S eslizal b (A0-AAL Olsee 4 VT b C3d) (g5lulir
SRR E VN 2L IS AL 1 INCIRCRVRPTRY FERNGS
S5 S Jb 4 S Olleny Sl 350 sdha slpe el
5 Lol sl sl b & e S 3 s
oS 3 VT s sl sl s i saiteslinal bl
YeOC los 53 oy cnl ool 0L el i8S sl Jlad
—44 Gl 4 B A s S adls o S e
slaanl s V0] Wil & d b 51 YT Js 745
b 8 s gasly Sllad Ol il ol lis
S b g ol Eipgo 40 Jghows sl 20 5 O O
Lo Llss cgilular Carse 5 oaus S i 515 ans sLis
2 sl il S 58 e sl sl SIS
el sl slis x5 olie i g5 Gl
Sl Slapiegn 5 oSl 3 Ol e 1y Ol 21
el ol UF sl gl O el el (3 5 K
U &byl as o ol 5l & 33l ol ol
palle o 5 pslle Slagtann 55 gmio S5 sla b
LY ) OLes 5 S8 V] e eslinad
ks B A MRy (S S 5 eSS (et S
Sl ke o UF (e 5 R ;.j asda sk

u.‘lj..a,a Sy gfi’zjﬂ C:...A .x.,b: LS‘J" ol Jl)i WVTJ?J

\&

dods —\

e e i 2l Slets 45 Sl el 0L Olids
Jed S Ohlen 3y oS M5l B0
woal ol oS5 sty Ol Cuge o fage Sl (555555
Gladed 5 28 ey O s Al e OF slensis
b oalie 3 olss 555 anel ladul ASle (555, 4l
L 5 0l S S o G s mle S0
SV 5 mld 5l S upsS Jb [V Y O e
el Sl Al L olui e 4 S ol S pbe S
S e cpl S das e Fy AS 3 DS 5 da oY s
a Sobon onl S 0 Sl 5o a4 YT e s
5l s s Slecde S 4 S b
sl dile 55 N 0 5 ] Lled e 550 0l ciS
S Solo el Sles 5 el wan s b s gl sis
53 Golew (pl Faed D5 Jds oen 4 5 A3l e SUEL o
AlEes el lew opl Oloys [F] VL s 0l )
03,5 wpdm ok 5l RSl (Spbe s 0305 1
sl ign 5 GIAE U Jguames Jllie 335 JaSS) | s e
L3l e die slse 5 el Gladeal plu & i b &
ol amn Sl A Ly sl 5B S eSS (S ol
CoP5S Jod 4 O Ols sl [A 5 V] cless,
Lol s OLL BN s oS w3 5 o
D s8] ssie wos (5255 Olhss s sl
Osee¥o b 3 oaliial 5y5e ol 5losds Gl
L3 ) SrsS sladay bl ael ladend 51 (o sase
et Slelis g M sl Ll edd 1SS (s 65
213 g 5 W3t 538 5 Walng sl ) ste sledasly ok
iy Mg Gl G e el sledas Ssbe
5 hege Gl epdl WS Gl s 4 el G550
5ol amse U WSl 0 OV e ol SL5 CusS
Al e gl e S Ol w4 edd sl lagts
o Slad oS As aselie VA0 ans 53 338 e s VA O
Glawielionl LBl Wig e Wb S L oedd ol
XS oot 1y (b5 5 cpias ooVl ) Sobos]
3 V¥ s ps e O s VT L Ol [VY]
Sleatops SaS L 0lg5 o 1y Jlate pean bl 3L o 55
Rsless s S L ode (I gl fs e il



WA Lo Y 6ysn FF ol

Vi a5 L S eslel (e IS 055 ol
Or 5 ¥ 0 0l3 T 55 il s b 5l el b e gl
o2l b eslial Ly SLas VY s i 3l 50s ol
‘.{J-Jj;;\ =S 5 s s ) w;h;_uap NESTE
22,8 il ) CBle g sazma b oSl 5 5l 55
Sl Lyl 5 53 pasiie Gl U 55 wised e
S35 Dliess LSS @ wsal pH 5 s obl f 2o
B oo 1Y G e 55T e 5 S 5V PH
olSies Lalsde 4 i gad 5 ol 035351 & ga 4 | s g
s S a5 00°C (o, p olaws slas 5 Jame LS
00° Cglos 3l esbizal Loli sy des (sl ol Jlas! bl 2
chle) ws ol s Ll on e oskie 4 VPH
Laas gad sl 53 sdoodes 6l 5L 5,50 pH 5 Les ‘ﬁjj
03,55 Jad 2 3l ey [YO 5 YF Y] (W3 bl LS
Soldie 5 ol o3ls 2alS &gas glos A° C glos s w-j
b e DLl plndl site 4 old 3550 45500 )
elosil 03 L IACC bty o s a5l S L 56 (s,
el ssds 40 e edslagdl s (IS Ll
I VEEURSUO 6 W JEL TGO

Sk gl g uen a3 (S o310 —YY
0l 3l 9ot

3 JLsb iyl Sanssly 5l s 4S5 S el
L ol sl slads i aedeslae ol (OPA) wsli
T Jsb 53 olr Ui oK1 5kl OPA Sisly
el dmal coslil 5y 5 3 lilnl Ul ol e 56 FF
oSl Sl 4 s bindl ol Ol oS S5 0 e
[TV 5 78] el gladul s

3T b (6,8 o5l -y

L Laonsn sdosten s 3l VT b ol sl sl o
SV I SWRVIPS WA W PR WP TPPRIE W-Jr Y300 6 Wor | PR P50
W eOC Gl by celw Y e an Ve & S IS
Sls 8 wpm 5 Jboe le Olis s S 55,08
ba Jsdome Shoslinal b oo 5 4ol s ssden o 4y
Sles 53 La s os S plail St mle 5 Y 5) 508
[¥4 5 YA] was 6,1 —IA°C

4. Retentate

\V

53 dmgS e Geew ol 3is S eslizad PKU Olyley
A Sz oSS 5 eSSl L odods
Olpee B op¥T L Gl 0 e ol 5o S A2 Jol>
s s (Yord) Oas 5 Ssl [WV] w8 7aar
ol A Sty S5 S 5 e FseS il 5 5 i
Oasl Glp Gees ) s s S eslanad a6l el
Olkily 5 b8 s eslizal es - glie 81 5l L
Slkily 5 TAD = lid e 53 VT b (3lulir
Sl PA] 8 IS TAY e s g3l
Slr 2l OV sams Sl 5 gl 005 Sl ) e 2
Da-YY] el s 3 oy 6opsS b« M Olles
oV 8 O b il a5 Ol Gios o 2
o AUS 3g e s el b oadl el
s oa @ s il s s ol sy
eslinal 350 Lol 5 S I3 s e O sl A1
5 Ol A0 5 Ol GLis des sle) (il o o
s S s 0SS baage eled gl GLi g
5 sk Oy bl 5dsdes Ll o (ool ane ol
son o5 b g b Sl el b e Bl
W8S E

a u:‘JJ 9 bbﬁ -Y

5 QWD e S 2 5l o ol iy o 8lS p
Au-) i (s LApWE) oot gl ol
os,e 5 (/0 Au-NH/g) " et 5 (+/A NH/g
Sk S al Lus 4y (S,ksly) Novozyme
vt R Ve ST L U WU W daadl g3 Jls g5, 4l
(s bl (Sied el HPLC o sm5e Jsilie
CS 5 51 DLAals Ol pl 5 e (63 5 eely 55k
35 dsbllS e =B s e L ol 2 (O S e
s g (D) S 05,2

L 35 (55w oslal 2y, —V-Y

e e BlS 53 5L s g0 s o 4 sk«

J._:) /Y‘/O 9 Y /0 C_,\_M&Y’ L_; u;”udj_lm 9 a:l.ii.w\/\"/-

1. Flavourzyme
2. Neutrase
3. Protamex



D3 ekt s i b slaslllr 5 o 4
sasds s Ol Ol G S Ll sly 355 e el
o (1) s lals sad dnmslis L S o Iy il
Ole s 55 5 VL glachale js - a8 558 0 Sl
5oi eL3l e g 51l 5508 5T sk GV
I8 il edas QLA 5 e 4 s il il ol Jle
Sl L5 ol 8l 50 5 oS JS05e 055 L pladzy
o 331wl gladenl (3L 5 il 3 g5 ol 55T aal
a3 el Bl e LS 1S IS 4
Oblan G e 3550 55 Gl oo M55 6l 5dsodn

LYV 5 Y] sl V=0T o3 sdome 53 ol

80 -
%60 |
¥ %00/5: g ol
Y A2 g cble
2 0 %63/5 g il
20

0 ‘ ‘ ‘

0 20 40 60

il W30 ol
T Lol 555 (Slakpad 3 sdasdes 4SOl ai) S

b 3 gzl 53 Y10 57 /0 (g o s Sl L5, 5500

ek Olej

80
;\' 60 - celwl0; g0 vl
1, Al 3050500 0l
LRl 0 el 50 55,000 0lo;
X v
T % ’

O T T T 1

0 1 2 3 4

(0 F34°) i A

AT bodd 5dssds ladsad 53 pasden 4 Ol ¥ JSS

Chle a4 cod el O T A dsds Sl bl

| s g

A

HPLC Lyl & ~f-Y

Jsb 4 ODS CIA &g 5l VT L 6,8 o510 sl
s eslanal ST ds Y58 i 5l rends YOO x ¥/7
HPLC o J s (551> Jslos 51 S ote 56 0l 5
5t ol sdily oo s Ve o 10 S e il L oS
3oV e 6,8 o3lasl (gl [¥Y 5] o eslan
s S eslinad b sl

oslizul 3540 (5 bal z b -0-Y

3 e g A IS 35 p e (gl el B s 0
T b O saode Bl il a5 Gt Obs
ol Design-Expert 6.0.6 ,153 ¢ 5 5 (RSM) ol

Cow 3@\5;—\"

(3l 5 (g3 5 81 s gl ol DS sl
(P Eg NN WSS ORI P PR | RGO
LYF] o 35 sl OF (3l sl b O Lo gt
2 daoden 53 oS als Ol (Y ) Goiowd ol mls
cble Gl L sl ssds Gladlag eled 53wl 008
s am s Ao Liles 5 5l Sald | 5
S5 il i Al e sladl s s XS e Iy 5l
Ol 5 VJ,;JT Dl @ atesls sl sodes 4 s &S Sl
o STy 53 o ol 03 5 L8 @ vw'j ol C b
eslizal Vb (3l yool cdlad b lag 5151 S (530 555 0
Olos cddS Ly 5 anils oYU pslie ppsies x5
L aS das e OLis (1) S .0 e iy il 580 OF 0l 5
L e S Sl bl i g 53 5 a0 O )
Olse am wmliosd sl by ol s a el o 2
PRGN P U [ PR N VTN W R (N NP
Olye o L35 el el 3 5 55 (198A) Ol ISas
b ol et 5 ol YU )52 o 5T (3l el b
L st b st ax s nlBl WY 5 S
Cdles s 4 Oles 308 L [YF] Wi S 21 ol 0k
o S 5581 5 3l sl Olsie s aliosD o 3T Ol oa

O JsS e 0555 S i Sy Sladisy psle 5b



wda b Ol ls 5y a5l s sde (5l g O 5 (o &2y

eJLiLle)jﬁ C})J};ﬁ)ﬁ .LJ;W&LQ)}ISU &‘)ﬁaunjaﬂéj‘g.lsc}h.»\ JJJ?

(i 2Bl B 556 Gdosdr L) A 806
(ol 53510 535 ia S (Cel) sl e x5 s

Y . O \ \
/0 \ O \ Y
/0 \ Vo -\ Y
0 - Y. . ¢
0 -\ Vo =\ O
Y10 \ e . .
/0 \ O \ \
/0 \ Vo - A
Y , Y N q
/0 -\ o \ Ve
Y ' Vo - B!
/0 -\ \K - \Y

v.?o-'/a/\ C,.:..\..'»A..»JOOOC)Q w.{aU}J.;—)'\JJ)iJ LQL“(H.J".'T} ﬁb)pbf_ﬂb aJ&}:Jj).L;AL;LAMj»J}:J})J?& Y JJJ»;.-

L &
531555 Glem 3T sdasten o3 sdosdes s i BRI L dosds 5o plades 4y B
(Ao 33) ,Sali g (Ao y3)

YY/YY [\\YANd \

YO/0¥ IAVAR Y

A Y ARVAR Ay

ARVARY YV/8\ ¥

\¥/Ve Y+ /AQ 0

YY/YN v/ 4

AFZAN gy \%

AV AAL A

(VAR Yo/vS q

\EZAN% Y4/e e \K

\Y/AO YO/£Y AN

\VY/AA Y1/44 'Y
Locela 00 sdssds Ol oo bl el o8 gl JoSe St 55 & AS jasiie sdal s 4 =k ol
odd 5 sl g oden a5 D15 YIOL 5 Y (6l ey 5 kS o dsdes o Ao i BT L ezl Y 50
ol s GV slasdgsda js ol V00 1 i Gy odd w13 3 5 s ax 3 63 sdoee 53 sdel o

4



R e

aorys rals Jale op tege ol Ce Ll O 51 20
23 s b ri)j 33l 6 L Ol e |y s
S i LSy gl e Olye sl sden Aol 5 (sl
Olmee 31 5dasdn Oley Oacs Vb Lol bajlazg 558
il e ) 3 i e 42l Ll sl Cdles
h g rh Al anils s s YU (53l ST Cdlad b a3
S LS ool iy 1Al s sdea a5 es S ol
b3 s 581 coled el o sl s Lajlns 5ol 51 esliza
DS o Jeed S e g gl e a3
Mz s ST Olsme 4 Sl 5l el s 4l ol
IV it o anals SV3b sl o3 5l syl oous 5l
dolie 3 aS el U5 ey el 5 oy rones
LS o S e Ll | sl 2 BT e Jles
L8 5 Al s e dasdes e 2als 5 sl s
L sdaoder 53 85 058 oo pala ¥ IS LY S i
Ol O3 SRl L o Sl 5 51558 lgmn sl
- 03338 5o T 4 (g e DS L
5 Lo 3L lacbile 514 ladipei s bl 3
L plaasses 5l 28 syt ax ) el eslizal (/Y0
e el el s b e (A0/0) a8 (Gl s e e
Cbale Jds e g 5 e T s al 0 il 4 0l s

40 -
|
R . w\\'\
-\7777777 A ‘»‘
. A el 050y oy
el 3050510 0lo;
o ’\Q\‘ LISEWE NSRS
0 T T ! !
0 1 2 3 4
2 i) | g Al

RSN NP W CYSPI PN PR WAPE SERCE VIR g -
Celu 00 ¥ O e ol b Sl — 51558 sl 551

| s g 2l 5 s

Yo

A5le gl oS Ll Ul pa> 5 sl3T ael gladed il sae
Slesd & e 45 Bl lpdl s B STy Dus sy
23 Soat il Sl Olge (28 5 sad K55 O
S S35 Ol imen 33,5 o o dd 55 e
A3 e 4SSl e SR e Y b el s
e s dm Ol cp g o iy SLsil s o ST
A3 L ek pssdes s Sl YT el bl
o=l o3 edd o3 58 4 UF o b g3l 3 .28 8
Ay Sl e Sl 588 |t s bl (S
531555 el 53 L eas i s la asa s oden
Gad (.,JJ,; ol Y Jpi s s WSels s
S35 lbe 5Bt il o S L b sl
oSal g, sl el sl s glyls s oS ol
SIS glls 1585k o bt oS 5 5l Ol @
2l 03 (3l 5581 e Ol il 5ty s S 5
e QLY S [Y0 5 Y Y] il s e oSGl

RGO N W FH I PSSO L PR PR W JYAPL I PR

40
_——
// A
2 P
/ 0
2 ya 4 @ %0/5:) iy gos il
3 20 ’ 2 g e
A 0 %3/5:) i g ale
210
0 T T 1
0 20 40 60
ailel) gt o

Lot s gladsad 53 5 des 4 Ol s ¥ S
YO 5 0 (6l g ale U Sl =515 55 lgeu 5T
sk Ol 4y G (e poze/ 535)

S f,;j 33 Ledd psde cladsel 3 pdssde Sl
2T b el s des bl gl sl 4 ok Sy
50/0 lglale bt s 5l ssden 5o sl 2aS 05,5008

Celo Yo gV laglay s 5dasde Al Oad /Y70



WA Lo Y 6ysn FF ol

4 Sda b opdgsde bylpd 055 ang Y-V
B g ¥l e Ol Okile, il
Yy ‘)lf.\SLo

m e 4 el gl J e s 56 Sl 50 Gaies ol
e s Ohlas B rze 3550 S¥sn JaSe Ol g 4 Ll
Je Ol cnl s 0,8 515 eslinal 5550 (555558 b
F sl an a5 L als @b Copeal OF 3 55 50 (YT
5> T e Olye o 58 w352 5T L e 5o
ol i fol10/0 (gl ra s o ble el Ve g s
et 53 0 YT b 5l Oldily o iy ol
ol 3 edial s @ dsdes s s e Jol Ll
5 SleSo 5 sl sl DH 0350000 3 Ll 2
il il e (1=00) ol Ol By 3,
DAL csl sas 2158 (Y00 q) OLSs 5 gup kv s 5o
st Sl #SKebs 551558 Slam T 51 S G 5
J=d 3llor Olpe i 058 ealitl iy OF gl sl
30 sdasdes 0o 53 3 bl i a3 5 oY
35 3l agd e Jeol 100 (gl e s il L el O
ol b azela Ve 550 el el 5 g Oles
OLSGal 5 eslin el Y5 b sladle; 5haS Jose 55155
S o L okl el 3 g laad gl s S (ST
amd deos 53 Dl gt e sl )5 5s o
33 8 5 i il el Sl s lad sed s
aseie DH o300 55700 Lol 5o s a3
a8 el LL Ll il e o 5) sl oS A 5 sl
Ly 0Ll wae Vb lassyde o oS Clils 4 g
5 paioas ol 53 3580 it o il sladi
S8 s s ax s sllasl Rl 51l S 1>
O JK2) 355

1. Retentate

AR

R Je 5laze s —¥-Y
Sleslewl a s us S 18 (VAAR) Ol LS 5 1uske
L sd ot 5o bl gl ey G s La)'\.x_:.:ﬁ;ﬁ\
:MﬁkYTMML;jLA;UTW&:JﬁJKﬁY
)J_j‘ LJ}J.A BE Lﬁ)‘.L_:I:.i_g.\;‘ )] oale ol Qi [Y’Y]
ST Jem oy e o 355 e Al e s sy 5551
)j_z;ﬁps_u_aéuwj\wu;ﬂuwyug@u
53 oVl b 2alS gl el o ie 1 oV L (g5lali
(V49A) ohSen 5 Conmal VA 5 W] WUl azesils oo O
ﬁPTL;YQJCJ})J_,AQ.\_iARJQd.\J:JSJZJlJf
22 oS JsSse 055 L iz A 5 Ol e 0l 00
L ety i Ol a5 VL slaclale sl
el iy elgglachle banslie 5V JsSd5e 05
e g odes iy oS polde 35 s Ol iaen
WYL glac ble s ol ol LYf] csls Aals sy
05 b pbadas b balae Ble 00d 3 5iums Ol | 2y o
S S 4SSl Lo pa st ccdls alst s VU IS5
o3l el 550 oed Jds 5 0l 03 LS 4 glalis
Cdled e i das e Rl ST glulies Oledsly
OF Cdlad e S 035 Slizo sl Ol s WSalis
543l e ghsdn wial Sladenl [ slne sy slal
aSlas a5 LS e g Ssline slasslll L ey
3l 3T OLSl pl ply el 3l sl G on 51558
oS el 53 ol b edd sdosdes slakiped 53 VT L
3T Olse 45 das o DL stel s 4 b
35 Selss 5 5l 548 ﬁPszjlo;u;ﬂ!p&gYT‘}?é
e (V7 Jsdr ) il o S ol o 5T L e lis
2 UF el oali el U VT L (g5l s

L0 5 Y] el s s 3,558 BT L glie



o b ey OF sla 5 e T e il ag

a b
g o (Sl Sob) 08 i 0 e (U o Rlo R 389 S e
' ) o5 e 5l 2.5 Ol 5 s sl 3T U
> ?
2.3 - 2.3 -
3 y = 0.9872x + 0.026 3 y = 0.7449x +0.5399
° R2=0.98 P R2=0.74
3, 21 j; 21 -
3 19 3.1 9
3 ’
.3 3
217 217 1
3 1
hge ) hge )
1-5 T T T T 1-5 T T T T 1
15 17 19 21 23 25 15 1.7 1.9 2.1 2.3 2.5
Clila i ) oal it 43 sla sl bl ) odal s 4 b 221
80 - g 8 4s 0 dea 28 - Slious s 2 2a y
2 a3 a3l b . Ol g 5 ) A slema 33
° a
3 y = 0.9909x + 0.3422 a y = 0.9933x + 0.1448
5‘ 60 1 R?=0.99 3, 28 R = 0.99
g 40 3 18
a '3
3 ¥,
q 03
= 20 - . . E ' - -
20 40 60 80 8 B 28 38
clila i ) odal Caad 4y sl ol chdla ) 31 oda) Cuad 4y (b 231
. . L'}.AAJ‘J La N
Chadil e 53 : 4
- 5 < 55 - tl ‘ “ e ‘ Ll
A 60 Al 528 a3l O&alig 5 s slem HI L
a a -
3 y= 0.9872x +0.5271 2 y=0.5947x + 15.438
3 R2= 0,98 P R2=0.59 o
j 50 - : v 45 1
3 : :
L) .
3 40 1 ; |
g 3 35
7 L N
9 30 . ; e
=25 . . .
30 140 _ 50 60 25 35 45 55
cldila 3l 51 sdal i 4y gla sl cldla 3l 3 odal i 4 (sl 231

LT3 (53l gy 53 Sl 531555 (B) 5 w5550 @) slees 5T L sdosden 55 e b sl acloe 5 sl s 4y (sla 03l s 2 0 K5

A

Yy



WA Lo Y 6ysn FF ol

PR EPRHIE

DAL S 55 el sdaoden Ol Sl 5 5 e
oy s lis OUd spdewe Ao | ragse Chle
Seslial b (g3l ag pmad S e My RIS 8
N ok Bl o pe b O El sl )
2 SorsS Jod Ohlen Gl aSsn JoSe Mg sk
Jol D SBle (p 2S5 s sodes Ol cp el S

Sty

“Z
6)‘&\?& -0
Mmoo gla slKilesT Wbt IS ol gy g BT )
Sl el 53 plealy G Olghol pmo oK
238 e Slass  Sis

S woms ¥
@;ﬂ,;ﬁgusM;@ouu[v\,wA]L;,_sduag
3 e b JeSe W5 Gl b Sl 55
b e el sdads ol G55 I bl LS
O & ke balie 53 iln CUS L Jpeme A
Geiod cpl 3l edal s 4 il 5 e LB 5 (s
b aslie 53 mliosdl T b syt 55 oS das s 0L
b kbl 3B (Sl 5 5158 Bl s b s
Chle S b dasdes Ol S b edel s 4,
Obe nl 2 el VT 8 Olise 508 (S5l s e
g5 e ars LoV Ll s e chle

o> 5 )8 slis C}J}(brﬂ\%‘;ﬂ}l) eslanal 3550 A,

(MZphe/ Cproduct) sl s 2 =531 555 Slens 51 3 SUSTRL r—i)j CON[PEI (P WP PP RR ISP [ R RSRTIS PR

U sdosden 55 ole s 53 el Jed Jlads L sdosdes 03 ole Jsame 53 oV RCIBINTE Ol

(mgphe/gproduct) g~<~‘U)ﬁ, _)")3_5'5 LSL@“‘iJ’T

(mgphe/ gproduct) p—ilj)ﬁw ("iJ‘T

FANSYEe 0ok
SA/AVFEL /4T
SY/WAYE /1Y
Vo/r 85 /a e
Q/TFTE /0 ) s

FENEVE /)
$E/EO0E /0 0¥
OV/YEEEL /T
A B
$/AYT s /o Y
OF/F\ vk /e Yo
V/Osf/ 0 f

YV/AAYEe /oo

SAIEA /o 0¥ Y
FAFY NS /000 v
VIOFOE /4 Y ¥
Y/ AfEe /oY 0
SY/YSYE /0N s 5
VA/FASE /4 s %
OFNVIVE /4 Y A
AAARREVA B q
Q/FOYE /4 Y Ve
YO/S S /0 Y 1)
ARSE=TES: VY

56 ellasl 5L s VT b Ol Oley Bla= 0 Ga b 5555 0 0T 5 ol age 53 ol i i Jl 5 ¥ Jgus

00 syt Selisy 551558 slam 3T b sl ST > EpEgH RPN I 2o e
el Vv 3d,ds al
/0¥ Y/5Y YV Il Bl 50 s VT bl
(Zphe! 100Zprotein)
/v V/AY \/Ov 456 BNl 50 s VT sl
(8phe/ 100Lprotcin)
V54 /594 +/a4 Yoo 36 s VT s s
(8phe/ 100Zprotein)
VO v \Rdial Yo/8Y S aodes a3 Lo s
£5/Y5 FV/AN 0%/+4 Silaldr DLl Aoy

1. Permeate

A\



wda b Of gl 085 eo 5l st g3l wg

P. C. Silvestre. 2007. Optimization of enzyme
assisted processes for extracting and
hydrolysing corn proteins aiming
phenylalanine removal. Int. J. Food Eng. 3:
6-10.

[14] Lopes, D. C. F., F. M. Delvivo., J. N.
Januario & M. J. B. Aguiar. 2007.
Phenylalanine removal from whey
hydrolysates. J. Food Technol. 5: 191-197.
[15] Lopes, D. C. F., F. M. Delvivo & M. P. C.
Silvestre. 2005. Use of activated carbon for
removing phenylalanine from reconstituted
skim milk powder hydrolysates. J. Food Sci.
Tech. 38: 447-453.

[16] Pouliot, Y., M. C. Wijers., S. F. Gauthier
& L. Nadeau. 1999. Fractionation of whey
protein hydrolysates using charged UF/NF
membranes. J. Membrane Sci. 158: 105-114.
[17] Galvao, C. M. A., G. A. Pinto., C. D. F.
Jesus., R. C. Giordano & R. L. C. Giordano.
2009. Producing a phenylalanine-free pool of
peptides after tailored enzymatic hydrolyses
of cheese whey. J. Food Eng. 91: 109-117.
[18] Cabrera-Padilla, R.Y., G. A. Pinto., R. L.
C. Giordano & R. C. Giordano. 2009. A new
conception of enzymatic membrane reactor for
the production of whey hydrolysates with low
contents of phenylalanine. Process Biochem:
44:269-276.

[19] Acosta, P. J. B., R. A. Grondalski.;J. W.
Liebrecht & P. A. Reynolds. 1996.<Methods
for preparing medical foods for nutritional
support of infants/toddlers with metabolic
diseases. United States Patent. 5587399.

[20] Robinson, M., F. J. Whbite., M. A. Cleary.,
E. Whbite., W. K. Lam & J. H. Walter. 2000.
Increased risk of vitamin B,, deficiency in
patients  with —phenylketonuria on an
unrestricted or relaxed diet. J. Pediatr. 136:
545-547.

[21] Habibi-Moini, S. & A. P. Dmello. 2001.
Evaluation of possible reasons for low
phenylalanine ammonia lyase activity in
cellulose nitrate membrane. Int. J. Pharm.
215: 185-196.

[22] Laclair, E., D. M. Ney., E. L. Macleod &
M. R. Etzel. 2009. Purification and use of
glycomacropeptide for nutritional
management of phenylketonuria. J. Food Sci.
4:199-205.

[23] Séverin, S. & X. Wen-Shui. 2006.
Nutritional evaluation of caseins and whey
proteins and their hydrolysates from
Protamex. J. Zhejiang. Univ. Science B. 7(2):
90-98.

YY

@l:.a -5

[1] Lara, M. G., C. Izumi., L. J. Greene., L.
Vilela & O. Freitas. 2005. Preparation and
scaling up of a low phenylalanine enzymatic
hydrolysate of bovine whey proteins. Braz. J.
Pharmaceutical Sci. 41(4): 459-465.

[2] Ney. D. M., S. T. Gleason., S. C. Van
Calcar., E. L. MacLeod., K. L. Nelson., M. R.
Etzel., G. M. Rice & J. A. Wolff. 2009.
Nutritional management of PKU with
glycomacropeptide from cheese whey. J.
Inherit. Metab. Dis. 32: 32-39.

[3] Smithers, G.W. 2008. Whey and whey
proteins, from gutter to-gold: a review. Int.
Dairy J. 18: 695- 704.

[4] Koch, R. & F. Cruz. 1999. Historical
aspects and < overview _of research on
phenylketonuria. Ment. Retard. Dev. D. 5:
101-103.

[5] Van Calcar, S. 2009. Glycomacropeptide
from cheese whey improves the nutritional
management of phenylketonuria. Thesis.
Nutritional Science. University of Wisconsin-
Madison.

[6] Mokhtari, R. & A. Bagga. 2003.
Cocsanguinity,  genetic  disorders  and
malformations in the Iranian population. Acta
Biologica Szegediensis. 47(1-4): 47-50.

[7] Arai, S., A. Maeda & M. Watanabe. 1988.
Physicochemical properties of a low-
phenylalanine peptide substance as a foodstuff
for patients with phenylketonuria. Agric. Biol.
Chem. 52(1): 287-288.

[8] MacDonald, A., H. Gokmen-Ozel & A.
Daly. 2009. Changing dietary practices in
phenylketonuria. Turk. J. Pediatr. 51:409-415.
[9] Sibinga, M. S. & C. J. Friedman. 1972.
Diet therapy and other sources of influence on
the outcome of children with phenylketonuria.
Develop. Med. Child Neurol. 14: 445-456.
[10] Spronson, F. J. V. & Enns, G. M. 2010.
Future treatment strategies in phenylketonuria.
Mol. Genet. Metab. 99: S90-S95.

[11] Clemente, A. 2000. Enzymatic protein
hydrolysates in human nutrition. Trends. Food
Sci. Tech. 11: 254-262.

[12] Amiri-Rigi A., M. Mohammadi., Z.
Emam-Djomeh., & MA. Mohammadifar.
2012. The effect of type of enzyme and
activated carbon concentration on
phenylalanine removal from milk. Iran J.
Nutr. Sci. Food Technol. 17(1): 1-9.

[13] Capobiango, M., D. C. F. Lopes., R. L.
Crreira., W. D. O. Afonso., S. D. Segall & M.



\Y“\\c )L@.I AY 692 c\cf O)LQ-V.:’

[29] Piecyk, M., A. Srama., A. Bzducha & M.
Obiedzinski. 2007. Application of HPLC and
GC/MS to quantification of phenylalanine in
chosen kinds of food for particular nutritional
uses. Acta Sci. Plo. Technol. Aliment. 6(2): 5-
18.

[30] Atherton, N. D. & A. Green. 1988. HPLC
measurment of phenylalanine in plasma. Clin.
Chem. 34 (11): 2241-2244.
[31] Hilton, M. A.
chromatographic direct determination of
phenylalanine and tyrosine in serum or
plasma, with application to patients with
phenylketonuria. Clin. Chem. 28(5): 1215-
1218.

[32] Maeda, A., K. Abe., M. Watanabe & S.
Arai. 1987. Peptic hydrolysis of bovine [-
lactoglobulin to produce a low phenylalanine
peptide foodstuff for phenylketonuria. Agric.
Biol. Chem. 51(6): 1501-1507.

1982.  Liquid-

Yo

[24] Smyth, M. & R. J. FitzGerald. 1998.
Relationship between some characteristics of
WPC  hydrolysates and the enzyme
complement in commercially available
proteinase preparations. Int. Dairy J. 8: 819-
827.

[25] Suréwka, K. & D. Zmudzinski. 2004.
Functional properties modification of extruded
soy protein concentrate using Neutrase. Czech
J. Food Sci. 22(5): 163-174.

[26] Adler Nissen, J. 1979. Determination of
the degree of hydrolysis of food protein
hydrolyzates by TNBSA. J. Agri. Food Chem.
27:1256-1262.

[27] Nielsen, P. M., D. Petersen & C.
Dambmann. 2001. Improved method for
determination food protein degree of
hydrolysis. J. Food Sci. 66(5): 642-646.

[28] Kroll, J;; H. Rawel & R. Krock. 1998.
Microwaye digestion of proteins. Z. Lebensm
Unters Farseh A. 207: 202-206.



JEST No. 46, Val. 12, Spring 2014 ABSTRACT

Enzymatic hydrolysis optimization of whey proteinsfor reducing
phenylalanine using membrane filtration

Hasibi, F. **, Nasirpour, A 2, Keramat, J. >

1. M.Sc Graduate Dept. of Food Science & Technology, College of Agriculture, Isfahan University of
Technology
2. Assistant Professor, Dept. of Food Science & Technology, College of Agriculture, Isfahan University of
Technology
3. Associate Professor, Dept. of Food Science & Technology, College of Agriculture, Isfahan University of
Technology
(Received: 90/9/23 Accepted: 90/12/8)

Studies on the production of protein supplements for phenylketonuria (PKU) patients indicate that
whey protein is one of the most important protein sources for production of these compounds, owning
to its specific combination of amino acids.Whey is considered as one of the most polluting by-product

in environment, otherwise, it is an excellent source of functional proteins that can be used in medicine
and special diet products. In this study, three different concentrations of whey protein concentrate
(WPC) were used as a substrate for three enzymes Flavourzyme”, Neutrase®and Protamex”. Effect of
substrate concentration and hydrolysis time were studied on the separation efficiency of phenylalanine
using response surface methodology (RSM) design. Phenylalanine was removed from hydrolyzed
samples using ultra filtration (UF) and its concentration was measured using HPLC technique. Results
of this study showed that samples hydrolyzed by Flavourzyme® contain the lowest level of
phenylalanine. Also, process optimization was done in order to predict the best conditions of
hydrolyzing .The best condition in order to temove the maximum phenylalanine from whey proteins
was found for the minimum hydrolyzing time and the lowest substrate concentration for all three
enzymes.

Keywords: Whey Proteins, Enzymatic Hydrolysis, Ultra Filtration, Phenylketonuria.

*Corresponding Author E-Mail Address: f.hasibi@ag.iut.ac.ir

\td



