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Effect of pH Value on Gelling Properties and in vitro Digestibility of Heat—-induced Gel from Tilapia
Protein—Soy Protein Mixtures
CHEN Ai-lin, LIU Man-man, ZHOU Chun—xia, HONG Peng—zhi"

(School of Food Science and Technology, Guangdong Ocean University, Guangdong Key Laboratory of Aquatic
Product Processing and Safety, Guangdong Marine Food Engineering Technology Research Center, Guangdong
Modern Agricultural Technology Innovation Center, Zhanjiang 524088, Guangdong, China)
Abstract: Tilapia and soy were used to extract fish protein isolate (FP1) and soy protein isolate (SPI), and the
heat—induced tilapia protein—soy protein (FPI:SPI=1:1, mass ratio) gel was prepared. Thermally induced gels
were used to investigate effect of pH(6.0, 6.5, 7.0, 7.5) on the gelling properties and in vitro digestibility of the
mixed proteins gel was determined. The results showed that at pH 6.5, the elaslicity modulus G' value of the
tilapia protein—soy protein mixed protein gel was greater than the elasticity modulus G’ value of the single pro—
tein. The pH value affected the hinding capacity of the protein and water molecules, making the water retention
capacity of the mixed protein gel at pH 6.5 stronger than other pH values (P<0.05), reaching a maximum value
of 84.02%, which was consistent with the scanning electron microscope results. The network structure was dense
and smooth. At pH 6.5, the digestibility of tilapia—soybean protein thermogel was 91.57% higher than other pH
values (P<0.05). Therefore, by adjusting the pH value, the gel properties and digestibility of the mixed protein

thermogel of FPI and SPI could be improved.
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B2 AR IR, 2018 477 R 1A 162.45
T3, FRFALE R E R A, 05 B E H (fish pro-
tein isolate , FP1) & FRMHE & , 5 TH A2, B0 3l #
I EEORTE . MMEIUAE O RERER, 2 EE
M EEAR ARG EE A, B F
ARBHENREAY, SEGAEMALLK, A0REE
FA AR e 5 Bt €2 i 0 5504, T 415 Ay g P o B ) s
428 O o {ELK 7 28 I BRI 2 B T R v R
BB 58 BEAIG , MR AL 1T 32 B PR§¥. KEEEH
(soy protein isolate , SPT) B4, ¢ Th REHFPEZE 1, & —
P EA AT RFGEME | B E IR MEL D R XUBR B £ R
AR AR & R A Bl ) 0L A B AT
RIEMEA, XA L R R R 45, BFIA
“f R 20307 LR 4 K B R A A Y I R B 5
PHR1(2017 4£~2030 4 )7, FHFRERY, RAEA
REEGHEPEHRSTRERL -HHNERA
R R R AR TR HE, RS B E B
R A,

HEFRATREZRUARAMYERS .
FRA RIS EA R T —E LLERRA G,
B RS EAY, YIRA PR RN L
LEAEHERE , XANRATER SN Ty A 8
PREERRE . BAE A Z AR LA FTE RRRE R
SEHRGEHA , AT i B B A R AR TN, A ATIE R
B, BN 1% T AER T AR H , W] LAY T fafh
BE P A R 2R K A JUUSR 4T 4 3R 1, 494 50RO MR 3R
BEM; BRINAEAE S B ) RS SR LR AT 4 TR F B
FRRE K P (BB IE TR BE AN , GEBERR 5H SE K™, pH
{H 2R R KRt AT B R A R L, SRR
F B4 F 45+ KR B 5 e R K A AR S 25
ARSI RER . M, AT A S E 1 2h
REE AP S, BETAR R pH AN B HEAER-K
SEH (FPLSPI=1:1, it 1 )R & R R 0% 3 BRI AT
PERIE I, B BRI T AR R R
i, Shy 7 2R SO0 1 A ok o A8 0 T £ 9 443
HISTR S,

1 MES5HE%®
L1 MRS

Z e VLK 5 s KGR BUE M E
18 10 (43.7520.06 ) %] . WHLIRIM =28 W0/l kt s B
HHEF(15 000 U/g)- B8 -1 B8 (350 000 U/g) : BfHr T
AT R =R P (G ohrbral) . U pE A2
A A BRA T

Avanti J-26sxp 7% Hb 5 B8 VR B0 ML : £ Beck—
man A ¥ ; VAP-450 B3Il E R : #EE Gerhardf
7] ;NAI-CCQ-150s ZR [RAh 225 : [ MR N B IA%
A PR ] 5 NS810 4-6M 4% B h = R AL A R
/A 7] ;TMS-PRO ¥4 Bt (Y : 2 H FTC A7 5
MARSIII BB AL R 24 34X - FE ) HAKKE /A 7] ; JEM-
7610-F 48 B 8% : H A JEOL A7l
1.2 Kk
1.2.1 FPI %I

BUETE B AR TTIB P ZeE, F IEURHLE 1:9(g/mL)
5 vKZ& /KA ¥ 3 min, WY pH HZE 11.0, BiHE
#2515 min J5 BS.0>(10 000 r/min, 20 min,4 °C), Fi%
W pH {E ¥ E 5.5, %.L>(10 000 /min, 20 min,4 C ).
VKZEIBK S BUTNE , pH (A E 7.0, BH R % T &
H. FPLEH S & 7(90.02£1.07)%,

1.2.2 SPI %

SR TR (100 B ), FREBE EE 1:10(g/mL)
5k /KIRA K 3 min, W5 pH {HZE 11.0, ik
#2522 h JFE.L>(10 000 r/min, 20 min,4 °C), L34 pH
{HVAZE 4.5 )5, FE5.0>(10 000 r/min, 20 min, 4 °C), VK7
K AMBUTTE, pH HIFZE 7.0, BNEAHTEREH.
SPI {948 H R & 14 (80.85+0.65)%.

1.2.3  BhaSREREAI E

2% Buamard F T EHEB B, B—EEW
VKZEIE K 43 3im A FPL.SPI.FPI:SPI=1:1 (JE&H )
A3, e YR 12%, VAR pH {HR 6.0.6.5,
7.0.7.5, 6 B AL F B AR (X, B3R S 24 3 mL
TR L, S G A B A A S B 1k iz AR v
KAER, FBSHECH PRI A ER 35 mm, HkH
5 P35 TIL, B2 /E] BT 1 mm, FHETE 25 1T~95 °C, [EiR
FEE 95 T~25 °C, HHEH 2 C/min, HiH 0.1 Hz,

1.24 BERHIHE

¥ — & B AUk 7848 K 4+ 5 nA FPL.SPI.FPI:SPI=
1:1(RE ) a8, E e B EKE N 12%, 817 pH {E
4 6.0.6.5.7.0.7.5, R H = Beanpik (40 cCHukb 7
1 h,90 CH AL 40 min), KKB¥H 30 min,4 C
BB
1.2.5 BRI B

B% Zhou My IFREAER B . TEA NS B
& BHIEHELEZ N 5 mm, B % 1000 N, A5
K 75%, #2471 8 0.5 N, LA 60 mm/min B2 3 7 SEP0
WEESAHRES, [RIFRR S s, 0 52 R ICOM BE R B | (e
BEIRR R T AR,

BEHE R /(N -mm ) = BEHT 7 (N )xBE B (mm )
(1)
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1.2.6 EEBRKERTE

% 1.2.4 HI&BERE , 2% Wu 990 7 B Fue A
g, FREmRELD Wl(g),%ﬁill‘(S 000 r/min, 15 min)
B2 KA, BRRBRIC Wa(g) , RKYERE FEAX
HH,

Bk /% = Wo/W, x 100 (2)

1.2.7 BB H BRI E

S Niu 0 BB . AaEM0E
BEE, S 0% L") o (O /4 6), b (/i
), BEEE A AR R AR,

W =100 - /100 - (100 - L) + a? + b” (3)
12.8 HbBEEWE

ZE RIS R IR E . H R R
VIKIRE R 5 mm, A 2.5% pH 6.8 B _BEREE 12h,
BERRER 28 pPE (0.1 mol/L, pH 6.8) R WYL R 15 min,
EHIW, EEH DI 50%.70% .80% .90% 7. BE 4%
BH 10 min, /K ZFERHL 15 min, HE 3 K, =&
FGERER 1 h, ZECHUT BE 11 (AR )IRA WOR L
15 min, 100%4 T BEES B B 15 min, HSRHETH.
R it SR FH B8 00 S B JBE v 88 7 S A T L B
i, DB LGOS
1.2.9 EIMEACRRE

2% Menezes ST LI MEVEB L, RSN E AL
BRI s B PR B R R P T A R . 4% 1.2.4
BEME, FRiE BEBERE I BEBE A 100 mL HCI 75 &
(0.1 mmol/L,pH 2.0), 3B BT WEHRSEN
3 mg/mL, B0 0.33 g BE M, 37 CHRMA T KBRS
1.5 ho FH 1.0 mol/L NaOH HFIZ pH 7.0, JMAZEHEH
10 mg/mL JBEZE 5 B -BERR R 22 ph VA, 37 CAKIB R
FZRE 3 b, IIABREREA H 1E SR, A FH 2 T 1 52 1 v
EHEAFEATR. QEASEZESIICEREN
SERERE OISR, WINEEREHEARIT,

Witk3/% = Q‘E—Cﬂ—xloo (4)

R :C ATHARTH EE R & &, mg/mL; C, HiH
WERMEO SR, mg/mL,
13 ARG

R Origin 9.0 B4 HATLE , BARRIA) 2%
=3 A SPSS Statistics 24.0 343474012047 o
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Fig.1 Effect of pH on heat-induced dynamic elastic modulus of
tilapia protein—soy protein mixtures



ER®TR

RAMASHR

202143 H

WA 1 frs , FPL Y146 A6 BB R (E 486 K, SPL %
f s, FE R IR BOHGR BEAR , YR BEAK , ¥ B i
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KR, FPL (G5 REAR R G E T, 25 X118 EH, &
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K, e BV IE A P 4 D00 4% 5 v gl (8], 5 MR B BE D
PR ; SPT (9 7S F1 118 HASHEIREE 2 HI7E 75 CHI
90 M, YIRBEEM 95 CHIATIE, 7S #1118 Fe5r 26k
J& , BN FIRA B R W2 6] (4 e B A A A
FAHSSR, G EPEY K, W1 8 8 T FPI, BERAFHE IR
BABEEKRRLE 41 CZHT, BEBTE AN B W 45 45
F ;41 C~46 C, B EIFIRZEM: , 304 BREE ARl , 1
B A A, R AR RRRE LB & R e
L5 S BB 4 K ™;46 °C~95 CHEBIFH S H AL
SRR, 4 FIAEFGE TP AR EER . TRAEA%E
JBe£E pH 6.5 B i G'{E R T4 pH 6.0 BfFY G'{H. AHF
%KW ,pH 5.5~6.0, KEZHEH 118 {EAEARE R E2EPE
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.E 00 [/
=
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Fig.2 Effect of pH on the texture properties of heat-induced gel
from tilapia protein—say pratein mixtures

P 2 frs, ZERRNeN Bl P, FPT B e i) Bk JBE 5
BE BV T | R AR B S B pH A28 K T
W/ 5 SPI 8 Bx 4 BE B pHL {6 Y38 KT/, HL SPI
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A AE B RS FPL AAE B R EEYE (P<0.05),
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Re7K PR WL 3,

CC FPI 2 SPI & FPI:SPI=1:1

=]
i
% ’_i -
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S
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pH &
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Fig.3 Effect of pH on water holding capacity of heat—induced gel
from tilapia protein—say protein mixtures

R/ BB e P R LB S KA HI S AR EE™, 4
Pl 3 FF 7R , FPT 8 1B 049 45 7K o He SPT 8 B #5 k 55
(P<0.05) , BERSK A M R Z RIS AR BR, B
% pH {H L7+, FPI BERE 0 +5 7K V2R W58 (P<0.05)
FPI 1 SPI iR fi , pH6.0 ~ 7.0 B, AR R I BB Fe K
PEHA 8.5 T FP1EEBE Y RF/K 1 (P<0.05) . ATER SPI
PR e 2 3 AT i i UL s T 4 2 11 A SPT 22 8] £ 4
HAER, S8, K S EARSARENR, B
B— LRI = HE N RG5>, pH 6.5 B, B AEf-
KERAEA AR RKEM T pH H&GTF
BAEARERFEKEN®R, AFERKXKEN
84.02%. T GEZ pH {H £ 5 O 7 T i 3 FAL/E
RSB EE AR, AINEmES KRSk
THEARES™,

24 pH {EXNEAE HEHK AR

pH {EX F B A-KEE AR A NB T EK
H BEREm L 4.,

TP 4 fif7R ,SPT & FPI-SPI B4 2 H BB i
BE(ESSET FPLEERM B, XWBBS KEAEEN
A ESMBIEA X KEABERABAME, ¥ SPLEM
B FPI il iR , L FLBE T B, XN R 5 £ 1™
F G5 5 —3, SPI (BRI & AR LR &7 4 28 1 s I 1)
H B X TR S AR WSS , pH 6.0 B F E{H B E
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jor >

FEE
8
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Figd Effect of pH on the whiteness of heat-induced gel from
tilapia protein—soy protein mixtures

BTHE pH EAA FRHEME. APFEERY, pHE
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P, TSR A4 1 BE S B B AR PR BB ARG, R
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HRFFERY S IE pH 6.5 I 1 BB MR BE B, IR
HIBEBERE Bk, T H BEEMSTR AL pH 6.0 i A BE{E
BR,BORE T HEAURR THEAREE RAR
JBE , AR MR R TSR A A AT M, BUR Y B 1 TR IRk
U] BE R BOE 2 KM BEBER T B4, M ifl BB
W B5E , X BB S TRA 8 H R ORI K.
2.5 pH{EXNHRESEBSERERST KR

pH X & @B - KEE AR AR T EEK
TR IR I 5.
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SPL ¥ AR IAERLAT, B3R 4 T AH LA HI i itk P sk 2
AR T 1R B4 AV T, T IR IR 1 P9 £ S5 I B
LR H AL /N, it , SPLBEBEFLER Lt FPIBEBE/N, 4+
#i¥y’s]. FPLAI SPLIRA BRI S FPLBEBCAH LL , LB
/N BUREYS] B . ATRERBAE B R TR
TR , L R AT R R, UL DR ET 4R 28 1l 1 kAR
RAAM_HmBES KRG EEOS TREENES, 8
MG 2 BN/, 50, XA G EE
FRZ B VE R ISR, T2 BB e ) 45 5 MY S AR
5o HHHE pH ERATIRAEORSERTE pH &
9 6.0 W H BB N 2 AL BV BOR PR, B R
KA E RN B R , Rk BB S 22 , (R HE U
YER, HETT 230 NS P2, XANGR S — B RAE T
pH 6.0 Af I BE(HI KRIST 8. HE pH HEAH TRA
B H RS RE 2 FORAL, HoH pH 6.5 &4 FiRE
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Fig.5 Effect of pH on scanning electran micragraph ( x10 000 ) of heat-induced gel from tilapia protein—soy protein mixtures
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BN TESEEY EARMCANEHH SRS
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Fig.6 Effect of pH on in vitro digestibility of heat—induced gel
from tilapia protein—soy protein mixtures
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