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Effect of Replacing Fat with Black Bean Tofu on Quality
Characteristics of Meatballs

LIU Shupin, FENG Shuang, LU Jiahui, SU Xiaowen, ZHANG Jiamei, SHI Changbo

(College of Tourism and Cuisine, Harbin University of Commerce, Harbin 150028, China)

Abstract: In this paper, black bean tofu was used as a fat substitute in the production of meatballs, by measuring the
cooking loss and emulsion stability of meat paste, sensory evaluation of meatballs, basic components, electronic nose,
texture, color, yield, pH, microstructure, etc. The effect of black bean tofu addition (0, 4%, 8%, 12%, 16%, 20%) on the
quality characteristics of meatballs was studied to provide feasibility suggestions for the development of low-fat black bean
tofu meatball products. The results showed that compared with the control group, the cooking loss rate, water loss rate, and
fat loss rate of meat paste gradually decreased with the increasing of black bean tofu addition. When the black bean tofu
was added at 12%, the meatballs had the highest sensory scores and the best overall acceptability. With the increasing in the
amount of black bean tofu added, the fat content of the meatballs gradually decreased, and the protein, moisture, and ash
content increased. The hardness and chewiness of meatballs gradually increased with the increasing of black bean tofu,
while the elasticity and stickiness first increased and then decreased. Meanwhile, the L* value and a” value gradually
decreased, and the b" value increased, and the yield and pH showed a trend of first rising and then falling. When the black
bean tofu was added at 12%, the yield and the pH of meatballs was the highest. The principal component analysis results of
the electronic nose showed that there were significant differences in the smell of meatballs under different amount of black

bean tofu. The results of the microstructure measurement showed that adding black bean tofu could significantly improve
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the uniformity of microstructure and the overall quality of meatballs. Therefore, the overall quality of meatballs would be

the best under the condition of 12% black bean tofu addition.

Key words: low-fat meatballs; black bean tofu; fat substitution; quality characteristics
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RIS T /K=1:8(g/mL) B FLBITR A 3 5 83K 1
PEL AR SRR AL A h g, E AE 3 R, Rk
T I BB S AR SRR AR RS 2 AR N, R
FRREb N 10 min, F3EEWE, 4kSEH] 1 min,
RIS 2B w30 AL v i i AR B PRI, 7 SR T
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Table 1 Sensory evaluation standard of black bean tofu meatballs
Bzt WorbRiE IHET)
H A DM, 245]—3 7~9
AL BRI RS 22, T A5 4~6
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MEL R 56 A2 0 JERR, S el B, A7 W R, e 0~3
HEVRBESE, U F, WAR Y P S ST AR IR 1k, JERIR 7~9
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TE SR I R BEZE A R KSR A SRR D
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SEABZ A A EAE, TR INESeE e i) —
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Table 2  Effect of black bean tofu addition on basic components of meatballs

BT E AN (%) K51 (%) EERS (%) NI (%) K51 (%)
0 62.47+0.87¢ 11.06£0.39° 31.42+0.62° 1.68+0.28°
4 63.51+0.21¢ 11.34+0.57% 24.23+1.30° 1.72£0.41°
8 65.31£0.66° 11.72£0.19% 20.86+1.25° 1.72+0.24°¢
12 66.22+0.75¢ 11.98+0.43" 17.20+1.18¢ 1.94+0.19%
16 71.22+0.64° 12.2040.65° 12.25+1.36° 2.47+0.26™
20 73.93+0.89° 12.40+0.70° 9.29+0.55" 2.62+0.21°

TE: PR MBUE A =T S A PR R 2, (7] — 5 /NS SRR R 3R B Al )22 5 8.3 (P<0.05); 23~K6lr]
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Table 3 Effect of black bean tofu addition on the cooking loss and emulsion stability of meat paste
B G TN (%) AR AR (%) KIS (%) W52 3 (%) IR R HE (%% )

0 3.97+0.79° 3.58+0.72° 0.39+0.07* 10.40+0.82%

4 2.75+0.31° 2.48+0.28" 0.26+0.02" 9.86+1.19°

8 2.61£0.54° 2.37+0.48° 0.24+0.07" 9.36+0.28%

12 1.96+0.40° 1.78+0.36" 0.17+0.05" 9.27+0.27®

16 1.53+0.40% 1.38+0.36% 0.160.04" 8.83+0.10"™

20 0.86+0.52¢ 0.76+0.48¢ 0.09:£0.04° 7.82£1.34°
(P<0.05). BT AER i1 T2 o S A AR N3 T 1A 0.010 DI=97.1%
BE AR R R, ITEAR R BE AR BE T /K 43R0 0.005F  20% . L A%
TR TE P AL — 425 (] 24 P AR , AT T PIL S ol % X 0%

N . N ™ P 16% 0 3
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2.3 ETSRARMEXAFXIKAIF R oL
| sl = A4 =Y =] L = b fo —0.020 1 1 1 1 1 1 !
HL 0 I IR RS I e B el 2 H —0.15-0.10 0.05 0.00 0.05 0.10 0.15 0.20
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TTHRAE R 0.3%, BRI DilkAIAF] 99.6%, Hh DI A
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[BIfFTFEZE S, HIE 1 al5n, XTRELH A AL (R S BT
Jin&E 0%) ZEE6E— A FHES TS N BE & S 1 HoAx
BRE ST ATBETE, BERH NI A 5 X PR AL ™
A —5E LM, M 7E— 2 R B 1 B3 A L AG XU 4
fiE, T 4% 1 8% FEE G ASINESRA T AR =2 (A
Sy AT XA, B SR AR 2ZE 73N, 16% Fl 20%
PR B ASINELAAE N AORE S S AT AR R] X, AR
HABAA R UARAZET .
24 ETSREAMESAIREEIF G

2 4 526 T AFIEBE GE RN T RALA
JEAZEACAG I . FH 2 4 AT, R | nEL R Rl 2 R
SRR AR o LI, ek R s e LTt
Jo FREEEaS . SRR AR b, SRS GE Ay
4% FI 8% H-F PIALIAAHEFE | s AR b G i 5 25 5
(P>0.05), 12%. 16%. 20% BT G EHRME AT
PR AL R R R R Sk = v T AR R A P LA

FHAT1(99.3%)
Bl 1 PRI X L PCA 520
Fig.1 Effect of black bean tofu addition on PCA of meatballs
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Tl F52 M (P>0.05), BT G 12% Fil
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JEA TS R B 2 S G IR A R 12% At
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(AN E RPN B & i 5 ) B BB FR AR, 7E—
RE TR B S WL B (AR S T, SEmi HL T 422001,
26 52T ARG SIS INE A L LA
a8, bEAS k. i S A, UShnR E S AL
5 %F B 20 AH EL BEAZ B 25 BRAIC LME . o H (P<0.05)
B A S S BN MRS, ALY L. a BBk
/N, BEIZ TG R, 4% G SR F AL
Y b 5 %) RE LA AR b G 8 3 22 5% (P>0.05), 2448

T4 B GETRINEXT AL TPA M5
Table 4 Effect of black bean tofu addition on TPA of meatballs

T E AN (%) TERE(N) #H: (mm) JEFEPE(N) RELAEPE (m))
0 21.95+1.14° 4.87+0.27% 14.81+1.39° 71.63£2.77°
4 22.160.98° 4.96+0.08% 15.03+2.03° 78.43+2.84¢
8 22.26+1.26° 4.97+0.15% 16.15+1.43° 86.37+£2.19¢
12 27.66+1.09° 5.22+0.02° 20.92+2.45° 94.73+2.11°
16 31.15+1.70® 4.8340.08° 22.29+2.38° 103.90+3.65°
20 31.53+3.36 4.70+0.28" 18.77£2.06™ 110.47+3.31°
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5 BE SRR AL GRS
Table 5 Effect of black bean tofu addition on the color of

meatballs
BE GBI (%) L a b
0 73.13+£0.46° 0.33+0.04° 13.58+0.28¢
4 71.72+0.47° —0.29+0.13° 14.18+0.17%
8 69.46+0.09° —0.75+0.06" 15.30+0.96"
12 69.24+0.08° —1.03+0.19" 15.94+0.34®
16 68.92+0.22° —1.09+0.17° 16.05+0.51%
20 68.19+0.16¢ —1.18+0.61° 17.29+0.64°

T 4% LIS, AL bE AH B X RE 20 i 3 1 R
(P<0.05), AT RESR A T3 & G A B B (X P AL
B AR, B MR S S S IS I BN, e R
2T REAE R, BRI, AL DT
2.6 ETSEAMEXANLEGREFN

R 2 ], SR S DX PR AL R
M AN 35 (P>0.05) o RAIFLAY S SR B R 0 SR
i R I SR BRI i S BRI i A A, AH LU X REZH
B S S ESINEE S T AL 3R (P>0.05) . 4
B SRR N 12% I ALRY H R e, Iy
H S RIRF] 96.55%, At — 2 KB & G U &L,
D2 SECPFLA H R R

98 r

a
,\96' a
S ol a \;‘

6 éll f‘; 1‘2 1.6 2‘0
BT FIING (%)
P2 BRGRLEAS IS A AU AR
Fig.2 Effect of black bean tofu addition on the yield of
meatballs
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SOGB4 R L pH 7 6.62~6.93 ZJH], X4
SR 12% B, AILE pH Sk, HYS 8%

i 16% S S EIINES TR AL pH o
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Fig.3 Effect of black bean tofu addition on the pH of meatballs
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100 R IATEL 1000 F55544 UM . R IEl 4 AT LA
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FL, SEFRAEORURS, IS PR AL PR BEE IS P9 245 25 A AN i
ANBUES, FLARAT S HIB R T 5822 HARX RS R i
LA RS SR GBI R AR, PFLERI
LERAT BT AL 35, BEAARAR G S ARG, L P9I UEE e WA 465
ZE R B 2 ARG BN B . MBS SE BN
12% b, B st P AL R X5 4 AH X Y4 5, R A fL
T, PRI AR JE PRI 45 A H B S8 S R R 4 v HLIA 5738
. 20% BE SEEINE ST B P LR,
FOMEER I M MR 5T, BERsE P LT A AR IS 9
AR, RS R ISR S S RENE HH
PR A FLZE R IR 2 501k, A TR L2 A A A A T
#, [FIHH o P AL PN B BE RS P 28 A B RS R B I,
T35 PR FLI SRS A4 o
29 ESEBERAMEXAARE SRR

2 6 AIA, LRSS Bt % B T S s
TR I WA, A IR bR P S e T
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%6 REGEUSINERT P ALEE ST SER (43)
Table 6 Effect of black bean tofu addition on the sensory quality of meatballs(score)

B SN (%) 5 Fgk AR HBURE ST szt
0 8.32+0.11° 6.66+0.12¢ 7.01£0.10¢ 6.24+0.20¢ 7.36+0.10¢
4 8.10£0.08" 7.41£0.11°¢ 7.30+0.17¢ 6.92+0.14° 7.87+0.14¢
8 7.74+0.12° 7.90+0.19° 7.88+0.07° 7.75+0.24° 8.30+0.11°
12 7.48+0.06° 8.63+0.09* 8.50+0.25" 8.56+0.13" 8.75+0.15
16 7.02+0.13¢ 7.67+0.18" 7.60+0.08° 8.34+0.06" 8.22+0.06"
20 6.47+0.15¢ 6.73+0.22¢ 6.92+0.12¢ 8.01+0.10° 7.25+0.09¢




%435 5 s

XU, 4. B TG IR P BT R 47 -

Kl 4 RS ST AS IR PYALROWAS 52 e

-
.

3
6
B3 |

‘s
AR b
2y

: -

- e LT

s

Fig.4 Effect of black bean tofu addition on the microstructure of meatballs
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