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ABSTRACT: Objective To explore the effect of ultra-high pressure (UHP) and natural chemicals on the quality
and safety of pickled raw Bullacta exarata. Methods The combined effects of different pressures (100, 300, 500
MPa) and/or natural chemicals (tea polyphenols, Nisin, e-polylysine, chitosan and lysozyme) on quality of pickled
raw B. exarata were investigated. The changes of sensory, total viable count (TVC), pH, total volatile base nitrogen

(TVB-N) content and thiobarbituric acid reactive substance (TBARs) value of B. exarata were evaluated during
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storage at (4=1) °C. Results Both the UHP and the natural preservative selected in the experiment had significant
bacteriostatic effects on pickled raw B. exarata (P<0.05). However, the UHP treatment had a significant effect on
sensory quality mainly on texture (P<0.05), and the sensory score treated by 500 MPa UHP was decreased 1.41 points
compared with the control. The results of Lo(3*) orthogonal optimization test indicated that the combination
treatments had a synergistic effect. Taken preservation effect and the amount of chemicals applied into consideration,
the optimal combination was 4,B,C;D; (0.05% tea polyphenols+0.005% Nisin+0.05% e-polylysine+0.005%
lysozyme). The combination of 300 MPa UHP and natural chemicals (4,8,C,D,) could significantly (P<0.05) inhibit
the increase of TVC, TVB-N content and TBARs value, maintain relatively stable pH value and sensory score in
pickled raw B. exarata, and the combination of 300 MPa UHP and natural chemicals (4,8,C;D,) had better effect

than either treatment alone. Conclusion The combination of UHP and natural chemicals can effectively improve the

quality and safety of pickled raw B. exarata.
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Table 1 Lo(3*) Orthogonal experiment design
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Table 2 Sensory evaluation criterion of picked B. exarata
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Table 3 Effects of natural chemicals on TVC of B. exarata

Ab W% B B 8U/log,o(CFU/g)
XTHE 0 d 0 3.29:+0.06™
PR 7 d 0 3.89+0.23"

0.1 2.94+0.23°

TR N 0.3 2.77£0.12°
0.5 3.30+0.19"

0.1 3.88+0.09"

KEZW 0.3 3.16£0.17"
0.5 1.66+0.06°

0.01 3.51£0.19%

Nisin 0.03 3.42+0.07°
0.05 2.80+0.23°

0.01 3.28+0.17*

e- TR 0.03 3.06£0.12%
0.05 2.94+0.05°

0.01 3.52+0.02"

T G 0.02 3.36£0.21%
0.03 3.1240.13"

T [ —3/ING PR R 8 A7 AE .35 22 57 (P<0.05).
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Table 4 Effects of UHP treatments on TVC and sensory scores
of B. exarata

] B [N
W7 F8 b MbEZH
0d 15d
papiist 3.29+0.01% 4.15£0.09%
Bb Ab
B 100 MPa 2.84+0.06 3.41+0.24
logio(CFU/g) 300 MPa 2.48+0.045¢ 2.7140.16*
500 MPa < 1.00 B 1.66+0.09%
pogilst 9.45+0.05" 7.83+0.155°
. 100 MPa 9.21+0.09"° 8.50+0.23™
E P
300 MPa 8.98+0.15"° 8.66+0.214*
500 MPa 8.04+0.174¢ 7.85+0.304°

W17 RE PR RN AL B 2% 5 (P<0.05), [Fl—41/)
BRI R B35 22 5(P<0.05),

33 RARENESLIESTHEHEREIR TBARs
{&. TVC. pH # TVB-N & 28950

AR IR IR Lo(3*) IE SRR A 5. 2 5 7]
1, TBARs {H# 2 H Ry 0.16, Ry 021, Rc M 0.16, Rp
290.18, BEHH B 2B R K, FRIEFH B >D >C >4,
PEIK-H A3B CaDy, M TBARSs {E#R/)N; TVC Hk2ZH Ry K
0.24. Rg M 048, Rc>M 0.31., Rp A 0.03, UiHA B 52 A
ZHEK, FRIEFH B>C>A>D, KR 43B,C\D,, It
it TVC fe/b; pH {EAR 22 H Ry 9 0.06 \Rg 4 0.01 R 47 0.09 .,
Rp M 0.04, UiHH C Mg BE R K, FRITFHR C>4>D
>B, KA 4,B,C\Dy, VLE pH [ARFELEVIGE; TVB-N
Wi Ry 112, Ry 1,40, Rc A 1.21, Ry 1.12, 15iH
B Mg BE R K, FRIETFH B >C >D=4, hKFH
A3B\CsD,, M} TVB-N {HEAK, S
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Table 5 Effect of combined chemicals on B. exarata after 7 days of storage at (4+1) °C

F5% 4 B c D TBARS fii/(mg/kg) logl(};XISU o pH TVB-N/(mg/100 g)
1 1 1 1 1 1.90+0.06° 2.41+0.18° 7.50+0.06" 6.72+0.37
2 1 2 2 2 2.3240.08* 2.88+0.02° 7.39+0.07* 9.80+0.45"
3 1 3 3 3 2.00£0.07* 2.98+0.00° 7.41£0.07° 8.96:+0.49°
4 2 1 2 3 2.13+0.10° 2.86+0.09™ 7.48+0.04° 9.52+0.63"
5 2 2 3 1 2.10+0.06" 2.81£0.04" 7.47+0.05° 8.40+0.42°
6 2 3 1 2 2.36+0.06 3.00+0.02° 7.52+0.01° 9.80+0.25
7 3 1 3 2 1.9240.01° 2.36+0.04° 7.43+0.06" 7.00+0.39¢
8 3 1 3 2.15+0.07° 2.49+0.01° 7.57+0.09° 8.68+0.14°
9 3 3 2 1 2.05+0.05" 3.09+0.23° 7.48+0.04° 8.68+0.43°
10 X} Hit 2.01+0.08™ 3.89:0.00° 7.36+0.07° 10.08+0.35°

TBARs/TVC/pH/TVB-N

K, 2.07/2.76/7.43/8.49 1.98/2.54/7.47/7.75 2.14/2.63/7.53/8.40 2.02/2.77/7.48/7.93

K, 2.20/2.89/7.49/9.24 2.19/2.73/7.48/8.96 2.17/2.94/7.45/9.33 2.20/2.75/7.45/8.87

K; 2.04/2.65/7.49/8.12 2.14/3.02/7.47/9.15 2.01/2.72/7.44/8.12 2.09/2.78/7.44/9.05

72 R 0.16/0.24/0.06/1.12 0.21/0.48/0.01/1.40 0.16/0.31/0.09/1.21 0.18/0.03/0.04/1.12

P A3/ A3/ A5/ A B\/B\/B,/B, C3/C\/Cy/Cs D\/Dy/Dy/D;
F W7 Rp>Rp>Rc>Ra/R5>Rc>Ra>Rp/Rc>RA>Rp>Re/Rs>Rc>Rp=Ra

T [ —3/ING PR R R 3 22 57 (P<0.05).

LR T R A IR B RO AR IR T R R AR, M& N
KU A A3B C3Dy(Z5 21 0.15%+Nisin 0.005% -5 i
SR 0.015%+ % W F 0.01%) F 4,B,C\D; B (%% £ B
0.05%+Nisin 0.005%+¢- R EL 0.005%+%5 1§ 0.005%)
A, T AR £ VR MR BE REAA BB R 30 TR ROR M RBGERFAL =
B 5T o FH T 43B1CsD, A FLAR B BRI L 4,B,C1D,
=, ZEAEHE e, mEAWE 4,8,C\D, NI AHEH
HEgiRY

34 BEEHEXRARETCEXEHE |RER
p:opA

mE 1 AT, XFRRZHRRSY TVC, pH. TVB-N &,
TBARs fH #l & T ¥ 4r ¥ I {E 43 7 h (3.29+0.01)
log;o(CFU/g). 7.43+0.00. 9.59+0.07 mg/100 g. 2.00+0.05 mg
MDA/kg F19.45+0.05 43, #(4+1) °Ci%7# 30 d J5, TVC.
TVB-N ¢ f& # TBARs f{f 4> % 3 fm | 5.90+0.02
logio(CFU/g) . 17.92+0.28 mg/100 g Hl 2.82+0.05 mg
MDA/kg, pH FIUEE P43 4377 T B 51 7.04+0.03 F1 6.05+0.13
Tro SEAHEEF+300 MPa 7 AL FAE B TE (4+1) °CHA iR
30dJ5, TVC # TVB-N &&= #{LF 300MPa B & . £&
PR 551 L b 3R ZH FRXT B 2H; pH {ER 7.34+0.02, SH)4H1E
T, TBARs {H i 2 (P<0.05){% T BEZH Fl 300 MPa 4bF{!
M, 55 A FEER L HH T 22 57 (P>0.05); BE S

9 8.01£0.17 4%, 75T 300 MPa # J% . 5 &6 0] Boph b
PR AN HRAL . DA S5 IRRH, SRS A 2 A R Ak
AT 25 A VR A v T B0k B R 7 2E YR I2. TBARs
YUY S B, [RIINEXS TVC A1 TVB-N & B g 5%
FORIRIVE ., SR e Rs T B i BB T
4 ¥ it

Tl A A 2 R B R S SO ) A 1 K i 4 R 1]
R e PR EE N R, W R KRR IR
12 BB BRI 1 &AL, [ R 2 B AR =2k
PR MR RS 7 i R % 5 s AN R o IR,
AT o0 T el R e A A T AR K SRR Y
T O 2 7 Al T LT R DR AR, R AR PR A )
AT FTHE R A i STRT A AR A R B A
Ao WHEFH PR 0.05%Nisin AbFEHF 6, & (4+1) °CIt”
B 6 d, I T AT AN E] TVC ., TVB-N 5 # 1 pH
B ETF, 4ed TR RRE SR SRETEEPLR 0.1 %
REMAEIT A0, BEIE T I TVC. pH. TBA {HFI
TVB-NAHK LT+, w0 7 7E-4 °C R Y1423 i 19 d
HERZ 28 do ARE RIS KSR LR R B il
FH I ¥ HAT 583 (R T AR, L B RE T RN R
Nisin > e- R ZR > I H > 5T 10 > K2 .
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Fig.l1 Effect of UHP combined with natural chemicals treatment on the TVC, pH, TVB-N, TBARs values and sensory of B. exarata (n=3)

IR R, K= Sl D B AR AL H A i 2, ASTRI Y
IR RN RN ey LA AR B B R 2 S, Rk
B VR TR AT PR, o 22 Rt 550 52 1 (e P REAR o5
TR . TRER R EPUR A 0.04% 7 H FE+0.5%5c R b
+0.04%Nisin & & REERR AR ERf, W B EAH TVC,
TVB-N Fl TBA {E/Y_ETHFBCE T 0 TR, fli(0+1)°C%
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