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Effect of Oat f-Glucan on Gel Properties of Low-Salt Mutton Mince

ZHAO Mou', YANG Huanhuan', YANG Li], AN Ning', MU Hongyan, HAN Ping', DONG Juan"*, LU Shiling', JI Hua'
(1. School of Food Science and Technology, Shihezi University, Shihezi 832000, China;
2. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Oat f-glucan (OG) was used to replace salt in mutton mince at levels of 0%, 0.4%, 0.8%, 1.2% and 1.6%. To
determine the appropriate level of OG replacement, the cooking loss, water-holding capacity (WHC), water distribution
and content, color, gel strength, texture, secondary structure of myofibrillar protein, scanning electron micrograph (SEM)
of mince samples with 2.0% salt, 0.4% OG + 1.6% salt, 0.8% OG + 1.2% salt, 1.2% OG + 0.8% salt and 1.6% OG + 0.4%
salt were measured. The results showed that with increasing level of OG replacement, the cooking loss of mutton mince
gels decreased first and then increased gradually, while the WHC showed the opposite trend. A significant decrease in the
WHC was observed when 1.6% OG was added (P < 0.05). Low-field nuclear magnetic resonance (NMR) analysis indicated
that high levels of OG replacement caused the transformation of weakly bound and free water into immobilized water in the
gels. The brightness (L*) and whiteness of the gels increased gradually (P < 0.05), and the transverse cross-section showed
an obvious white color. The rupture force and rupture distance of the gel with 0.4% OG replacement were good, indicating
improved gel strength. High levels of OG replacement were unfavorable to the gel strength. The gel hardness, cohesiveness,
chewiness and resilience significantly decreased at a substitution level of 0.8% (P < 0.05), and the gel elasticity showed a
similar trend but with no significant difference between them (£ > 0.05). The secondary structure of myofibrillar protein
in the gel with high levels of OG replacement (> 0.8%) was similar to that in the control (P > 0.05), and the SEM image

showed more loose structure with increased porosity. Through correlation analysis and principal component analysis (PCA),
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it was found that the synthetic score of the gel with 0.4% OG was higher than that of the other groups, which could ensure

further reduction of salt intake while maintaining the gel quality of mutton mince.
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Table1 Ingredients of mutton mince gels
Akl INInE/g
0% 0G 0.4%0G 08%0G 12%0G 1.6% 0G
ES 125.4 125.4 125.4 125.4 125.4
ESiun| 20 20 20 20 20
ik 4 32 2.4 1.6 0.8
0G 0 0.8 1.6 2.4 32
VKK 40 40 40 40 40
LR 10 10 10 10 10
FETETR 0.6 0.6 0.6 0.6 0.6
Mt 200 200 200 200 200
1.3.1.2  E&EERIH %

F150 gL AIBE 7035 N3 /M50 mL B0 FHAE3 Ik
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M4 CUKFEF B T 2R T ERRT h, HBOKGRT5
B R EKB S, BHUIRZA2 mmf# R, PR
KAEAKBHOEFETELEN, EREEAHELH
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Fig. 1  Effects of different levels of OG replacement on water-binding
capacity of minced meat gel
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Y SRR S S B, UL I B S
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RKPEIEE] 17 82.61%, MMA0.4% OGJa, {R/KME & %2
T+ (P<<0.05) , HhNT1.66%. {HFEEOGENRE 1Y
hn, BRI ORI 2T B, 1.6% OGEEIL I RIK
IS BIBAR, £178.50% . XAl GE &R /b B & B 1R
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FR (Y 7K 43 A B SR AR AE . AR T3t T4 ) 180 /1 f5 m BUKE 7K
IyON3 R, (454K, 0.1~10ms) T,y RS
K, 10~100ms) . T, (HHIZK, 100~1000ms) ,
RV st BB DR, KA 5 & RN ££0.1~10 msy
HEL2 AN, e SUNTREE G K (T BLEFFSE 7K
(Tyy) P MW EEEERZ POGE R EM NN, Ty 5T,
T, KAEmME (£2) , &HKEETHE, AmflimoG
B A Gy it sl /K & fE R AR B3 3T (P<<0.05) o M
EIICHBEAT B, f£1.2%51.6% OGINENRET, T,
RIS [R) R AR SR T HL T, W08 2k . AEFUER Y, BEAA &R
TR SRR KR FE R, SR A4EEATThER
RITF B, KSE A ACHIES, [FIEFOG & Ak 4544 &

AREAE, mEREMNOGLEE AR S KL S, i
RPN A A K S B BKBE BN 5 sk,
2B W OG5 T R 1 PR K A SE N A T O G Y
WK A o fELT Ve B A 1) St TR IR 8] 4 77 170 o 2 AR A% »
Y E A BB mOGH (>0.8%) MIA G sh KB
OGHER Gk o [FIN LI £F 4 5 A & 1 2UR F FE
RN FLAL G TV BRI = 2 ORI Bl Jl 35 5 A 1 I 25
&, WIBERER SR R XE, 18]35 BUA BEREIL 32 21 40 54
A5 Z 0Ky, st BLEIBREILR .

#2  AWOGHATH FREE PIBERER DA Il Ak 53 3 B4k
Table2  Changes in proportions of different moisture states in low-salt

minced meat gels at different levels of OG replacement %
0

Eﬁé\% OG*H*'{{% PZbl PZbZ PZI PZI

2.0 0 2856£0250°  1.74040.176" 94.178£0.298" 1.22640.223°

1.6 0.4 2.886+0.017  1.613£0.023" 94.293+0.086" 1.210%0.058"
12 0.8 289140098 147740375 94.450£0.531° 1.182+0.177°
0.8 12 2.943£0.131°  1.467+0.290° 95.589+0.159" /
0.4 1.6 2.858£0.200°  0.96940.141° 96.174£0.058" /

FE: Payis Pas Pors Py BN FIGREE & K. B4 A K. B BH
FK B B K GO AR A Ay s /R . TR [ B ) 2 L
(P<0.05) . #3~5]d,

22 HAEERGES N

A3 OGHEHCHIIRER P BEBEILE (5 77 ¥ 5 Wi

Table 3  Effects of different levels of OG replacement on color of low-
salt minced meat gel
T OGE &% L¥ a* b A
0 4575121 28014146 16742046" 3667068
04 46011018 28112098 1723£0.63°  36.73£045°
R 08 48394065 3026E1I7 18131040°  3748+081°
12 4941£041"  29714052° 18251076 3855047
16 50.641094  28924119° 18374033 39.90+1.18°
0 55034045 20504084 1223£042°  49.08+£0.73
) 04 55084060° 20041083 1238£059" 49404072
(jﬂfﬁ 08 57914020°  1860£059"  13.18+£078"  52.13+007
12 593620400 18.13£030°  1448£105° 53204058
16 60372075 1803ELI® 15344049 5383E1.00°

AL ) i L2 F) €003 T AK€ 352 fr AT 0 SR B2
PAR B AR . A se i il M€ BRI L* . a*. b* A
1 EEEAT VA S IO G AR £ PAY B8 b iz € 3 (K 2 o AN
FIATH, TCR S 78 R AT AR PR BEAE A2 7 2 11 A AL BE vk
B, BEE RS, OGEMEIE K, FRKLH
FE50% OG Xt AL LL AT % 27 (P<<0.05) JF &
Pl LTt X evr h FAER PR MOG)E, K
o AN BE AL PR AR A, A EA SRARAR
MIRRE, DU ATSRE G5, BEEOGHNEMIEM, S
R BE TR MEAR R, I 5T A T e £ ] 5 B R R )
i C(E2) ATUABLE A, BEEOGEAE I N, A
PRI 1 B LS AR 1, 12X 5 03 B 5 A PR JBE v DA
AR ENE IR TEE R~ Ma*5b* SRV
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PRI R, AR A BERNZA A BE R b* 82 SR B K a3,
XuTfiert thTOGH T/KZ 5 RBLR T th, 2T 2 BE
FIBE . S, TAEERIOGHRENS F K 25 P JBE Ak
PRI e LA PR BB A R DO B AR R 2T €, Amini 550
R WA MOGHT LA 2 o508 7 i R . (HAR B X
EdZHME R RNOOELTER, BIH % #E Kk
.

2- -56
i 55
2 54
20 L 53
% P F52 m
s 19 L51
18- -50
- - 49
17 48
16- L47

0.0 0.4 0.8 1.2 1.6
OGERE/%

MIEEIATOGEHAREIK I N0% 0.4%. 0.8%. 1.2%. 1.6%.
P2 OGIFIRIERHICEE 5L 45 Py BEBE IR € b vy 5 i
Fig.2  Effects of different levels of OG replacement on color of low-salt

minced meat gel
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Table 4  Effects of different levels of OG substitution on gel texture of
low-salt meat mince
OGE /% Bl it MR Mg/ I
0 3052.069£182.668" 0.912£0.023° 0.792+0.010° 2201370 112.891° 0.356:+0.013°
04 3749.768+£94.800" 0.923£0.034" 0.8284+0.009" 2868.287£151.312" 0.386£0.018"
0.8 3729.257+132316° 091810.025° 0.77220.015° 2 645.840+ 154980 0.34440.017
12 2470789147753 0.886:£0.021° 0.7324£0.021° 1602.02182457° 0.308+0.021°
1.6 2241879+ 110,145 0.86020.054' 0.75320.021° 1357.397+64.401° 0.27420.018°

24 B IO &5 ¥ 43
241 FTIRZHR

o B
e
T 12% 06

e | 0.8% OG
— o 08%
- 04%0G

WO.O% 0G

r T T T T T T T
4000 3 500 3000 2500 2000 1500 1000 500
PWH/em™!

P4 ASROGHAUE 545 WBENLISET 4k 1 MFTIR A
Fig.4  Infrared spectra of myofibrillar protein in meat mince with
different levels of OG replacement



XA ML

E6mill=

2023, Vol.44, No.16 165

FTIRH: iz F T 8RR & MR A0 & B i N 45 11
TUREERY, 1EGIE4 000~400 cm X EE P, B
I3 (1 700~1 600 cm™ ') FF 404 85 (1 a4l
R S A8 4E (E4) PY. 2% Mao Junlong 2P 4y
Mt 7538, PAPeakFith 44 Xt Mt % 1 12 AT 43 W 40 & Tt il
HORE R X IR N a- 12 g (1 650~1 660 cm™ ") | -5
(1600~1640 cm™ ') . p-#f (1660~1 700 cm ')
MR (1 640~1650 cm™ ") (AN & &, WP
o 1E0.4% OGERET, HE M a-15 e 5 g g b
T, g2 SN TEE (P>0.05) . HEEEOGEE
() ETE, o-t2iE 54-3r & o L H 1A X W ZH 7 1 2218 A8 1k H.
FAHAAR IR EE (P>0.05) . XATRERF NE& &
(R B S SR BE R LR AR 4k B (IO AT KRR R R, ASRg
550G kAN, 3 M1.6% OGLH = E A LR £ 4 &
FI R sk S AL, X (a B2 U] T R OGL Bt IR AT
HE A5 KBRS . AR 2.0%50.4% 3 & 2 TN
JBE i Je v B E S 1 LR 4T 4 B 1 LA ARG 5 R ) - BB e
Y BLER, s A R iRl S - B E E R R
VR £F 4 8 1 R A0, (H0.4% 35 & & F L Bt
R A X B ZE I AR, XD U R B 3
ISR AF T HUE A 4E 8 (A, i m 2k 5 A
BEBER . R, 4ERFIE SRR & = o T R BEE
JR PRI T AN R E

45 OGIHUHA SE 4y P BENLISIET 4 2 1 ZRESHI 5

Table 5  Effects of different levels of OG replacement on secondary

structure of myofibrillar protein in minced meat

OGHRE #o&E o-83iE b pEeth T

%

0 2.0 2407+141°  2743£1.08°  23.58£095"  2491+1.93°
0.4 1.6 25924 115" 23.65E1.67°  24.65£1.60" 25.78+2.40°
0.8 12 2510£1.39"  23.84+1.06" 25.66+£1.59"  2540+1.50°
12 0.8 24524118 2597£1.21°  2457£0.92°  24.94+0.92°
1.6 0.4 24324095 2726+£1.09°  2325+£1.10°  25.17+£1.05°
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Fig.5 SEM images of low-alt minced mutton gels with different

levels of OG replacement
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Table 6  Correlation analysis among quality attributes of low-salt mutton mince gels
fbr  AEIRE UK L* a* b* 1 WD) WEREE W Pk B Mg
[EIR=X3 —0.570%  0.777%%  —0.834**  0.785** —0.717** —0.822**  0.478 0.050 0.801*%*%  0.651**  0.928**  (.869%*
L Mg 47 —0.431 0.659**  —0.771** 0.701**  —0.694%* —(0.747** 0.363 0.040 0.979** 0.686** 0.861**
M —0.776%*% 0.793**  —0.898** 0.838** —0.745** —0.887** (.669** 0.254 0.769** 0.629**
b —0.391 0295  —0.547*  0.301 —0335  —0.508*  0.370 0.417 0.574%*
T —0.286*  0.611*%*  —0.698** 0.666*%* —0.671** —0.677**  0.239 —0.111
W E —0.620% 0.242 —0.302 0.077 —0.054 —0.267 0.585%*
WS —0.963%*  0.731%*  —0.825%*% (0.723%*  —0.564*% —0.817%*
=05 0.834*%*%  —0.816%* 0.987**  —0.900** 0.762%*
b* 0.590*  —0.656**  0.825%*  —0.751%**
a* —0.751*%*%  0.864** —0.851**
L* 0.839*%*  —0.786%*
okt —0.756%*
E: « BEMK (P<0.05) ; s« MEEHKL (P<0.0D) .
2.6 PCAVFAT A [ROGE AUE NI H: 2 A A BE B M s A9 HhAR AT
A Table9  Loading matrix of first three principal components
* - T Tebx PCl PC2 PC3
PCAZE R 1 [A] 723804 (T DAS R H IR ER O G =R I A X, ERDRE —0.59 0.744 —0.120
VB e o <He o 2 N - — X, LK 0.876 —0.152 —0.183
BEBEIRIOAEABUR A RO, . A AR ATPC ¥ Pt OFe o Tole ol
ST ORISR 7 1 S K/ R ok R T B 1, - 0868 oo —0400
— /, N — S 4 S e - :
S R P RHE AR I B R Y, K e b B s 4T KMO X, E]E —0.891 0.015 0341
I N — %S X SN 0.563 —0.757 0.084
FiBartlettfs 56, o in g RUNFR TR . KMOBUEE & ) X, e 0.226 —0.757 0314
P B K T0.6 H BartlettER 2 FE A 56 12 35 14 /N 700515 X, i 0.772 0.430 0.283
0 G S ey e T 701 ey (18] b 25 A L X, Rk 0.589 0.157 0.604
E%’TEI *ﬂ‘z.l'ﬂﬁtﬁ(lﬁj E/‘J%E%%IE ’ 5*59% ri]i}’*ﬁ “H X, B 0.909 0.123 0.223
EE 3 Aig 1IgPC, BEim=3, % X NEL P 12 0.839 0.351 0.346
RARTF ijX 3 ANREE R T 1) [Fm ri % Y I 0800 e 0238
RSN, AR 5 N7.547. 2,173, 1.449, Hit
TUHR L F85.91%, v AR 73 S e HE AR 36 26 A A BE
FR B S A2
§
#7 KMOFRIBartletths 3545 # =
Table7 KMO and Bartlett test results g
TR wR g
KMOHUFEE UM B4 0.640 &
P 5 257.542
BartlettER T AL 50 H 78
BEE 0.000
. N e 6  AROGHU THEMRT bR SPCRIHIGE 1 =4k 4k 4y el
A8 BT T RESR . Fig. 6 Three-dimensional loading plot of correlation factors between
Table8 Sum of squares of extracted loadings quality indexes and principal components at different levels of OG substitution
pC PRI T 7 Al
Bt JET AU R R HeHE PO MU L5 5 & 1A B A
1 7.547 58.052 58.052 . . -
, S erre s Y,=—0.217X,+0.319X,—0.316X;+0.316X,
3 1,449 11.146 85,914 0.264X;—0.324X,+0.205X,+0.082X,+0.28 1., +0.214X,,+

WLz, (EPCIH A PESR bR T ALK
[ 6T A Y, BRAFRARAES DNPCHAH B
Bt 378 70 Ut U 5T KA i £ 4 U A e A S A
R, U RERE . PSRRI AN ] 5 A A B AR X

L g

3

0.331X,,+0.305X,,+0.316X,,
¥,=0.505X, —0.103X,—0016Y,—0.014X,—0.107X; +0010X,—
0514Y,—0514X,+0292X;+0.107X,,+-0083X,, +0.238X,, +0.187.X,,
Y,=—0.100X,—0.152X,+0.301.X,;—0.332.X, +0.388X; +
0.283X,+0.070.X,40.26 LX, +0.235X,+0.502X,,+0.185X,, +
0.287X,,+0.198X,,
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Table 10  Results of PCA for different levels of OG substitution
OGERE/% HheE/% Y, Y, Y, Y HEF
0 2 2455 —0.935 —0.796 1.374 2
0.4 1.6 2,643 —0.435 0383 1.751 1
0.8 1.2 0.610 0.120 1.307 0.605 3
1.2 0.8 —2.761 1258 —0.457 —1.680 4
1.6 0.4 —3.948 —0.108 —0.437 —2.745 5
3 & #
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