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Effects of a-casein and Sodium Caprate on the Formation of Heat-induced Ovalbumin Gels

Naoko Yuno-Ohta*, Mari Endo, Motomi Sawaki and Megumi Kishikawa

Advanced Course of Food and Nutrition, Nihon University Junior College,
2-31-145 Bunkyo-cho, Mishima, Shizuoka 411-8555

We investigated the effects of a-casein (@-CN) and sodium caprate (NaCyg : o) on the formation of mixed gels with
ovalbumin (OVA) using rheological measurement, ultrasound spectroscopy, flourier transform-infrared (FT-IR)
analysis and scanning electron microscopy (SEM) observation. Although ¢-CN shows quite heat-stable rheological
properties during the heating process, the mixture formed a soft gel with or without NaCig : . In the presence of
NaCio : o, the mixture shows a clear sol-gel transition, which is different from those in the absence of NaCyo : . The
ultrasonic gradient velocity between @-CN/OVA +NaCig : ¢ and OVA+NaCyg : o mixed systems indicated that the
effects of @-CN addition began at around 46°C for the formation of a unique gel from the mixed protein system. FT-
IR analysis indicated a decrease of 3j¢-helices, a-helices, and S-sheets by the addition of NaCyg : ¢, and a-CN/OVA+
NaCio : o showed a characteristic spectrum which is different from that of the OVA +NaCip : ¢ system. The results
imply that the mixed protein system containing milk casein is an interesting material for creating processed foods

with novel texture and appearance.

(Received Dec. 10, 2013 ; Accepted Feb. 12, 2014)
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Fig. 1 Appearances and scanning electron micrographs of protein gels with or without sodium caprate
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Fig. 2 Storage modulus (G') and loss modulus (G”) of 10% protein from different amount of ovalbumin
(OVA) and a-casein (a-CN) in the presence of sodium caprate under heat treatment

Measurements were performed at 6.28 rad/s. Thick line, G’ ; thin line, G”;
a) 5% a-CN/5%OVA, b) 10%0OVA+2% sodium caprate, ¢) 5% ¢-CN/5%OVA + 2% sodium caprate, d) 10%

a-CN+2% sodium caprate.
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Fig. 3 The temperature dependence of ultrasonic velocity (a), differential velocity (b) and gradient velocity
(c) of the protein (pH 7.1-7.5) in the presence of 2% sodium caprate

bold line, 5% @-CN/5% OV A; thin line, 5% OV A. Differential velocity curve was obtained by subtracting the ultra-

sonic velocity of 5% OV A from the ultrasonic velocity of 5% a-CN/5% OV A (b). Gradient velocity was presented as a

function of temperature (c). Gradient changes were calculated by separately summing five points before and five

points after a given point, determining the difference, and dividing the result by the time gradient in the same data

range. Measurement was performed at 5 MHz. Three independent experiments were carried out, and typical result

is represented.
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Fig. 4 Deconvoluted spectra in the amide I’ region of heated proteins with or without sodium caprate
a) bold line, 5% a-CN/5% OV A containing 2% sodium caprate; dotted line, 5% «-CN/5% OVA without sodium
caprate; b) Differential spectrum obtained by subtraction of 5% a-CN/5%0VA from 5% a-CN/5 %OV A containing
sodium caprate. a, b, ¢, d, e and f region show Antiparallel B-sheet/aggregated strands, 310-Helix, @-Helix, Unordered,

16)

-Sheet, Aggregated strands, respectively™.
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Fig. 5 Deconvoluted spectra of heat-induced gels containing sodium caprate
bold line, 5% a«-CN/5% OVA+2% sodium caprate; thin line, 10% OVA +2% sodium caprate; short

dashed line. 5% OVA +1 % sodium caprate
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2000nm ORFELE S OGRERPEE SN DI LY It
Lt Ee N 83,70y NI AN IAYE- Vi Lo R SF (WX o)
TIXZFDOREL O BETH - 72® SED o-CN/OVA
BAET VI 60~90nm BETH Y, BAEDZ VTV
MEHEEA L TWAEZ EDRBENA. FHiZ, SHOE
BCIENBRECHEEICEDL ST, BL%60~90nm EE
THY, NMEHIEEHBEICEVPRESNIZLEDS
T, WRIFEBERINC L 2B E~OBEBITIZLA LS
hoiz. ZOFEIR o-CN ORMOD KT b A EIZHH 2
PR ENELZEEREL TS, 72, OVADOF L
IZiE7 3 04 FEEEZEPES LTwa Z L 6NnT
VB b BRI BRI BRIE SISV OIS IC o
WTHLZIZLTEY, BERERINTIE OVA DAL
FTIHETF IS ru 7)) v bBEORLRL 5 V08
TV THBMEREERBEEEATH LI LR RE L.
EHZLPEED Y V87 Bk B\ TT o 72 e BRI
I BHMERBEREEL I VA Y N T — 7 OBEOKEE
I3, Kawachi 52 1L o THEE N/ OVAILBITH N E
W DFHREEFIRE V) REOHBOEFS LITBLELTB
53, 7 U8 EOBUKMEER L SERERE D REHE OB
KRHEAHERR L, BUBRERRO IV AF S VEDOEALZ
L7 AFAF v —TVHORREOKEE L - HHEEER
TAZRITAY PI—JREIZLBEEZ:. LLED
5, ST o72aCN &5 7Y VERESHAET O OVA 7V
Tt Fig le) WRL7ZZE 912, #£2 100nm BT Ol 2
BiEE D2 b 00N o RS IXBE ST, ZEH
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Tablel Storage modulus (G) and loss modulus (G”) of the
protein in cooling process after heat-treatment

Gat342 G’at 342 G"/G' G*at 342

min min (tan &) min
10% OVA
+2% sodium caprate 4518 199 0.044 4522
9 L ;
BWOVA/SK axcasein 1145 906 180 1163

+2 % sodium caprate

EoBWHEB2HEOETINE CORFEIEFE L &3
BLTWb 00, BMEEHSE CIIMEERF R SN
SBITBIREE AT B b 5 3 2 AT R O MR % B
Fx2, HEA VBERS VOIS T ISR
OB DWW TR R D 72

ZEH S IRIZEIC BV CEIRRE MR E £ TV, OVA
Hphy S0 BREBEY vy ERTORRRRERINY
N OFEERE L 72 (Fig. 2). MEGER THER L7
F U EH, Bl EEGEBE TS TRMAEER LSV
A2 NI =T OBEANLELEEZOSNL-D, Tablel
T 80T 12 BT 2 MIBLEREZ O EIF, LRI FHEIZE
L7z (B9 6 Bpfit) oA RL TS, —RIZG & G
DE—HTU EDOERH LEEICED TSIV EFHEI NS Z
EBY OVA B Y VS BRIZEDOX VL Efis b
DI LT, BEY V3V HERTERBEOFVTHNI IV
LIS A EASTE S,

T2, TNLDOBERS VT B GF DO A
Mz DDDRy M7 =7 EHEL TV 20— IR
DEFEIIEINT L EZZ 6N TVWE, BFEEE RO
BEPLEMBITILAT S 2 L LBEELIIES B
BEEDE (a-CN/OVAREFROEEDS OVA BHHRO
BEEXZLIVAbD) OBLEHRTL2IEICEY, o
CN OFEMPBROEMBIZEDL S R r b6 LT
HHEBEENICNALZ LN TESL, BIZEERE RS
) OREEWREDBAE (LT TH 5 gradient velocity)
EROLZEIWZEDFOEF LYY —=TLAh, SED
F Tl a-CN ORIMEIEAF 46CHETHEHNLTVWE Z &
b o7z (Fig 3c).

i, BYRORERRIENE O B SR A E DL B b
Y REIREEEBESH (DSC) 12 & 2 HHEBHAR
BIRbMLTLEEZLNSE. #2T, EES5IZDSCH
WMERAWTRAY -2 BIUFDOREET KDL Z L 23
AT, BONIRBE — 7RI T - FThonZ
b, BEOVY - RELXEETHILIIRETH o7
(K7R49). Farrell 52 i3, 7Y 4 yoEziisse
BN 22 IRRE CRANMREETERICE V7 >~ O ¥ o — L IREE)
IZH Y, DSCHITEDHEBRILZ 52 L IIWETH S
ZERRBELTBY, A0 oCNEMRTOSH H1HES
DEREFABOERE 27D EEZ LN,

B2, BEHESIIEEY v BOBEES G, ¥
BEOFAORBED O BRNICEEFO—MERILL, 7
V=34 F 4 7TEY)FTZYNLT I FFVERKE (BN-
PAGE) i2ft L 72" Z0O#E, 0T B L I Fhi25]
EFLCHHBEIZBYT, 4~16% R 77 UNT I Fig
BEOTFFVL S MNPVRIZASZEDTERVIEIEDES
FELERIEHRENTVEZ o7 (FRET).
F 72, Matsudomi 52 i35 # o-CN BB E OVA BB OM
BIREW % mICEIFAET O SDSPAGE (24 L, o-CN %%
BRI D EREY VR HR G L EEREER L Tz Z
L, HIL, #nond Y7 ERTYANT 4 FEEAICK
BEEREROERPTBES N -ELHER L/

FTIR ##7Cid, 7 3 F T 8% (1600~1700cm™) =&
bbby N B RBEBRIT 51T - /2. Farrell 513
a-CN OHE I ZEICEHNRIKEBICH21I20Eb 6T, FT-
IRTHT I FIHEEOARY P VIZ—BEERERIRS 3
TEODFNEEPUL TnwEZ EERLETWAEE KT
i, AROBVICLBUE~NOEELY o, Bt se
AR L WlllER, Fa vy Ry a—3 3 VILEEZO AR
7 P NVEBI L. OVA/eCNRE S Y7 BRIIHT
5 NaCuio: o IRIMMDOFHEZ T2 2 A, NaCo: o NN
FUNRTEOERBREL TVB I EFHEL PR o7
F7:, OVA/eCNBA Y VX0 BHRE OVA B S > 5y
BRTONaCr: o FETFTTDARY FIVHEIZE Y, o
CNOHLIZ OVA D ZRBEIZIHE LT 52 TnAI &
Bhrh, oCNZENAFHIIXHLTEETH 525,
OVA L DRERMBFGES VERICBTEFDOT 7 A
FX—ETA T7AV— L LTOREALRL-LTNWAET L
W N BETRIEELV VTR TE 2.

%, oCN X OVA EUTO L) 2MEFHOS & T
TFVREEFEETERL T L EREB LA aCN I
OVA T HHEETHEIZIL, YAV T 4 FiEE&Puikik
MEERZEE2 AL OVA LAEERT 505 FHRIIC
OVA S FREOMVBRENL 2 KRS E2E, BESNVT
7% CEEBSVERY, BICRBRESKE T BRI
BIZEEOHFREY LTCWBEIHIE, Ty 71x—VFq v
FUTey X BORECEN LB & RTiEE
D REEHHE CHUKEAEERSE L, By v Bl O
SBRVEEESIIRI SN, X DA o =ZRTW A Y b —
IHERINLDHER, EBHEOSVWIVBER ENL DT
%9,

SEDH aCNEETFNVORAEALEBEL T, AEZEROSE
W UNRTEREBIZ L o TREFETLS Vs HOAS L
FEEIc 2% 5.2, OVAOEREM & LTomIEX:
, LU EBNNL L DICERE, ML ELTEEELR
Yt b A TERENRTHLEI RSN, F/2, RS
BEOTRINL, SHEOZLVeCNDL IRy VISV E
IZHL, OVA L DREVATFLDOWELZRL, FARL
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KH -l B ¥ A 2 NADIRIEEES 191

G THLETHMTH B I LA o7 SRIZEIZ, Mo
FHEHH] (oM 7% &) OFMA b HH .

a-H ¥4 ¥ (@CN) BIFIZRIIHT 2 REROEV S
VST LTHIONT VD, FHRTNVT I (OVA)
EORFTCHED U ETH 7 VIREEE T DD
BaZrlore T2, ZOREY VI EORRETR
RRETLIIH2D, BIFBEEOHNS L D HE L AR
YV a v EAMT A L THRNTH 2. A7) VEEF B
)7 AEINO o-CN/OVAIRE Y AT 213, OVA 12~
BB OBETL ) B PR MHEBHR R TIMLICE
D, BEMIZCINEITCOOVA TS NVERRERLZTH T2
AFv—% b DI EAREINI.
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