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Abstract: To investigate the effects of different concentrations of antimicrobial peptide from marine Bacillus subtilis on the
quality changes of freshly squeezed cucumber juice during the storage period (5 d) at room temperature. Sensory
evaluation, physicochemical analysis (pH, stability coefficient, total sugar content, total bacteria count), and electronic nose

technique (principal component analysis, radar plot, corresponding values of primary flavor components sensors) were used
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to comprehensively evaluate the effect of freshness preservation. The results showed that the concentration of antimicrobial
peptide was positively correlated with various physicochemical indexes. And 2xXMIC concentration of antimicrobial
peptide had the best effect, with the highest sensory score (7.03), pH (4.97), stability factor (32.86%), total sugar content
(5.11 mg/mL), and the best antibacterial effect (0.88 log CFU/mL). Principal component analysis (PCA) showed that the
flavor characteristics of cucumber juice in each antimicrobial peptide treatment group were similar, while the flavor
characteristics of cucumber juice in the control group and the potassium sorbate treatment group were similar. The radar
plot revealed that the flavor components of cucumber juice in each antimicrobial peptide treatment group increased at the
later stage of storage (5th d), while the flavor components of cucumber juice in the control and potassium sorbate treatment
groups remained unchanged basically during the storage period. The analysis of the response values of the flavor
component sensors showed that the antibacterial peptide from Bacillus subtilis BBW1542 had a certain impact on the
volatile flavor compounds in freshly squeezed cucumber juice. In conclusion, the preservation effect of antimicrobial
peptide from B. subtilis BBW1542 was significantly better than that of the chemical preservative group (P<0.05). This
study would provide a theoretical basis for the quality assurance of freshly squeezed cucumber juice in short-term storage
and the development of marine microbial freshness preservatives.

Key words: freshly squeezed cucumber juice; preservation effect; antibacterial peptide from marine microorganism;
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Bacillus subtilis; flavor
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1.2 ZWHE

1.2.1 P ARAIHI%E  FAEE 10 /L. BEEHE M
5 g/L. HAbEE 2.1 g/L. BRREE 4.2 g/L. &AL #
0.9 g/L. 155 1.2 g/L. & fb4h 36.5 g/L. pH7.0~
7.2, BehI R F9, 121 °C K 20 min, B3, 7F
TS T, A 1 pL 2P B E HC— 2R, R ZE AT
B BBW 1542 H & 4% A 50 mL/250 mL iR IR
71, 170 r/min. 30 °C ¥R IEFE 12 h BIASFh k. %
HIZGHE 30 g/L. JEEHF 30 g/L. FE IR 20 g/l BRlRE
2 g/L. BEWE &AM 1 g/L. MFREE 1 g/L. WMifR4%
0.01 g/L. BREZ%¥E 0.01 g/L. pH7.0~7.2, T il & e ks
FEWE, 121 °C K 20 min, B, FpFmLL 2%(v/v)
A 40 mL/250 mL AR, 170 r/min.,
30 C YR IEFE 24 h RIS R . B 1 L RBEW
10000 r/min. 4 °C B5.0> 10 min, FEEEAA, Arfs i
Y& 70 r/min, 50 °C [HIRHEZE, B2 WA 5 _LiE
WARFHLER 1: 6, B8 Weds o B  wT da 00 B e
100% CHe i/ TR K : vIv) , SR FH —AB B S
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R 3.125% (v,
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AbFREE R G B 55, AR A, &l 2542 C NI
WSESE AN 5 d, £5ERE 24 h BRI .
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Table 1 Five different treatments of freshly squeezed cucumber
juice
205 Ab 3 g5 23713} 3
2H— X AR (ck) /
4= ENIEINENIN 1/2xMIC
4= EENIEINENIN 1xMIC
41y IIENNENIIN 2xMIC
41H AL B 0.05% wiv
*2 SRR E T E R
Table 2 Sensory evaluation standards for freshly squeezed
cucumber juice
IIgE| PEE 4 IHHE
WS I 2 (0 B A (0, SR PG 3
[ERES ER R IRES Y 2
[ERES S A i 1
PV, JCH i 2R 3
EEEAVINAN T, AT DL 2
AFEY, U B 1
FrA B0 S 7, 4 At 3
R AR TG A, AR 2
IR, e R 2 1

1.2.4 FooE REONE  Fooe B0 S 1 e XU
BRAFRAEP IR E IS . R RO ES LR TR
B 5 B R Y EUAE, TSRS BUSGE Y, R
ERBOBIET 1, R R EEREP, B 24 h
Sy SN FLAAEFHZH W B 4 mL BT, BB, 1R
%], F 650 nm P AN E W SGIE; 55 AL EEZH
53 H 40 mL ¥ THAE 5, 4000 r/min., 4 °C &S00
5 min, FIGWARREPIfE, IR5], F 650 nm JHASAMIN &
WEAEL AR — Uk, Fean P AR e 8
Sc (%) :% x100

7 P . Sc( Stability coefficient) i Fa &2 2 ¥ ;
Absgso = B LA RE S WG E 3 Absgsg 1M B3/ BT
FESH B CRE
1.2.5 BOBESTEINGE  ROBE I SR 2R - A R
12 IR AR UAE S 2RI b R vE R £, 15 HH A A b
A4 S B B (X, mg/mL) S5 GHE (YY) LR PESE RN
Y=31.19X+0.0151, R*>=0.9925. 45:F% 24 h 43 BT
AR FELH BRI R, A 2H 306 F A — R
1.2.6 pHIlIXE pHIMESZ NY 82.7—1988¢ K7t
M T pH (B I Y27 3547, 78 RirfdH pH4.0
5 pH7.0 BIFRUESE vhBCKE pH TS HERS . &R 24 h
3RS B BUREI s, RRAH a0 E A — k.
1.2.7 BEVE LB T RETE BB £
e AR AN BT S YRR . 3R 24 h 43 4k
HFHLAMEHL 0.1 mL BE &, LB MR ZE — 2 W, B
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1.2.8 ¥R PERRBATINE 4 0 XU Al 40 <2
22 Zhu %PV WA T . ESE 0 d 555 5 d 43
MFLAAEFHLH WL HC 10 mL 2R IHFESS T 50 mL
RN, (M 3 2R B, FIRFHE 15 min, 1R
P Tz FlAE 12 H P, S AR S W B T AR, 0 2
PR B T IXURZH 43 . 3B RAEMIRG 1 s, vk
B8] 60 s, PEHZZHTIE] 10 s, TERAERTTE] 5 s, A&7 A E]
180 s, < ik 250 mL/min, YFFEFE 250 mL/min.,
A i AR IR T 120 s S TRaxE, ¥EHL 120~125 s
RAF S RAERTE], ABEIRE 261 C, FAEENE
5 ¥k. PEN 3 B 7&364 10 MARFEEE S it
RS, FALBER AR AR LR 3,

%3 PEN 3 BUBIEER D] I MERe ik

Table 3 PEN 3 sensor array and performance description

IR TS PEREHA
R1(W1C) X5 B LT RAK
R2(W5S) SR T Rl
R3(W3C) XFE2E . ARG RAK
R4(W6S) X E A R
R5(W5C) KBRS . J5 A AT R A
R6(W1S) X G R A
R7(W1W) TR AL BT AL ) R A
R8(W2S) X | MRS B3 05 B WA RA
RY(W2W) KI5 RLGY | R R A
R10(W3S) KRG . ke Can e ) R 4

1.3 #uEaiE

{#i ] Microsoft Excel REEFE, LISFHMEEbRE
FFoRGER . Gl SPSS 21.0 BG4, 1E
EEIXIE(P<0.05) PN, AR EARIZE Ty 225381 5 Duncan’s
Z RSO AT ST . AR 22 5 A a/b R
7N, JE T L £ Win Muster #2458 i PCA 4387,

FIFH Origin 2019 b A .

2 BREZ

2.1 FHEZFRITE BBWI1542 fnE AT SEE = IUGTHY
BB

TR SEEAE BT IEBCER 5 d HYBCE PPN A5 4
4P BAORE, BN TR B A Y IR
JUR B A 2 PR TR 114 s 0240 4 38 v X R R 3 (<
0.05), Ho A ZUIRZSFN A AG53-5 DU I 2 5L 1E

F4 EREEOHRRETEN S,

Table 4 Sensory evaluation results of freshly squeezed

cucumber juice
. NG iy
i
M 12xMIC IxMIC  2xMIC  IALERED

BF  1.97+0.12° 2.37+0.09° 2.37+0.17° 1.63+0.12° 2.33+0.12°
AZURAE 1.33£0.12° 1.77£0.12° 2.30£0.16° 2.70+0.08* 2.27+0.17°
FR 1.40£0.08° 1.90+0.08° 2.17+0.12° 2.73+0.09* 2.13+0.12°
B 4633024 6.43£0.21° 6.83£0.40° 7.03x0.12° 6.74%0.21°

4 FIT AR AR NG FRE R [F]— BB TN R R TEAS IR Ak A [ 11
25 W EM(P<0.05)

AR UPUEE IR S 2xMIC B, SR T A2
LURZSTPESBEr, S 2.70+0.08, [BIHMEA4EE I8 7
IRUBE, P 5 HA A PR P07 A 25 5 (P<0.05) .
BRI UG, 2xMIC ¥ BEBTEE IR ) FRITAS S0 I, 3X
Al RESE SN Sk EE U IR, HAR B i e e I T
IR ZRAFAE—EFE M . ARIEAS TR AbHR 7 2 A4 85 I
T RBCE TEMY, 45 2xMIC HT IR PR 253 B
1o, (B LA S e R R 2 I o o 32 0 ), A7
T MR ERAEFEARIR A TSRS HT
2.2 WEZFHEAFE BBWI542 HiE bt 848 &= I
pH HI%ZM

pH AR fb e SEER T e P 0 TR IR B2, 38 1T
FEMAS B 1120 IR 1 AT 4, o gH w Iy e s
P (0~5 d) AR A A — 2, B pH B 25 IV 5BCHT
MBI 2T N o, gH— W RBZH) 19 pH (B R
5.5 FFF 4.0, TREMRERK, N 26.14%. —MIEH
&, SRBR T IR AR 0T R A W TR B I AR AL PR
TR AR E R A R B RS, A G
AN B2, MATTT 5 | S R A B R pH FRSE R R,
ZH . (1/2xMIC) pH FENJEHASE 1 d WA A, e
pH4.15 5 %} f8 2 JC B & 22 5 ( P>0.05) , iX F B
1/2xMIC ¥ BEHURR AR TN 7 Hr il A 2 a3l /B
AEXFECSS, PRAHSE R BRI RR . IE oS EA(3~5 d),
ZH=(1xMIC) . £HPH(2xMIC) Y pH X [a]5LH—. £H
TR, P AR 1R R A, i pH
Sy 4.75. 4.97, T REIEEESHICM 13.16%. 9.3%.
He X A A e TR A B ZH (LU B FR BN ) , I [R)
pH AR BEIEEE A 15.81%, X SHUREKHRE A 1xMIC
MIVEFHRCR AL . &5 R0, S PR IK (= 1%
MIC) X 85 TV i A A iV PSSR, B8 A5 A1) 4
LB TR, Horp 1xMIC $E kS 0.05% (w/
v) LB R HAT 28 28 0 TN T TP ) [R) S5 58 e . AR P
BRI IIIGE, FEEEEE sk 0.05~0.5%
(w/v) I ST B BICRHL$2 9, L w8 R] pH
ISA e 2 i £ S8 P UV B2 1 T v T AT, I AR
TR IGAH— 3,

5.8 1
5.6
54"
521
5.0
z 481
467 77 ?l/(zwnc ¢
i; 1 —a— 1xMIC
: —v— 2xMIC
407 AR
381 . . . . |
0 1 2 3 4 s

JEEEINT ] (d)
BT ASECZERUAT I BBW 1542 Hii i oxt fif 4
I pH Y5200
Fig.1 Effect of the antibacterial peptide from B. subtilis
BBW1542 on pH of freshly squeezed cucumber juice
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2.3 FHEFWATE BBWI1542 R R THE
E RSN

TR B R R AR e G T B A R B T B
SO R S 1) TR R, B T B n BEaz vk, TN
At 2 AR i RIS A 7= 1) Sl ) [ 2 455
U, A2 TR S SR EARE S I e A TR G i i
T WEEs 1 d, e BT EaE REUE 52%~58%
o SRS 5 d, H— (W RR4D) Fa s R AR T IR R
A, AA 10.05%, FRENEEESE] 80.71%, XAl
e A T aE e TS TS Y s, iR S8
SRIRE | £F 4 2R A A B TR s P A Rl PR AR
UG, R T e AR R IR, P ke RECT
BB, AL Z R, 41 = (1/2xMIC) . 41 = (1xMIC) .
ZH A QL BLFREN ) AR REEN RS 5 d 43 5L B
17.09%. 21.94%. 13.82%, R R&IE KUK A 69.02% .
59.68%. 73.35%. AR FRAIKE]E 1, Joweusin
PUBR KT L BRI A — S B L Y RE YRR I\
TR RGEM: . MPUR AR EE S 2 2xMIC B,
BT EWEEE 5 d e 2B PR FE 32.86%,
BEME LR /N 44.56%, DL 2SRRI, 5 1L AL ERe
(0.05% w/v) ALY, BEIMEERERA IRB TR AR (1/2~2%
MIC) A F| FYe R 8 IV AR 258, BEE PT
PRI B A — e Y R P S I, AR RO R AN BT 5

—=—ck
60 7 —e 1/2XMIC
. —a 1XMIC

/\; 50 ab, \bv . —v— 2xMIC
S F i
=40 Q%\ o R
E’S 30 1 ¢ %
ﬂ'@

201

10 1

WIS R] (d)
K2 AHEZEAUAT I BBW1542 HUEs B 3 T &
K5z
Fig.2 Effect of the antibacterial peptide from B. subtilis
BBW1542 on stability coefficient of freshly
squeezed cucumber juice

2.4 FHEFHITE BBWI1542 HEBA S EIGTS
EESENEN

{35559\ R S NS A UK = 1597 a < ) e 7/ G EL 7 LA
1, HApBAE S — P 2 Sk o, T (W] s A AR
BT RS TR, R 3 AT, NI PN 4% 2H
R IV B S B B B 18] 2B T (i . I
PR 5 d, dH— (WP REZH) bk B i 17.40 mg/mL
B 25 0.52 mg/mL, [ REIEE R 97.01%, X Ui BHfHE
Wyt BT B R T AE TG BRI
SR AH L BB ok b BRI R E— e R
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Fig.3 Effect of the antibacterial peptide from B. subtilis
BBW1542 on total sugars content of freshly
squeezed cucumber juice
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