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Abstract

The effect of phosphate salt (Na,HPO,) and sodium citrate on the emulsion stability of soy protein isolate
(SPI) in the presence of calcium was investigated in terms of salt concentration and addition order. Both
phosphate and citrate salts decreased the solubility of SPI despite their pH enhancing effects. Addition of
calcium chloride(CaCl,) significantly decreased ES, which showed nearly negligible at more than 3 mM
CaCl; concentration. When Na,HPQy were added in the presence of 5 mM CaCl,, ES greatly increased up to
20 mM concentration, above which however ES decreased. It was found that the addition order of Na,HPO,
and CaCl, affected ES. The addition of phosphate and subsequent CaCl, exhibited the higher ES than the
reverse order, In both cases, the overall ES profile was found to be nearly similar to the solubility profile of
SPI, indicating the positive relationship between solubility and emulsion stability of SPI in the presence of
calcium, Similar trend to the phosphate effects on ES was also observed for sodium citrate in the presence
of calcium,
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Table 1. Effect of Na;HPO, and sodium cit-
rate concentration on pH and solubility

Concen-

; Na,HPO, Sodium citrate
tration
(mM) pH Solubility pH Solubility
(%) (%)

7.06 91 7.06 91
5 7.64 90 7.22 90
10 7.90 89 7.22 89
20 8.12 88 7.35 87
30 8.20 87 7.43 86
40 8.36 86 nd* nd

* not determined
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Fig. 1. Effect of CaCl, concentration on pro-
tein solubility, pH and emulsion stability.
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Fig. 2. Changes of emulsion stability and pro-
tein solubility by the addition method of Na;HPO,
at 5 mM CaCl; concentration.
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Fig. 3. Effect of concentration and addition or-
der of sodium citrate on emulsion stability.

100 - 50
— O - solubility
80 - - ® - ES - 4C
|
s TG :
2 ek o T~ 4z
3 / Cre— o | 5
B VRN |, &
e 0/ o o -0 =
© // , \\ :
2 / . .
= TT—e ;
=10
L I | } o]
10 o] 30
CaCl, concentration (mM)

Fig. 4. Effect of sodium citrate on emulsion
stability and protein solubility in the presence of
5 mM CaCl,.

=3

srel Fig, 29} Fig. 4914 §3) SPm chudo)
gelms} Aol e ARL molE AL U 4 A
ol gl galirt el epgael e s



Vol. 7, No, 3(1994)

. ols} 7 fa) oA Bl
o] ¥ BAE BB ] sl ofe] 2 1

2 S TR VIFYRLORM HEe) YA
NS BB BRoR $5 4F At 18
O e 4EUe] wedst sl 284 A
& Yystel SRS B 4EF WP
3 FAE QAT oleidt 5o B Aol e
o uks) o] Qlatglolut el e ARSI T
o SIS TP OEH o PYS FYAY
& Qlr). Tefuh olsh e 3} PPEE FBEst
Fhupgel mek & Aolvk hpz HH 2102 FE A
of Zasith. %3l ANPe FFe} o] W2 715A
o vheysts] el emosaz 229 s el

2 <
Zrgo] A 1S ul FehEuae] §3 ¢t
Aol dIgk JA2H(Na,HPO,) 7t 734t (sodium
citrate) @} 98 dxwet “47F-‘r*1 of #sted A
it ol FAME S Holelelg W g &

He} pHe Z7lstsie
(CaCl,) & #7189
A FHaslR e, 3 mM o]/l ¥
= 79 vehpA gkt CaClzb 5 mM ZAj3ta
g NazHPO4; H71shA 20 mM F

F7ksht 1 olate] Frel A= #38) ok
Tob Zas }% ZAag Bk £9 Na,HPOZ 9A
71t & CaCl,E 718 2A-%7F 71 o] ARt
dAHoR o & #3 =g Bk CaClyl
EAstell A pANES Hrkek Afelin g A
o vj&g A Bl B dpdME EEdsw
WA falm= 3 /PR UFHS BwAY e

St

Aes il

te s of A ‘n‘ﬁ' o]—;ﬂE

=

1. Becher, P.
Reinhold Publishing Corporation, NY, pp.

1 Emulsions: Theory and Practice,

g EAlslol A sk TR0l el thF o) 3 byl v AE g 181

95-149(1965).

2. Petrowski, G. E. : Adv. Food. Res., 22, 310
(1976)

3. Bender, A. E. : Dictionary of Nutrition and
Food Technology, Butterworths, London, p.
88(1982).

4. Philips, M. C. : Food Technol., 35, 50(1981).

5. Anjelo, A. J. : in Food Emulsifiers, Charalam-
bous, G. and Doxastakis, G. (ed. ), Elsevier,
NY, pp. 1-8(1989).

6. Friberg, S. E., Gourbran, R. F. and Kayali,
I. H. : in Food Emulsions, Larsson, K. and
Friberg, S. E. (ed), 2nd ed., Marcel Dekker,
Inc., NY, pp. 1-40(1990).

7. Karel, M. : J. Food Sci., 38, 756(1973).

8. Parker, N. S. : CRC Crit. Rev. Food Sci. Nut.,

10.

11.

12.

13.

14.

15.
16.
17.

18.
19.

. Kinsella, J. E. and Whitehead, D. M.

25, 285(1988).

T Adv.
Food Nur. Res., 33, 343(1989).

Yasumatsu, K., Sawada, K., Moritaka, S,
Misaki, M., Toda, J. and Ishii, K.
Biol. Chem., 36, 719 (1972)

Knightly, W. H. : Encyclopedia of Food Sci-
ence and Technology, John Wiley & Sons,
Inc., NT, Vol. 2, pp. 690-697(1992).

Van Wazer, J. R. : in The Encyclopedia of
Chemical Technology, Kirk, R, E. and Othmer,
D. F.

T Agric.

(ed), Interscience Encyclopedia, Vol,

15(1968).

Ellinger, R. H. : in Phosphates as Food Ingred-
ients, CRC Press, Inc., Boca Raton, FL
(1972).

Halliday, D. A. : Process Biochem., 13, 6
(1978).

Sofos, J. N. : Food Technol., 40, 52(1986).
Dziezak, J. D. : Food Technol., 45, 80(1991).
Carpenter, J. A. and Saffle, R. L.. : Food Tec-
19, 1567(1965).

Saffle, R, L. : Adv. Food Res.,
Van Wazer, J. R.

hnol.,
16, 105(1968).

1 in Symposium: Phosphates



182

20.

21.

22.

23.
24.

25.
26.

27.

in Food Processing, Deman, J. M. and Mel-
nychyn, P. (ed), The AVI Publishing Co.,
Westport, CO. (1971).

Hwang, J. K., Kim, Y. S. and Pyun, Y. R. :
J. Korean Agric. Chem. Soc., 35, 152(1992).
Gardner, W, H. : in CRC Handbook of Food
Additives, Furia, T. E. (ed.), 2nd ed., CRC
Press, Boca Raton, FL, Vol, 1, p. 225(1977).
Blenford, D. E. : Food Flav. Ingred. Proc. Pkg.,
8,11(1986)

Duxbury, D. D. : Food Processing, 52, 83(1991)
Wallace, G. W. and Satterlee, L. D. : J. Food
Sei., 42, 473(1977).

Lowry, O. H. : J. Biol. Chem., 193, 265(1951),
Tornberg, E. and Hermansson, A. M., : J.
Food Sdi., 42, 468(1977).

Atherton, H. V. and Newlander, J. A.
Chemistry and Testing of Dairy Products, The
AVI Publishing Co., Westport, CO, p. 96
(1977).

30.

31.

32.

33.

3.

35.

FekE] A, 17, 383(1985)

. Aoki, H., Taneyama, O., Orimo, N. and Kit-

akawa, 1. E. 1 J. Food Sci., 46, 1192(1981).
Steinhauer, J. E. : Dairy Food Sanitat., 3, 244
(1983).
Sofos, J. N.
vation-5, Thorne, S. (ed.), Elsevier, London,
p. 207(1989).

Ellinger, R. H. : in CRC Handbook of Food
Additives, Furia, T. E, (ed.), 2nd ed., CRC
Press, Inc., Boca Raton, FL, Vol 1(1972).
Kinsella, J. E. : Crit. Rev. Food Sci. Nutr., 1,
219(1976).
Kinsella, J. E.
242(1979).
Voutsinas, L. P., Cheung, E. and Nakai, S. :
J. Food Sci., 48, 26(1983).

: In Developments in Food Preser-

: J. Am. Oil Chem. Soc., 56,

(19944 7€ 24 +4)



