1% %170 S TR e ol i o A =3 Vol. 11 No. 17

2020 49 H Journal of Food Safety and Quality Sep. , 2020
KEE, AR, £ % ETHA ARF SRT "
(1. M ZREERDE A B TR e, RIETLE AW 525N THE AR, BRI 150076;

2. FAbfl R B S BE, /RIS 150086)

B E: BN TIRAHLKIME18 °C, 2 d) F K E 4% H (soybean protein isolate, SPI)Z5 ) AE L LI K 3% A L
AP ARG . SPTEACH = . JEM AN Eh)%F SPT IhAERFIEMI R, 53k RIS . his & Lk
B KPE TR TR AR SPL 25462, Sl GRAK R |« Dbt K FLAR R AR RIS v R A5 106 TR AL Hh L A2 P vt
SPI ThREFRFMER SN . R WS SPI i #i L & it FFE 0.75 pmol/g, FRFEHIIE . HHE S /0 HH
fNT 1.83. 6.45 umol/g, FIMHIAKMEH 192.76 B ZE 699.93, AN 10%5EMET . 15% SPI EARE A& . 20%3E
KA 2% B ER, SPALAAIAR R AAAFIAELRAKNE . PRI, 435030 30%5E R8T . 15% SPT U A HE . 15%TEH
2% LR, SPTALAAA RPFAFRAEFLERE G538 BRSNS SPI Z5Hy (ki mi i 2, HA& A L SPI JkA7
Y AR R A PR L DRI B LA S SPI 7EVR VR R it v 1 AR BE S 254K 46 .

XRIT: VR KRUaBEr; LAY 450; Thneketk

Study on the structure change of soy protein isolate in frozen pork balls and
the effect of coexisting substances on its functionality
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ABSTRACT: Objective To study the structural changes of soy protein isolate (SPI) and the effects of pork pellets
(pig fat, SPI substitution for lean meat, starch and salt) on the functional properties of SPI under freezing conditions
(-18 °C, 2 d). Methods The effects of freezing conditions on the structure of SPI were analyzed by sulfhydryl
group, disulfide bond content and surface hydrophobicity. The effects of common substances on SPI functional
properties were studied by water retention, oil retention and emulsifying properties. Results After freezing
treatment, the free sulthydryl content of SPI decreased by 0.75 pumol/g, the exposed sulfhydryl and disulfide bond
content increased by 1.83 and 6.45 pumol/g, respectively, and the surface hydrophobicity increased from 192.76 to
699.93. Adding 10% pig fat, 15% SPI instead of lean meat, 20% starch and 2% salt, the SPI coexistence system
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obtained the best water retention and oil retention. When 30% pig fat, 15% SPI instead of lean meat, 15% starch and

2% salt were added respectively, the SPI coexistence system obtained the best emulsifying properties. Conclusion

The freezing conditions have a significant effect on the structure of SPI, and the content of SPI in pork balls affects

the water retention, oil retention and emulsifying properties of the coexisting system, which provides reference for

the optimization of the production process of frozen meat products.

KEY WORDS: frozen; soybean protein isolate; coexisting substances; structure; functional characteristics
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WEE B Tk R, BRaE R hiE i Y
A R, HOLRAE TR AR T R
A ST BERE N T AR AR IR, KGR L5 1A
KA, NI LD RERet: . KEEALB RIS,
HF o TR sk, S8k R &Y, KRS EA
TEVE I P AR AR AR, Pikal Z5CWIESY & BRAE oL A2
S RO q 5 i w511 = R SN/ NN 71 72N % 3£
TE UM SR A A, I3 B R i e 28 VAR TR
AWFTERY, BV K T Ay B KA LR
MR TR RPN | BRI A . TR L G
ar P In T IE R, BRI SPL 4b, il F I
ZAEVRVRIRAT T IRAE, W PEBEASINEAR T . vE8) . Eh5E
AT (B H AT 2 L8R R A XS SPT Y ThBE
REER USSR AR A R A% SPT ThRE
FEPER 258 M /D, ORI TR URIFEE T SPI %
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PALEAS; SPT A A AR R AT B i s B . J80R
553 25, SPTHEME 5%, 10%., 15%. 20%., 25%HF&
HeBIEAC— B A, PSR BRI A TR &, SPI. A
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Hrh 73.53=10%/1.36x10%, 1.36x10* N EEIRISICREG s N
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Table 1 Composition analysis of soy protein isolate (n=3)

B Koy ML V7

AR K5y iR

Rz 3.42+0.17 0.07+0.02

90.51+0.23 5.24+0.11 0.26+0.08

T RPEE I bR 2
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3.2 AKX SPI HE., —HBEAERKEE/KMEN
A

HE 1 AT5, SPLAR TR RS, SR URIXT IR FE
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AR RE S R R S RO s S &, I AR
B S AT NS, B URIG R SPI Z544 1
FEUmENIE A s b IR EE K
G AP RS R BRI M, RRUS S B RS T IE
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el R R A U 20 R ER B ALY A R
S B TR 1 IR DRV AR AR B SR 40l e, NERSE R
HARER, WURMEMT SPI (i & i /> Fl s B s A £,

JE RO RV R A h At G S AL, SEEEORTE i A,

S B0 VRS RS I A B R TR R IV SPL.

M SPI LW TR RS, RmsiKMER 192.76 M=
699.93, 1iHHA A REAEIE N SPT B IE Bk Mk, 1% 5 NohP”
EMZ5IE—3 . Noh S5 IA N KGR 111 S SRR M 5 K 1k
R AL S o B K B 25 S T AR A Tl T s K
PERI, ERVRASTEE T, B s K D P 1 2 R
M4k B K PE ok IR 8 ok, i ANS ORI, )5 1)
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[ ] k#ukspI BURSPI ]

s B[ 7 7 17
g | = 600
S 20} ]
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Fig.l1 Effects of freezing treatment on SPI free sulfhydryl, exposed
sulfhydryl, disulfide bond and surface hydrophobicity (n=3)

3.3 ¥EBERGXT SPI £ EFMAERINEEMH AR T
33.1 B4 EAT SPI £ 44K 2 FRK R b 49T A

WE 2 iR, BEEFERRIDT & w3, AR R i IR
AR AN, ELGRI T B K AR A T S B, 2
FEREIWG & it el 9: L(SPLAE AR ¥ M3 6:4 B, ROk Hh 2.83
g/g BEZE 221 g/g, fEmtE 1.08 mL/g = 0.71 mL/g, H.
PRI PERE T Zho ZE0 R RRT. SPT K
3.55 g/g MM 2.43 mL/g.

B LA R, ARG o ED, W URIE T A
W R AR AR R T, LR R 2 AE SPI I8 URILE iR &,
JRWG & Bk, WEAEKEEAS RN & B2,
R AL B AR FH R T SPT ¥R AS P B2 vh kB R, (i
5L E AR 2R 14 N AR R R A E A 1 SR R REAT R 1) 2
ERWSIRZ A, IWE/NT SPT SimARMZS A58,
RPREAS T SPL MLRPE, BRI T K orF 5 8 R m b
SR Z [ A EAE T, Ko TR 4§ Pl 2 b,
WM/ NT SPI 5K MZS G ReTT, BIREAR T Ak R AR
KM LEA VA BEER, 1E SPL MR R ILAAAR R h, BB sbIg
iRl 9:1 B AT .

307 o= ROk —a- BRI 112
28+ % 111
\. |
5 26 T 110 @
2 | E
A | oo
§ 2.4 0.9 g
22t §\§\ Jos &
20 1 * o7
1.8 ' - ' : 0.6

9:1 8:2 73 6:4
REHe & B (SPI(e): R MBI (2))

2 SEBEIXT SPI A Z ARK AR PR 1) 52 10 (n=3)
Fig.2 Effects of pork fat content on water-holding and oil-holding
capacity of SPI coexisting system (n=3)

332 P4 Ext SPI A4k & SLALAF 69 %ok

MK 3 BR, IR &R, AR R 2L e
MFL R EPEZERAK . FEBENI &=L T 7:3(SPLAEARNN)
B, YRI5 LA AR R B LA A LA RS 1 35 B 5 S PR 1D
S0 R PR R, ERERRN Gt 30%H0, LA AN
AR E T . 2B NR I o >30%0, HAE AR FLIE
AL R E P B R B (P<0.05), HFLAL PRGN BERLRE
KTFUALRREE R FIREE R, SPL &%, sy
TN DA R 2 T KM AR 5, Li S0 o i g A B,
SPI Wy FL AR 5 H R K PR ARt 2 Bl R IEAH G, 4t
TR Z TGN 5 SPL TR LRI R 7:3 B, RREZ{RIFS
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IR R T SPL Bhy iy FLAL R N T4 T+ I AF 1A R 1
FUALRES]

100 - o FAbtE FREE 160

80

60

FAL M/ (m?g)

40 |

FLALE EM/min

20 +

9:1 7:3 6:4
HEREI & B (SPI(e) &R (2))

B3 RN &R SPI A AR LA R A 20 (n=3)
Fig.3 Effects of pork fat on emulsifying property of SPI coexisting
system (n=3)

34 SPIEREHEXS SPI £EERIIEEMERNF T
3.4.1  SPI#ARSE M E T SPI 2E 74K & AR ARAR 1 849 B vk

TR VRAE LR R ef, SR SPT AR — 0 8
W, B KRS EEA H SRR, Sk A H b
(PR K ORI, I st v 0 PR AL B 2R A A o

mE 4 fos, BHELFERGBOKGMES SPT &
P AR IE ARG, Bl SPI BeAC pa s py B m, Rk ik
SerE N, M SPI BB RN 5%~15%, PRk
FHRACE IR, 75 15%H, SRR KME 2.96 g,
SPT B R KT 15%0F, SEAriA R i ok i T %,
VLA SPI & skl m, ANAITFLE R S A i A, FR 1 H i
WA I FLE SPT 78 A &b Hh i e R as I, (HU
SPI 7E Al A I i, AR 7 i R RE, 25 5 K
K 4 rh, HEAEOR R AR PERE SPT A A A (189 o T i 7
HR, BREAREEEN 5%~15%F, fRmPEH 0.81 mL/g
W2 1.32 mL/g, 4L 8.3 (P<0.05), 24 SPI /U &
L 15%EE, &R R OKCFARA, Bl AR A B
(P>0.01), 156 BALKLEIG N SPI B A0I8 PN A&, ASBEIGSR I AL
R OE, HBAR SPL BB HA RIFHILRMTE, FIR7E
VALl ity R S o 0ok R B AR, BN R T S s 9 &
. FrLAESE SPI 598 A Z A4 A EL), X T4 s R AL
AR A R X &5 Lk, 7E4 R A A
A, ATLABERR SPI B NN 15%, DARIER
Ab PR K i B g O
3.42 SPI#ARJE K27 SPI 44K 2 SUL4 09 %R

e s fion, g SPI U A BN, WG It
TEUR R LA RO LA RS e P 35 R B3 5 s N AR 1
s e 15% AR, PR LR E A Bl K,

S35 60.83 m¥/g 1 35.43 min. MK 5 i, 24 SPI
A AN 10%38 03 15%0F, FLAPEMFL LR & s
O RE AR A/, RUIILAA R R b SPL B Q8 A it 7E
10%~15%:3% A8 Bl AT B, PR ol ) LA R R 215 31 B f
MIsE, X—45 1Y Das UG HEHSHT. Frbh, BT
PAFIAAR RAEV VR R b R AP AR R, DR
SPI AR R4l 10%~15%

327 = DKM - R 716
3.0 F
114
5 2871 C)
5 26r 1+ E’
% =
K 24r {10 %
22+ /
& _— 4108
20+
1.8 . ! ! ! ! 0.6
5 10 15 20 25
BREWE%

Pl 4 SPLECH P&t Xl SPI LAF M R ARAK PRI R 1K) 5 1 (n=3)
Fig.4 Effects of SPI instead of lean meat content on water-holding
and oil-holding capacity of SPI coexisting system (n=3)

70 r Ak e AR e
a 50 + % Z// 1 30 E
E 40 o E
g 30 % % H 20 %
e . / / B
i msplfgéﬁﬁlﬁi/%zo ?

Pl 5 SPIRUE HAS SPI ILAEiA REFLFFIE R R (n=3)
Fig.5 Effects of SPI instead of lean meat on emulsifying property
of SPI coexisting system (n=3)

3.5 EMXT SPI HEFEARINEEMRIF N
3.5.1 EArat SPI 2 A4K & AR AKAR M 69 757

WE 6 FiR, BEETEN SRR, SPI-TEM AR
IKPESESE IR I, JER S RART 15%I0F, KM i34 iR
B, HUEM RN 10%3 0 2 15%K), AR 2.14 g/g
PR E 2.95 g/g, WEMHLRE T 0.81 g/g(P<0.05); Bl # VEH
O B ARSI, R KR B B RN, TE R
15%~20%8F, Mg ry 284k 722, e N i 3 # & mx 3t
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FEMR ZARAK P MR N o HTER & 1R 20%~30%0F, {7
IKPERA S IR (P<0.01) B, SEBIEM SN 15%~20%
B, VR A S SR R A PR ME T . Majzoobi 21
WFFE R IIEN 5 SPI FE A [R]C b AT 2230 AN TR] A e vt
Fibk

K o6 ot rEfig BoR, WHERIET 15%0,
SPI-JE B A R G i AR fL R 34 5 ROK MR AR B, FETE R &5
1 10%~15%3E FEIN, fRilE R4S T 0.04 mL/g, LM
Wimsre, LB TAPRE, MK EZES AR
F(P>0.01); YTEM ST 15%58 2 20%KF, ffarE 1.59
mL/g ¥/ T 0.92 mL/g(P<0.05), FEHM &R 20%0f, 4
IPEIR B M 2.51 mL/g; MHERY & R 20%HT, ik
P B ERRAR(P<0.01). Felker Z5BSI84 5% sk A A HL A6 )
FORVE R 5 R LI Z 8] (T R AR A A B AR A, S

RVER BB A . AR SRS, BT
TR 20%05, SPI-JE M R HAF PR 22 A Al P dRe -
- UKHE - fRuhtE 128
32 b
F\
28 ¢ 124 @
2 E
314- Eal
@ 12.0 §
20 F
16 | =* * 16
10 15 20 25 30
R E%

Bl 6 BEA & HEXT SPLIUAFA A PROK BRI R I S0 (n=3)
Fig.6 Effects of starch content on water-holding and oil-holding
capacity of SPI coexisting system (n=3)

3.5.2  Eaat SPI kAR A FLLAF e %
FE 7 WAL, FERRIBREE M-18 °C, ¥ 2 dISIEF,

AR B FEAS 5 B0 Ve R IR R I FLAL RS R A7 7 22 5%,

TRFEMAIEACT 15%0F, B SPI-IEM IR R K
FLAR TR FL AR E P B R K DE R A T 8 B AR K
TER TR 15%IF, FLAE AL AR R T 2 A B R K,
S350 72.1 m¥/g F141.5 min; 78 EKTEH SR 15%0,
R R B FLAE LA R e P W S T R o X J e A DO 1o
TR, ZHA R THMFLRBAR R F KGR, i &
Y h A gL W 25 25 R RN, RS FLRBOR 5 & AR R AR,
AT A 3R I FLACRR I o YE A 76 R b LR, AR
KR JORIR . SRS S5 IR, 5 N REAR A s il v
e R LT B F AL, B R T A TR 2, R R R,
77 A WY VE R ORI I TR AR B S O™ e AR
FHOKIG KA, WFACECRAGT . AR 25 515

TEVS VRAE AL P E Ry B0 U 15%, AT LARESER
O T AR5 A AU R FP R B U R TG TR B,
FHE AR R FLALRCR -

g0 | At 2 AR ES - 50
M IR B
W20_ %g %% %g S

ﬁggé%

B 7 3ER i) SPTLAAR R FLALRH LAY 0 (n=3)
Fig.7 Effects of starch content on emulsifying property of SPI
coexisting system (n=3)

3.6 BREXT SPI HEFARRINEEMRIF I
3.6.1 R HAFAT SPI £ A4k R RAKMRID M43 0R

HilE 8 WA, Rl SRR 3N, SPI-EEh L r A
FAR KL 1 35 2 B e e kA, Hh il
WX AR R RO R 0 AR Ak LA 28, 25 SRR
AR R TR R LA R R B AR K R T S B3 (P>0.05);
Bl B Eh VR B R 3E, CRah M I Ze i RRRAR R R, AN IF &
A R KOF- Z RGP 1 52 i 25 5 B 25 (P<0.01).
L, B E RO L%, PRSI R(E 1.61 mL/g, &
AR 2.0%0F, A KPR B KB N 3.36 g/g. Park 257
SIS R B 5 R A3 e AR 1 SV E T R LA
R = i 8 4 P I

BT, M3 FRPIAL™ S, S8 I R R,
KPR R RIS FoR B, AR RRAE A RS R L )
REPETRINGR SPT MWK 4 B RE T, DTS2 38 48 s A LR
RGP, B 8 Z5SATAHL, S TARUEERIN SPT (4
PR A R HAT R A PR PR, R il Bk i s
WAL 2.5%, XWAFE Y T ERIREm sk,
3.6.2 AHAF SPI AR A SULAF A ok

M 9 B, MEEhar e 2% TRk, SPTAYFL ik
FEERE R R S R AR IR, SRR 2.0%0, ¥
iRy e U NE N A o 2 R e - DAl 8 8 A | T v |
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