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Effect of pH and Added Salts on the Rheological Properties
of Mixed Whey Protein and Gelatin Gels
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The effects were studied of pH and salts on the properties of mixed gels consisting of whey protein

(WPI, 6%) and gelatin (3%).

The apparent rupture stress of the WPI and alkali-treated gelatin gel increased with increasing pH
value, while the rupture stress of the WPI and acid-treated gelatin gel showed peaks at pH 3.5 and 4.5.
When 0.1 n calcium chloride, and 0.1 N magnesium chloride was added to the WPI (0.6%) and
alkali-treated (0.3%) gelatin mixed sol, the transparency decreased with increasing temperature and an
aggregate was formed. The effect of sodium citrate on the WPI and alkali-treated gelatin sol was to
form a macromolecular aggregate formed at more than 807, this aggregate formation being
accelerated under the conditions of 90°C for 10 min. The strength of apparent rupture stress of the
mixed gels depended upon which salt was added. The highest rupture stress was observed with added
calcium chloride, which was followed in decreasing order by chloride and sodium citrate. This order
was directly correlated with the percentage of bound water.
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x10*

4

Rupture stress (Pa)

pH
Effect of pH on the rupture stress of treated
WPI-gelatin gels

Fig.1.

—@—, alkali-treated gelatin with denatured WPI mixed at
40°C; --@--, alkali-treated gelatin with undenatured WPI
heated for 10 min at 90°C; —O—, acid-treated gelatin with
denatured WPI mixed at 40C; --O--, acid-treated gelatin
with undenatured WPI heated for 10 min at 90°C. Each
WPI-gelatin sol was cooled for 1 h at 5°C to form a gel.
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Temperature ()
Fig.4. Effect of NasCe¢HsO; (0.1N) on the trans-
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Fig. 2. Effect of CaCly (0.1 N) on the transparency of L2k, ¥ F R WPLOFEL L) pH 8N
WPI and alkali-treated gelatin sols at various TLEH20THS (FEEEE 1990) L#HEEEIN L,
temperatures
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LD 3EENIE (0.18) 2HVWTFRER10%T D
TIRMLTER SIS VOB EEZ2EE L,
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Elution time (min)

Fig. 6. HPLC of the supernant of the WPI and alkali-treated gelatin mixture
containing NagC¢Hs0,

HPLG: SPD-6A (Shimadzu Co.), column: Asahipak-GS-620 (7.6 mm X 350 mm), flow rate:
1.0 ml/min, buffer: 0.1 M sodiun phosphate (pH 6.8). Sample: 40 ml. Centrifugation: 5,000
rpm for 10 min (Kokusan Co.), 28,000 rpm for 150 min (SCP85H Hitachi Co.).
Temperature: 30C.
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Table 1. Effect of various salts on the rupture properties of WPI and gelatin gels

Type of salt? Apparent Apparent Apparent modulus Rupture
added to the pH rupture stress rupture strain of rupture energy
mixed gel ° (X% 10 Pa) (cr/em) (X 10* Pa) (X 10* J/m?3)
None 4.5 3.26 0.85 3. 80 7.94
CaCly 6.2 4.47 0.74 6.03 10.90
NaCl 6.4 3.73 0.74 4.23 8.20
Na3CeH507 7.1 3.65 0.82 4.42 7.25

23alt concentration was 10% (0.1 N). ®3% (w/w) alkali-treated gelatin with 6% (w/w) WPI heated for 10 min at 90°C. Each
gel was cooled for 1 h at 5C.

oM (LT DSC EBEED) 12X Y WPLEETF D
B r LB X UOBEEZRML 2o BES VR E
LT, BIEERICHW/ 3EEOERMRBEE S VOEH

Table 2. Free water and bound water in the gels
containing various salts

Sample p  [ree vater Bound water g gk OEAKOMBEATY, WEHRL Y HH LA

(%) (%) K, #EKkORE S Table 2 1277 L 7.
Water 5.6 100 0 Table2 & 9, WPLE PS5 F L 2SR TMET S
WPI 2 alone 5.5 81.8 18.2 PEIMORE L D ESADE L ot RbLEEKD

Alkali-treated gelatin S E L EE L VY ARINRE ELTHY, K

lone ® ) : .

aione I 18.8 CHALT Y Y AEIRE SV, 2TV EEF R YA
Alakli-treated gelatin o . LN 72 72 . i ,
with WPI © 6.64  74.2 25.8 ﬂm@“7’®h Rofe. IR, WHTRTEEOR
Alakli-treated gelatin FEDFRER LML TWVD

with WPI ZDTEMND, WH&%7%/%& T5HIEL
containing CaCly 6.55 62.8 37.2 iUW%@ﬁEﬁmL;b§<®m%mnthfﬁ
containing NaCl 6.62 69.6 30.4 FHICEBY AR, BELLEZVERET 505, ZOM
containing NasCeHs0:  6.72 73.7 26.3 HYEREbAI Vo, BLF YT A, VR

6% (w/w) WPI solution heated for 10 min at 90°C.>3% 7 ") 7HPWMIZE D ESNL 2F 2 2.

(w/w) alkali-treated gelatin solution. ‘3 % (w/w) alkali-
treated gelatin with 6% (w/w) WPI heating for 10 min at 4, = 9

90°C. Each gel was cooled for 1 h at 5 °C. The salt (1) #8, REWWPLY L ET LA ) MEESF o
concentration was 10% (0.1N). S RiEA LT pH 2 EE L 742, 90°CT 10 5 RIE
BIA2REFEEHAVCCIVERBE LSS, pHO L
b b L, ZJZUVEEFPYTLL, RIMRER FAZPE VAR T OBERIC I E o7z, BIREEIS
0.1N-15% LA EIC¢ 5 Z &2 &) RRICIEER T BOWTEHLAEY S F 2 HWHBETIEpH3. 5, 4.5
WL L7z, TOBIZERENFVIE, WEX»IT5 ¥ =7 DAL,
ERMOKERI T, ERESETICEARGETH I LIS (2) WPI-7 VA )MBET T RESIVITHL,
XY RGOSEBRFIEIHIE SN, UL, HENZ X 0.1niEfb I NV o, Ik AT L% 1%L R
DETF L DENVEEAPRRI 072720 THIEEZ A, HMTAHILICZLD, MBIRED ERITHEVEHED
(5) REEZMSWNICLLZEHAB L TEEKD BKFTL, A= MEIC L BB 572, 0.1x
e Wik MU v A, 2T VBT N T LRIITIE, BE,
WSO RIE I BV THL 22 & o 72BN & MERE O LR IEWEHEOMETAAL NN, R
BIRAET VO BRI RIS 7 VEEORLIZL S Y—T P MBIC X BB S o7z, ) Y ERIK
bDEEZONSL., FIT, YVOIEFRICEEY ZF VUL, REBKEF M) LORMTIEWTR
BT EENTWEKDOBEEZHL/2DI, REER DIEE, MAEEIZBVTHEHEORTIAL N
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