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Abstract: Fish gelatin solutions containing one of the 5 common cations (Ca**, K", Mg?", Na* and Fe*") at different concentrations (0.01,
0.05, 0.1, 0.5, 1.0 mol/L) were prepared. DHR rheometer and texture analyzer were used to conduct temperature scanning experiments and TPA
texture analyses of fish gelatin solutions, and their foaming and emulsifying properties were measured, and the effects of the common cations
occurring in foods on the rheological and textural properties along with foaming and emulsifying characteristics of fish gelatins. The results
showed that adding K, Mg*" or Na* at a low concentration (0.01~0.05 mol/L) increased the elastic modulus (G) and viscous modulus (G) of
the fish gelatin solutions , thereby increasing their thermal stability. The melting point and freezing point of fish gelatin could be significantly
increased by the addition of K™ or Na" at a low concentrations (0.01~0.05 mol/L). The hardness and chewiness of fish gelatin could be
significantly increased by adding K or Na" at a low concentration (0.01~0.05 mol/L). Foamability and foam stability were improved after the
addition of K*, Na* or Fe** atahigh concentration (0.1~1.0 mol/L); Emulsifiability and emulsion stability could be improved by adding one of
the 5 cations at a low concentration (0.01~0.05 mol/L). The results indicated that the properties of fish gelatin could be effectively improved by
adding different cations at a certain concentration, with K and Na* at low concentrations being the most effective for modification. The results
of this research provide a scientific basis and a theoretical foundation for broadening the application of fish gelatin in the food field.
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modulus of fish gelatin during cooling process
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viscosity modulus of fish gelatin during cooling process
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Table 1 Gelation points and melting points of 5 cations with
different concentrations

BFAE  RE/(molL) EIRE/C  @kbE/C
0.01 14.7240.23"  23.13+0.24°
0.05 13.90£0.23"  22.61+0.22°
CaCl, 0.1 12.61£0.23°  21.90+0.24°
0.5 4.65+024%  15.42+0.24°
1.0 3.98+031°  11.46+0.61¢
0.01 15.26£0.24°  23.67+0.24°
0.05 17.20£0.24*  23.66+0.24"
KCl 0.1 15.25+0.24°  23.35+0.22°
0.5 12.76£0.23°  21.74+0.23°
1.0 10.07+0.24°  19.86+0.24
0.01 14.66£0.24°  23.57+0.24°
0.05 14.64£0.23°  23.63+0.24°
MgCl, 0.1 15.61£0.23"  23.34+0.23"
0.5 12.30£0.24°  21.75£0.23°
1.0 945+023%  19.96+0.25°
0.01 15.5240.23*  23.80:£0.23°
0.05 16.25+0.23"  23.65+0.24°
NaCl 0.1 16.26+0.23°  23.45+0.23°
0.5 13.67£0.23°  22.01£0.24°
1.0 10.91£0.24%  20.42+0.25°
0.01 14.18+0.23"  24.37+0.24°
0.05 10.62+0.24°  20.62+0.24°
FeCls
0.1 8.76+021°  18.48+0.23°
0.5 4.00£0.00°  11.26+0.23¢

i RRFEATEEER (p<0.05), TAR.
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2 TEIRE 5 #MHSFRIRYFT
Table 2 Texture properties of 5 cations at different concentrations

BFAE  RE/(molL) /g Feb/m) oF Ted 58M/mm 0 b /m]

=) 368.00£10.00°  0.07+0.06°  0.86+0.01°  3.90+0.03*  12.07+0.55®

0.01 372.00£11.79°  0.07£0.06"  0.86+0.03°  3.98+0.02°  12.47+0.91°

0.05 331.67+13.50°  0.07+0.06°  0.89+0.04  3.86+0.17°  11.23£0.40™

CaCl, 0.1 331.00+6.00°  0.13£0.06°  0.86+0.03°  3.87+0.08"  10.67+0.60°
0.5 171.67£12.58°  0.10£0.00°  0.8740.02°  3.87+0.03°  5.50+0.30°
1.0 10.33+3.79¢ 0.10£0.00°  0.97+0.10  1.05£0.84°  0.130.12°

=) 368.00£10.00°  0.07£0.06°  0.86+0.01°  3.90+0.03°  12.07+0.55°

0.01 44133+16.77°  0.07+0.06°  0.84+0.00°  3.85+0.12°  14.57+0.74°

0.05 403.67+6.11°  0.10+0.10*  0.89+0.03"  3.80+0.14°  13.47+0.74°

KCl 0.1 360.33£5.86°  0.20+£0.10°  0.86+0.03°  3.77+0.02°  10.83+0.70°
0.5 27133£7.519  0.10£0.00°  0.86£0.03°  3.89+0.03°  8.97+0.40°

1.0 189.67+6.43°  0.17+0.06°  0.91£0.03*  3.85+0.12°  6.53+0.25"

=4 368.00+10.00°  0.07+0.06°  0.86+0.01®  3.90+0.03*  12.07+0.55"

0.01 36233425.70°  0.10+0.00°  0.87+0.02*  3.7740.13*  11.67+1.11%

0.05 355.67+6.11°  0.17£0.06°  0.82+0.00°  3.82+0.02°  10.93+0.15™

MgCl, 0.1 325.67+13.80°  0.10£0.00°  0.85+0.05°  3.81+0.14*  10.33+0.42%
0.5 296.67+17.04°  0.10+0.00°  0.83+0.02°  3.83+0.04°  9.27+0.51¢
1.0 219.67+5.69°  0.10+0.00°  0.84+0.03®  3.57+0.62*  7.10£0.46°

4= 368.00£10.00°  0.0740.06°  0.86+0.01°  3.90+0.03*  12.07+0.55°

0.01 430.67£20.55°  0.10£0.00*  0.86+0.02°  3.93+0.01°  14.20+0.70°

0.05 453.00£1.00°  0.17+0.06®  0.87+0.02°  3.99+0.04°  13.17+0.21®

NaCl 0.1 385.67+11.68°  0.20+£0.00"  0.85+0.06°  3.95+0.08"  14.37+2.48"

0.5 370.674231°  0.17£0.06°  0.87£0.02®  3.89+£0.05°  12.33+0.38%

1.0 321.00410.58°  0.13£0.06™  0.92+0.03°  3.84+0.18*  11.10+£0.26"

=) 368.00+10.00°  0.07+0.06°  0.86+0.01°  3.90+0.03°  12.07+0.55°

0.01 392.33+7.02*  0.30+£0.00°  0.86+0.02°  3.89+0.07°  12.87+0.59"
FeCls 0.05 104.33£1.53°  0.13+0.06  0.87+0.03°  3.82+0.04°  3.43+031°
0.1 52.67+2.52¢  020+0.10°  1.01£0.03"  3.82+0.14°  2.03+0.12°

23 R P LFE & T X & RO R

Lau P RTFe 0, TR A T2 (R ot 425 VA Fe I G
FLR R R T %, BE Ca” WREERINSe s FiE, H
FERE  BMERT Py B TG Ca” VR RIUR, X Ca™ ik
JE R 45 VA B WIS LR AR o IR Ca™ | N
K\ Mg®'\ Fe’ it B R it R AR ook,
TRERE . PH M EUE SR R . 55 Al B VA
L, R RS S B PRI MEPEPEREAIR. Kb
PEREIN, SRR A SR PRSI/ . 0.5+ 1.0 mol/L HKFE
Fe’ 78 4 'C I ARRABENE, AR AIREE 7 -

M 2 AT, fUIRIAEERE Ca®'. Na'y K\

250

Mg™"\ Fe WIS, Hb ca®™. Fe'" 24k
TR, 1 Ca®" s Ky Mg™ =M TLERIR FE IR o)
B P A 2 AR A B AT AR, 0.5+ 1.0 mol/L R FERT F1
ToltH B F XA EE (IR W B2, ] R DR B A P 1
JNEE, A T S EIR R A T4, HITS T SRR
FIRIRG e, BRAR T BB e 71, (A S 45
Pl IR, NI B IRE B T 1%, bl 550300
CATRIE AR SR — 0l B B 8894 B 84 o S G 100
AR, A, Ferb, REVERE KRR, BE Mg
Ca™". Na' WK, Jei KN, Hdh Mgk
FEASAUITREVERE RN, AR BH B FAAE— MR B
KivEIRFIE R, B Mg 7E 0.05 mol/L. Ca>Fl Na'#
££0.1 mol/L IR B KA s B Fe™ WS PR ITT 18 K
AT REAR AN R PH B TR IR BE T % B Rkt 1 4544
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A SRR, IR eE] 95 2 AREER) A, 1Y
5 CFEAR) W AU SRS, TSRS TAEAT s o (e
/N o B PN SRR BE B R FE RN T P22 PR, v
I PR G K, S PH S T R ANIR B i AN
K, WBNTEHIE 0.82~0.95 ZJa), AR BT

PR, TG R, b Fe®, Ca® 43 JITE 0.05,
0.5 mol/LL Fi {¥y e HF i sifu: i) e, PT g2 [R oy Ca™
Fe* 3R MMM = gk, Xt B oy 7 A
SRIGBEMERT, TP B R, o R g
BB IR NI RAAR, Forp Fe™'. Ca® fEmIRIER

CIpSIE

k-3 PNI)IA s

Table 3 Foaming properties and foaming stability of 5 cations at different concentrations

TRNE A I WY A R SS MBI R TR KRR
It B IR S BR A SR IR AN R,
A REE BN . FPERE R TR N

Rtk

SO R, SR Bl T e IR LI 0 B G M A i,
FELSRPE N, BITENEE, EEmnEmE e T .

= 3 TREIRE 5 MPEEFRIERMRAEEREY

BIAE  RE(moll)  ALEMY, BRI,
30 min 60 min 90 min 120 min 150 min

4= 10.13£1.27°  78.67+6.36°  62.10£4.77°  49.47+637"  30.5248.75°  16.34+5.18°

0.01 9.68+£1.17°  81.89+5.32"  70.51+7.77*  60.10£3.37°  48.72+2.22°  48.72+2.22°

0.05 13.57+1.859  88.76+2.98"  79.10+£3.75®  69.44+4.81°  69.44+4.81"  66.20+4.88"

CaCl, 0.1 18.14£2.56°  91.67+1.67°  84.44+1.92"  7278+2.55®  71.67+4.41°  65.56+5.09"
0.5 24.16+1.43°  88.63+3.91°  81.59+2.33%  77.24+2.03"  74.70+4.13"  72.06+4.00°

1.0 28.69+1.05"  88.40+7.58"  83.40+7.51°  80.01+6.52°  78.39+7.44"  74.17+7.95"

=) 10.13£127°  78.67£6.36°  62.10+4.77°  49.47+637°  30.5248.75°  16.34+5.18°

0.01 10.0943.25°  80.78+1.36°  80.78+1.36°  77.45:6.56°  68.8248.30°  62.94+6.14°

0.05 11.2120.71°  88.43+0.80°  78.94+2.00°  77.08+4.55°  69.44+4.81°  65.74+9.76"

KCl 0.1 21.85£9.75*  92.02+1.00®  92.02+1.00"  88.18+6.49"  82.77+2.61*  82.77+2.61°
0.5 27.9543.65" 96914275  95.16+531%  92.13+343"  89.04+4.22°  87.52+4.02°

1.0 28274824  9525+1.41°  9259+149° 8821243  83.46+2.63"  80.22+5.74°

4= 10.13£1.27°  78.67£6.36"°  62.10+4.77°  49.47+637°  30.5248.75°  16.34+5.18°

0.01 948+0.57°  83.93x4.73®  81.55+8.81°  72.62+2.06°  72.62+2.06"  67.86£6.19°

0.05 13.8124.96  87.69+1.12°  8338+4.81° 75374225 75374225  73.15+5.78™

MgCl, 0.1 17.8124.46°  90.42+3.15%  85.00+4.33"  81.67+10.10™  79.58+8.87"  77.50+6.50"
0.5 20254670 90.55+6.38"  83.87+8.11°  77.20£9.92®  75.69+7.98"  72.55+6.51%

1.0 30.53£3.15"  91.79+3.39"  87.53+2.93"  86.14+3.81°  83.47+6.12°  81.88+3.41°

=8 10132127 78.67+636°  62.10+4.77°  49.47+637° 30524875  16.34+5.18°
0.01 560+£1.519  85.11+429"  75.56+7.70°  68.89+10.18"  62.22+3.85°  50.00+10.00°

0.05 561£1.52¢ 82224135 75.56+7.70°  65.56+5.09°  62.22+3.85°  56.67+5.77%

NaCl 0.1 12.95+1.46™  89.93+1.01°  79.87+2.02  76.16+827°  69.12+13.15*  66.09+£9.23°
0.5 17.38+0.80°  91.48+1.92  87.91+8.09"  84.25+5.11°  80.59+7.95®  80.40+4.67"

1.0 24.05£6.70°  92.524395°  89.23+599"  87.01+4.83"  85.67+2.95°  83.71£6.31°

=8 10.13£1.27°  78.67£6.36°  62.10£4.77°  49.47+6.37°  30.52+8.75°  16.34+5.18

0.01 6.44£1.25%  79.44+4.19°  61.67+12.58°  58.89+839°  58.89+839°  38.33+12.58°

0.05 5.17£1.30°  82.78+7.52™  69.7249.14*  58.89+839°  58.89+8.39°  36.11+£12.73°

FeCl, 0.1 14.65+2.58"  85.61£2.91™  76.57+1.42™  74.724236°  67.52+148°  67.52+1.48°
0.5 14.81+438"  9222+428"  88.61+2.68°  87.50+4.17°  87.50+4.17°  85.00+4.33"

1.0 2025£1.27°  91.65£3.62°  85.38+3.67°  8231£1.04°  79.12+3.76"  78.14+2.73%

2= FRTR, 0.01 mol/L A1 0.05 mol/L [ K'. Na*
PAJ% 0.01 mol/L ) Fe® AT LA 35 1 i B 2 Ao A
0.01. 0.05 mol/L K K'AJ LLHE i B i nH ng

0.05~1.0 mol/L [ Na" A $&f f BA RS k%, 1.0 mol/L
() Ca™" . KIATHRmta I P BB 1k, A B PRI B 5 1
D) R ARG £ PR S PR R . MELPER AT o FH S FR R

251
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AR FEAS IR E s it A S R o f s, PTRE RS

H1 T FH S AR SONTAR FE AN R R RE Mt 2 £ B 1

TRELEM . R (JR95) WU THEMRIISCHE . RO

O ¥ IS AT AT, G AR RE AL, A
ST LA T ST RFE o

24 Rodh PR LS TR IR M e gL

ddc3: 520!

IR SRR B T AT R, R BT SR,
B TRIKEE G K IE ], REFEM-/K S R A
REFRAE R VA, 3 3 PRI AR AT AR ] (R T 5k
TRAFMAE ;W AR AR AR P AN
MBI R L RIS A AR HEN, AT AR

24.1 PFEBE-F ;&R RAL L R AL BRI EY
Bh

3R, LI BEPH I R BRI PRI
ANEPHE FHM SRR, B FIREA—FE, Xta
FRECt P R RE B R —FE, JLrp Ca®' Mg e
FEARDL, AR EL TS Na's KR Fe' tii
ok eI )=l p i 2 ey 1) =i S I B ) | B = 5y o
FHES TR0 1 PRASRIAH () B AT R, B 52
BRI A5HE . B S0 DL IRBE IR %2 oK
GIEIR LR 4y RN, i Fok it —
SEMIRANA. MM 0.14 0.5 1.0 mol/L WEEf Ca®'s 0.5
mol/L 1 1.0 mol/L ] K* Na"bAJ% 1.0 mol/L f#] Fe*
50 B (Y A P 1

M 1~4 w1, PRABHES - BE TR AR Ak s 34K
ZARML, FTAMNEEAARTE , Ayt Rs e Ik BT 1] F) 38 o i
BRAR; (EAE TR RE R AR — AP T B, K&
7E 90 min Jo SRR EME T REIREEI/D, BT PR )
Ab, BHEFIEMRIREERT, AiAs e R PR R S
Jall, BHES TRy, AR E . FHA 0.5 mol/L Al
1.0mol/L 1K'y Na'. Fe’ ittt PEaT
242 83T &R RIULHER AL T
G

FLLIAR AT, A RE /15, @
I BH B X0 A A AT R

FLAE R B IR B B AL AR, A
WG, (HAEALL T/ MREEAAL, LT R . Ca™
X P PERZ K, 76 0.1 mol/L I Ca® T BRI 44
Ko AFEIFHE TR IR I AL — N R
K, Ca*". Fe’fF 0.1 mol/L i}, K'7E 0.5 mol/L,
Mg”7E 1.0 mol/L if, Na'¥#JE>h 0.01 mol/L ¥ B
A Bl BTLL, 7R3 =t B AR FLAL PR
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R T RIS e
&4 TEIRE 5 MRS TR RIS EM
Table 4 Emulsification and emulsification stability of 5 cations

with different concentrations

BIAE  RE/(molL)  FUkiE/%  FUARE /%
g4 31.33£1.34%  4.42+0.22°
0.01 41.98£048  8.43+1.67°
0.05 4329+145*  7.00£2.70%
CaCl, 0.1 43.80+£2.42°  5.81+1.07™
0.5 3531£1.85°  11.72+0.71°
1.0 30.24+4.90°  12.42+131°
g4 31.33+134%  4.42+022¢
0.01 42.58+0.48>  71.11£15.56
0.05 432120.12%  65.35+17.97°
KCl 0.1 42.04£043°  49.13+3.18™
0.5 44.88+0.09°  44.52+4.23°
1.0 43.82+1.28%®  36.92+4.90°
g4 31.33£134° 4.42+022¢
0.01 42.58+0.48"  23.56+3.00°
0.05 42.58+0.82°  27.87+5.86°
MgCl, 0.1 42444036  16.09+1.99°
0.5 43.14£0.25°  12.53+4.08™
1.0 4339046  9.78+0.19%
Eog=) 31.33£1.34°  4.424022°
0.01 43.80£0.56"  40.69+22.30°
0.05 41344028  27.86+2.58°
NaCl 0.1 40.85+1.88°  21.13+6.95®
0.5 41.624091°  26.58+6.13°
1.0 39.61£0.83°  25.66+4.11°
ZH 31.33+1.34° 4.42+0.22°
0.01 42.9240.71°  92.29+£1.99°
0.05 45.02+0.72°  63.07£7.30°
FeCly 0.1 45.12£1.76°  24.79+3.95°
0.5 43.40£1.03®  10.76+1.1%¢
1.0 4404049  16.33+6.91¢

M 4 158, FuAbRase MRS KR B hnim w & 4
i, B Fe’ MR hNsE SURIBR G AT Fa; B Na®
A Ca” R IR IS N E PR n. 0.01 mol/L Al
0.05 mol/L [f] Na* Fe* I FLAL ke g s, HU2 0.01
mol/L F10.05 mol/L i1 K*, Ca> fFLALEaE MRz,
Mg> W EH 0.05 mol/L I, FLALAE E MR LT«

25 BRI, BN 0.14 0.5, 1.0 mol/L W Ca®'\
0.5 mol/L 1 1.0 mol/L i K" \Na"LL & 1.0 mol/L ] Fe’*
it BRI PR 5 DN K. Mg®'. Na', Fe™*
PARARIRE Ca™ I, AT4 st LAk 1
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3 Z5ig

AWFFERIL, ARHKEE (0.01~0.05 mol/L) ¥ Na'.
K" Mgm /T LARE G G, Hhnta B i iva
RIKFE (0.01~0.05 mol/L) ) K'v Na'f i B BIA R
AIHE B R A B P o BEPH B TR B, A
FERRAR PELIEHERRAR . SR oy S IR ek, 52
WV /) s TATRG T AR A ANEIIN s AEAE (0.01~0.05 mol/L)
()K" Na' LUK Fe™ Rl LA N fes BA Rz FroAe S5 AN g i
Horb Na" SR =ik (0.1~1.0 mol/L) I K.
Na'.Fe’ fieufa e M s KK E (0.01~0.05 mol/L)
1) K Na FLA0AR @ M B s B M B (0.1~1.0 mol/L)
[ Ca®. K'. Na'bAhe Fe it B (et Mo,
K'. Mg™. Na's Fe’'DARARIKIE Ca™ I ml 4 mfa
BRI TE . DRI, (RIRFERD KTy Na X Bk
IV E S aTE VNI e S I et et 22 o e SN U AL
PEL R PERNFLA X DA 7 T 43 B i AN TR PH
TR BRI REPE R I5E ), St — IR AR T
Ji2 2 P T REVE R TE & SR R R IR A FR AL T ER
filh
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