Iranian Food Science and Technology

Research Journal \ @x
o 4

Vol. 12, No. 4, Oct- Nov 2016, p. 453-462 s e !

Olpl @18d gluo g pole Gledrgsy 4 pid

i FAY-FSY .o ITAD (LT — jpo oF o locis Y ul

3 deotl b AL gy (Sb g Lo g 5 GBS HF (63 oo 5 o lond 5 308 Sleo guas
o FeS s Ak

¢ . . ¥ s R A . . Y . |k
lean Lo (g 5SS 81s 40 ¢ od Samsp et o oWl S gemms Sl g o,

VWAYT P/ 18l 5 b

LRVCES

a2 P gled) ias oslal 3, Mo (2 STy 0 58 by o (S dgle 5 gl b aiBliogny sliges sloeig p SoeS551

9 45 205 SDS-PAGE 555,501 14, o s — gy S8 g8 iS5 (39, ¥ 90 8 ) (slaylej 5 VR (s gl PHA 5 sl
31 (rile )3 5T @l il el 033 &) 02393l 5 b (Lo g o 3,0le (ST 3 oL ogeslilid S5 (31,5 g
V5l gmsly s (slod (p pr 9 <8l (331 o paSoglle b ()0 oS 9B bawgi (6ot job Lo (slanSg ()l syluk (DSC)
oo sl U cchings UL polay (o pliydgol 5 (SULS S Do Sluogas cald sai b auglis )3 .05 sdalio o )iS6be S g,
55 (S 0glle b (0 S 93 o)k Sl b (slacuSgn (63, 5es 5 (plandsSo i Clogiad o 2 LS gl 8L dge syl Wle S

b o 290 5

oS53l (3)Shas Sluoguas Iyl 5yl g sy (g5 (gWojlg

0SS slajles oty Sluogad dou0 9 ylub Gl
O S8 4o g3 pd e Cpgo (e Bl g (Suj i lend
s 1y Lo Sotign 53,8kes (olss Wazdlys lo by
alybl s 4 an g7 L (Damodaran, 1996) siisy deue (6L
ol cousil s (Sa5d slagiy 9 S 5 berd slabs)
ol Gl al 5l il sla b, 5l eolar wl Ly Lo piis
MolS g aisjn o8 )15 slowd SiiSly 4 (o5l a5 bapiap
(Kato et sl 0 5,0l (iSTy 51 oolatwl b el el 2l
ool slog,S e wiVlgeS Jlasl ¢ iiSly ol y> .al, 1991)

o3 8 bl b o g By (lie)S 05,59 oo O]
059 L g oiw slaas yun o (Kato ef al,. 1992) 5,00,

(Oliver et >9.5 0 JoSiis 3 Sl by = piigp glaio JoSle
al, 2006)

5 =)l oyl vepe LSl dnj jo alisee ldllas

L ol aSo3l waly lis (Ve +0) o, San g Aminlari .ol
il il g 0, Slos Glogad 35y ccel s
Kiosseoglou 4 Diftis .05 o 355l 9 m2jsid sloouiion
Gk 3l Lo slo g (s plidgel Cluoguas (V- +Y)
Van de .a0ob 20 Jolw Jusio (S90S L ais aSo35l8

-

LV R

N e S e
clin Cood g ol o (3 Sdes Sluogad Vb oie (3))]
ey diold bgw (sl 159y (Endres, 2001) ol o aid s
ety ol oy 5 1l s oS B B A ) ISl i
(Kisenlla et al., sSloas (¢)li&eb jea sl ol 5o ylbgu,
SIS TS oysl g s 132 (2 inte 1979)
723 3 S o a8 Bl oo (ot B5) TIS (dglS 5 (s
slagubn (52, 8es Sluogad g 0ad Sl Jglite (slasoly
(Kilara and cul oads 03> cuns (91915 93 (pl ) bdos oy guo
082 iz Y guaze )0 Law sla uiisy Sharkasi,. 1986)
SS9 b el o ST (2355 S gae da s
(Endres, 2001) 1,5 0 1,8 oolaiwl 5)90 Cigw g yud
5 b P8 an b slanSsn dlex 5l o gy el
9 )l Jllio )3 5 5l (o940 (63,8es olgS 0aks M
o s lice iyl b el Jolss b
do by (o 50 0)lg e oy dime o (Gan et al,. 2008) xib
@y 0395 W yutig s oyl Ceoglio Lial3il g (9,8 kas luoguad

5 pole 09,5 Lkl 5 Hluiils oliwl (68> gy Loty 4 -F VY
)‘)Mu oKl ‘Lg)’)ij.'S LA sd‘)& &sL..a

(Email: aminlari@shirazu.ac.ir : Jyme sxiw g — #)


http://www.sid.ir

YOY... Glocmiis s saSy3ls (50 ,5kos 9 oilronisfy sud Slao gas

ool b &L Cogusy Sligmw (51 (09 1 45

Iwabuchi and jig, 3illas by w sl piisp (silw (Il
Cygo dlspo cpain 0 Gl o S L g Yamauchi (1987)
F VL (pyS V) g sl (g (ile palls Tl pdy
2 JPU19ul e 3¥s (oo Ve (gsls A PH 1> (gl (i 3L
L 9y Jodme e oty jils g 5 €85 g0 U1 (glod
599 30l 1D oxe g wb edsluy ¥/A PH & ;¥ao ¥ <SG 1S 0!
odsloy A s T pH g bglseo i3 Ol b sl oy Goguny s
S SLis l eslil b g 0 s ¢l g Jslxe Lyl o 3
sbagdyagls (solo Aol 39 03,5 s g 4 (eoleox]
ko Ly s

)l - gy (SS9 and

2 o pSdlle b bgw oad el (lagytiyn (35 S5l
Ly 00 s (sla iy 1) s plol T St &l Laylyis
PH L Voo /+) Sland 50 0¥ 4V Cond 4 o ymuSdgle
o 4 o3lonl (5 S Sitd ) ooliiol b s 5 bglie MelS A
oy Ao y9—a> )3 9 )5S )3 ol gy )5 oS
bed 359,V 90 7 ) laglej 33 5 (AVA (i cush)) gl
Sy 98 plol 3l (iSly B e85 )15 1S sl 4y £
2L g (Geign Sl 5 ol o aald lgica Lges
-(Kato ef al, 1991) &5 43,5 Jai )3 343 3

3092955

51989550 oS oy =90 (smeS g3 ISt a0 sl
&y oS b Laemmli (1970) is, silas SDS- PAGE
5 038 STy ko J5 /¥ Ly 5909080 (881 5 iy g0
Sy g 48, 9 5980 Sl olKind g A dsps 048 T J5 o p2Y -
pyS e ¥V clale & diges .83 )8 oolaiwl 5)50 ygolKiw bl
3,5 il s pd Voo glod jd g bglos diged j8b 0 il Jeo ) jo
g ;g Suo Vo Sals y 2 10 500l ylys ddBo O Coto &
53 oty ol oo Y0 (55) At iU Gl 3o 3 25
5 5 sb ol guloss s5ie Jolona 3 (53281 <55, Ll 3
©)gme Jplio gt Sl ggime Jodom )3 (15 4
SR

Ogelhd U5 09y 41 (S1yS 95leg,S ol
=5 ) 0ad 4553l Sligw slaiSon silele

3Acid-precipitated soy protein (SAPP)
4Dry heating

sl i Slga 55,8 saal o (V++V) o ,LSen s Lagemaat
Aobee LS (s 4S5 L Lsw slagnion sljcumles
g3l L a8l Oy shigw slagutiyn Sl Jol> slaeSo3ls
Ol (Y43Y) ohler g Liu ass,S (555 1y oy S agdle
Sop unjpbdl slaguBign (63,8ee Sluogad )3 6 pSadis
9 cewlio 9 T olsal 5D 900 sdnlio ulr_MS) b ooads
018 8,5 )8 Lely 5 i £ JiisS 5 ool slog)S
quxa gy 4 ul)A‘be}S cowle Cows pH ‘U"‘) ‘umfb 5
Colin 5 g 0,0ble LSy g9 g o J S S 3 bod g o
Van ol 5o b ols5ds (gLaa Sopl LS5 cunms & ]
.(Boekel et al, 2001)

Caass Ly by 4t 85 ol FytengsS o 3 505l
o g lie ol ila 8 wlul p bl o wyiwd ) cunle
losedn Loy wSd90le VAAY JLu )3 LSS ol sdsxie YU
ol =D ladsly b gdno s 5 cnywd s )l slayoddy
Jslas S glyls g alodds Jato g F\—0L dig Ly &S
28 Loy cp) Bloks Ciypos atiat ¥+ ) e (DE) g 208>
At 2 e IRl Ol dlos jlandhy egite (slad )8
U.:L\_C u\/9_.a.’>:.a 2 o,\_...f)) ula_a.cd\_: ;U.:.\.\_M:y Lgl.m).)y &lyl
(WA coylon 5 58 (2¥50) 950 ) 00 g iz

HE9n gie 93y cuwlie Cuad g (o jid g 4 4245 L
9 Ceoglio Doty dslllan ) Bu e i , S5 Sl e S
Vo e . . :
L7 0 5SS 3l g (sl (B 52,Shae Cluopa
5 oS jud Clogad Gl () g S dglle
oil38l Ly oyMle (iiSTy (b oodd JSis (sleaS o5l (6 Slos
il e s IS abe S

L iy, 9 2lge
3lgo

OISR g g and (oo il ) (Geldg aly) Ligw slag!
DS 9) @ VD Lgw 4 M Ced) 15 (65 559,
S35 rE9y Al (5)9abos by Sl oLl b g pglieyed )50
s o3 Ll 05 Bl a2 )3 FO/0 (glod 5> S g 39, &
S5 9y 5 oS358l 05 Olsl 00 (655 ) (Sligw
bS8 55 51 G-100 S 2lins A as (oo I3 I 50
013y glacS yib Sl wdlitol 350 (plhard dlge il 5 1Sl
28,5 )8 oolitl 350 g 4t (2Bl (oliord dlge yitas

1Dextrose equivalent
2 Glycosylation


http://www.sid.ir

1A T — y0 Foylosds IY W oyl ! (10E aluo g pole Gluiid gy 49 pid YOO

=( B plo > (pSgpn soixe [ JS (pigp (Some) X Ve
S ()

S (g oy 5" (SN S b o

AS 3 Jat Coppo ity SHSUS oo S0l
ke Voo 509 onfign p5 T s o ladiged Sl g)le
Mol aidd ¥ clpmy YU sy b o8 bglss 3l onlisl by ylado
g dsu; (o deo YO+ zyde dilginl Sy w9 A byl
9 & 4l Yo jlan () e s S El)l) ST oo
o bl S sl 8 G (SN S e olsieay
5 eSO pl o s > (o s 1 S i) S
(Chiu et al, 2009, Alhakkak et al, 2010, 15,5 awlbxe
Appiah et al, 2011)

" gmdgal (6510l oSS ogmdgal Codlnd (s
9y e el 50l 5 S pradyl €l

45 Cygo pd b (6 S0;lul Pearce and Kinsella (1978)
Voo edale a aged pul oo Vs )5 (49 s e S
039381 V¥ PH | Yo +/+) lind ol i o Voo 5 oS Lo
A8 ) Odo 4 ol Hed b H3biged b e L>9l>‘u;)bl§5
2 088 4d Ggedgal Sl il oo /Y D 0535000 lame (lod
w393 a0 g dndlp dB> Ve U e o Juols
Jsb 3 bl 655 s alolsMly 5 ailsl ] 4 do e/ lilgu
g2 lie ool g dbgrpe (oo 9 A5 sl ogili B0+ e
G ) S gl i i gy 483 ) ol o
el (gedgal JSi Iy alolBM Gl (e (565 0l
L s 0 LS5 fgedgel il ¢ 0loj 3 e i) 45
Oy 4] 3308 (lizn 6 025 o g oS gloj ot
Fopls 0er 9o Jobo )3 il (oo (g9 jl bl (Rl el &
W0,5 Al 4By Ve ke j0 g

o3l (g bl Juloi g 4 05
3l oacel oty SleMbl wyp g b o3l (g)lol LT jolateas
L ya0jl 00,8 ooliiwl dolal Mol )bl calisee (slayge)]
e Byl g 56S5lse w9 033 plodl 1S5 Aw 3 Jls
3G elael 1 Slee o BB 3935 peand jolaie & del sy
g )3 oS glaiels sz gl 1l saneg)S (sl g i)l

7Foaming capacity
8Foaming stability
9Emulsion activity
10Emulsion stability

Gr Sl () ool ol J5 315 plagsS J o853
Sl 4y (gt 2 ool wl Janson (1998) g, il 100
Otig P ke B (e 4 lodiges 5 Al aud sl Sl VDXV
VI PH L Ngo oo /Y posigl Sl 3l il o ¥ 55
5oyl 4885 00 de dy YO+ oXg 490 L L g L5 >
olatul 3)90 (i 59y SIS Hges Sl 9 > 29y @lo W3S
G55 i b Spglaer )il e Vg 2 50 9 285 18
g o . .- o \ -

bogiye plSgileg)S g s ol YA+ g0 Jobo )3 1o (ygnuTy3
2y90 iz slaggeil sl oad als GladSoBls 03 )
28,8 5138 eolatul

e )5 STl esliwl L (F il (gyll (w2
(DSC) " 1 3

4_?9‘)"515 dL‘“‘j?"J e C,u;":)mb sl y M| Lg),'fo)’b.j\
=S 3ol b g (Yo +V) o, Sen g Tang hg, sillae sl g ol
g <l e YU Jlo s ol 1y &y &l yeuis
clals) digas ol Jsbore disyl &8 s oy A3 3JUT SW.9.3
Loy 3 5 4wt (idg)Sen Vo lise 4 9 g /oo Y-
3,5 5l )3 WY+ B YO (slod 1 5T 5 03 (gjlols mgpines)]
Lol 3 9 8,5 Cpgo aidd o S lo dr Ve Gy b g
5HAH)” Il 5 (To) ®acds) (slos (Ta) "o cuspuly (slod
23,5 5T g 2l el sl ges

]

Glhe oV b & glapH p» Ladasge codMs (5505l
©)gmo Slyid (o5 Lo g (V2 40) LS 5 (oMl (B
Sl b gpSojlal JWIS' gy 4 JS ean e bl cdpdy
15 Jos i (pd S8 e 3 3290 lacugn (s pSojlul
SLaPH L 2l oo V b (xlign (sladiged Sl p S olee Yo 48
A WWeerg 1D g ud balowe MolS 0,5 il a5 0 YO 1> a5 550
Joe )3 39290 (595 (e 9 9 i il aBBI Ve ke
Fogpls £ee > ol Glie e L g 609 U)o (229
3y90 b diged ColMo o> (a2 Jga 003 dpsslna
26,5 )5 oslizl

1 Fractions

2Differential Scanning Calorimetry
3METTLER thermal analyser
4Denaturation temperature

50nset temperature

6Denaturation enthalpies
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Introduction: Soybean is an excellent plant protein source with diverse applications in food systems.
Despite numerous commercial applications and rich nutritional properties of soybeans, soy proteins are sensitive
to heat and other damaging agents during food processing which can limit their applications in food industries.
Maillard reaction includes a series of chemical reactions between the free carbonyl groups of carbohydrates and
the un-protonated amino groups of proteins under mild experimental conditions. This is one of the most
desirable approaches for applying in food systems, because of the safety of the procedure and the independency
of adding extra chemicals. Natural occurring Maillard reaction can be a relatively safe and inexpensive method
in order to improve functionalities of food proteins. The production of conjugates haspositive influences on food
proteins functionality such as solubility, water holding capacity, emulsion activity and stability, foaming
properties, thermal stability, whipping ability, textural and gelation properties and also reduce allergenicity of
proteins. Due to the positive characteristics and reasonable price of both soy proteins and maltodextrin in food
industries, the aim of current study was to enhance the heat stability and functional properties of soy proteins
through glycosylation with maltodextrin. In addition, assessment of changes in protein properties as a function of
incubation time were evaluated

Materials and methods: Preparation of purified soy proteins (Acid precipitated soy proteins) was done by a
multistage process of washing, centrifugation, dialysis and freeze drying. The resulting powder contained pure
soy globulins. Conjugation of acid precipitated soy proteins with maltodextrin was performed according to the
method described as follows: protein-polysaccharide at a weight ratio of 1: 3 were dissolved in 0.01 M
phosphate buffer, at pH values of 8, and were incubated at ambient temperature for 1 hr. Solutions were frozen at
—80°C and then freeze dried. Lyophilized powders were incubated at 60 °C for 1, 3, 5 and 7 days, under 79% of
relative humidity provided by saturated KBr. For each treatment an un-conjugated (control) sample was prepared
under the same conditions. The formation of protein-polysaccharide conjugates was confirmed by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and gel filtration chromatography (Sephadex
G-100 chromatographic system was used to separate the conjugated proteins from the un conjugated samples).
Determination of protein denaturation temperature changes were carried out using METTLER TA Q100-DSC
thermal analyser.The emulsifying properties of the samples including emulsifying activity and emulsion stability
were assessed according to the procedure established by Pearce and Kinsella. Protein solubility was measured by
calculating the amount of nitrogen in the supernatant and total nitrogen content of the samples and reported as
percentage of protein solubility at pH 3, 5, 7 and 9. Foaming properties of the samples including foaming
capacity and foaming stability were determined using calibrated measuring cylinder

Discussion & Results: When the heating duration is increased, wider and heavier molecular weight bands
emerge near the top of the running gel of SDS-PAGE, and yet these were not observed in the control. As a result
of conjugation, the protein-carbohydrate covalent binding occurs, producing heavier molecular weight species,
and thus leading to its accumulation on top of the separating gel. Compared with un-modified soy proteins, the
conjugated soy proteins eluted in the void volume of G-100 gel permeation chromatography column, suggesting
increase in the size and molecular weight of soy proteins due to the covalent attachment of maltodextrin.
According to differential scanning calorimetry (DSC) analysis, thermal stability of soy proteins was remarkably
increased by conjugation with maltodextrin and maximum denaturation temperature was observed for the
mixture incubated for 7 days. The improved thermal stability is manifested in increase in denaturation
temperature of globular proteins, hence conjugation leads to significant improvement of soy proteins stability.
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Increase in thermal stability is the result of inclusion of the hydrophilic carbohydrate moiety to the surface of the
proteins. Compared to control sample, the solubility, foaming characteristics and emulsifying properties were
significantly improved by increasing incubation time. The protein solubility of conjugate remarkably increased
at all pH’s compared with the un-conjugated proteins. Covalent links between hydrophilic maltodextrin and soy
proteins could enhance the reaction tendency between proteins and water molecules under unfavorable
conditions. Improvements in the emulsifying properties of the conjugated samples can be explained by the fact
that there is a combination among the emulsifying activity of proteins and the stabilizing impacts of
polysaccharides per molecule. Foaming capacity of proteins can be affected by the solubility of proteins.
Furthermore, maltodextrin is a hydrophilic carbohydrate which can improve the stability of soy proteins foams
by acting as a thickener, thus increasing the strength of bubbles. It should also be considered that functionality of
proteins are frequently influenced by protein solubility, and this could also serve the understanding of why
improvements occur in functional properties of conjugated proteins, compared to un-conjugated ones. The
results indicate that physiochemical and functional properties of soy proteins were modified and improved by
conjugation with maltodextrin.
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