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Effect of high-pressure homogenization treatment on the functional
properties of myosin-resistant corn starch hybrid system gel
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ABSTRACT: Objective To investigate the effect of high-pressure homogenization (HPH) treatment on the
functional properties of myosin-resistant corn starch mixture gel. Methods Taking chicken breast myosin (M)
mixed system (M-RCS) added with 1% resistant corn starch (RCS) as the research object, the effects of single
treatment of HPH at 10000, 15000 and 20000 psi on the water retention and hardness of M-RCS gel were
investigated. The rheological properties of M-RCS and the change of transverse relaxation time and particle size of
M-RCS were analyzed to explore the change mechanism of hydrogel properties. Results HPH pressure was

increased to10000 psi, the gel water retention and hardness of M-RCS increased significantly(P<0.5). The rheological
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results showed that properly HPH treatment improved the phase transition changing during heating to affect the gel

formation process: Reduce the storage modulus of the M-RCS sample during heating and change the elasticity results

during heating. The low-field NMR results showed that the relaxation time of the non-flowing water inside the

M-RCS gel was less than that of the control group, indicating that the fluidity of the water in the gel was weakened,

and it reflected the improved water retention of the gel, particle size results showed molecular aggregation state was

improved during HPH treatment. Conclusion The hardness and water retention of m-RCS gel system can be

improved by adding RCS. After the M-RCS system is treated with HPH at an appropriate pressure (10000 psi), the

water retention and hardness of the gel are further improved. This paper provides a theoretical basis for the

development of low-fat and high-fiber meat products.
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SR W 45 2V g e T Ry 5 0 A e R B L iR T 4 2 1
A WAERE AR PR D AR DA s . P E
B —WUERE 1 (myosin, M)JE ML HE—RETE ICHEE L
B EE A, HBEEAL R 7K P (water holding capacity, WHC)AI
R 5 T 5 ) A oo ) T

5 4 [ (high-pressure homogenization, HPH) [ H:#%
VESRTAE, ek Wy 3y A v st 2 1 S REME BT I 4ok 1
FEB ARSI T, e e i S UL B ZE 80 MPa K
PIAL R 2 WK, NN T A B A R B e B Ak MY
HER, T A BIEINT 15%, 20%81 25%(5 050 B 3E
o B P G S P s T4 K Mt (e S v, LR SE R S N £
Sy 20% e 3 ARG K B o Augustin S BFIEAE R R,
HPH 7] 4 m HbEve w45 K 1o SR D6 F i e 34 Ak 2
M-BUEERR AR R, WILEERE T . Rkt R o 2544
B AR T o D E A HRE

AHEFE LGS NPT 5 K 3EH3 (resistant cornstarch, RCS)
BRI i P JULER 2 PR BB M-RCS TR-E 1R R IFSE AT 42,
WFFE HPH XIZ AR R BEC R (GROK MR FNBE B2 ) 5200, 9
VI AR, LIS HPH BARTEARAR . TIRE P il &
I kR AR S 4R S

2 MH5EREE

2.1 #E5IRG

Jrokk: T, BUdE E R TE R (B = e TE R A R
A= )O

SALE . BRI A ., BRI U . R, o
Jti P4 2. iR —##(ethylenediaminetetraacetic acid disodium salt,

il

Z

EDTA-2Na). b4, B E 40 . 8RR U8 . DU .
B R AR (oAl [ 24 A Ak 2R A B D)
22 UEEEE

HYC-890F = FH& A8 (5 S Mg /K Feh e 254 PR AD;
GL-21M = 3 AL GHT R A 25 A A FR A F); GM200
AL MR RE SN w]); BLENDER HGB55 £ £145 1
HLEEE Waring 23 w]); BSA1245 H 1R (1 [ 2% £ F 7
/vl); C-MAG HS7 % 18 #E4 (3¢ E IKA 24 F]); FE28 pH
TF (B MR B FE R 2 28 w6l ), D-3L 8 R 35 J5 AL (36
PhD-Tech 723 #]); TA-XT Plus JEAJ{Y (FE[E Stable Micro
System 23 F); HH-2 £ /K 588 (V195 & 35 T IR =R 22 U2
J7); Avanti J-265 XP &S R 041, Microfuge 22R
Centerifuge 5 ¥ R 25O AL(3E [ D58 2 20 6l ); Physica
MRC 301 BIFEAS (SR HF AR MAAF]); PQOO0L 4l 53
ik e A% e 3 i AN (1 g 4135 L A RS FD); SpectraMax
M2e &¥ KR (3ZE Molecular Devices A H]);
ZS90 IR (35 [ T /R 3¢/ F]); Labram HR Evolution
Fr 26 (5 [E HORIBA 22 H]).
2.3 EWHE
231 MHEERR

UEREE (AR BURYE Zhou S5 vk, IR A&
. BTG S, ST EOY P = Tk, SIBRXG
Ji A o BT DL AR I S 4 AR AL 2, IR, B, RIS
PIMLEE A A BE . R BE A 3 A A0 73 b e 75 o il
(glutamine synthetase, GS) #& B ¥ (0.5 mol/LKCI .
100 mmol/L KH,PO,. 50 mmol/L K,HPO,. 5 mmol/L
EDTA-2Na .4 mmol/L fE B R 12 €18 /K%, pH 6.5), K
25 15 min J&, £ 5000 g #5/4 T &0 10 min, WL L3EH
3 2 AuE, R 10 fHABURS ZE KGR, TRRER
JEE(0~4 °O) il 77, MWK L3E . F 2 TAE 8000 g 4514
FE0 10 min (4 °C), RULHE. YUEE T 0.3 mol/L S ALH
WRERER 2% v (pH 7.0), #RJF1E 10000 g Z5F T B5.0> 20 min,
LHPITE AT HIE R FIEFIH 10 AT 0¥ 0yl aliK
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i Re, RUTRE, MW X B, DURELE 8000 g 44T,
B0 10 min 2005, FH 0.6 mol/L EALANWElR £h 2% i
T (pH 6.5)F WIEREE [ i =& BE AR HELL S 10 mg/mL, Frf
PRAELE 0 ~ 4 °CIRIETF #EAT

232 BIRH &

] bR 2 WLER B A (10 mg/mL) Hoim A
1%F KRBLIETER (wiw), 16 4 CEMF T 28 H+HE 20 min,
ZSEAVE, TEVKEE (2 4 OB 17/ (24 12 h), B
A
2.3.3 HPH &3 &1

B LR IR AR R L ol RS AR B R K
4 10000, 15000, 20000 psi, £ 1 KR FAE, &
AR FRALEER AL B R S0 mL. BESL AT ¥ BT okis
HRAT, 52 R ICUKTARATE ) 12 b5, (AR b P a4
W, P SC R 3 IR(n=3),

2.3.4 M-RCS £z #|%

FREUZ FJ5 M-RCS 1RSI (1040.3) g, & T 10 mL
INGRRRPN, FHPRERIEER 1 BCA 20 °CKIEHETE 10 min,
RIG LAY 2 °C/min MFHEER, A ZE 80 °C/EftiE
30 min; BUH/MERR, ARBIEERGE, HHEH 4 °CK
T HE 12 h, 15%] M-RCS e, HEAM .

2.3.,5 WHC ® &

Z:H8 Zhou 5k, FHRE B R, FREAE S Kk
R m, go 7E 4 °C. 1000 g 44 F .0 10 min, &0
Je FHW K 4ACBR K48 N S8R R K 4, FRETE my, go
B E mo, g; TP T 6 RINE . WHC ##3X
(5,

o

WHC(%) = (my-mq/(my-mg)x 100 )
2.3.6 EEIIRE M E

FIH TA-XT Plus JFHI{Y GMIA 2 5% M-RCS BE %
JEMEATINE, BfL g MIESECH: BRELEA P/0.5, T H
R 1.50 mm/s, A EHCRT R 1.00 mm/s, ZEA4IIEE
B 4mm, itk 5g. BWINESR 6K,
237 REHFERE

Z M Verbeken N5 MR ok . AR ISR TR
ik, Kol SECh: SEATHR EAR 40 mm, 4% 1| mm, LY
A5 2%, PR 0.1 Hzo M PR IETHEANFE 2 B
B, FHREEE 2 °C/min, W EARTEEY 20 ~ 80 °C; [
A 4 °C/min, R EEAEIEEY 80 ~ 20 °Co 4Bl s FHR .
FETELL R R G BRI (GY) . M A IE VIME (tand) 925 4k
FEASAL B E 3
2.3.8 1K A%AL B A SRR R M

Z 8 Han UG, RIF IR G SR
BRI, AEHOR IR FIAT, 29 2 g FEMTK
ABEAZ 25 mm B#EE T, FIFILIRASY 18.169 MHz, #
R 043 T, A BE- A BEsh BB W T2 F Carr

-Purcell-Mebiboom-Gill(CPMG) J¥: 41l £ 17 &, A []
I A] (echo time, TE) 7 400 ps, 15000 413k, 542 43 4 1%,
T ERFIR] 8000 ms, 153 FIH5 B RIE M H SIRT 59%
PEAEE T2 1EE .
239 AR

JUUER 25 1A 78 VA T HP AR A% 20 A1 1 3 3 2SO B B R
SEME . ESFRM NS 4 mW Z-FUM06H) Zetasizer
Nano ZS 90 Wil KiA2AE Ak, Waill Ff B2 152 7 R 90° . B S B
# 0.5 mg/mL Ji7, HCEF] 1 om K IR I EF TR
HAMR L FRARAE E IR T, I A2 25 SRR i er (0 A o A
U S HAE RS R MEE R .
23.10 ZkIEAE

HitliR ] SPSS 20.0 #AfF#ATE W /34T, KA ANOVA
ST, BARHERSS kR, 28 HHACRA Duncan ZH Hhiw
%, WEMEKTEL0.05; R Origin 8.5 FAFER,

3 HREHR

3.1 HPH %f M-RCS %A% fa B 45 B 520
3.1.1 HPH #F M-RCS #tix WHC #) %

WmE 1 R, RZER, B0 RCS SR RCS 4
b, ATHEE M EEIR A WHC(P < 0.05); T HPH 4b ¥ A] ik —
A E M-RCS BRI WHC(P < 0.05), HAbFE F1h
10000 psi A, BERE WHC iE3H KAE, BEE T Sit—1
i, WHC JFAREAR, 53 15000 psi iF, £ WHC JFAF
R, A% 20000 psi i, EEE WHC BE—£ T, 5KZE
40 WHC © R &P > 0.05), A CikfoES1, v
B RCS ARG M BERZ Y WHC, R i f 20 O 1o g 1 44
SbFRYE R B R o B R L8, R BE YR I HPH b
P B 1 R AR Gl vh o™ AR LR, R T 2 IR A
FFTHE PEIE A, s B T D RE AR, (R T AR e R
H5EOAME G, dFmiEE T WHC.

08 =] M-RCS
CIm
06 |
C
:
5 04 -
jan)
3
02 |
0.0 TR SN GO CRRK: I SN TR I PP WP I ok [
0 0 10000 15000 20000
JEJ1/psi

1 ARVNE FRERIR 2 7 REYE(P < 0.05), T 1A
1 HPH X} M-RCS £EJl WHC HI3 0 (n=3)
Fig.l1 Effect of HPH on WHC of M-RCS gels(n=3)
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3.1.2 HPH #f M-RCS #t AR 2 49 % 7h)

A& 2 AT DL, #SHn RCS A0 3R M BERE A BE (P <
0.05), MAMS5AKZEM M-RCS EEAH L, HPH(10000 psi)
AENS 2 4R v R B FEE (P < 0.05), (HBEE & J1K PR
%2 15000 psi, fEEETFIHEERFEAL, 25 F7#0E 15000 psi i,
T G B (R B I AN SB35 (P > 0.05), JF 7353 20000 psi B,
T3 25 B E REAIK(P > 0.05) FHULTERH, & Y4 R Ak i
RCS (UK M BEIRRE FE B A7 S s A . S )
UESE T V@R X T WUEF 42 11 - 52 5 BEE i FE IR AL ] 2
B U GBS SR B, OCTF 1k — 20 32 T 5 B IR 1A 2R ) s
FERARI IR, JREE S g R w2 R M R4
HR, 4TI 5 RCS KT R A O B s8R, S
3 M-RCS A5 FEEMCES SR RE B REAIR RIS RE T T I |
FhonPENRES, MRS T HPH IR A SER AR

20
R
M-RCS
15 b
Lo c
% 107 —
5 -
. . oot I e N s I
0 0 10000 15000
FEJ1/psi

€2 HPH % M-RCS BEBH# 3 B 5207 (n=3)
Fig.2 Effect of HPH on gel strength of M-RCS gels(n=3)

3.1.3 HPH *f M-RCS A SR AT 4 Zh

IRRERE I G S B P i R A R 4, BRfE
K, BT GR, W 3 7R, £ 20 ~ 80 °CHUIAIE T
feid AR, B2 Mg, —ANH 50 °CAEA BUBERETE R B
B, Z BRI T M A F RS TR EET A L B A
i, BEfS M 4T R A R AR PR U AR B B 5
—ANh 66 °CLEA BRI “sa a8 B BE . 48 0~15000 psi JE
JIFEFEIN HPH 4b3E, 30 M-RCS % B 7EHGH B 1 7
FRBERE 1A R G AT/ . Chen 251 MiF 52 K B, 4 HPH
ANPRELBREE 1 5 AR A BRALER 2 AR L, 7E 20~80 °CHYR
B SERTE S R R, HPH A3 n] R FELASEE 11 7 B e A
VR BERC T R I B AR RN AR, MR I R B
PR VE R, AT G Y & ) .

tand 5 S W 12K 1150 FR PR VA I 1] LB IS 1 A
ST R AR G AR . ARl 4 B, HPH BCZE T FHE
4 FP M-RCS {& £ 114 tand . 52 & 10000 psi ) M-RCS A&, 7E
20 °CHT B 0 0 ZE VAR AR, XEH T ZE T

M-RCS & F H M 43 FRYASPE B RCS 40 F A9 AR M, 3
i T M-RCS R RN AIM EAER, 15 M-RCS A #4115
FEFRU (B S s — R, ATRE(E M AT ARTE R
JESE R, SRS A, M-RCS 1A ZAH TR RIS, SRk
BRI . RCS BITSINGE GP{E/D, tand {E34IM,
RCS #4117 M-RCS 1K Z k5 1

30
251 seaeaed
- M —— M-RCS =
20+ ) )
—=— 15000 psi ——10000 psi
£ 15 .
) —e— 20000 psi
10
5

20 30 40 50 60 70 80 90
1R /eC

€3 HPH X M-RCS & F THifiid 2 il R i (G 32
Fig.3 Effect of HPH on storage modulus (G’) of M-RCS gels
during heating

1.2¢
Lol —=M —a— M-RCS
08l —=— 15000 psi —e— 10000 psi

—e—20000 psi

tan 0

4 HPH Xf M-RCS {A R THR IR tand HI5E
Fig.4 Effect of HPH on tand of M-RCS during heating

3.1.4 HPH 5t M-RCS # AR 5 H B0 18] 649 %5 7%

AR IR TP s RIS ) T2 R TR R kA7
A2 1B S B8 TEIMPTEE s & HPH Xf M-RCS
R AGE FEERE T2 SRS RS2 . X CPMG ik )34
MR WL SIT 2B AR, SEKRE 0.1 ~
2000 ms [ T 434 LB T 3 Fhig, 9 7o, To, M
T3 Fe7R, A5 B FRE S K 3 FRASZEEK T
AGTENIK Ty WA K Ty Z5REW], %SH1 RCS X M
EEREIY T, S5 B ) 4340 B A5 S5 25 19 52 1 (P<0.05)

HH & 5 A[ 1, £E 0~ 10000 ms ) T2 4345 |, T2 1131 3
AW, Ay IR T 454K 1210 ~ 3 ms). A5 sk
722(3 ~ 20 ms) 1 [ 17K 723(20 ~ 3000 ms), 3% TR
TE M-RCS R4 BEIA 2 P BT gL 2 B K 43 A3 A SR,
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25 S BB ME R IR B M RIR SRR K. 5
RIS RCS IBEIAH L, 0~15000 psi i F7FE P M-RCS
BERAR ZA G i s K F1 A KGR A T EBME(P <
0.05), 722 F 723 AR/, ¥kET ABBE(P <0.05),
722 fHAE/NZ K 20000 psi 1Y) M-RCS BER 1A R TG 8 2574810
(P>0.05), M RCS REHEGE M-RCS HEALIAR RN KT
HARE ST, M-RCS /KR 7E 0~15000 psi JGEP, 721 F1 722
WE(EAR R, BIRA T AEBME (P <0.05), K% HPH /11
HE— N ZE 20000psi B, M-RCS BEREA 2 ot 52 1A 5
WK FIE 122 H X ARG FIE 123 HESRZE
M-RCS B IAR I B Z (P > 0.05), Z5H L% 1. HPH
AT M-RCS BERSIR R XK FRISREEEE 1, hitte
T WHC MR Z W R, BERAR R ks 122 53 WHC
A HBRRIT M-RCS (KRB KT 122 BN,
TR R KA F IR S AR 55, M-RCS 1R REEI — 224
PR B /K (O RE F1 3458, e 280 WHC B3 .
3.1.5 HPH #F M-RCS #4212 49 %7

AR S5 TR IL T HE 2 5 Ak B AT F AR R R AR 4
i 7s Ak, I 6 T UL, M-RCS K ZRiA2 /040 F 84 3 4
JLHE, 439 Peak 1(30~300 nm), Peak 2(400~1200 nm)Fl
Peak 3(4000~5500 nm). i & 2 Al %, &4k b, KiZF HPH JE
FIHER, M-RCS & Z /NI 42 UKL Peak 1(P > 0.05) . Peak 2(P
< 0.05) PRI K, KAIARIIURL Peak 3 1742 2R T I8/ N
(P> 0.05), Kz EIIKTPH#E—85, X% 15000 psi LA
Jii, RN ETA RAR RIS 2 (P > 0.05). Kasemwong
2501 Wang ZEPOVHIRIS S PV A HIRE T ERTER . K
SEUE N L 1 R TR 1 R AR Ak B UL R ST B R Y 2
Wo MFFREURL, WP BIRIE T K S & AR
TEM & —E IE L HPH FEFR, HALBE 7= A
TRAVEH, RN (A Y R B —E )5, hT HPH
{830 43 W R B JOURE 2 T A 00 RS, R Y e 5 |
FIFIFEAEAL 3, v T I A 2R 1T R A AR AR 5 |

040
0.35 ¢ —e— 0O psi

030
025 —=M

—+— 20000 psi

—— 15000 psi
0.20 -

0.15 ¢
0.10 |

—s— 10000 psi

FIREL/AU

15

0.05

0.1 1

RAERR, TR Bk, SRR AR, R A 5
ARG POPL ah, SRANERE, BN RCS X M
B AR TG R (P > 0.05), W HPH 3 i 43 7 5 mi
M-RCS A Z ' M Fll RCS R EEFEE M & AEAE R . 5
BERS LA K LS RCS ik B 7 M E AR FH A 1 6 ek AR
M-RCS 1k R ¥

4 F5Ie

AHIEFE ANOULSR BERIFSE T U RCS K i R 3 b 7
X M-RCS {4 % i 45 Pk 1 w38 1 . Se g 45 SR R
M-RCS A Z JE /749 10000 psi B9 HPH AbFE, %K A B
WHC A B ek, 302 i 38 2 i s eS8 B b B, (3
AR RN ES M AT RCS 43 F (AR M AUR T, BA58 T M-RCS
R NFAMEAIER, SHEE RS R R HIE R T R %
PR W R BB SEH, 5 RCS (IR FEAE AR B4 oE,
K458 M-RCS IR R BN K TR EERE )y, Tahth 25,
PEMIHER T M-RCS R R EER A AT WHC, %58 0]
KRG . e 2R 4 LA R T BEE A i 5 i & g R SR e
5.

#F 1 HPH % M-RCS £ 5t 7R B8] A0 F4 0
Table 1 Effect of HPH on spin-spin relaxation times of

M-RCS gels
F& 1 /psi Ts,"/ms T»,/ms T»3/ms
M 4.8240.00 16.83+0.00° 880.49+0.00°
0 - 7.20+0.87° 860.80+27.84
10000 0.53+0.21 7.73+0.96° 821.43+0.00°
15000 2.22+0.74 7.68+1.68° 821.43+0.00°
20000 2.90+1.92 11.69+4.96™  841.12+27.84™

TE: * IR REA TG Ty W, TCIEEA T 22 5 R0 #

,,,,,

10 100

i 7 B[] /ms

5 HPH %} M-RCS B¢ it 74 B 18] 4375 (1) 5 1)
Fig.5 Effect of UHP on relaxation time distribution of M-RCS gels
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16 —-— M

14 —&— 0 psi

12 —— 10000 psi
10k = 15000 psi

=—— 20000 psi

% & /Intensity

10 100

ke /mm

10000

Bl 6 HPH X} M-RCS i 4370 1) 5 )
Fig.6 Effect of HPH on distribution of size of M-RCS

%<2 HPH %t M-RCS i [E 2% I8 1@ (nm, n=3)

Table 2 Effect of HPH on distribution of size of M-RCS(nm, n=3)

F& J1/psi

Peak 1 Peak 2 Peak 3

M 51.62+14.38°

450.57+91.86° 5448.00+218.78°

0 101.94+44.23° 578.42+£72.08°  4933.33+542.87%
10000 113.79+39.42°  739.58+156.13°  4134.50+1337.49°
15000  194.23+£65.22°  1035.35+74.14°  4986.67+323.78™
20000  223.63+65.40°  1101.12+173.25*  5269.00+£149.17°
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