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Abstract: In order to obtain a healthy beef patty formulation containing plant-derived additives with good quality and low fat, this study
explored the effects of carrageenan, blending oil and shiitake mushrooms on the quality and microstructure of beef minced meat based on the
Box-Behnken design principle. The results showed that the addition of carrageenan, vegetable oil and shiitake mushroom had significant effects
on the protein content, water content, fat content, color, sensory score and hardness of beef minced meat (p<0.05). An equation was obtained via
the response surface test and then verified: Sensory score=32.00+73.83xcarrageenan addition amount+3.23xgrease addition amount+
4.37xmushroom addition amount-126.92x(carrageenan addition amount)* -0.15x(grease addition amount)? -0.16x(mushroom addition amount)?.
The verification results showed that the optimized group with added mushrooms had reduced hardness, chewiness and recovery. The treatment
group with added oil only had the greatest elasticity and adhesion; the optimized group with added mushrooms had a denser structure, and the
traces left by degreasing were more uniform. Conclusion: The optimum amounts of plant-derived additives for addition were 0.29%, 11.04%
and 13.68% for carrageenan, blending oil and shiitake mushroom, respectively. This study provides a reference for the research on low-fat
healthy beef patties, and a theoretical basis for the investigations on the impact of different additives on beef minced meat quality.
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Table 2 Effect of different amount of carrageenan on basic nutritional indicators and color of beef minced meat

FE % KHEEY%  EBALSEY%  EHEASE% L* a* b*

0 70.96+0.52°  17.88£0.16°  6.18£0.25%™  34.424327°  7.93x0.64  10.35+£2.05*
0.1 71.63£0.12°  17.14+0.28° 7.2240.34° 40.36+2.56" 8.93+1.07 13.37+1.26"
0.2 70.93£0.51°  16.65£0.22°  6.89£0.09°  40.94+1.30° 6.87+1.48° 12.04+2.17%
0.3 72344028  15.850.13° 6.10£0.15°  37.09£3.63™  6.92+1.69°  11.19+2.52%°
0.4 74994227 15.67£0.36° 6.65+0.28" 3430+2.80°  8.17+1.19% 9.70+1.83¢
0.5 72.11+0.11° 15.47+0.25° 7.1120.20° 41.13+1.79* 6.91+0.86° 13.04+1.31°
0.6 72.86£031%  14.96+0.37 6.43+040°  38.46+1.88°  6.95+1.53° 12.40+0.86™
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Table 3 Effect of different amount of carrageenan on texture and sensory score of beef patties
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0 0.1 0.2 0.3
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BB =P 20.89+4.19 20.17+4.53 20.83+4.15 20.08+4.68
B4R 19.25+2.13° 21.33+2.42% 21.50+2.28% 24.9243.12°
B 63.26+6.26" 71.42+6.78™ 74.25+7.32° 76.33+8.87°
Joh IE/Y%
0.4 0.5 0.6
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Table 4 Effect of different amount of oil on the basic composition and color of beef patties

170

TImEY% KeE/% Ea45E% & W 2 /% L* a* b*
0 75.46+0.34° 18.30+0.28*° 3.28+0.67 36.82+0.81% 3.99::0.68 4.75+0.95°
3 75.03+0.62° 18.25+0.19° 4.14£0.72 39.74+1.69° 4.49+0.45 7.31£0.85™
6 73.23+0.51° 18.15+0.25° 7.22+0.81° 40.44+0.20° 4.30+0.87 7.32+1.02%
9 72.28+0.48° 17.86+0.32% 10.07+1.14¢ 42.79+0.58" 4.58+0.47 7.95+0.43%
12 71.64+1.27% 17.05+0.33% 12.98+1.23° 39.69+2.52° 4.44+0.95 7.00£1.62°
15 71.83+0.31¢ 17.49+0.46" 14.57+0.85 38.28+2.23% 5.68+1.25 9.63+3.68°
18 71.08+0.51° 16.54+0.38° 17.3242.09* 35.8242.48¢ 5.24+1.37 7.68+2.57
R 5 HEESANEXNFRAGERM,. BRETSHIFN
Table 5 Effect of different amount of oil on texture and sensory score of beef patties
INAE/Y%
Ei-Eos 5 3 P 5
R E g 34016.37+4071.29° 33144.77+3071.18% 38008.85+9560.39" 27694.56+4191.48"
S 0.84+0.04 0.84+0.02 0.85+0.02 0.78+0.16
it RhEE 14937.66+2971.41% 15993.66+1971.84% 18379.49+6139.49%° 12391.54+1394.55°
R /g 16178.78+1989.18° 13348.78+1480.41% 15585.12:£5240.35° 9739.02:+2473.72%
A 0.18+0.04 0.17+0.02 0.18+0.04 0.15+0.02
RS 13.18+1.79° 13.52+1.84° 14.03+2.03® 15.11£2.12°
R 14.28+1.71° 15.812.12% 16.92+1.71° 17.7942.34%
BB o R 20.89+3.69° 22.17+4.13% 22.83+4.45% 23.92+4.75%
a4z 19.5142.31°¢ 21.53+2.42% 22.55+2.08" 26.46+3.56"
B 68.13+6.06° 73.29+7.18° 76.95+7.62% 83.43+8.17°
AT 12 ”Mf/% 18
RE g 26322.6+15226.32 24252.55+8980.10™ 20753.48+12061.66°
B 0.86+0.02 0.83+0.02 0.86:0.04
Bt AN 12391.54+1394.55° 12234.89+7171.95 11058.87+4123.88"
Fk/g  10527.83£6106.53% 9189.12+3451.95™ 7972.15+4709.75°
= At 0.16+0.02 0.1620.01 0.15+0.01
&% 16.3242.57° 14.52+1.66™ 14.47+1.43%
ok 18.27+1.68 17.48+2.21% 18.7342.28°
BE o B 23.12+4.96%® 23.08+3.81% 25.58+4.29°
2H4R 26.27+3.63° 24.56+3.01® 22.84+2.14°
B 84.33+8.62° 79.37+7.87% 80.72+7.18%™
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Table 6 Effect of different amount of mushrooms on the basic composition and color of beef patties

g S KL EY% EOLHE/% RE W22 /% L* a* b*
0 72.39+1.01° 17.15+0.42° 5.71+0.38 38.6242.48"P 4.45+0.958 6.99+2.214
5 73.23+1.12° 14.61+0.48" 4.48+0.44° 36.51+1.718 5.3240.90* 6.13+0.8148
10 74.56+1.25® 16.41+0.32° 3.29+0.33° 33.61+£2.28° 4.61+0.89"8 4.82+1.17°
15 74.89+0.70 16.20+0.62% 2.53+0.25° 37.5542.64° 4.68+1.26"2 6.67+1.37%
20 75.10+1.22% 14.74£0.26° 3.65+0.28" 40.50+4.274 3.93+1.025¢ 7.7242.68"
25 75.57+0.41° 13.82+0.15¢ 2.96+0.23° 39.25+4.6148 3.49+1.36° 6.91+1.69"
30 76.29+0.81° 13.06+0.27° 2.78+0.41¢ 38.12+2.48%8 3.13+0.92¢ 7.03+1.12%
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A%
E RO
0 5 10 15
R E g 27008.85+9560.39° 24085.22+10762.60°  23213.00+11322.88™ 18726.73+2898.69°
S 0.80+0.02 0.78+0.03 0.77+0.04 0.73+0.06
Jith R EE 17391.49+5191.98° 9930.75+4527.99% 9420.17+4885.28" 6745.80+1243.06°
R /g 14585.1245240.35° 7752.81£3603.33% 7340.77+3865.24™ 4900.91+924.71°
op-d 0.18+0.04 0.13+0.01 0.13+0.02 0.110.01¢
RS 16.18+2.12° 16.49+2.04° 15.03+2.47%® 15.39+1.62%®
sk 14.184+2.01°¢ 15.4242.43% 16.1242.31° 18.58+2.04%
B =P 20.1123.19° 21.37+3.23" 23.23+4.54% 26.08+4.18°
B4R 24.5142.14° 23.43+2.16™ 22.8342.46% 21.6242.32°
B 76.15+8.61° 78.12:6.82° 79.45+6.12%® 83.79+8.91°
AT 20 me/% 30
RE g 31808.46£6747.54™ 21429.00+8861.61° 33244.37+7504.15°
LA 0.78+0.04 0.72+£0.06 0.77+0.07
Bt AN 12971.02+3312.08% 8230.43+4436.19° 14485.02::3740.49°
Wb /g 10180.25+2782.85% 6134.14+3671.09° 11291.35+3346.43°
=5 0.14£0.02% 0.1240.03% 0.15+0.02°
&% 14.4742.02% 14.0542.17° 13.71+1.58°
sk 16.67+2.24° 16.67+3.08° 13.38+3.58°
BE o R 24.92+4.19® 23.92+3.32%® 21.58+3.61°
2H4R 20.58+2.32° 19.00:£4.43% 18.2542.36°
B 77.03+6.85 75.83+7.13° 69.73+7.72°
% 8 MR EIRNIGIR T REER
Table 8 Experiment design and result of the response surface
23 ‘%J}iﬂy"; ‘b}]fﬂ" %‘25%% F&”ﬁ” T ’F‘%‘ijé’; cb}]f/ﬁ %‘iﬁ“zﬁ )i‘s”a”
g% WEY% = /% 45 TWEY%  E% &% i
1 0.25 15 20 81.32 10 0.25 5 20 77.04
2 0.25 10 15 90.31 11 0.1 5 15 79.31
3 0.25 15 10 86.05 12 0.25 10 15 87.66
4 0.25 10 15 89.63 13 0.4 10 20 81.55
5 0.4 10 10 85.71 14 0.1 10 20 81.89
6 0.4 15 15 87.25 15 0.25 10 15 92.01
7 0.1 15 15 82.41 16 0.4 5 15 84.27
8 0.25 5 10 84.26 17 0.1 10 10 82.73
9 0.25 10 15 89.51

YR E A RAE R RIS (G 8), BRI R
£ 9 PR,
SR FIE G [ENAVEAR AR H AN I & T RS I
FaHNIEARE PP IR TR, e R T
JRE=32.00+73.83* - hr RIS I E+3.23 % lg s
B 3T BT I E-126.92% RRLRARIN & 2-0.15%H

2.4 v Sy TE AR AR B

NFAF A YIRS INYIRC L, TH R0 3% AT
BTGB, S5 A SR ZAR 6 45 R SRR E 1%
TSI, DA RPN IS 0.1%~0.4%- JH RN
B 5%~15% B LER IR 10%~20%/E NS 8 uH , &
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e InE 2-0.16* HEETR N 2

9 REWEN, KAUTUN 16.76>0.05, KHIR%E
SRR E, RERED; R™=0.9038, HFiE
R*=0.8461, i WA AR TR s f5MEEL 10,794
mTIRSHE 4, R ZIRE oI R .

2.5 thALEAE

Design Expert BAHERE 1 DU IR E 9 H AR 5
AR R FEE A= 508 0.29%,
11.04%, 13.68% . Zeid IR0 Uk, T E{H A 90.47,
LR E N 89.92, FRAIAIE.

3 AEAIBEFRBERAD, WML

FRIERALEE FHEATIONE, AT PAL 5 IR LE 2T s
ES A FRRYL (0.29% KRB R4 (11.04%
WA ZEH (0.29% RHB+H11.04% A
T2 (0.29% EHific+11.04% A FIH+13.68% A 45) 3k
FT%F o Hr

3.1 AR ALEE X A A A v

HR 10 751, SRIed s MR R (e . #bk. 55
PR RHAEE . B IR R 2 7 (p<0.05).
TSI AR PR B R, 735N 0.55.
8470.74; INIMALACZHIPEMEYE . IS YERAR, 208
2791.31 g+ 0.26; WHINHARFI-RBLR I G LHAHEE |
FAVE. PR B BESS PRI o B 2 R AR S
MERER, HhaFEE SRR, REEEAR
K B AREERIREIT . B RS R LR
&, SEESHIA RIS . S, PHRME SRR AR R AL
SERIIEG . ANSFRNRIGALZ 7] TPA (2557 ] LAULHH,
FE-Re A 2 T DASE DR IRE IR X 265 45 ¥4, 386 2 ] DA
XA GERRRE T, RN EES AR, RIS T
RS, PSS, 5 WANG 250197 —32Y, fhAiTmr
AR, FEHXFHEIERINYIRINERZ, b4
PRI EK, Zakaria %5 NP 72 AR 13X —
Mo

#+ 9 BREWSEIHRBHFESER
Table 9 ANOVA analysis of regression model of sensory score

% 2R -7 Fa al:2pid #7r F & P&
Model 249.81 6 41.63 15.66 0.0001 significant
A 19.34 1 19.34 7.28 0.0224
B 18.45 1 18.45 6.94 0.025
C 35.91 1 35.91 13.51 0.0043
A? 3434 1 34.34 12.91 0.0049
B? 56.35 1 56.35 21.19 0.001
2 67.31 1 67.31 2531 0.0005
HE 26.59 10 2.66
% AR 16.76 6 2.79 1.14 0.4721 Not significant
RER 9.83 4 2.46
B 276.4 16
R-Squared 0.9038
AdjR-Squared 0.8461
13kt 10.794
F 10 TR 4 PIBERERRR TPA RSN
Table 10 Effect of different treatments on the color and texture of beef patties
207 E/g a3 BRI FhAM /g R
A= Fik 7278.35+1122.49° 0.53+0.10¢ 0.74£0.05*  5319.49+503.985C  2869.73+758.56°  0.32+0.04"
Fiahka 9520.61+1407.30% 0.63+0.054 0.67+0.04%  6395.65£820.95°  4025.44+682.94°  0.27+0.028
ML ERE 11393.85+2644.924 0.55+0.105¢ 0.75£0.05%  8470.74£1504.07"  4808.74+1547.39"%  0.34+0.04"
St 11313.84+4131.974 0.66+0.06* 0.73+£0.02%  8208.33£2962.04"  5431.98+2090.88"  0.32+0.01*
AL 7228.33+580.25" 0.61+0.05"8 0.64£006°  457473+31633%  2791.31£212.78°  0.26+0.04°
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32 )AL 2 X AR A EAROW 45 A B R

52 AR a HECE, #IN-RHLE b HE5H F
EhnEeE, JLTECE KIIIENT RS, AR ¢ 44
I T R ORL B kL 7 AT AR AR, Itz
Ja, REWTRTERRA . GRAEL. SURGSH AN AL
%, RIBRA—ESMEA—IRER. INRHR
AR RS d AR EH a 0%, Hb O N
I e HEEUE, RIS 2 AT
ZEET o AT AU R AT LU 58 = 25 R 2% S5 1
SR, s AR 4R SRy, T DA — DR
VEWIE AR T RERE . EH A

Bl 1 NEIE A PR S8R
Fig.1 Effects of different treatment on the microstructure of
beef patties
E: AL A KK 500 42T ULRE; a: =GR,

b: TR, ¢ A5 di A4 e Ak,
4 5

IRINRBLIRE. AN A LEAR R 1A R 3
AR Bk, T EEVED, £ R
THEWT . BRI IR R R A, AMUEE TirE
JEITBER . ERVETEER FBRRKIE R, B EA R
IRENT . SR PRAL S, S0P, B BOss
VARSEER SR G DS 70 o U4 N =k 7/ e o8- S Eebu R AL
KGR BRI S BUA RN E AR A Bt
SOMA LR B s R R R R R N H B I I L
1. ANFEREGA 18] TPA HIZEF AT LLUR, -k
PRI T A B I 28 S5, Al m] AR S5 KA
SEVE, (EFFNERERIRAL, ATFEAR 1 AERE . RE I
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TERL T MBI R, (HRFHMIZE, HTES
ARG RRRLRR, 3 AAE PRI BEAR SR AR 1 X 2 25
FIRIRRGE M. WA E VP (R R T . J&
B =32.00+73.83x I~ iz it ¥ I £ +3.23% 31 i S 0 =
A 3T RETRINEE-126.92x RRURRINE: 2-0.15%JH g
TN 2-0.16x FRsERINE °, HAEE, 537 R
KEEENEWRRR. Wl FEERINEs 38
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