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Effects of gamma irradiation on the functional and structural characteristics of soy protein isolates

Kyeung Nam Oh, Sook Young Lee
Department of Food and Nutrition, Chung Ang University

Abstract

The effects of irradiation on the functional and structural characteristics of soy protein isolates were studied.
Soymilk was irradiated at 1, 5, and 10kGy, after which soy protein isolates were prepared. The functional
properties of soy protein isolates were examined including solubility, emulsion capacity and stability, foam
capacity and stability, structural properties as represented by SDS-PAGE pattern, and secondary and tertiary
structures. The solubility and emulsion capacity were increased by radiation treatment at 1kGy however the
values were adversely affected again as dosage was increased above 5kGy. As irradiation dosage increased, an
increase of foaming capacity at 1kGy and a decreasing turnover afterwards were also noted in foaming
capacity, although the differences were not statistically significant. The SDS-PAGE pattern showed fragmentation
and aggregation of protein molecules as affected by irradiation in proportion to the dosage increase. The results
of CD and fluorescence spectroscopy revealed increased aperiodic structure contents with the dosage increase. It
was assumed that irradiation dosagefrom 5 to 10kGy could initiate minimal denaturation of protein in various

foods compared to general heat treatment.
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Soy protein isolates

Fig. 1. Preparation of soy protein isolates from Jinpum
soybean.
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2 B4R 24 BAU TR VA, TR S WA 9

Buiret AlF 4miE& &35

% S40mmolN FBES
Aol ojste] Asrsiech

Absorbance at pH 7 solution
(soluble protein in supernatant)
Solubility(% ) = x 100
Absorbance at pH 12 solution
(Total protein)

3. & MY

53} 8492 (emulsion capacity)-2 Swift$} Sulzbacher®
ol Mg s S4st4 k. dFH+= Oil-Red-O
O.1g/hHz2 JMsto ALEstsl, FAA o 57 20m/E
1% @92 Eio 25mi(pH 7.0)o A7lstdch 22
1 disperser(GTR-1000, EYELA, Japan)E A}&3hd 1
2 B¢ AL Z2E00pm) ez B4 F Y &
E(1,000rpm) & 30z F<¢b Ba5t3 10miming] &%
Z YFFE A& FretdEA d559 A3 J49
syt A7 AAAAY dFF AHEES 45
At #3k FHHEL /3 A" dFF9 Fo
(mhHE A2FstY o).

4. 75 N

3t 9Hdd(emulsion stability : ES)2 Pearce9}
Kinsella?¢] B Z39We ol&3tal F3ssict
1% W7 gohe] pHE 7022 2IF F A
A Z 108 ke o 25miE At dFF
0.82m/E 23 homogenizer(T25-S1, Janke & Kunkel
IKA-Labortechnik, Germany)Z 100rpmef|A] 183t 3
vttt fake] d49 59 308 Fo 0.1mi9
slle s 0.1% sodium dodecyl sulfate(SDS) &
22 1:1500] SA 8@ o S00mmol A FIE
359 g8 7l 738 S os 4

o] g3te] AtatATt

to ay 2

T of emulsion after 30min
ES (%) = % 100
T of initial emulsion
T : turbidity = 2.303 A/L, A : absorbance,
L : pathlength of cuvette (1cm)
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£ R FAEA SEstAT FAMIERA E HE
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20mi4] #3F F homogenizer2 8,000pmoll A 487}
#3ssto 71X E FEAAT HE J1EE WS
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Total volume of foam including liquid
- Initial liquid volume
FC (%) = x 100
Initial liquid volume
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Foam volume after 30 min including liquid
FS (%) = x 100
Initial foam volume including liquid

7. cHEo| EXi2F e

gl a BxiEt 9el(SDS-PAGE : SDS-polyacrylamide
gel electrophoresis) Laemmli'’9] whgo] uwjal AA]
S} 31, separating®] gel?] acrylamide 3=+ 12.5%%
31 stacking gel®] acrylamide®) 5+ 5%S AM&3
Aok AR EAL H BlEALE A8 0.1g& BFE
3 10mM AE & (pH 7.0) 10miS st &3l
g T 10 B3 AR EIA5(11,600 xg), ©] FF
A& 045um microfilier® I3+ & sample buffero}
sgeel  AgaRT.  wWE BEe
Bradford? o] £alM AAsgom WAL A
2, 1kGy, 5kGy, 1831 10kGye] @l Egx= 7}
z} 0.069%, 0.075%, 0.071%, 0.065%%th A7H5&
£ 9WAL BoRadil AEE AEAAR 21 )
£ &3 2tk myosin, 200kDa; B-galactosidase,
116.25kDa; phosphorylase b, 97.4kDa; ovalbumin,
45kDa; babonic anhydrase, 31kDa; soybean trypsin
inhibitor, 21.5kDa; lysdzyme, 14.1kDa.
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8. EMEO| 2% TE

PAHAEALE AES pelUTE 24 T
HSHE ERIsl7] 984 Table 19] =7 wet
spectropolarimeterJASCO J-720)E o] &3ta] 25T A
circular dichroism(CD) A-7+E& S stH ) YA Z
Abe Bl F9M 2 Far-UV CDAA #HF H=7}
HEE 10mM 1345 E&A(pH 7.00& 7tk 34
st] AMESHASL ol e] wlRAL AR, 1kGy, SkGy,
10kGy9] 5% ZZ 120%, 1.13%, 1.13%, 1.16%
At CD spectrum< lmm pathlength cell& A& 3}

- 258 -



o8-

o] 53] uhESle AP oy, "ol spectrum

polynomial fitting curveZ ©] &8}l smoothing%t F
specific ellipticity(deg cwdgm-1}2 e O8] 3 2
2} F& 2 e Chang 5 wio] wa} Far-UV CD
spectrum2 A 5H G T

9. EHefFO| 3R} FX

A ZALE JEF BEAFEY Y 3a F&
He13t7] A Table 29 2 2A0E BBY
Al (Spectrofluoremeter, JASCO-FP 750, Japan)S Al&
st ART ZAME AEE 260nme} 295nmol A 7}
Z} o] 7)(excitation) 8l 31 emission intensityE =7 8%
o PAR ALY dd Algs AR F A8d Tt
580l e B8H dAR E-ES AAS] 4
stod SEZF A4 EB(15000 xg)ste 2 FEdus
AH&3tR 2™, F 22| emission spectrumE A7] ¢I%
&7t HEE I0mM RIGHEEF8A(pH 7.0 7Ist
o Mt olug ¥]ZA} AR, 1KGy, 5kGy, L
73 10kGy ZA} AlBY Exs Z+7 0.32%, 033%,
0.34%, 0.32% %3t}

bt

6. SEAIXZ
WAl Z2AME BElgisoe] 75d FRE 54
AT BEXEH E AHEL PC-SPSS(version 9.0

Table 1. Experimental condition for circular dichroism

°1%4 33

for windows)& Abgalel BABAsATh FARA
2 ANOVA Z 2713 9] Tukey’s Honestly Significant
Difference(HSD) testE ol&3ld {48 AZESIH
]:]_14)'

m. At g

e | _Tl_?'cl-

=
1. B

HAMA 2A} B oo g3 Ed nE §
g A7) Jatd AEF FHl
3 10kGye] WAMEE FAMelL R UIFETEL A
=3 § gixs =23, MaERh NEA AR
AT 73.54%, 1kGyZAF AlR9 £l 73.87%
7 R} Age gdEEt 27 o &S vy,
5kGy<} 10kGy &A} A2 g3lEx= Z+Z 72.79%<}
68.75% 2 H|ZA} Al HSIA L7 O Ggte
m A Ago] FEFE RIEr) ghdts 4
& Byt @Azl 9@ =9 BAH &
NS AHE AINTable 3), H]EAL A8} 1kGy,
5kGy FAME e F9820 Aole Aldd
(p<0.05). Kempner'>: ©jgo] wAbAzAlEE A
Bapge] whido] FrisiA G40l o5 gz
ol 5% P48 LAE7F oA stk
Hafez §'2 10~100kGy] @bl &4 A% 49

Table 2. Experimental condition for fluorescence

study spectroscopy

Instrument JASCO J-715 Spectropolarimeter(Japan) Intrument Spectrofluoremeter(JASCO-FP 750, Japan)
Flow rate 2kegf/cni(N> gas) Measurement mode Emission spectrum

Path length Ilmm Pathlength | 10mm

Step resolution 0.2 or 0.5nm/sec Response Fast

Scan speed 50nm/min Sensitivity Medium

Accumulation 5 Exitation wavelength 280nm or 295nm

Response Isec Emission wavelength 300 ~400nm

Sensitivity 50mdeg Scan speed 125nm/min

Number of cycle Scycle

Table 3. Functional properties of soy protein isolates irradiated at various doses

Iiradiation dose

Functional properties

kGy) Solubility(%) Emulsion capacity(m/) Emulsion stability(%)  Foam capacity(%) Foam stability(%)
0 "73.54° 211.25° 92.12° 34.12° 93.68"
+ 0.68 + 1.49 + (.58 + 2.72 + 0.59
1 73.87° 216.50° 90.74" 38.62" 92.06
+ 0.74 +2.72 + 041 + 541 + 0.25
5 72.79° 209.75 91.86 36.52" 92 .44
+ 0.75 + 2.06 + 027 + 3.32 + 0.29
10 68.75" 203.75° 92.39" 35.62° 92.50°
+ 097 + .31 + 0.51 + 278 + 0.74
F-value 8.799" 8.849" 3.101 0.254 1.859

Mean + standard error, ~ p<0.01

* NMean with different superscripts in the same column differ significantly (p<0.05).
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A i Sde) F Ax A Wevt gl
U o ge=s %

Aoz gadva Husiginh £ ATolME IkGy
EAF A B HEZARES vlsiA AR AR <
& Bd A 2 A= ba Frtske B
o BRAT v2A ARG 7] Aol7h U
3L, 5kGy¢} 10kGy ZAF Al&E ded £249) Ay
A B2 G AR FHE BYSAL FAFo
H AAEAN s W e 3719 wgol
ZaHAA gel=rt Astets 2Fe B A9 o
TEH 22 Z2FHE Jehlth mEbA 5kGy 2AF A
F7HA e did e SEE da ITMIIIAY A
SHAIZIA e ALE UuRens Wi RAbe
olge] AT FFoE AMEE F e A2E A

HR7) fefA B iFa
g7 {3 FA S Avrgt &8= A% #
ALeHAl 1kGy A A 89 8 F-ggo] ulEAF A
29 #3 ARG o F}3L 5kGy A A5}
10kGy ZA} A5 HZAF A8 vsiA o 9%t
om AMAZOl FMETF Faste 4FE 2R
o SAARA FAHE AHE ZIK(Table 3), H| XA}
X &9} 1kGy, SkGy ZFA A = §938 =
ol= AJIL(P>0.05) 10kGy FAF AlRE H|FAL A
29 IkGy FAF AESH= AOlE Ro| A (p<0.05)
Fo@8go] Wi 22 AR Uyt 4382
[el]

A EF, $3HL pepide Z7)WH opz}
peptide?] 35}3H3, Fx2 F4H gsiME FFE
wed dwde REH B E-7IE AWCA
Tt Fodg 5 e peptide FE F7H7I &
Bd YR e &2F8 WEE = :AA
hydrophilic-lipophilic balance® ZHFo A #3138
2 AL 4 Ut Franzen 50 BP9 §3
H Gz Wl dig APHA BAE East
AA T T dAlske G BolA Eeval 3
o B diddlA 1kGy AP AR dE ] ¢l
AR {folol] FAT ¢ U peptide & F7F
AlA Fstgo] Fobxl wkd, SkGy9} 10kGy FAL A
B AU EalE SHE F8ste] IRl
e R f3E FQste WEY HEe F
2gste fshgo] Aokl Aoz By

2] HE 3 A A208 A 35 (2004)

T35 FFSE v RAL AlR 8|5 1kGy RAF A
59 ggol v AEES HIAT F94 Ao]
= Y3 (Table 3), 5kGy<} 10kGy ZAMA &S #3

F4L 1kGy A A8 H)&A i 3 A}
AFo) I7MErE 52 4TS E9A4AT 931
atol= UATHP>0.05). F3HE/d-2 peptide Zo]7}t
AUAA gotAd #3535 AL A= 730 4
A AARA 7EFES M= F8teo] ghobA|
3 AAHA M consistencyZ} Golr=2® A FtEHC
P ES 3 FEAL FE 9wA ajold) white
o] IsH R Z Ao FAHEH, F 4 (phase)
Aolell AlH &2 (interfacial tension), AAIHo| FEH
459 &4, +8 2929 AV A Aty 77, T+
3 gade mv)et gH/FIHE, BdFHAA= A
I Biej o] RART vE, B AE S 9
 4Fe wetf?. B A7 1kGy XA} Al
Aol s gl BA Aolrt FopA WA #38t
£ QA7) 7l EBgrasta e SkGy$t 10kGy %
Ab AR E DA A 9E] ZolXl EAbEol %
o

do TIUALS FYSHT A AFo] 374
% 79 9¥a 2 AAWN 48 RoE
NP GFEe] B AP IS N

3w el AE
reTERS Az
e PR WEA AEY T FHY

Hg) A} AREQ J¥ FAHo) Uik S A
< BFeY {FIHA Aole  fUAA(Table 3,
p>0.05), A} AN E AL AFo) F/ETE
71X gl Fashe AFE BT

J1E AR L uZRA A& WElA 1kGy RAT
A& 7EFFGol wie Igta, 2AF AFtele
HAFol F7HE4E AXNE AFE BIAT {93
Apol= ¢IAti(Table 3, p>0.05). 7| ¥A L @ £
£ 2Zsta vA% 71EE Yt e 2AF
peptide’} BS4E 71¥HL
AZo] NUYRA FolAM o3|8] 7|EAo] A3}
o 712 FHEs} w2 BAgo
AA5E F4ET BAgo] Fom 2]
Aol A 1kGy A} A|2E WALA )
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Ao dwFo]l FHHN 7EFLS Foixl ¥ 7]
AL At QAL SkGy9t 16kGy ZAF AlE
ozl A dlAte S/ Fhstd T

oN ot i M
(LU

WA g wen EAF] AAA 71X BgHel
e Ae= AtgdEn

4, EtejEIol EX}2F i

A ZAL] 9P R TR £AF )Y
WatE A3y ¢38ke SDS-PAGEE ©] &3,
subunit 2x% B ¥ WaE ZFATH 0, 1, 5,
283 10kGye) FFAFoE A 2AME 2
A F99-S SDS-PAGEZ &Qlaf 2 ZA3, @A}
Mzl 93t guoide] o 9 Fgol dolkk
2¢ HAFUMFg 2). FHAFEHY Fa
subunit> 7712 UEgEd], 2S¢ trypsin inhibitor
(21,500Da)¢} enzyme(15,000~60,000Da)S o}t =
EZ L lypoxygenase’} AP H F2Z 100,000Da F
B9 band7} @A gle ASE JEEeH HE
A N B IKGy A A8 EAF HEE §Aks
A Verstth 5kGy9t 10kGy FAF A]EE  subunit
band9] F717F FAHAY AR on dwde] F
T s Jehile Ad 24 A2 99d
€ YERATH2,050,000Da ©]4). Filali 57& wAbA
o 93 gud &4 Fhge FiFd FF AR
Uehta 2AF AFo] 848 F7E vudg B
ttxm stglch Krumhars} Bemye ©d 5% &
galstal AR A%t 4TS AWHE A,

205 KDa -
121 KDa —>
70 Kba —*

52.4 Kba —*

34.9 Kba —»

29.1 Kba —*

20.7 KDa —»

6.9 KDa —»

Fig. 2. SDS-PAGE pattern of soy protein isolates
irradiated at various doses. Reference protein, R;

unirradiated, A; irradiated at 1kGy, B; 5kGy, C; 10kGy, D
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ok AP ZAL] et 2t Fgd o]l CD spectrum
L AP Z] Z7E,E 203nm oA negative
minimum ellipticity kel &7}t A4S R vhFig.
3). 203nmel| 4] aperiodic structureE YER = negative
ellipticity Zt- random coil §&F& YERE A2

(deg-cm Z-dgrm ")

Specific ellipticity

190 200 210 220 230 240 250

Wavelength (nm)

Fig. 3. Circular dichroism spectra of soy protein isolates
irradiated at various doses
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36 P 2P 2T

HoA o] ARE ¥ © AAS AHE7] 9siA
23 T2 FFE Chang 79 Pyl @t £33
4 JAEF —“?:E]EHTE}@?J 23 FZ FEE ¥R
A ANRY AS$ ahelix?t 1.7%, B-sheet FFHo|
57.9%, B-tun o] 33% L& 3l random coil FHF
o] 37.1%% ZAF UL A} AR WAHIEA A
Zo] F7MEFE ahelix FFLE Fade W
sheet?] SFFL A9 SAEIELeH f-wmn TFHFS
T 0%93L, random coil®] Stgo] HIA Z7}boh=
e HPTKTable 4). ©] A= F @A) A}
Ag FAEIE @A FxF W|siyt dojved
aperiodic structure®] $Fe] F7t F FRICE H
o 23 JHE Hiles AL Rt odd
22} x99 Wile dide 7VEsd 429 ¥Hik:
HAE 7 UAFE FFE otk Kume 72
bovine serum albumin® ovalbumin®l] AFAE FA}
SRS W 23 P §F9 wstE Ras vk 9l
oy E3] &g okt 7] FAMARAL] 9

sl 4A BFREDA BIHA,

"?

OEHJ

6. CEol 3% TX

BAAZAPE et e 33 Txe) mAs
dFe AHRI] dsted P BB A (Spectrofluore-
mete) S AMHESHE EASIATE A EAME AlES
H]ZA} A|EE= 280nmollA} o} 7] (excitation) 3}l emission
intensity & 33 2= Fg 49 2ok BT @
WO 280nmoll A 37)5lHS ul Lol A fluorescence
emission spectrum-2 Aol E71E4E maximum
intensity gk o] 27}oh Aoz yeiygth ol At
Mz ofa) WE Fouo] BAHAL ole) Ea
GEs R 01 WgHRA AR, PAUE
A} Aol =712 maximum intensityd] Zkol &
A AL A 4 dedoz vud B 4
o] o W7 mWEoltk vHRAF Al 1, 5, 10kGy
ZA} Al 59 maximum intensity®] Fhe 4ZF 295.69,
357.85, 377.69 18}3 399.48°]3t}. EFH maximum
fluorescence emission intensityZ ERfE oA =

Table 4. Estimation of secondary structure contents of

soy protein isolates (%)
Irx'adlatll ; :;I)l a-helix B-sheet B-turn  Random coil
0 1.7 57.9 3.3 37.1
1 i.6 59.8 0 38.6
5 1.2 59.2 0 39.6
10 0.3 599 0 39.8

S5z Hehs] A #2048 A3%(2004) -

wug 753, T2 546 AL 9T

B ZH7b 406, 406.5, 407.5, 408nm=E AR FAL A
Fol /eSS U HAF(ed shifho2 o)FHE
o2 Yehgtch ES 280nmof Al 500nm gl A
MEAL AR 9 24 ARS BE 2HE 24 4
o) FHAYEE Zo| FolAL FFS Hel AN
SN FRigo] ol dolge ¥ & ATk
2l Fa el A RAL] ¢k fluorescence
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Fig. 4. Fluorescence emission spectra of soy protein
isolates irradiated at various doses.
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