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Abstract: In this paper, salt-reducing gel based on soybean protein isolate-polysaccharide-cassava starch was constructed
with konjac glucomannan, carrageenan and xanthan gum, respectively. The results showed that soy protein-Konjac
glucomannan condensates and soy protein-carrageenan condensates had strong retention capacity for sodium ions on pig

tongue, which was conducive to salty perception. Electron tongue analysis showed that compared with carrageenan and
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xanthan gum, the salt-reducing gel system of soy protein isolate-Konjac glucomannan-starch (ST+SPI-KGM+1.5% NaCl)
and 2% NaCl starch gel (ST+2% NaCl) had the most similar saltiness. In microstructure, SPI-KGM and starch were cross-
linked to form a continuous and dense network structure. X-ray energy dispersion spectroscopy showed that sodium ions in
ST+SPI-KGM+1.5% NaCl presented an uneven distribution. Compared with 2% NaCl starch gel, the water holding
capacity and texture properties (hardness, chewiness and cohesiveness) of soybean protein-polysaccharide-starch salt-
reducing gel were significantly increased (P<0.05), among which ST+SPI-KGM+1.5% NaCl had the best effect. The

concentration of NaCl by soybean isolate protein-polysaccharide complex condensates to regulate the uneven distribution of

salt in the food substrate could reduce 25% salt content without reducing the saltiness. This study developed a salt reduction

gel system with uneven salt distribution while maintaining its texture perception, providing a new idea for reducing the salt

content of starch-based solid foods.

Key words: salt-reducing; NaCl; starch-based gel; soybean isolate protein; konjac glucomannan; carrageenan; xanthan gum

Fh (FZLRSr A NaCDTEESHH HAT IR | 45
FE YRS SR B 70 A5 AR, AT LA™ S R
PEREFE = REE R A L = S R T DA
JRUFILC 11 A5 A AU 38 I LA G, B4 BREs —
KPR FNFE T AR B RS PR ZR P, 5 T A 2
(WHO) UK ER A HE M 8~11 g/d (R AEK 3000~
4000 mg £ ¥/ F] 5 g/d(5iAER 2000 mg 44)5), {H
IS AETE PP RN ERIBARIE O £ 12gd X
E4, HAT, TR EZHCR S EZK, B HER AR
75% S F N T, AR ML B L TR P
TIZE P, R A 2Ok A 2 AL b s i JasAe),
P AN S E PEfhiT, AR 5 g Eh T4k
Hr XU 5 R AR 23%, O UL A5 I 905 A2 I 58 [ A1
17%0, PRIk, 38 i SR A: P AR T i ek 2
E AT AT 2 R AR 28 AR P A i S5 1A 2%
SN, I H R AR5 AU 1 ine L AR 2 1 7
hZz—

XTI T SR aa IR SR, A8 T L
A RIS SRS, GRS AL LRdr il v sk nl B[R]
By . PR RIS S 00 R g 5 L )
B S TPR BN R A TP AR AN S
G341 VA BAS G ER g AR Z5 7T X — e [E A F 2
BT AA R S £, AT . W AN i, AT LAGE aod 45
BT T ER AN 5 23 A1 53 AT RSO S5 A4 A 512
YRR, (HASFZ M R TE R TR, eIt 253
B TR BRI, T B A LINZS 25 R AT B TEh P
HEPHL, BB, (H B — B AR T R
PR - AR R, HARp AR 22, THIVER S PRI ORI
B/ D P BERREICH AR AL, SR -2
BEHE P 265 280 HE B i P A LR 2, REAS S il e — 220
SR TS R 22 M Y . Gao S8 A4 g =
) H R BNENCER LT 42 (- BRI ER B, Sk
FHrF IR EAERIE L T i SE . BUR M) =482 55
JEE P 2%, BN 5 T3 A A0k ] s A R P 4 25 e Y, e
T A T N R R TRT, DTS i s bR s . 7R
P/ 22052 5 BER Y IR 18 S 22 i Fe AH B AR RN
R S S S TR ICR B, T PRI 3 R EL
P F pH™ I, AW E 43 5 A JBE 24 H SRObE . <A

B L BRSO H 43 B AR Al L PR T JE R -
WA B BER Y, P4 BN 28 A ek R e
T2, Ha) 3 R 7 4 8 A ) - S A RO - DE M U R B
e ROF 5y B R - R PR - M i R 58k (ST+SPI-
CG+1.5% NaCl) . K555 2585 -2 5 R -TE R vl R B
JBE (ST+SPI-XG+1.5% NaCl), Ml T K T4 85 -
ZEBEIE A Tk TR XN S - B A RE T AR [l ik kB
AR Z2 AN ES T3 AT TG L, 030 T AS[RlysiEh B A4
FOTEOEEHE | JERARETE S Rk BE F1 IR D40 S TR
FBILER, B AE R B AR I £ v 5 5 i p R 2%
1KY
1 MR5RE
1.1 MR5EE

KEFEFEA (MY, 26E>99%)  IHUTILFA
W A BRA F s RPLR (B, 4liE>99%) | B
JERE CEL b g, 4lEE>99%) | A3k (B g, ol
>99%) VA IRAEYAE BRA Al BE A H R (&

mE, AEEE>99%) WAL ARIEE AL BR A F s 8
M 4 el iR sa MRS A FR 2

s EALEN . SRS . AT | BRIR AT Sbral, T
ARPEBAL T Oy BRON F s 2GR eN sbrat, i
BT 37 T A AR Oy A RS 7l 35 B AR e
ali, LR A A R

L4-5K &0 s 0L I vl R A
BRZ>H]; FTC AR JE[E Mecmesin 2 ] ; WSC-
S (224 [ H OSSR A BR A F] 5 Ts2-FL {3
BHOCEMEE  dbat KA SEAIRNE A BR 2N w5 DF-
101S PG IEINRE TIPS R TGRS
FHORAFE EYELA W URTRAL 2 IR TR
4NFls iTongue 30 HEL Ty WiVLHiBMY A& BRAY
H]; Oxford Xplore 30 GBI LA HARFBHEAT
BRZNE]; 255] Sigma 300 L F R FEERR
K E] N F]; TSM-Pilot JFEF 53 ML JEE FTC A+,
1.2 LWHE
1.2.1 SPI-ZWHEERMIMIHIFE SPI-ZWEE GHER
Pl ik S 2R 8 Tk, HilAE 1% (w/iv)
SPI Y5, 43 SIS A 0.25wt% 2288 (FE =38 H 5
. RPI . FIERD, 1.5%(w/v)NaCl, £ 3000 r/min



- 46 - £ Tl B4

2025 4F 6 A

W EPE 1 ho 1 mol/L HC1 #4715 pH4, 45 SPI-
ZWHE GHEERY) .

1.2.2 SPI-ZWHE G5E R WYX 4N i Zh B O- 58 I
43 9 52 SPI-JE == 75 H 2R W 2 & & 2R ¥ (SPI-
KGM) . SPI- R IR E G &R (SPI-CG) 1 SPI-#%
JEUBE 52 4 BE R W) (SPI-XG) X 4N I B R B, =%
Li £ g, AZRES ok Xt i, 3% B A Kilgk
JB& SERIREIARTEAE—4 °C VK Lo FE5 BT s 43
Y 1 em?, JE 1 mm FYERTE . 0.005% (w/v) 20
RS SPI-ZHHEE RIS WRIR & /5 MRS I, 48
TR EE T 45°MAnEai ) I, >R 6 mL/min 1Y
TR FH N CHEE AT vp e, ZEATRMAFR (0L 1. 2. 3,
5.10. 15, 20 mL) Py N T-MERR SRS, SRIHZEG W%

WYL 7 A CaCl,(4 mmol/L) . KC1(10 mmol/L) .
NaHCO;(2 mmol/L) . NaCl( 7 mmol/L) . KH,PO,
(6.7 mmol/L) Ff% B R EE 1 (1.0%, w/v) o

1.2.3 KRG 5 B8 -0 -TE 7 vk 558 I 1 i) &5
S A 5y K 15%(wi/iv) A 25T R 4 B O ik
1.2.1 [ SPI-E-4 H R WEE G HERY) . SPI-RHIKE
A EER YR SPI-w 5 R 5 5 BE IR W) 43 #UIAR & b,
B AIE, 76 90 °C /K HEREINFR 15 min, {2
SEAEBERAL ST AR B SPI-JEE S48 H SR - e il Eh i
Ji2 . SPI-RPLIL-FEMI R EREE RN SPI-78 I I -UE M vk
FREEIE o XTHELH N 15% (w/v) KRZEETER BN E] 2%
(W/v) R, 90 °C /K INF 15 min JE Wl GE 5
BERE o

1.2.4 BREH BEVHMS%E Wu S rikItit
ITT iR, BREEMRAIE 20 A, B 10 A, &
10 A, PR £ i A A NaCl 3 )3 (0.06., 0.12,
0.18. 0.27 F11 0.35 g/100 mL) HEFTR IV, DLiE N
PREE R A PRl ROBE IS EE . T A BEICAR AR K
INGE— R 1.5 em IE 7R, F =0 BBE ML S At
{HFHER 1 5] H A 100 43-F5 vE X BRI A9 53l | 23
£, BRI SZ R | NI 32 FE A TP o

1.2.5 HFEHESHNT B S g BERFETIIA 35 mL 2%
187K, 4000 r/min FIFEESC> 10 min, B 5 BAHE
T W A2 R, AN A AL B2 i B RS8R S
10 Hz, S2 10 Hz, S3 100 Hz, S4 1 Hz, S5 1 Hz, S6

10 Hz,
1.2.6 i F BB MER MO LE ) KB TE
—80 C VKA ¥ 12 h J5 AT E 25 VR T 4153
IR BERE . WP, FERE s EE e & L, SR
Ja A WA UES, s f R 5.0 kv,
1.2.7 #NICE O MIEN BRI ITE A R
X SIEREEL OV BRERE AT o BRSO S PR TR
JEUH T EAS VR AR TR, KR TARER DI AL 1 mm JEAGHE
Fr, SRAABERYAE 20 kV g g [~ UEERE S Mot
1.2.8 Zitsrtt
ME L. o b"MH.
1.2.9 JBAgRrERIE BT R ECA 2.5 cm
BT ET 19 A 50T, J1 2 ot 3 F 500 N,
FEAF E 43 LE 50, KAMEEE 60 mm/min, #2457 0.75 N,
AR AOTEE 32, e | MEIE A Py BT
1.2.10 /K G J1 09I 2 #F/KGE J1 =% Zhang
SEUT RS, AR . B 3 g BEIRSIA A =2
PRACHY SRS A8 T, (TS AHL 4000 r/min 2500
20 min, ARPE AT BRI AR,
K #(%) = m,/m,x100

o m, TR B RTEER B m, R
o BRI B B o
1.3 IR

TS S B A 3 vk, 4R P (bR v 22
7N o K FH SPSS 20.0 #4447 B 2 7 22 43 At
(ANOVA) Fll Duncan ZHE &K 4. P<0.05 £RNEF
HA BEE.
2 FERE5HH
21 RENBER-ZRBREARERYMNNEFFE
B 1320

e T I BERREE X TN e e O R Y
BRAVE—PNEZEEZE, B 1 FHT SPI-KGM,
SPI-CG. SPI-XG FIZKAE S E B A58 T _ Lo GER
AR BT OL . DIZRACERE R IR, 35 P
M4 1 mL AN TMERIE VRS, 28GR B i F kb, £
5 mL A TMERIE VR TGS IEATE I, SRR
FH L, SPI-KGM. SPI-CG #ll SPI-XG 4 %E K 4N e 54

RIS B S0 BT (2 254 53 531)

R AFIBERARR AR EPE i

Table 1 Sensory score criteria of different gel systems
AR
#4H(100%) B (20%) BEQ05)  RRIEEA(205) HEE05) ity ot
120 VS RARIE BB PRI e g wok mipsghen T

PR, RITCRYR

SERBOTECE, WA, AT A, IR T,
B R RPUR AL, SR 2R

ZAL IR S, SHERE%, BRI
6-10 Terkliss o Ee

1~5 LSRN, A IIE

11~15

WEE

HEREEE,
A

IR, JEASURL IR, o7

JREGR, HRESHEZ 1SR, WA AU IRR, TGS R 2

TR FRIRERE I TURARAE, ORI, WA ik A
TRBARIR, A BEdEsZ HUAR, ABORLER, A I ek RREEEZ




%465 B 11

WRBEL, 45 KEMEEA-ZPE- TR ER B R A S AR BT - 47 -

1 mL 2 mL

SmL 10 mL 15 mL 20 mL

IEI 1 jt‘?‘éz‘h&iﬁ[él LA BRI BV i B O BE T R

Fig.1 Effect of soybean isolate protein-polysaccharide complex condensate on the ability to retain sodium ions
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Fig.2 Sensory evaluation of different gel systems
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